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SUMMARY. A major research thrust of the University of Arkansas Enology and
Viticulture Program for the past 37 years has been the development of a total
vineyard mechanization system. This new system allows the mechanization of
almost all practices in vineyard operations, including dormant and summer
pruning, leaf removal, shoot and fruit thinning, canopy management, and
harvesting while fruit quality is maintained or enhanced. Research efforts aimed
to accomplish these tasks on the 12 major trellising systems used throughout the
industry and to derive plans for the sequencing and timing of operations on each
of the trellis systems. In 2002, the University of Arkansas patented the
Morris-Oldridge Vineyard Mechanization System (M-O System). OXBO
International Corp., Clear Lake, WI, purchased the patent and market M-O System
components under the name KorvanTM Vineyard System. The objective of this
study was to evaluate the effectiveness of mechanized (machine-farmed) pruning,
shoot thinning, and fruit thinning using the M-O System vs. traditional methods
of canopy management using hand labor (hand-farmed) in a commercial Vitis
vinifera vineyard in the central coast region of California. V. vinifera cultivars
evaluated included Chardonnay, Sauvignon blanc, and Syrah trellised on a lyre
system and Merlot, Zinfandel, and Sangiovese trellised on a vertical shoot-
positioned (VSP) system. Yield, fruit growth, fruit composition, wine quality, wine
sensory attributes, and economics of mechanization were evaluated on machine-
and hand-farmed grapes. Mechanized studies were initiated at French Camp
Vineyards, Santa Margarita, CA, in 2002. French Camp Vineyards used a balanced
cropping concept which incorporated three operations: 1) machine dormant
pruning, 2) machine shoot thinning, and 3) machine fruit thinning. Results of
research from 2002 to 2005 showed that yield and quality characteristics of
machine-farmed grapes were not statistically different from those of hand-farmed
grapes for the V. vinifera cultivars in this study. Wines from each cultivar and
treatment were produced at a commercial winery and after appropriate aging, were
sensory-evaluated by a professional wine analysis service. Few sensory differences
were found between wines from the two farming systems. Further objective analyses
of the wine components showed no commercially practical differences. In 2006,
cost estimates were derived for the three vineyard activities necessary to achieve
balanced cropping. Use of machine farming for balanced cropping operations
resulted in savings over hand farming of 45% on the lyre trellis, 49% on the VSP
system, and 62% on the quadrilateral trellis for the operations studied. Studies of
mechanization of vineyard activities using the M-O System to achieve balanced
cropping have shown that grapes and their wines were equivalent to those
obtained using hand labor for these operations with the added benefit of cost
savings for the operations evaluated.

T
raditionally, growers of pre-
mium wine grape cultivars
have used hand labor in vine-

yards. The scarcity and increased cost
of hand labor and the increased com-
petition from global markets with
inexpensive labor have caused com-
mercial growers to depend on mech-
anization in the vineyard to ensure
market competition. Research has
been conducted by the Enology and
Viticulture Program, University of
Arkansas, Fayetteville, since 1966 on
postharvest handling, adapting har-
vesters to different trellises, and
adapting, developing, and evaluating
machines that mechanize canopy
management practices in vineyard
operations such as dormant and sum-
mer pruning, leaf removal, shoot
positioning and shoot and fruit thin-
ning. The goal was to develop systems
that would allow complete mechani-
zation of mature commercial vine-
yards without loss in fruit quality
(Morris, 1979, 1985, 1986; Morris
and Cawthon, 1979, 1980a, 1980b,
1980c, 1981a, 1981b; Morris et al.,
1984a, 1984b).

VINEYARD MECHANIZATION—
HISTORY. The earliest research on
vineyard mechanization was a study
involving harvesting at the University
of California (UC), Davis, in the
early 1950s (Winkler et al., 1957).
Researchers developed trellises that
positioned the grapes to hang under
the wire. A cutter-bar machine was
mounted on a tractor to harvest the
grapes by severing the clusters, allow-
ing them to drop onto a conveyor
belt. This approach was never com-
mercialized because the cutter bar cut
through too many clusters, and even-
tually this research was abandoned.

In 1957, a team of scientists at
Cornell University’s Experiment Sta-
tion, Geneva, NY, took an entirely
different approach. A specialized
double-curtain trellis, which became
known as the Geneva double curtain
(GDC), was developed for growing
Concord grapes (Vitis labrusca)
(Shaulis et al., 1960). A mechanical
harvester that literally shook the
grapes off the vines a half a row (one
of the two curtains) at a time was also
developed, and the Chisholm Ryder
Co. (Niagara Falls, NY) began com-
mercial production of this machine.

In the early 1960s, two Concord
grape growers, R. Orton and M.
Orton from Ripley, NY, adapted a
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cane fruit harvester designed by
B. Weygandt to harvest grapes. Large
plywood panels were mounted on the
harvester so that they struck each side
of a cordon row. This machine was
the prototype of the O-W harvester
(Chisholm Ryder Co.) (Shepardson
et al., 1969), which became the model
for all other machines using this shak-
ing action (May, 1995; Morris, 2006).

By the late 1960s, commercial
adoption of mechanical harvesters for
both juice and wine grape vineyards
was becoming common. In the late
1960s and early 1970s, the postharv-
est quality of mechanically harvested
Concord grapes was studied (Morris
et al., 1979). Alcohol and soluble
solids measured from harvest bins at
6-h intervals showed that mechani-
cally harvested Concord grapes had a
rapid increase in fermentation rates
with time, emphasizing that the time
between mechanical harvesting and
processing of grapes significantly aff-
ects product quality as determined by
alcohol production and loss of soluble
solids. Industry used this information
to establish a maximum 6-h interval
between mechanical harvesting and
processing. In addition, as shown in
Fig. 1, fruit temperature in bulk pal-
lets did not change significantly with
holding time, but higher fruit tem-
peratures increased the rate of grape
deterioration. As a result, to improve
the commercial quality of machine-
harvested grapes, a recommendation
to harvest at night when fruit temper-
atures were cooler was made.

Improvements in harvesting
machines over the years included at
least nine major modifications: 1)
beating elements evolved from large

flat panels to fiberglass rods; 2) rods
were upgraded to more flexible bow
rod units; 3) narrower machines
became available to accommodate
row widths of 4.25 ft; 4) four-wheel
drive permitted better traction on
difficult terrain; 5) hydraulic trans-
mission provided variable speed;
6) self-leveling devices permitted
machines to operate on slopes; 7)
pendulant units on frames, with auto-
matic adjustments, followed the
alignment of the vine canopy; 8) on
a few machines, attachments were
added for auxiliary uses such as crush-
ing, destemming, and sulfiting the
must; and 9) chassis attachments were
made available to allow multipurpose
uses, such as spraying, cultivating,
pruning, etc. (Morris, 2000).

Once the harvesting operation
was mechanized, the pruning and
tying operations became the most
time-consuming hand-labor opera-
tions in the vineyard. The develop-
ment and adoption of trellises that
could be totally mechanized became
of paramount importance. Trellises
were needed that would allow max-
imum accessibility of the fruit to the
harvester’s shaking mechanism and
effective mechanical pruning for each
vine growth habit. Properly trained
vines had to accommodate efficient
machine operations without excessive
damage to the vines or reductions in
yield or quality (Morris, 2000; Morris
and Cawthon, 1979).

THE M-O SYSTEM. The author
and T. Oldridge, a grape grower and
inventor, developed the M-O System,
which includes over 40 different
machines and attachments (20 of the
machines or attachments used in the
M-O System already existed in indus-
try) that have been designed for the
mechanization of the 12 major trellis
configurations used throughout the
world. During the years of research

and development, the M-O System
was foremost monitored for its ability
to efficiently mechanize vineyard
activities while maintaining fruit qual-
ity. When these objectives were not
met, the researchers simply went back
to the drawing board. As a result, the
U.S. patent for ‘‘Vineyard apparatus,
system, and method for vineyard
mechanization’’ (Morris and Old-
ridge, 2002) was issued to the Uni-
versity of Arkansas in Apr. 2002.
OXBO International Corp. (Clear
Lake, WI) acquired the license to
the M-O System and began manufac-
turing and marketing the system as
the KorvanTM Vineyard System.

A unique aspect of the M-O
System is that, until its development,
there had been no commercial system
developed for the major trellis con-
figurations that detailed the appropri-
ate machine to use at the proper time
for each operation. Details and time-
tables for the mechanization of both
upright and drooping growth habit
grape cultivars are included in the
system designs. Sequences of steps
and timing of operations for two of

Fig. 1. Ambient air temperature and
grape temperatures at various
locations in a bulk pallet box after
harvest; (1.8 · �C) + 32 = �F, 1 cm =
0.3937 inch (Morris et al., 1979).

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

0.4047 acre(s) ha 2.4711
29.5735 fl oz mL 0.0338
0.3048 ft m 3.2808
2.54 inch(es) cm 0.3937
0.4536 lb kg 2.2046
1.4882 lb/ft kg�m–1 0.6720

28.3495 oz g 0.0353
0.001 ppm g�L–1 1000
2.2417 ton/acre t�ha–1 0.4461

(�F – 32) O 1.8 �F �C (1.8 · �C) + 32

This paper was partially presented as an invited paper
to the Mechanization Working Group at the ASHS
Annual Conference, New Orleans, LA, 27–30 July
2006.

Published with the approval of the Director, Arkansas
Agricultural Experiment Station.

This research was a cooperative effort with French
Camp Vineyards (Santa Margarita, CA) and OXBO
International Corp. (Clear Lake, WI). The author
acknowledges the scholarship and dedication of over
30 graduate students during the past 37 years and
current postdoctoral associates, Drs. Gary Main and
Renee Threlfall, who have worked on the myriad
aspects of vineyard mechanization. Thanks are also
given to Drs. Pamela Brady and Janice Blevins for their
assistance in preparing the manuscript, Greg Berg,
OXBO viticulturalist, and Hank Ashby, French Camp
Vineyards Manager, for their invaluable assistance
during this evaluation.

1University of Arkansas, Division of Agriculture,
Institute of Food Science and Engineering, 2650
North Young Avenue, Fayetteville, AR 72704

2Corresponding author. E-mail: jumorris@uark.edu.

412 • October–December 2007 17(4)

FEATURE



these training systems, GDC-type
trellises used with grapes with a
drooping growth habit and the lyre
or ‘‘U’’ trellis are shown in Figs. 2
and 3, respectively.

A key component to the efficient
use of the M-O System is implemen-
tation of the concept of ‘‘balanced
cropping.’’ Before the introduction

of mechanization systems, balanced
dormant hand pruning based on
records of past yields and vine vigor
had traditionally been used to control
crop level. But this operation was
done before hard spring freezes, hail
storms, poor fruit set, and other acts
of natural crop reduction and there-
fore could result in low yields.

Because mechanized thinning can be
accomplished rapidly, a larger poten-
tial crop (more nodes) can be left after
pruning as a buffer against nature’s
own crop reduction activities. Then,
after the risk of most natural disasters
has passed, shoot thinning and, if
needed later, fruit thinning, can be
used to fine-tune the crop load. This
balanced cropping is possible because
mechanized vineyard operations are
fast and make incremental adjust-
ments for fine-tuning the crop load
a reality. Although balanced cropping
can be accomplished by hand, use of
mechanized systems to adjust fruit
load is more cost- and time-effective.

The objective of this study was to
evaluate the effectiveness of mechani-
zation using the M-O System for
pruning, shoot thinning, and fruit
thinning in a commercial V. vinifera
vineyard in the central coast region
of California and to compare it
with traditional methods of canopy
management using hand labor. Yield,
fruit growth, fruit composition,
wine composition, wine sensory anal-
ysis, and economics of mechaniza-
tion using the M-O System were
evaluated for hand- and machine-
farmed grapes.

Materials and methods
VINEYARD. The commercial

vineyard site used in this study was
French Camp Vineyards (Santa Mar-
garita, CA). The vineyard owners
(Miller Family) and the vineyard man-
ager (Hank Ashby) had followed the
development of the M-O System and
were committed to evaluating the
system on high-quality grapes. The
vineyard site (Region III) has a soil
type of Arbuckle sandy loam with a
sprinkler system for overhead frost
protection and a drip irrigation sys-
tem. The trellis systems used in this
study in the vineyard included 2-ft
lyre and VSP. A 3-ft quadrilateral
(quad) trellis was added for the eco-
nomic evaluation.

CULTIVARS. V. vinifera cultivars
evaluated included Chardonnay,
Sauvignon blanc, and Syrah trellised
on a lyre system and Merlot, Sangio-
vese, and Zinfandel trellised on a VSP
system.

T R E A T M E N T A P P L I C A T I O N.
Hand- or machine-farming methods
to achieve balanced cropping were
used to produce grapes on large
research plots in a commercial

Fig. 2. Steps and timing of operations in the Morris–Oldridge Vineyard
Mechanization System (M-O System) for Vitis labruscana on Geneva
double-curtain (GDC) or GDC-like trellises. (Designed for viticultural
regions in the United States. Appropriate timing would be modified for the
southern hemisphere and other viticultural regions).

Fig. 3. Steps and timing of operations in Morris–Oldridge Vineyard
Mechanization System (M-O System) for Vitis vinifera on lyre or ‘‘U’’
trellises; 1 inch = 2.54 cm. (Designed for viticultural regions in the United States.
Appropriate timing would be modified for the southern hemisphere and other
viticultural regions).
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vineyard. Standard procedures in the
French Camp Vineyards for canopy
management used hand labor (hand-
farmed) to carry out all canopy-
management and fruit-thinning
operations. For machine farming,
mechanization using the KorvanTM

equipment developed from the M-O
System replaced hand labor for prun-
ing and shoot and fruit thinning. The
land areas of machine-farmed grapes
at French Camp Vineyards were 474
acres in 2003, 899 acres in 2004,
and 1021 acres in 2005. Blocks of
2.5 acres within each cultivar and
farming method were established to
determine yield and fruit-thinning
parameters along with past vineyard
records of yield and dormant pruning
weights.

Machines or attachments to
mechanize all vineyard operations
are described in the patent for the
M-O System (Morris and Oldridge,
2002). Mechanization studies at
French Camp Vineyards included
the three operations necessary to
implement a balanced cropping con-
cept: 1) Machine dormant pruning.
Precision dormant pruning using the
M-O System chassis with pruning
attachments shown in Fig. 4 was
carried out to retain the number of
nodes necessary to achieve an esti-
mated 200% of the final desired yield
level. This left a cushion for unfore-
seen natural conditions without

reducing the crop load below the
intended target. Pruning weights
were recorded. 2) Machine shoot thin-
ning. To achieve an estimated 130%
to 140% of the desired final yield level,
the shoot thinner shown in Fig. 5 was
used with no hand follow-up when
the new shoots were 10–20 cm. The
tractor and paddle speed were
adjusted so that the shoot thinner left
10–30 shoots/m of cordon, depend-
ing on cultivar, vine vigor, and the
target yield requested by the com-
mercial winery purchasing the grapes.
Following shoot thinning, shoots per
meter of cordon were counted to
determine accuracy of the mecha-
nized operation. 3) Machine fruit
thinning. If the vines still exceeded
the target yield after the dormant
pruning and shoot thinning opera-
tions, then the fruit-thinner attach-
ment shown in Fig. 6 was used to
reach the desired crop levels during or
after the berry growth ‘‘lag phase’’ (a
period of 1–2 weeks when there is a
pause in fruit growth).

To achieve optimum rate of
operation for the equipment used
for each of these operations, it was
necessary to adjust operating param-
eters, such as tractor speed, striking
force, etc. to account for climatic
conditions, cultivar, amount of crop

to be removed, and other variables
(Morris, 2004).

CROPLOAD ESTIMATION AND

FRUIT THINNING. With both hand
and machine farming, estimating crop
yield is an essential aspect of balanced
cropping because this estimate forms
the basis for determining how much
fruit, if any, to remove. In addition,
winery buyers often set a target yield
that they feel will produce fruit with
the quality characteristics needed for
their wines. To adjust crop levels,
crop yield estimations are key to
achieving these target yields.

In the past, for hand farming,
cluster weights were used in combi-
nation with cluster counts to estimate
final crop load. However, this method
does not work well on machine-
pruned vines (Pool et al., 1996). A
more effective estimation method
uses viticultural records of average
berry weights at harvest in combina-
tion with average lag phase berry
weights.

Lag phase crop level was deter-
mined by removing all the fruit from a
given length of cordon (to include at
least four vines). The fruit removed
was weighed, and the average weight
of crop per meter of cordon deter-
mined. This value was multiplied by
the number of meters of cordon per

Fig. 4. KorvanTM Vineyard System
chassis with shear pruning attachments
on both right and left sides. This
configuration allows the tractor-pulled
unit to prune facing sides of adjacent
rows. Shown working in Vitis
vinifera at French Camp
Vineyards, Santa Margarita, CA
(photo courtesy of OXBO
International Corp., Clear
Lake, WI).

Fig. 5. KorvanTM Vineyard System chassis equipped for shoot thinning. The speed
of the tractor used to pull the chassis and the speed of the thinner paddles can be
adjusted so that the thinner leaves the desired number of shoots per foot of
cordon, depending on cultivar and vigor (photo courtesy of OXBO International
Corp., Clear Lake, WI).
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ha–1 in the plot to provide an estimate
of the lag phase crop load.

Average lag phase berry weight
was calculated from 200-berry sam-
ples. Because lag phase berry weight
has been shown to correlate with final
berry weight (Fisher et al., 1997),
dividing the historical average harvest
berry weight by the lag phase berry
weight gave a multiplication factor
which, when applied to the value
obtained for lag-phase crop load, pro-
vided an estimate of final crop load.
A comparison of the estimated final
crop load to the target yield set by the
winery buyer provided guidance in
determining the amount of fruit to
remove to achieve the target yield. A
fruit thinner was then used to adjust
the crop load to desired levels. When
determining the amount of fruit to
be thinned, it was also necessary to
include a correction factor to account
for berries and clusters damaged dur-
ing thinning but left on the vine, as
shown in Fig. 7.

In mechanical thinning, the thin-
ner must be adjusted to achieve the
desired level of fruit removal. To
adjust the fruit thinner, fruit was
removed from a given length of cor-
don. The fruit was weighed, and the
resulting crop load calculated. If the
desired crop load was not achieved,
the operating speed of the fruit thin-
ner was adjusted and the procedure
repeated until the desired amount of
fruit was removed.

HARVEST DETERMINATION. Sam-
pling to monitor fruit maturation
began at veraison, when grapes had
�15% soluble solids, and continued
weekly until grapes reached 20% solu-
ble solids. Two hundred berries were
randomly collected from each cultivar
and farming method block every
other day until the grapes reached
22% soluble solids. At this point,
samples were taken every day until
the desired soluble solids for each
cultivar was reached. The same har-
vest date was used for both farming
methods on a given cultivar. Yield was
determined by weighing fruit from
each cultivar and farming method
experimental block.

HARVEST SAMPLES. At harvest,
30 clusters from each cultivar and
farming method were randomly
selected for analysis. Clusters were
weighed and the berries on each clus-
ter counted to determine average
berry weight. For juice analysis,

clusters were put through a hand-
operated crusher with the rollers
adjusted so that stems and rachises
were not crushed.

COMPOSITIONAL ANALYSIS. Juice
and wine pH were measured with a
pH meter (model 250; Beckman
Coulter, Fullerton, CA). Titratable
acidity (tartaric acid in grams per liter)
was measured by placing 5 mL of
juice into 125 mL of degassed, deion-
ized water and titrating with 0.1 N

sodium hydroxide to an endpoint of
pH 8.2 (Iland et al., 2004). Total
soluble solids were measured using a
Bausch and Lomb Abbe Mark II
refractometer (Scientific Instrument,
Keene, NH). Residual sugars (D-glu-
cose + D-fructose) and ethanol (per-
cent by volume) were measured by
high-performance liquid chromatog-
raphy using methods described by
Walker et al. (2003).

Color and phenolics of the juice
were determined using a Unicam
Helios Beta ultraviolet-visible spec-
trophotometer (ThermoSpectronic,
Cambridge, England) (Iland et al.,
2004; Zoecklein et al., 1995). Total
red pigment color was measured at
520 nm using the procedure in Iland
et al. (2004). In this procedure, the
juice samples were diluted with 1 M

hydrochloric acid (HCl). The low pH

of the HCl solution causes anthocya-
nins to be in the bright red-colored
form (flavylium cation) and gives an
estimation of the total red pigments
(both anthocyanins and tannins) in
the juice. Absorbance (280 nm ·
dilution factor – 4) of the sample
diluted with HCl provides a measure
of the phenolic material (Iland et al.,
2004). Spectrophotometric measure-
ments were standardized to a 1-cm
cell.

Fig. 6. KorvanTM Vineyard System chassis equipped with grape thinning attachments
for bottom thumper fruit thinning on 2-ft (0.6-m) lyre and quadrilateral-trained
vines. Shown working in Vitis vinifera at French Camp Vineyards, Santa
Margarita, CA (photo courtesy of OXBO International Corp., Clear Lake, WI).

Fig. 7. Visible fruit damage present
after mechanical fruit thinning in Vitis
vinifera. Volume of damage must be
included in the crop estimation,
although the presence of the
dehydrated fruit is not a problem
at harvest.
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WINE PRODUCTION. After the
2004 harvest, equal lots (4000 lb) of
grapes from each cultivar and farming
method were processed into wine at
Paso Robles Wine Services Winery
(Paso Robles, CA). The wines were
produced using the winery’s com-
mercial method, with all cultivars
and farming methods receiving com-
parable treatment.

SENSORY EVALUATION. Sensory
evaluation was performed on the wine
from the 2004 vintage by Vinquiry
Analytical Services (Windsor, CA) in
2005. Five highly trained, experi-
enced wine judges evaluated the
wines. All wines were served in clear,
tulip-shaped 220-mL wine glasses
coded with three-digit random num-
bers. At least 1 h before evaluation, a
50-mL sample of the wine was poured
into each glass, and the glasses were
covered with a plastic petri dish. Sen-
sory evaluation was conducted in a
room illuminated with fluorescent
lighting. All wines were served at
18 �C on tables with white surfaces.
The wines from each cultivar were
presented to the panelists in random
order. Panelists were isolated from
one another by partitions.

Wines were evaluated by cultivar
using the UC Davis 20-point
system (Amerine and Singleton,
1977). Evaluation criteria included
appearance (cloudy = 0, clear = 1,
brilliant = 2), color (distinctly off = 0,
slightly off = 1, correct = 2), aroma
and bouquet (faint = 1, slight = 2,
pronounced = 3; subtracting 1 or 2
for off-odors and adding 1 for notice-
able bouquet from aging), acetic acid
(obvious = 0, slight = 1, none = 2),
total acidity (distinctly low or high =
0, slightly low or high = 1, normal =
2), sweetness (too high or low = 0,
normal = 1), body (too high or low =
0, normal = 1), flavor (distinctly
abnormal or deficient = 0, slightly
abnormal = 1, normal = 2), bitterness
and astringency (distinctly high = 0,
slightly high = 1, normal = 2), and
general quality (lacking = 0, slight = 1,
impressive = 2). Scores for all evalua-
tion criteria were totaled, and the
total ratings were classified as superior
(17–20), standard (13–16), below
standard (9–12), or unacceptable or
spoiled (1–8).

ECONOMIC EVALUATION. In June
2006, M. Thomsen, University of
Arkansas, Department of Agricultural
Economics, and J. Morris worked

with the French Camp Vineyards
manager to gather data and develop
budgets to estimate the economic
impact of mechanizing balanced
cropping operations for wine grapes
grown on three types of trellises: VSP,
2-ft lyre, and 3-ft quad. Production
operations evaluated were those
described in the model operations
for each trellis type presented by
Noguera et al. (2005). Data for these
estimates were obtained from records
maintained by the vineyard manager
as well as from actual operating costs
during the study years. Production
operations that were not mechanized
were assumed to be the same for both
farming systems and were not
included in the cost estimates.

STATISTICAL ANALYSIS. Because
of limitations in experimental design
associated with conducting this ver-
ification study in a commercial vine-
yard, data analysis for yield, berry
weights, and grape quality parameters
were conducted on averages of three
harvest seasons. Sensory data were
analyzed using panelists as replica-
tion. All data were subjected to anal-
ysis of variance with SAS (release 8.01
TS, Level 01M; SAS Institute, Cary,
NC). Mean separations of wine com-
position and sensory data were
accomplished using Tukey’s multiple
comparison test at P < 0.05.

Results and discussion
As shown in Table 1, in a high

percentage of the cultivars, shoots per

meter of cordon on machine-farmed
plots were about double the number
of shoots on the hand-pruned plots.
Pruning weights were similar be-
tween hand and machine farming. In
the 3 years represented here, no unto-
ward weather events or natural disas-
ters occurred that would limit the
crop load on the hand-pruned vines.
In regions where frost is not a major
concern, it may be advantageous to
reduce the crop to 110% by shoot
thinning because the shoot-thinning
operation can be accomplished more
rapidly than fruit thinning. Also,
there may be occasions in high-qual-
ity situations where additional shoot
thinning would be necessary to max-
imize sunlight penetration into the
fruit zone.

The results of the 2003–2005
seasons’ yields are shown in Table 2.
These data indicate that actual yields
were close to target yields required by
the purchasing winery, but the accu-
racy of achieving the target yields was
somewhat variable between cultivars
and years. The vineyard manager indi-
cated that in actual large-scale pro-
duction, the machine-farmed vines
may more closely reach target pro-
duction levels than the hand-farmed
vines because mechanized farming is
more precise and consistent than
hand farming. However, for this
research study, workers were moni-
tored vigilantly, resulting in more
precise yields than are sometimes
seen.

Table 1. Comparison of shoot density after pruning and pruning weight for
Vitis vinifera grapes that were either machine or hand farmed at French
Camp Vineyards, Santa Margarita, CA (2003–2005).

Cultivar Farming method

Shoot density
(shoots�m–1)z

Pruning wt
(kg�m–1)z,y

2003 2004 2005 2003 2004

Chardonnayx Hand 10 13 16 0.52 0.33
Machine 18 32 25 0.45 0.33

Sauvignon blancx Hand 13 13 13 0.79 0.30
Machine 24 30 32 0.79 0.37

Merlotw Hand 13 13 13 0.45 0.52
Machine 17 30 28 0.36 0.49

Sangiovesew Hand 13 13 11 0.57 0.58
Machine 18 24 26 0.39 0.39

Syrahx Hand 13 13 13 0.67 0.48
Machine 27 25 28 0.64 0.45

Zinfandelw Hand 10 13 13 0.61 0.82
Machine 20 31 23 0.43 0.74

z1 shoot�m–1 = 0.3048 shoot/ft; 1 kg�m–1 = 0.6720 lb/ft.
yPruning weights were taken only during the first 2 years of this study.
x2-ft (0.6-m) lyre trellis.
wVertical shoot-positioned trellis.
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Average berry sizes from the two
farming treatments are shown in
Table 3. For all cultivars except
Chardonnay, the berries were
slightly smaller with machine farming
than with hand farming. However,
the differences were not significant
in this study. A similar pattern was
seen by Petrie et al. (2003) when
comparing hand and machine thin-
ning. The differences in berry
size were not significant in their
study, either. Wample et al. (1996)
reported a slight reduction in berry
size with mechanized farming of

Concord grapes during a 10-year
study conducted in Washington
state. They hypothesized this could
be a positive outcome because smaller
grapes have a higher skin-to-berry
volume ratio that can result in
improved color of juice and wine
products.

Farming method did not result
in any significant differences in fruit
composition for any of the cultivars
(Table 3). Sensory evaluation found
no differences between wines from
hand- or machine-farmed grapes, in
nine of the 10 attributes shown in

Table 4. The one exception was that
wine made from the machine-farmed
Sangiovese grapes was identified as
more sweet (too high or low = 0,
normal = 1) than wine from the hand-
farmed fruit. However, the residual
glucose + fructose levels of the
machine-farmed and hand-farmed
Sangiovese wine were 0.43% and
0.12%, respectively, which is below
the 2% limit for a table wine (Table 5).

Although statistical differences
were found in the wine, there
were no commercially practical differ-
ences. The pH (3.35–3.77) and
titratable acidity (6.44–7.31 g�L–1)
levels of the wines were all within an
acceptable range. The red grape cul-
tivars produced wine with total red
pigment values ranging from 4.52
absorbance units (a.u.) for Zinfandel
to 9.32 a.u. for Syrah. Total phe-
nolics of the red wines were 34–43
a.u. The residual glucose + fructose
levels of the wines were <0.5%.
Ethanol levels of the wines were
12.6% to 15.3%.

A comparison of the costs of
activities necessary to achieve bal-
anced cropping revealed that for hand
farming, costs were mainly those
associated with maintaining a large
enough labor pool to ensure that all
operations were performed in a timely
fashion. Factors influencing the costs
of machine farming included the costs
of purchasing or leasing equipment,
equipment maintenance and repair,
labor to operate and maintain the

Table 2. Comparison of target yields requested by winery with actual yields for Vitis vinifera grapes hand
or machine farmed at French Camp Vineyards, Santa Margarita, CA (2003–2005).

Cultivar
Farming
method

2003 2004 2005

Target
yield

(t�ha–1)z

Actual
yield

(t�ha–1)

Difference
(target –
actual)y

Target
yield

(t�ha–1)

Actual
yield

(t�ha–1)

Difference
(target –
actual)

Target
yield

(t�ha–1)

Actual
yield

(t�ha–1)

Difference
(target –
actual)

Chardonnayy Hand 17.9 14.1 –3.8 18 18.8 +0.8 22.4 28.8 +6.4
Machine 17.9 15.7 –2.2 18 15.7 –2.3 22.4 24.4 +2

Sauvignon blancy Hand 17.9 18.2 +0.3 20 20.8 +0.8 22.4 20.9 –1.5
Machine 17.9 15.7 –2.2 20 24.2 +4.2 22.4 20 –2.4

Merlotx Hand 13.5 13.2 –0.3 15.7 20.2 +4.5 15.7 19.8 +4.1
Machine 13.5 14.6 +1.1 15.7 17.5 +1.8 15.7 13.8 –1.9

Sangiovesex Hand 6.7 6.7 –0 9 15.7 +6.7 11.2 10.8 –0.4
Machine 6.7 7.4 +0.7 9 10 +1 11.2 16.5 +5.3

Syrahy Hand 15.7 14.3 –1.4 17 12.8 –4.2 18 20.9 +2.9
Machine 15.7 14.6 –1.1 17 22 +5 18 15.6 –2.4

Zinfandelx Hand 15.7 16.1 +0.4 13.5 8.7 –4.8 13.5 17 +3.5
Machine 15.7 16.8 +1.1 13.5 11.4 –2.1 13.5 10.7 –2.8

z1 t�ha–1 = 0.4461 ton/acre.
y2-ft (0.6-m) lyre trellis.
xVertical shoot-positioned trellis.

Table 3. Composition and berry weight for Vitis vinifera grapes hand or machine
farmed at French Camp Vineyards, Santa Margarita, CA (2003–2005).

Cultivar
Farming
method

Berry
wt (g)z pH

Soluble solids
(%)

Titratable acidity
(g�L–1)y

Chardonnayx Hand 1.02 3.65 23.0 8.6
Machine 1.03 3.56 23.1 8.4

Sauvignon blancx Hand 1.09 3.71 22.7 6.0
Machine 1.04 3.64 22.8 5.9

Merlotw Hand 0.92 3.53 24.3 7.8
Machine 0.91 3.53 24.7 8.2

Sangiovesew Hand 1.22 3.68 25.1 6.8
Machine 1.14 3.56 26.7 6.7

Syrahx Hand 0.93 3.68 25.4 8.0
Machine 0.83 3.64 24.5 7.8

Zinfandelw Hand 1.27 3.49 24.6 8.4
Machine 1.18 3.50 24.3 8.0

P NS
v

NS NS NS

z1 g = 0.0353 oz.
yTitratable acidity as tartaric acid; 1 g�L–1 = 1000 ppm.
x2-ft (0.6-m) lyre trellis.
wVertical shoot-positioned trellis.
v
NS = Means (average of 3 years) within a column and cultivar are not significantly different by Tukey test (P £ 0.05).
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equipment, and fuel and lubrication
costs. Also included in cost calcula-
tions was the fact that machine farm-
ing increases trellis maintenance
requirements by 1% for lyre and VSP
systems.

The costs of mechanically prun-
ing, shoot thinning, and fruit thin-
ning reflected the costs of owning and
operating the KorvanTM equipment
in the M-O System. In the region
being studied, shoot thinning was
necessary in most years while fruit
thinning was necessary in about 1 of
2 years. For this reason, the budgets
reflected the full costs of a shoot-
thinning operation and one-half of
the costs of a fruit-thinning opera-
tion. The mechanized operations
greatly reduced but did not entirely
eliminate the need for hand labor.
Small ground crews were needed to
follow-up, measure, and provide
information to machine operators.
Hand-farming costs used in the cal-
culations reflected typical practices
in the region. Hand pruning was
charged as a piece rate and followed
a prepruning operation. Hand labor
for shoot and fruit thinning were
charged hourly. While not directly
evident from the data presented,
hand-labor costs under mechanized
farming were only 8% to 15% of those
under traditional methods.

The economic analysis of bal-
anced cropping operations showed
that costs saved through mechaniza-
tion were economically significant
(Table 6). For the operations studied,
machine farming resulted in a 45%
savings over hand farming for grapes
produced on the lyre trellis, 49%
savings on the VSP system, and 62%
savings on the quad trellis. The largest
cost savings were realized from the
shoot-thinning and fruit-thinning
operations. Differences in cost sav-
ings for these operations among the
trellising systems largely reflected dif-
ferences in vine spacing that impacted
field speeds. Piece rates for pruning
operations varied by trellising system.

The vineyard manager noted
that mechanization provides other
benefits in addition to the economic
advantages shown here. First, mech-
anization helps stabilize grape yield
through the concept of balanced
cropping. Because the grower was
able to make final adjustment on crop
size late in the growing season,
growers were afforded an opportunityT
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to compensate for crop losses due to
frost injury, poor growing conditions,
or poor fruit set. Second, by eliminat-
ing reliance on hand labor, the vine-
yard manager was able to retain fewer
but better-trained workers. Over
time, this promises to reduce over-
head for human resources-related
expenses and to lower costs associated
with managing liability.

Conclusion
Results of research for the 2003–

2005 seasons at the French Camp

Vineyards, CA, have shown that
yield and quality characteristics of
machine-farmed grapes were not
different from those of hand-farmed
grapes for the cultivars in this
study (Chardonnay, Sauvignon blanc,
Merlot, Syrah, Zinfandel, and
Sangiovese). Almost no sensory dif-
ferences between wines from the two
farming systems in each cultivar were
identified.

In 2006, cost estimates were
derived for each of the vineyard activ-
ities necessary to achieve balanced

cropping. Machine farming of the
three operations resulted in a 45%
savings over hand farming for grapes
produced on the lyre trellis, 49%
savings on the VSP trellis, and 62%
savings on the quad trellis.

Commercial verification studies
of mechanization of vineyard activities
to achieve balanced cropping have
shown that grapes and wine were
equivalent to those obtained using
hand labor for these operations. With
the added benefit of cost savings, it
can be concluded that implementa-
tion of mechanization systems, such
as the M-O System, will assist growers
in remaining competitive in world
markets.
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