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Introduction
Grape and wine production are expanding sectors of

Virginia’s diverse agriculture.  Grape acreage increased
from 1100 acres in 1987 to 1560 in 1997, while the
number of wineries increased from 35 to 50 over the
same period.  Case sales of wine, a more direct
indicator of consumer demand, have shown excellent
growth over the same period (Fig. 1).  Expansion of
Virginia farm wine sales depends upon an increased
supply of Virginia grapes.  Given the historic and
anticipated future value of high quality wine grapes,

small operations.  By contrast, large vineyards would
likely profit from the reduction in hand labor costs
afforded by such machinery; however, analyses have
not been performed in Virginia to determine the size
operation needed to justify the purchase of mechanical
harvesters, pruners, etc.  The budgets were prepared
using Microsoft Excel® spreadsheets.  As with previous
budgets (Vaden and Wolf, 1994), the budgets contain
a column for the prospective grower to record his own
cost estimate or data for each input or return.

Assumptions
There are a number of assumptions that were made

in developing the following budgets that must be
understood  by the reader.  No two enterprises will be
identically operated.  Some prospective growers will
choose to substitute materials and may own some if
not all of the needed equipment.  Some will not
require outside financing; others may choose not to
record their own labor.  While these may be legitimate
business decisions, they would create an endless
number of possible scenarios to describe.  Therefore,
the budgets were developed using practices and
materials that have proved both practical and cost-
effective under a wide range of growing conditions.
Enterprising growers might find alternative materials
or practices to reduce operating costs without
impairing vineyard productivity or grape quality.

Fixed vs. variable costs:  As with other businesses,
vineyard costs are either fixed or variable.  In this
publication, we consider only the establishment and
annual or variable costs.  We do not attempt to factor
in fixed costs such as land, the initial equipment
investment, or other fixed costs such as insurance,
payroll costs, or business taxes.  We do, however,
include trellis and vines as “variable” costs even though
these are technically fixed costs.  Machinery and
equipment expenses only reflect operating costs; no
charges have been included for ownership items such
as insurance, taxes, or depreciation/capital recovery.
Annual repairs can be estimated at one to three
percent of purchase price, depending upon initial
equipment cost and hours of annual use; however,
repair costs are not included in actual cost of
operation due to the variability of repair costs.  No
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Figure 1.  Case sales of Virginia Wine (in thousands)
by year.

grape production represents a profitable, intensive use
of small land parcels.  Budgets are needed to provide
potential growers, Cooperative Extension workers, and
lending institutions with accurate cost and return
analyses for wine grape production.  This bulletin
considers the relative costs and returns of small (e.g.,
10- to 20-acre) vineyards operated under one of four
different training and trellising systems.  The choice of
vineyard size for budget modeling is somewhat
arbitrary.  Many of Virginia’s vineyards are less than 10
acres in size and are operated as secondary income
enterprises.  Those who aspire to establish small
vineyards typically own their land and may have some
of the equipment needed for vineyard operation.  The
cost of mechanized harvesters, pruning systems, and
canopy management equipment (e.g., leaf puller)
would be prohibitively expensive to operate in such
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costs are included for major land preparation such as
timber clearing, rock removal, or land leveling.  Those
operations, if required, should be considered in your
own cost analysis.  In addition, many vineyards will
benefit from supplemental irrigation and electric deer
fencing, which were not included in these budgets.
The added capital expense of irrigation or deer fencing
will likely be quickly recovered by accelerated or more
consistent grape production.  In particular, irrigation
may have its greatest benefit during the vineyard’s first
year.  Similarly, the use of bird scare devices or netting,
and the use of “grow tubes” or vine shelters, which
may be of benefit, have not been included.

Labor:  The input with the greatest variability is the
time involved in doing certain tasks.  Figures used here
for specific vineyard tasks are a synthesis of actual data
obtained from growers, similar data used in other
states’ publications, and our own estimates where
other data were lacking.  Labor is calculated at two
different rates: $7.00/hour for “unskilled” labor, and
$9.00/hour for “skilled” labor, where “skilled” typically
denotes machinery operation and vineyard design.
Labor represents over 20% of the establishment cost
and over 40% of the annual operating cost of the
established vineyard.  A trained individual, doing most
of the work on weekends and evenings, can operate a
five-acre planting.  Vineyards of 10 or more acres
typically have one full-time owner or operator, plus
full- or part-time labor as needed.  Harvest usually
poses the most critical labor demand as fruit must be
removed within a relatively short period.  Vineyard
site, grape variety, vineyard design, pest management,
and other cultural practices will also affect vineyard
establishment, productivity and operational costs and
returns.

Vineyard specifics: The hypothetical vineyard is
established at an excellent site where the hazards of
winter cold injury and spring frosts are minimal.
Costs of hilling and de-hilling graft unions, special
frost protection measures, and winter injury
compensation strategies are not included.  Even the
best vineyard sites in many areas of Virginia should
expect one significant crop reduction due to winter
injury or frost in a 10-year period.  While we have not

attempted to factor such a loss into the capital
recovery period for any of the budgets, we have used
conservative yields that, over time, may account for
some crop reduction.

The vineyard receives optimal management, and
cultural practices are similar to those recommended in
The Mid-Atlantic Winegrape Growers Guide (Wolf and
Poling, 1995).  A nominal crop is obtained in the
third year, with full production attained in either the
fourth or fifth year, depending upon training system
used.  The proposed yields are realistic and are
currently being achieved by Virginia’s better producers
(Vaden and Wolf, 1994).  The proposed crop yields
are, however, greater than current average yields
obtained by Virginia producers.

The detailed budgets are extended through the
amortization period for each training system, which is
either the sixth or seventh season.  Summary tables
extend the annual expense and income analyses
through the tenth year, and evaluate the internal rate
of return for each farming system.  Vineyards that are
well managed, that are generally free of lethal diseases
and insects, and that use modern trellis components,
should exceed 25 years of profitable operation.

Material costs, grape prices and debt service:  The
model budgets are based on production of premium
varietal grapes, such as ‘Chardonnay’ or ‘Cabernet
Franc.’  As such, grapes are priced at the vineyard at
$1,300 per ton, a competitive price in 1997.  Rental
of a refrigerated transport is typically required, but
has not been included in production costs.  Material
costs, including grapevines, trellis materials, and
pesticides, were based on the lowest quoted figures
for bulk purchases in the Winchester, Virginia area
and were current in 19971.  All material inputs are
tabulated on an Excel® price file, which is transparent
to the reader.  Interest on annual and accumulated
operating costs is computed at 9%.  Interest on
annual operating costs is based on one-half of the
initial year of the loan, the assumption being that
borrowed funds are needed only for the growing
season.  This will, of course, vary with individual
needs and among lending institutions.

1 Commercial products are named in this publication for informational purposes only.  Virginia Cooperative Extension
does not endorse these products to the exclusion of other products that might also be suitable.
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Training Systems
and Vine Spacing

Vine spacing and training decisions will have long-
term consequences on the productivity and
profitability of the vineyard.  Given their importance,
spacing and training decisions must be carefully
considered well before the vineyard is established.  The
following discussion provides a brief overview of the
principles involved in vine spacing and training
concepts.

Row, vine and canopy spacing:  Traditional grape
training and trellising systems have undergone
extensive evolution in the last 10 to 20 years, primarily
in response to the need to minimize the cost of
production but also to increase the quality of the crop.
Typical of that evolution is the move towards vertically
shoot-positioned canopies that optimize fruit and
foliage exposure, promote better disease control, and
which are adapted to mechanization.  To increase
profitability, growers may also decrease row spacing or
divide vine canopies into two or more discrete
canopies in order to increase the linear feet of vine
canopy per acre.  The goals and principles of grapevine
training and trellising are described in detail in other
publications (Smart and Robinson, 1991; Wolf, 1991;
Wolf and Poling, 1995), and should be fully
understood before choosing a training and trellis
support system.  For the purposes of this publication,
the following brief review may be considered.

The terms used in this publication are based on the
following definitions:

Row spacing: The distance from one line of grape
trunks to the next.

Vine spacing: The distance from one vine to the next
in a given row.

Canopy:  The leaf and shoot system of the vine; it
may be described in terms of height (base to top),
width, or per unit length of row (e.g., 2x for
Geneva double curtain and lyre), or by density
(e.g., 15 shoots per meter of canopy).

Canopy spacing: The distance from one canopy to the
next, either on the same row or from row to row.

Row spacing or width in most Virginia vineyards
varies from nine to over 12 feet. Differences in
topography, existing machinery width, and grower
attitudes contribute to that variation.  Nevertheless,
fundamental principles should be applied to row
space decisions.  One important principle states that
vineyard productivity (e.g., tons per acre) is increased
by increasing the linear feet of well exposed canopy
per acre. Note that “feet of canopy” equates with
“feet of row” for non-divided canopy training
systems, and that canopy division results in two or
more canopies per row.  Vine spacing varies from
about three feet to around 12 feet. In general, vine
spacing in the row is increased under conditions
where high vigor may be expected, and is decreased
where low vigor can be anticipated.  Factors which
may contribute to increased vine vigor include moist,
deep soils with high inherent fertility, use of
rootstocks, use of irrigation, and use of a naturally
high vigor variety, such as ‘Cabernet Sauvignon.’
Vine spacing may also be determined by pruning
method: cane-pruned vines should not be spaced
more than eight feet apart in the row, as horizontally-
positioned canes longer than four feet may fail to
produce shoots of uniform vigor.  The maximum
vine spacing for cordon-trained vines is governed by
practical considerations of how long it takes to
develop cordons.  Cordons should not be lengthened
more than about two feet per year to ensure good
spur development.

To reiterate the statement made earlier, an acre of land
that supports many linear feet of canopy will be more
productive than an acre that has relatively few canopies
(rows) with wide alleys between rows.  Some of the
underlying research that contributed to this fact was
done 30 years ago in the development of the Geneva
Double Curtain training system (Shaulis et al., 1966).
That research showed very clearly that vine spacing
mainly affected yield per vine, whereas row spacing
mainly affected yield per acre.  Higher yields per unit
area of vineyard were therefore achieved by decreasing
row width, or by increasing the number of canopies or
curtains per unit length of row — as by canopy division.
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The question then becomes, “How closely can the
canopies (or rows) be spaced?”  Spaced too closely, one
canopy shades that of the next row.  Computer
modeling as well as field experience suggest that
canopies be spaced no closer than the canopy height
dimension. Canopy height is the distance from the
canopy’s base (not the ground) to the top of the
canopy. This distance is typically 4 to 5 feet.
Theoretically, the canopies could therefore be spaced
about 6 feet apart (an extra foot is allowed because the
canopy is at least one foot wide).  The practical
consideration with narrow canopy or row width often
hinges on availability of narrow farm equipment that
will traverse the row middles. Narrow equipment is
available, but growers should look critically at
availability of parts and service.  Furthermore,
established growers often already own larger
equipment and find it difficult to justify purchasing
more specialized, narrow-axled equipment. Due to
these real or perceived limitations, row width in
Virginia has tended towards “wide” rather than
“narrow” spacing. The price of these wide rows is
unrealized production: sunlight that is intercepted by
row middles rather than by vine canopies is of no use
to the grapevines.  Growers should realize, therefore,
that increased profits can be achieved by more
efficiently using land area.  Accordingly, one of the
systems illustrated in this bulletin is based on narrow
(7') row spacing.  While a row spacing of 7' makes for
efficient use of land, the choice of machinery to
operate in such rows becomes extremely limited.
There are, however, contemporary tractors, sprayers,
and mowers that are 48” to 52” wide, and therefore
suitable for these narrow rows.  Row spacing should be
widened somewhat on slopes to avoid potential
problems with implement drift.

The Vineyard Models
The establishment and operational costs and returns

associated with each of the four training systems are
based on the model dimensions shown in Table 1.
The costs and returns of all four systems are based on
a roughly rectangular area of land, approximately one-
acre in size.  Note that the feet of canopy per row, and
the feet of canopy per acre, increase with the 7' row
spacing and with canopy division (Table 1).

The non-divided canopy training system is based on
a bi-lateral, cordon-trained vine, with a vertically
shoot positioned (VSP) canopy (Fig. 2).  Both a
narrow (7') and wide (10') row width are compared
with this training system.  Yield per acre, when vines
are in full production, is estimated at 5.6 tons per acre
for the 7' row space, and 4.0 tons per acre for the 10'
row space.  The VSP 10' (row) x 7' (vine) system is as
close to a “standard” system as exists in Virginia.

Figure 2.  Bi-lateral cordon-trained vine with vertically
shoot-positioned (VSP) canopies.  Vines are spaced
7 feet apart in the row.  Row width either 10 feet
(10 x 7 VSP) or 7 feet (7 x 7 VSP).

Two divided canopy training systems are also
compared.  Both use cordon training and a row space
of 10'.  The lyre system uses upright-trained shoots
and yields an estimated 6.8 tons per acre when in full
production (Fig. 3).  The Smart-Dyson system uses a
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vertically divided canopy and ultimately yields an
estimated 6.0 tons per acre (Fig. 4).   The Smart-
Dyson training system is a relatively recent
introduction and is the one system for which we lack
experience and research-based yield data.  We have
therefore used a somewhat liberal estimate of canopy
management labor and a conservative estimate of crop
yield for the Smart-Dyson system.

Costs and Returns
The annual, estimated costs and net returns for three

of the four alternative systems are detailed in Tables 2
through 6.  For economy of space, we have not included
a detailed budget description for the VSP 7' x 7' system.
Materials and costs associated with the VSP 7' x 7' are
similar but somewhat greater than those shown for the
VSP 10' x 7' system (Table 2).  We have, however,
provided a 10-year summary of costs and returns
associated with VSP 7' x 7' system, which illustrates
how row spacing affects costs and returns (Table 7).

VSP 10' x 7': Annual costs for the VSP 10' x 7'
system are detailed in Table 2.  The highest annual
costs are borne in the first year and are approximately
$6,800 per acre.  These costs include $1,856 in
grapevines and $1,601 in trellis materials.  Year 2 cash
expenses decrease to about $1,100 per acre.  A partial
crop of 2.5 tons per acre in year 3 results in a net
investment of about $8,000 per acre, and a net return
of about $3,100 per acre is achieved in year 7.
Machinery inventory and annual hourly use for the
VSP 10' x 7' system are shown in Table 3 and are
approximately $58,000.  The corresponding hourly
cost and annual cost per acre are shown in Table 4.

Lyre 10' x 7': The lyre system uses an intricate
system of foliage catch wires and support structures to
assist with canopy separation (Fig. 3).  The extra
hardware makes the lyre the most expensive system to
install among the systems compared here.  Year 1
establishment costs for the lyre are detailed in Table 5
and exceed $9,000 per acre.  The total investment in
the lyre system is approximately $15,600 per acre in
year 3 and is offset by a 2.5-ton per acre partial crop
that results in a net investment of $12,300 per acre
that year.  Full production of 6.8 tons per acre is

attained in year 5, and a net return of over $5,000 per
acre is achieved in year 7 (Table 5).  Machinery
purchase costs and annual hourly use for the 10' x 7'
based lyre system are comparable to the VSP 10' x 7'
system, and are shown in Tables 3 and 4.

Figure 3.  Divided canopy, cordon-trained vine (lyre)
with upright shoot growth.  Vines are spaced 7 feet
apart in the row.  Row width is 10 feet
(Lyre 10 x 7).

Smart-Dyson 10' x 7':  Establishment costs of the
Smart-Dyson system are comparable to those of the
VSP 10' x 7' system and, as detailed in Table 6,
approach $7,000 per acre.  The total investment in the
Smart-Dyson 10' x 7' system is approximately
$12,000 per acre in year 3 and is offset by a 2.5-ton
per acre partial crop that results in a net investment of
approximately $9,000 per acre in the third year.  Full
production of 6.0 tons per acre is attained in year 5,
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and a net return of over $2,000 per acre is achieved in
year 6 (Table 6).  Machinery purchase costs and
annual hourly use for the Smart-Dyson 10' x 7' system
are comparable to the VSP 10' x 7' system, and are
shown in Tables 3 and 4.

already own land, and most own some farm
equipment.  It is only fair to say, however, that grape
production will be far less profitable if prospective
growers must include land and new equipment
purchases in their original investment.

Annual costs and returns for the VSP 7’ x 7’ system
are shown in Table 7.  As previously detailed, the most
significant expenses are plants and trellis materials, as
well as the labor associated with their installation.
Annual operating expenses stabilize in the fifth year and
equal $2,346 per acre.  Beyond that point, dormant
pruning, canopy and pest management, harvest labor
and machinery operation represent the major annual
labor expenses.  Vineyard revenues commence in the
third year and stabilize at $7,280 per acre in the fourth
season, assuming consistent yields of 5.6 tons per acre
and a constant crop value of $1,300/ton.  Analyzed in
this simple fashion, the VSP 7' x 7' system generates a
21.42% rate of return after 10 years.  The internal rate
of return is the interest rate received for an investment
that consists of regular payments (establishment and
annual operating expenses) and income (crop
payments).  The predicted, cumulative cash flow after
10 years of operation is $21,557 per acre.  This and the
other cumulative figures presented in summary tables
assume that costs and returns remain constant.  As this
is rather unlikely, the cumulative returns should only be
used for comparison, and not for predictive purposes.

Annual operating expenses for the VSP 10' x 7'
system are $1,847 per acre after the fourth year (Table
8).  The VSP 10' x 7'  system produces a 17.90% rate
of return after 10 years.  The relative inefficiency of
the VSP 10' x 7' is illustrated by the retarded
cumulative return, $13,155 per acre, the lowest of the
systems evaluated.

Annual operating expenses for the Lyre 10' x 7'
system are $2,835 per acre after the fifth year (Table
9).  The higher cost of operation of the lyre-trained
vines reflects the extra labor in canopy management,
pruning and fruit harvest.  The lyre system generates a
19.65% rate of return after 10 years.  The 10-year
cumulative cash flow is $23,233 per acre.

Annual operating expenses for the Smart-Dyson 10' x
7' system are $2,413 per acre in the sixth and subsequent

Figure 4.  Divided canopy, cordon-trained vine
(Smart-Dyson).  The opposing canopies are
vertically divided from a common cordon.  Vines
are spaced 7 feet apart in the row.  Row width is 10
feet (Smart-Dyson 10 x 7).

Summary
Expense and revenue summaries for each of the four

systems are presented in Tables 7 through 10.  It is
critical that the reader recognize that land and
equipment purchase prices have not been factored into
these investment analyses.  The reason for this
omission is that the majority of clientele who
investigate grape growing opportunities in Virginia
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years (Table 10).  The Smart-Dyson  system generates a
25.03% rate of return after 10 years, the highest rate of
return among the systems compared.  Cumulative cash
flow after 10 years of operation is $23,827 per acre.

For brevity, we have considered only 4 possible
training and spacing systems.  One could visualize that
a Smart-Dyson system, coupled with a more narrow
row spacing, would be superior to either the VSP 7' x
7' or the Smart-Dyson 10' x 7' system.  Similarly,
Geneva double curtain training, which has far less
material costs, should be superior to the lyre for
varieties that adapt to downward shoot positioning.

We remind the reader that the labor costs associated
with each of the different training and spacing systems
are somewhat anecdotal, especially for the divided
canopy training systems. Long-term research
comparisons of the different training systems
described here are lacking in Virginia.  While data for
specific variety and training system comparisons are
lacking, the concepts of increased productivity, and
profit, afforded by increased linear feet of exposed
canopy per acre, are universal.
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Table 1.  Training and vine spacing dimensions and expected yields of the four training systems evaluated in the
budget.
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Table 2.  Establishment and annual operational costs associated with vines spaced 7 feet apart in rows 10 feet
wide.  Vines are bi-lateral cordon-trained and spur-pruned.  Canopies are vertically shoot-positioned in an
upward direction (VSP 10 x 7).  Costs and returns are shown for seven years.
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Table 3.  Machinery purchase cost and annual hourly use for VSP 10 x 7, lyre 10 x 7, or Smart Dyson 10 x 7.

Table 4.  Machinery inventory, cost of operation per hour, and annual cost per acre for the first 10 years for
VSP 10 x 7, lyre 10 x 7, or Smart Dyson 10 x 7.
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Table 5.  Establishment and annual operational costs associated with vines spaced 7 feet apart in rows 10 feet
wide and trained to a divided canopy system (Lyre 10 x 7).  Costs and returns are shown for seven years.
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Table 6.  Establishment and annual operational costs associated with vines spaced 7 feet apart in rows 10 feet
wide.  Vines are trained to a vertically divided canopy training system (Smart-Dyson 10 x 7).  Costs and
returns are shown for six years.
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Table 7.  Projected grape production cost and return estimates associated with vines spaced 7 feet apart in rows 7
feet wide and trained to a bi-lateral cordon, spur-pruned, with canopies vertically shoot positioned (VSP 7 x
7).
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Table 8.  Projected grape production cost and return estimates associated with vines spaced 7 feet apart in rows
10 feet wide and trained to a bi-lateral cordon, spur-pruned, with canopies vertically shoot positioned (VSP
10 x 7).
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Table 9.  Projected grape production cost and return estimates associated with vines spaced 7 feet apart in rows
10 feet wide and trained to a divided canopy (lyre) system (Lyre 10 x 7).
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Table 10.  Projected grape production cost and return estimates associated with vines spaced 7 feet apart in rows
10 feet wide and trained to a divided canopy (Smart-Dyson 10 x 7).


