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(ABSTRACT)
The state of Virginia was analyzed to establish its suitability for grape culture.

This investigation occurred in two phases: a small scale analysis that encompassed the
entire state, and a large scale analysis which focused on site selection at the local level.
After identifying regions across the state in terms of their viticulture potential, a study area
was chosen from within the highest ranking region. This study area was the focus for the
local-scale site potential analysis.

First, to delineate regions across Virginia that had greater or lesser viticulture
potential from a physical and climatological basis, weather station data were collected for
minimum winter temperatures, maximum summer temperatures, precipitation, length of
growing season, and day versus night temperature differentials. In addition, elevation and
slope models were constructed to complement the climatic variables in identifying areas
that contained factors most conducive to grape production. To validate this regional
assessment, the history of fruit industries within the state are outlined geographically to
display the evolution of the fruit industries, and to establish the factors which have shaped
the current fruit landscape.

Secondly, at the local scale, a Geographic Information System (GIS) approach was
used to identify sites at the county scale that had greater or lesser viticulture potential
from a physical basis. Composite maps, constructed by individual counties in the state,
were produced from a series of physical databases. The individual databases (sources and

resolution in parentheses) included land-use (Virginia Gap Analysis; 30meter2 resolution),



slope, aspect, and elevation (USGS 1:24,000 Digital Elevation Model; 30meter?), and
soils data (USGS Digital Line Graph (DLG-3)). Each physical feature layer was given a
numerical classification, then all layers were combined to produce a 0 to 100 scale in the
final, composite image.

Given this model of potential vineyard suitability, existing fruit operations in select
counties were geo-located on each feature layer using a Global Positioning System (GPS:
1-2meter accuracy). Actual data on occurrences of frosts, minimum winter temperatures,
and other site variables were collected from these fruit operations and surrounding
weather stations as a sample to validate the model. A strong correlation between areas
containing characteristics of current fruit acreage--namely apple--and sites high in
potential for viticulture according to the model.

Studying the history of geographic distribution of apple and grape industries across
the state reinforces the regional assessment of viticulture potential, formulated by the
climatic and topographic analysis. Employment of GIS approach at the local site scale
was shown to be an effective tool for site selection at the local scale with certain caveats.
In addition, the evaluation procedure integrating GIS and GPS technologies allows us to
visually assess the distribution pattern of each of the factors employed individually; and, in
turn, physically identify and locate areas of viticulture potential created from the

combination of those factors.
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Chapter 1. Introduction

This study was undertaken to define a methodology for identifying areas of the
state most suited to the growing of the primary wine grape, Vitis vinifera, in terms of: 1)
the most suitable climatic regions of the state, and 2) the most suitable sites within those
regions. Suitable in this analysis, refers to an area or site that possesses the physical
characteristics of the environment (climate, topography, soil) that make for successful
viticulture--successful meaning high quality of fruit, low maintenance costs, and minimal
risks to vine survival. While commercial success depends on physical and cultural factors
(i.e. distance to market, competing land uses), cultural considerations do not directly
influence success potential of the fruit, and thus are not considered in this work.

Fruit quality can be defined by an infinite number of parameters--based on desired
grape varieties, grape content, and the winemaker’s style and vision for the final product.
An adequate discussion of the infinite and intricate facets of defining fruit or wine quality
is beyond the scope of this work For the purposes of this study, fruit quality will refer to
areas containing certain parameters defined by me to be desirable in grape development.
These parameters are centered primarily around a cool growing season to maintain acid
levels and varietal character; and reduced precipitation during harvest which maintains
sugar levels. Again, this definition of fruit quality is specific to this work only.

A major problem in Virginia viticulture is the great diversity of climatic and
biological problems that challenge grape growers across the Commonwealth. Youth of
the industry, limited acreage, and range of climate extremes have combined to create a
lack of well established/time tested viticulture areas from which others can draw inference
when planting. Classic vineyards of France and Germany have had at least 3000 years to
hone their regional and site selection processes to maximize fruit success; California, at
least 200 years; but Virginia has had less than thirty years to develop regional-- much less
local-- assessment of viticulture potential.

A geographic analysis of the physical environments of viticulture potential of the
state is offered by this work in order to compensate for these limitations. Integration of
the apple and other more established tree fruit industries helps complement this analysis by

lending their much longer historical record of successes and failures to the review. By



‘borrowing’ their track record within different regions of Virginia, we can better predict
the potential for grapes--a fruit of similar physiographic requirements to the apple and
peach.

Section 1.1 entails a brief introduction to the status of viticulture in Virginia,
proceeded in Section 1.2 by a literature review of the geographic principles involved in
this analysis. Section 1.3 outlines the methodology employed, 1.4 addresses the practical

implications of the work, followed by a summary in Section 1.5.

1.1 Viticulture in Virginia

Wine making in Virginia began when the Jamestown settlers first fermented the
native New World grapes in 1607. Today, the state is gaining national and even
international recognition as a source of quality wine and as a promising area for future
investment. However, since its historic beginnings to the present, the industry’s evolution
has been anything but smooth or continuous. Only the technological advancements of the
last fifty years have allowed local viticulturists to perfect their craft to the point of true
commercial success, resulting in a rapid growth of the industry. Thus, in a state that can
boast the longest history of wine making, the current landscape of Virginia viticulture is a
relatively recent phenomenon--and it can be considered still as in an experimental phase.

Viticulture is the term given to the science of growing grapes; it is a science
distinct from oenology, which is winemaking. Of the fifty major grape species, the single

most important species for premium wine productiovitis vinifera(Figure 1.1).

GENUS /Ws\
SUBGENUS Euvitis (true grapes) Muscadines
SPECIES . .
V. riparia V. labrusca V. vinifera 50 other V. roundifolia
c g Chord species
oNncor -
VARIETIES Catawba Meflgtonnay 8—10 native Scuppernong
(800071.0,000 Niagara Cabernet Sauvignon to \/ﬁrgimo
WOI’|dWIde) Thompson Seedless
FIGURE 1.1

Grape species



Archaeological evidence indicates tNatviniferaprobably originated in the Caucasus
Mountains between the Black and Caspian Seas--modern day Georgia, Armenia, and
Azerbaijan--somewhere around 5000 (BC). With the identification of this species as a
superior wine grape, it was propagated across the Middle East, to the Mediterranean, and
into western Europe to its more familiar niches of Italy, France, and Germany by the 2nd
century AD. Unfortunately for the Jamestown colonigitsiferawas unknown to the
western hemisphere; the wine they produced was from native North American $pecies
labruscaand others--species which generally produce unpalatable wine, but occur in great

proliferation across the eastern United States (Figure 1.2).

Generalized Core Regions

@ \/itis |labrusca

Vitis rotundifolia

e Vitis riparia

FIGURE 1.2
Core regions of common, native grape species

Numerous attempts were made to establistierain Virginia from colonial times
to the present, most of which were in vaWfiniferavines were simply not climatically
adapted to the humid summers and harsh winters of the eastern US, a situation
compounded by a host of fungi and pests to which it had no tolerance. Advances in
grafting technologies, pesticide development, and trait selection at the genetic level,
however, have madeniferagrowing in the east a reality. Virginia has come to realize
this potential just in the last twenty-five years, which is the approximate age of its wine

grape industry.



To date, approximately 1600 acres of grapes are grown in Virginia, of which 95%
are used for wine production. (Figure 1.3) This makes grape production the sixteenth
largest agricultural commaodity in the state (Johnson & Wade, 1993). The passage of the
Virginia Farm Wineries Act in 1980 stimulated industry growth by providing financial
incentives to growers and by establishing a monetary fund from an alcohol sales tax. The
fund is used to finance research, promotion, and information networks of the grape and
wine industries. Subsequently, farm wineries have increased from six in 1979 to over fifty

today, making the state 7th in the nation for wine production (Zoecklein, 1998).

Viticulture in Virginia 1998

Grape Acreage
per county 1998

Sources: 1995 Commercrial Grape Report, Virginia Agricultural Statistics Service
1998 Virginia Winerres Guide, Virginia Wine Marketing Frogram

Figure 1.3
Grape acreage in the Commonwealth

Virginia’s annual raw grape product value exceeds $3.5 million, with a wine value
in excess of $12 million. Overall, “...in 1992, the sector[Virginia wine] accounted for
almost $65.4 million in economy wide activity, contributed over $36.35 million to the
gross state product and accounted for about 1,433 full time job equivalents” (Johnson and
Wade, 1993). In addition, studies undertaken by the Division of Tourism indicate 3% of
visitation to the state is winery oriented, and 5% of total visitors include wineries in their
agenda. These are important statistics considering the total tourist trade in the state was
estimated at $8.5 billion in 1992 (Johnson and Wade, 1993).

Wine grapes are a high valued commodity, as indicated by gross receipts per acre
currently averaging between $3000 to $6000 (Wolf, 1998)--much higher than most other



agricultural products, tobacco being a prominent exception. Investment in viticulture is
made even more alluring given that the average productive life of a vineyard, and
subsequently the returns, last minimally between 20 to 30 years with routine maintenance.
With these extended levels of return and high value per acre, grape production is more
competitive with non-agricultural land uses such as residential and commercial activity.
The grape and wine sectors are also an asset to the state economy in that they effectively
generate employment and income in rural areas due to their high intensity requirements of
labor per acre. (Johnson & Wade, 1993)

The future of the grape and wine industries appears promising as well. The Impact

of Farm Wineries on Virginia’s Economy states it in rather explicit terms:
“Based on the experience of Oregon and Washington, it is not unrealistic
to expect Virginia wines to achieve a 20% share of the state’s growing
premium wine segment, plus a share of the market in Maryland, North
Carolina, South Carolina, and other East coast states which make up the
state’s tourism base. In order to achieve this level of market penetration,
the industry would need to produce sufficient quantities to support annual
sales of 500,000 to 600,000 cases, a quadrupling of the current production
levels...” (Johnson & Wade, 1993)

To be labeled a Virginia wine requires a minimum input of 75% of Virginia grown grapes,

50% of which are from lands owned or leased by the winery (Zoecklein, 1998). To

achieve the predicted growth of wine sales, the acreage of grapes will need to increase by

roughly 2500 acres--almost double the existing acreage.

With the current and predicted future demand for Virginia wines, future expansion
of viticulture in the state is greatly needed. However, three major obstacles impede this
growth: 1) the high cost of vineyard establishment, 2) the high cost or lack of skilled
vineyard labor, and 3) climatic constraints of the vine (Wolf 1997). While the first two
obstacles are well defined and succinct, climatic constraints of viticulture are more
indistinct. And, while costs associated with viticulture may be prohibitive to expansion,
climatic factors will ultimately determine success of that expansion and quality of the fruit

produced, even when costs are overcome.



In Europe, centuries of experience have identified the best locations for growing
wine grapes and well known, distinctive wine regions have evolved. Even California has
had a couple hundred years of continuous production and experimentation to determine
the best locations for vinifera. Virginians, however, do not have a long history of such
trial and error to reference when selecting sites for vinifera planting. However, a
geographic analysis of the state in terms of its viticulture potential, combined with an
assessment of other, more established fruit crops--namely apple--will help us better predict

sites for viticulture.

1.2 Literature Review

This research emphasizes the relationship between the location of an agricultural
activity and certain aspects of the physical environment, a major theme in agricultural
geography. This field is mainly concerned with description and explanation of spatial
patterns of an agriculture activity. In the last several decades, the geography of viticulture
and wine has emerged, creating its own niche as a sub-discipline within agricultural
geography (de Blij, 1981: Dahlberg, 1961; Fisher, 1978; Gruber, 1981, Salt, 1985) .
Many works within both fields interpret agricultural landscapes in terms of the physical,
cultural, economic or political influences which shape them, or combinations of these
factors.

My major focus centers on the physical-environmental forces that have contributed
to the landscape of viticulture in Virginia. However, my research will go one step further:
specifically, it will focus on characteristics of the existing agricultural landscape that can
be used to predict future sites of agricultural expansion. In short, I will build a model for
identifying viticulture potential based upon desirable physical attributes that have been
defined by a combination of literary sources and analysis of the current fruit landscape in

Virginia.

1.2.1 Agricultural Geography
The field of agricultural geography began emerging as a separate discipline with

the publication of J. Heinrich Von Thunen’s The Isolated State in 1826 (Von Thunen,




1826). Von Thunen’s urban-rural land use theory identified concentric circle zones of
agriculture around an urban area or market. His belief was that the land use which
provided the highest economic rent--the return for investment in the land-- would displace
all other land uses and be closest to the urban center. Transportation, product
perishability and bulk were emphasized as important determinants in the system.
Environmental influences were, on the whole, ignored.

Von Thunen'’s work utilized the market principle to predict land use patterns of
agriculture around markets. However, this is not the only approach used to describe and
explain the distribution of agriculture activities across the surface of the earth--the essence
of agricultural geography. J. R. Tarrant (Tarrant, 1974) outlined three main theoretical
approaches in agricultural geography which have shifted from first to last in the post-war
period:

1. Environmental, which assumes that the physical environment acts in a
deterministic manner and controls agricultural decision-making.

2. Economic,[as exemplified by Von Thunen]assumes that economic
factors of market, production, and transportation costs operate on a group
of homogeneous producers, who in turn react to them in a rational manner.

3. Social-personal, which assumes that there are further sets of influences

which affect agricultural decision-making, such as farmers’ values, beliefs
and attitudes.
(Tarrant, 1974)
| do not agree that the environmental approach has to possess the degree of
determinism suggested by Tarrant, nor that major focus has shifted from it; | am more
inclined to view the environmental approach as a study ohtheenceof physical factors
on agricultural patterns, and that this influence has become more intensive in the sub-fields
of interest (i.e. viticulture). Itis this environmental approach that has a long-standing
tradition in agricultural geography, and is the theoretical perspective of my work.
This debate between determinism versus possibilism, or man versus nature, has
been problematic among geographers since the late nineteenth century. Determinists

argue that the environment controls the course of human action--in this case what is



grown where--while possibilism holds that the environment only serves as a provider of
multiple possibilities, with humans having the opportunity to choose among them. This
heated debate has even found its way into the realm of wine geography: in the ‘Jekel-
Prats’ discussion of the role t@rroir on wine quality (Jekel, 1982; Prats,1983).

In its most widely accepted sensayoir refers to the coming together of climate,
soil, and landscape, including all site aspects such as soil depth, hours of sunshine, slope,
etc.--in other words, every single characteristic of a site, making every site on earth
unique. To the French, and others, this is the determinant of wine quality, the input of
man is secondary or excluded altogether. The idea that limited, uniquely superior sites
exist that predetermine a wine’s quality is the basis for the intespp&lations
d’Origine Controleesystem in France and other European countries. By law, these
systems preordain the ‘best sites’ which can produce the ‘best wines’(Unwin, 1996).

The ‘Jekel-Prats’ discussion was based on an article writterCaijifarnia
winemaker, Bill Jekel, who downplayed the role of nutrients in the soil, as compared to
other factors like temperature and soil depth. His article was to spark widespread debate
about the deterministic beliefs w@frroir versus the abilities of man to influence grape and
wine quality. This debate has often been caricatured as New World versus Old World, or
even United States versus France (Dickenson, 1991). To many researchers, especially
from America, influences of the environment are paramount--Rankine (Rankine, 1971),
Fisher (Fisher,1978), Sichel (Sichel,19#t)al--while other geographers, such as
Raymond Christ (Christ, 1960), believe that the positive work of man over time, not the
environment, is responsible for even the greatest vineyards of France.

My interpretation of théerroir debate is summarized by the work of J. Salt (Salt,
1985) who, in hi®©eterminism versus possiblism: the case of wine (198fgests that
even though soil and climatic factors influence the production of good grapes, grapes are
only the raw material on which the winemaker applies his skills. Whichever side of the
debate one is on, most would agree that, “Climate, soil, and slope are the key
physiographic factors in viticulture,” (de BIij,1983). While not solely responsible for
grape success, the environment does contribute significantly to the quality, consistency,

and operating cost of a vineyard.



1.2.2 The role of the environment

The role of the environment in agricultural activity has been studied in an array of
methodologies, at a variety of scales. Some have concentrated on identifying and
delimiting agriculture regions from the global to the local scales, such as D. Whittelsey’s

Major Agricultural Regions of the Earth (1936), or G. T. Trewartfi&s Iwaki Basin:

Reconnaissance Field Study of a Specialized Apple District in Northern Honshu (1930).

Physical criteria--such as climate, soils, topography-- formed the basis for the resultant
regions, in studies at any scale.
Others have worked in different directions, delimiting climates suitable for crops,

such as C. W. Thornthwaite’s An Approach Toward a Rational Classification of Climate,

based on the regional variation of “potential evapotranspiration”. Thornthwaite and
colleagues developed an index to predict crop suitability based on temperature and
precipitation of an area, combined with water requirements of the plants (Thornthwaite,
1948). Still others have specialized in defining the ecological optimum of crops, based on
physical crop requirements. The ecological optimum maintains that each crop has
minimum moisture and temperature requirements which must be met for growth to occur,
and also has maximums above which growth will cease (Grigg, 1982). These optimums
have been areally differentiated by numerous authors for numerous crops, including
volumes of phenological maps produced by the United States Department of Agriculture
(USDA).

Within viticultural geography, Clarence Olmstead’s work American Orchard and

Vineyard Regions (1956) concentrated on explaining the distributions of vineyards based

on various environmental factors, along with the cultural and economic situations of the

surrounding areas. The Concord grape industry of the Chautauqua-Erie area is a typical

survey-style work which models many environmental themes--terrain, soil--along with
grape type, vine training style, and other human controlled factors (Dahlberg, 1961). This
type of environmental appraisal more closely resembles the format | am following.

1.2.3 Agriculture adjusting to ‘best’ physical environment

The framework for my particular research is grounded in “..the increasingly closer

adjustment of agriculture to areas with the best physical environment,” (Gregor, 1970).
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This subject has been thoroughly covered from as early as the 1920’s, when O.E. Baker

published The Increasing Importance of the Physical Conditions in Determining the

Utilization of Land for Agricultural and Forest Production in the United States (1921). In

the article, Baker elaborated in great detail on how the agricultural land use patterns
could increasingly be linked to variations in terrain, soils, temperature and moisture.
Baker’s main theme is outlined succinctly in the opening paragraph of the article:

“The physical factors or conditions determine in large degree the utilization

of the land in a region; and these physical factors become more important

as the population increases, the knowledge and practice of agriculture

advances, transportation facilities are improved, and the supply of capital

and labor is increased and better distributed,--in brief, as agriculture and

forestry become more highly organized and commercialized,”

(Baker,1929).

In essence, as societies and agricultural activities become more organized and advanced,
economic/transportation factors cease to baltminantshapers of the agriculture
landscape. For example, the advent of refrigeration eliminated the requirement to have
perishable items--i.e. milk--located juxtapose the market. As conditions favoring closer
adjustment to physical differences reach an optimum, greater selectivity will occur to
match each type of agricultural land use to the area containing the most favored
environmental conditions. Eventually, crops will be located in areas most environmentally
suited to them--'unburdened’ by the demands of proximity to economic centers.

This line of thought can almost be considered the antithesis of Von Thunen’s
work, as it completely disposes of the idea of market proximity as the decisive link in
agricultural patterning. Of course, competing land uses can potentially displace agriculture
from a higher to a lower physically suited area, or displace it altogether; such as
expanding suburbs pushing cropland to less fertile mountains. Usually, whatever
economic activity pays the highest rent will ultimately prevail--but not always (e.g. horse
pastures). Baker was not averse to the possibility that the reversal of any of his outlined
conditions--particularly rise in transportation costs--could result in a return to Von

Thunen prescribed patterns. For example, a drastic rise in fuel prices might force
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agriculture activity back to market proximity; the economic forces of the agriculture
activity would overpower the benefits of locating in an environment more suited to the
crop.

Baker’s thesis has been strengthened and built upon in many ways since its initial
publication. One of the more prominent works has been M. Prunty Jr.’s Recent

Quantitative Changes in the Cotton Regions of the Southeastern States (1951). Prunty

outlined the retreat of cotton to the ‘best’ lands and how this retreat has redefined the
boundaries of the Cotton Belt into a series of small cotton regions. “At the same time,
intensification of production on better soils has not only increased total American cotton
production, but has also fostered a shift in the median center of production precisely
opposite the historic westward movement...” (Prunty, 1951).

Delimiting the optimum areas for valuable crops is a theme in agricultural
geography which is receiving increasing attention in the modern era as well. The spatial
structure of agriculture is being influenced more and more by environmental factors, due
in part to, “...a reflection of economic recession and price-cost squeeze in agriculture. As
a consequence, yields and intensity of production have become very important,
encouraging farmers to seek the ‘best’ physically endowed area for their enterprises...”
(Pacione, 1986). In a study of forty years of census data, M. Winsberg concluded that
reduced transportation costs had induced agricultural commodities to become more
concentrated and regionally specialized, regardless of reduced comparative advantage or
population distribution (Winsberg, 1980). Some examples of this phenomenon are the
concentration of dairy products in Wisconsin, massive concentration of the apple industry
in Washington, and the large American market share of table grapes from Chile.

Perhaps the most pertinent methodology which my research is modeled after
comes from a line of very crop specific studies comparing physical factors influence on

crop yields. A perfect example of this type study is D.J. Briggs’ Environmental Influences

on the Yield of Spring Barley in England and Wales (1981). Incorporating multiple
regression analysis, Briggs established correlations between barley yield and four
climatic/soil factors. Once the correlation was identified, Briggs asserted that the findings

should be incorporated into soil surveys and land use classifications to help close the
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discontinuity betweenctualyields andootentialyields. It is exactly this type of
discrepancy between actual and potential viticulture suitability in Virginia that my research

will address.

1.2.4 Focusing on the physical
As B. W. llbery so aptly points out, “...it is the interaction of physical and

human factors that determines patterns of agricultural land-use,” (llbery, 1985). By
concentrating on the physical aspects of the environment as influencers of the agricultural
landscape, | am not suggesting that there are no human or economic inputs present. On
the contrary, | realize that agricultural decisions depend highly on the individual and on the
economics of the area. This research is being conducted to facilitate agricultural decision-
making by increasing the physical knowledge base. Thus, when other economic and
human factors favor agricultural growth, this work will be in place to provide data on the
physical-environmental aspects of that growth.

Physical constraints or hindrances to agriculture have a long history of being
dispelled by modern technology and innovations of man. For example, viticulture is now
possible in the East due to innovations such as resistant rootstock breeding and pesticide
developments and in many California locales due mostly to innovations of irrigation.

However, there are currently several factors which create a situation that
emphasizes the importance of focusing on the physical environment for viticulture:

1. The Virginia wine industry needs grapes from inside the state. To be labeled

as a Virginia wine, composition of wine requires a minimum of 75% Virginia

grown grapes. Thus, we are looking for the best wiiifsn a finite area.

2. Supply is low, demand is high. Economic limitations are at a minimum, except

the high cost of capitalization.

3. Eighty-five percent of wineries own or rent acreage not attached to the winery

facility. Transportation of grapes to winery is not a significant factor, since it is

already common practice and transportation costs are low.

4. Vineyards are a long term investment. Site selection is critical to quality and

longevity of vineyard life (and therefore length of profit return). The best physical
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sites bring about short-term profit due to higher quality fruit, and long-term profits

in extended vineyard life.
Thus, currently, the physical attributes of the landscape are of prime importance to the
expansion of this agricultural activity. Identifying the optimum areas of the landscape in
terms of their physical attributes is the priority of the industry at this time.

Dr. John Dickenson, University of Liverpool wine geographer, summarizes this
framework:

“Identification of ideal sites for wine growing are matters of active research

for the industry, ...there are geographical contributions to be made in the

field, both in seeking correlation between the various environmental factors

and wine production ...and between the physical properties of site and wine

quality,” (Dickenson, 1991).
The linkage of physical properties of site to wine quality is the basis for this thesis.
However, my work focuses more on site factors and their role on quality of grapes, rather
than wine. Specifically, identifying regions and sites in terms of viticulture potential is the
format for integrating this theme, since the identification is based on factors from the

physical environment.

1.3 Methodology

Most studies in the agricultural geography field can be classed into one of two
major approaches, either empirical (inductive) or normative (deductive) (llbery, 1985).
Empirical approaches describe what actually exists in the agricultural landscape, while
normative approaches are more concerned with describing or identifying what the
agricultural landscapghouldlook like. Although llbery insists that, “These two
approaches have never really merged,” my research intends to do just that: integrating the
existing agricultural landscape attributes [empirical] to aid in establishing a model to
predict other suitable agricultural sites [normative].

The central theme of this thesis advocates the significance of the environment in
influencing spatial patterns of agriculture. Modeling viticulture potential based upon

physical factors in the environment is a purely environmental approach which adheres to
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the theory that agricultural activities are ‘adjusting’ to areas that contain the optimum
physical characteristics for that crop (Baker, 1929). Variations in the physical
environment--namely topography, climate, and soils-- not only define the current fruit
landscape but will be used to identify areas of future suitability for viticulture (as well as
other fruit crops). Through analysis of the physical characteristics of an agricultural
pattern, this research will contribute to a more complete understanding and future
development of the Virginia fruit industry as a whole.

| will begin at thestate scale The first step of this study is to analyze the climatic
and topographic features of Virginia in terms of their regional potential for viticulture.
From this analysis, | will then qualitatively identify and rank regions of this homogeneous
viticulture potential. In order to more thoroughly understand these climatic and
topographic requirements, the research also includes a historic assessment of the apple
industry. The historic evolution of these more established fruit crops in the state, crops
which nearly parallel grapes in their physiographic and climatic requirements, will be
compared in order to support or correct the regional ranking. Disparities and similarities
between the landscapes of the grape and apple will complete the state overview.

Next comes site analysis at tloeal level After selecting a study area for focus, |
will build a Geographic Information Systems (GIS) model which will delineate sites within
the study area as having greater or lesser viticulture potential from a physical and
climatological basis. Factor layers, constructed at the county scale, will be produced from
a series of physical databases, representing viticulturally desirable features of the
landscape. A ranking system will be developed for each layer and, in turn, all layers will
be combined to create a single image displaying suitability score (0 to 100, 100 as perfect
score) for every 90 ft2 cell in the study area.

The final step in the thesis entails validation of this model. All existing fruit
operations in the study area were geo-located on each feature layer using a Global
Positioning System (GPS: 1-2meter accuracy). Scores from the model were evaluated
within the actual fruit acreages, and compared to data from the sites. Actual data on
occurrences of frosts, minimum winter temperatures, and other site variables have been

collected from fruit operators and surrounding weather stations by questionnaire, personal
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interview, and historical records analysis. These data reinforce continuity or explain
disparity between the model and reality. Concluding remarks on the utility and
effectiveness of this approach will complete the thesis.

Specific objectives were developed in order to outline and focus the research

procedure:

1. Identify viticulture potential at the state scale using climatalogic and
topographic data associated with quality fruit growth, minimized risks, and low
maintenance costs. Delineate and describe regions based upon their viticulture
potential.

2. Trace the evolution of the apple and grape histories within the state to support
or dispute the regional assessment of viticulture potential as outlined in
Objective #1. Assess similarities and disparities of apple landscape versus the
grape.

3. Build a viticulture suitability ranking system that evaluates each factor (or
layer) in a selected study area, combining viticulture requirements of
topography and soils into a single point system(i.e. 4 factors,each factor worth
a possible 25 points, for a best possible aggregate score of 100).

4. Validate the model by collection of field data. 1) Locate all existing acreage of
fruit crops in the study area using a Global Positioning System (GPS).

2) Conduct on-site evaluation of vineyards and/or orchards, personal
interviews with growers to determine history and potential of site, and
guestionnaire mailing.

5. Draw conclusions on viticulture potential in Virginia and on the utility of this
methodology for determining site selection.

Figure 1.4 is offered as a graphic representation of the methodology.
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Analysis of Viticulture Potential
at the State Scale

-State Climatic and Topographic Overview

-Identification of Regional Physical Factors
Affecting Apple and Grape Production

-Delineation and Descriptions of Regions
Based on Viticulture Potential

Identification & Verification
of Regional Potential

-Selecting Region(s) Containing Best
Physical Attributes

-Historic Review of Apple and Grape Industries
to Verify Assigned Regional Potential

-Compare/Contrast the Current Apple and Grape
Landscapes

Selectim Study Area Within a Rgion

-ldentification of Physically and Geographically
Homogenous Area Within Suitable Region
-Begin On-Site Analysis of Fruit Crops in Study Area
-Collection of Physical Attributes of Current Fruit
Acreage Within Selected Study Area
(GPS Phase)

' Site Analsis at Couny Scale
-Identification of Local Physical Factors
Affecting Apple and Grape Production
-Model-building of Site Potential Based on
Identified Local Factors
(GIS Phase)
i

Figure 1D Final Site Selection &
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or s, [ Jhigh potentia Ideal (Model) vs
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Methodology
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1.4 Practical Implications of Viticulture Site Suitability Study

The major task of this study will be to compare the actual viticulture areas against
the best potential viticulture areas, as identified by my model. If the model is valid and
successful, discrepancies between the actual and the potential would need to be addressed
by the grape industry. When such information is made available to farmers, agriculture
extension agents, real estate agents, and others, the spatial pattern of viticulture acreage in
the state could in time be fundamentally changed. Also, successful validation of the model
with current fruit acreage will serve to support Baker’s approach to utilization of land for
agriculture.

This initial implication to the industry will be supplemented by increased
awareness and interest in viticulture. ldentification of promising viticulture areas could
stimulate interest in local economic growth, both from internal and external potential
investors. “Expansion of the wine industry is a viable, and sustainable economic
development strategy for rural areas, since total income and employment opportunities
may be increased without damaging the rural character and environmental quality of the
region,” (Johnson & Wade, 1993). Investment and expansion of viticulture equates to
more jobs, more money invested in local economies, and presents a viable supplementary
income to rural landowners.

The study also will present a possible diversification alternative to current fruit
orchardists or other agriculturists. This in turn may increase value of these rural lands
which will more effectively compete with non-agricultural uses like industrial and
residential development. As diversification occurs at the local level, it is simultaneously
occurring at the state level, thus strengthening the state economy as well.

In addition, another positive implication of this work will be to help minimize
unnecessary and unexpected expenses associated with high maintenance costs of poorly
located vineyards. The study will be a valuable tool for risk assessment in general, and
will expedite the federal crop insurance programs to enlist grape production as an
insurable commodity--an important step that the industry has been awaiting.

Classification into an insurable crop category would mean that growers, and future
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potential growers, could protect their investment against damaging climatic events--
drought or hail, for example. Currently, because of the industry’s youth, this type of
insurance, accessible to most other agricultural commaodities, is unavailable to grape
growers. This situation is largely the result of the inexperience of the insurers--they [the
USDA] simply do not have a reference base to refer to when assessing vineyards in
Virginia. A ‘sound’ site has not sufficiently been distinguished from a poor one, from an
insurance point of view. This study could provide just such a base.

Analysis of the spatial patterns of fruit industries will, for the first time, give a
systematic inventory of site characteristics of the state’s fruit acreage, and graphically
outline areas of future expansion based on desirable site features. This database will
become a reference for future research of the Virginia fruit industries. Some level of
guality control may be established by ascertaining the characteristics of particular high
production/high quality sites. Homogeneous regions of fruit quality or distinctive traits in
fruit may be established as well. This is an important factor in establishing a ‘nationally
recognized viticulture area’: a title granted by the Bureau of Alcohol, Tobacco, And
Firearms (USBATF) to designate an area of unique wine growing conditions.

Theoretically, the analysis of the current fruit industries, particularly apple, will
support the theoretical work of O.E. Baker al, concerning the increasing importance of
physical factors influencing the spatial distribution of agricultural activities. The work will
join the ever increasing literature base that specializes in analysis of a particular
agricultural activity--in this case grapes and apples--in regard to how they are influenced
by the environment, and therefore where they should be located within it. In addition, my
work will stand as an example of a successful integration of inductive and deductive
approaches to achieve a common goal. It will add to the growing literature on the
importance of detailed examination of the physical environment as agricultural landscapes
adjust to their optimal locations. This thesis represents an integration of high resolution
digital data, field collected location data, and qualitative grower data into one database.
An unique attribute of this database will be the ability to identify viticulture potential not

just at a regional scale as most studies, but also at the local ‘site’ level. The multiple scale
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approach may serve as a valuable tool to the grape industry here in Virginia, and also to

future studies of this kind in and across the field of agricultural geography.

1.5 Summary

The models of Baker and many others--Thornthwaite, Whittelsey, Prunty--are the
frameworks for studies of agricultural spatial patterns as explained by influences of the
physical environment. This type of methodology within the environmental approach to
agricultural geography has been prevalent since Baker’s initial publication of The

Increasing Importance of the Physical Conditions in Determining the Utilization of Land

for Agricultural and Forest Production in the United States in 1929. Since then, studies

have increasingly focused on individual crops in local environments in supporting the
methodology.

As Baker outlined, the advancement of technology, decrease in transportation
costs, and dominance of commercial economies have combined to push agricultural
activity to thephysicalareas most conducive for their success. Identification of these
physically ‘best’ areas for individual crops are increasingly important in an age where
intensive agriculture and high yield per acre are a predominant theme for agriculturists to
maximize profit margins.

Using Baker’s methodology and concentrating on physical factors of the
environment is particularly relevant to the tree fruit and wine grape industries. This is due
to the ‘permanence’ of the agricultural activity: once a site is planted to trees or vines, an
agriculturist is locked into his/her initial decision for thirty to sixty years--the average
longevity of these fruit crops. Economic and human factors in decision-making can
fluctuate widely in this time frame, but the physical factors affecting the activity generally
do not. Therefore, it seems that more importance would be attributed to the proper
physical placement of this type of agricultural activity, with much less emphasis on the
other factors.

Using the methods of Baker, and more closely the structure of Briggs and others,
| will examine the wine grape industry in the state of Virginia. My objective is to build a

model to identify physical areas of highest potential for viticulture, based upon a variety of
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physical factors--namely topography, climate, and soil. Since the industry is itself in what
can still be considered an experimental phase, | will incorporate other fruit crops into my
analysis. The apple is a commodity with physiographic requirements similar to the grape,
but it possesses a better established core growth area.

As the wine grape industry is posed for rapid growth, this work is in the unique
position of having great potential to be verified with actual field testing of the results. The
validity of Baker’'s work, as well as the viticulture potential model | will construct, will be
manifested on the future landscape of Virginia viticulture. Close observance of these
future trends in Virginia wine should authenticate this type of environment-based approach
and my methodology for its engagement. In one of his nine canons of viticultural
geography, de Blij asserts that “...the diffusion of the species Vitis has produced
ampelographic questions which require geographic answers,” (de Blij, 1987). This thesis

attempts to answer some of these questions for Virginia.
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Chapter 2 Analysis of Grape Potential at the State Scale

The objective of this chapter is to identify broad regions of the state most suited
for grape and apple production. This identification will produce by examining individual
facets of the climate and topography. To understand the mechanics of successful site
selection at the local scale, it is important to first understand the nature of the climate and
topography at the state scale so one can then better interpret and predict the role of
climate at a potential vineyard site.

Climate refers to the long-term weather conditions of a region: “..a synthesis of
the succession of weather events we have learned to expect at any given location,”(de Blij
& Muller, 1993). Region, and therefore climate, is a very scale dependent term. There
exists a region and climate of a single vineyard; regions and climates of the state; and
regions and climates of the world. This chapter divides the state into homogenous regions
based upon climate features desirable to the grape.

Section 2.1 offers a concise overview of the Virginia climate--its major descriptors
and influences. This provides a prelude to the climate and topographic variables analyzed
independently in 2.2. Finally, in 2.3, viticulture potential for the state will be identified on
a regional basis, formed from the factor analysis of the previous sections.

2.1 Virginia Climatic and Topographic Overview

In the modified Koppen world climate classification system (de Blij & Muller,

1993), Virginia is categorized as humid subtropical, a mesothermal climate with no dry
season and hot summers. Humid is defined as having enough precipitation to support
forest growth; subtropical denotes both the latitudinal position poleward of the Tropics
and temperature regimes with hot summers and relatively mild winters (Woodward and
Hoffman, 1991). Average summer temperatures range from 70° to 80°; winter
temperatures from 32° to 42°. Precipitation across the Commonwealth is between 35 to
45 inches on average. On the whole, Virginia maintains a mild, moderate climate.

However these statewide averages do not accurately reflect the true nature of the
diverse climate regimes across the state. This diversity is the product of two
distinguishable forces: continental versus maritime influences, and the relationship between

elevation and temperature. These forces work together to affect temperatures and
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precipitation patterns which can be linked to the relief features of the terrain. Thus, the
final focus will concentrate on identifying desirable climate regions physically defined by
physiographic areas.

Continentality refers to climatic factors (temperature and precipitation) which are
modified by large land masses, while maritime climates are influenced by their proximity to
large bodies of water. In Virginia, most high-pressure frontal systems which affect
climate--especially in winter--come from northwestern Canada, sweeping across the US
midwest before arriving in the East. Since land heats and cools rapidly, it tends to take on
the characteristics of the surrounding air mass. The land does not measurably affect air
temperatures, and air masses that come from across the continent maintain their
characteristics through the entire frontal movement. Thus, in winter, very cold
temperatures are ‘brought’ to Virginia from the Canadian high pressure cells.

Inversely, maritime effect influences temperatures in the opposite direction.

Water, in contrast to land, heats and cools slowly. Large bodies of water, particularly the
oceans, retain and disseminate heat even in the winter months. Air masses moving over

the water toward land are affected positively by this heat exchange, as is the land that the
air mass then passes over. The reverse happens in summer, as the water bodies are cooler
due to their slow warm up time; air passing over them now will be cooled as the water
absorbs heat. Some examples of this effect: large regions of fruit plantings on the leeward
sides of the Great Lakes, narrow bands of vineyards along the Finger Lakes, and vineyards
of Germany which are modified by the North Sea--all areas much further north than would

be possible in the absence of large bodies of water.

Together the influences of continentality and maritime effect divide the state into
two regimes: the maritime areas of Tidewater and Eastern Shore, and lands west of them
which are best described as more continentally influenced, with a small transition strip

between the two (Gottman, 1969). (Figure 2.1)



23

Approximate Maritime/Continental Division

FIGURE 2.1
Maritime versus continental influences
(from Gottman, 1969)

Most significant, according to Jean Gottman (Gottman, 1969) is that: “..such continental
influences make for greater ranges in the variation of tempefaitirevithin the year and
within the day (my italics) Maritime influences, predominating in the east owing to both
the Chesapeake Bay and the proximity of the ocean, have on the contrary a moderating
effect on the ranges of temperature,” (Gottman, 1969). Rapid temperature fluctuation is a
characteristic of continental climates which can serve as a detriment or asset to fruit
growing, as will be addressed later.

The important roles continentality and maritime forces play are not solitary ones in
this production. The topography of Virginia also contributes greatly to the temperature
and precipitation patterns observed in her climate. Increasing elevation equates to
decreasing temperature, on the order of 3.5°F per every 1000 feet (5.5°C/km), otherwise
known as the troposphere lapse rate (de Blij & Muller, 1993). Elevation in Virginia
ranges from zero at sea level to almost 5730 feet asl (above sea level) at Mount Rogers,
the highest point in the state. Discounting all other climate factors, this equates to a
possible 20° difference between the highest and lowest parts of the state in any given hour,

on any given day.
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This diversification of topography creates a variety of sub-climates within the
continental/maritime division. Traveling east to west (and maritime to continental), the
lowland elevations combine with the maritime influences to give the Tidewater area
consistently warmer temperatures during all seasons(Woodward & Hoffman, 1991); the
upper Piedmont slightly cooler with the increased elevations of the rolling hills; and the
mountainous areas of the state reaching much cooler temperatures on average, especially
when reaching altitudes above 3000 feet asl.

Topography also significantly affects precipitation. “The general north-south
orientation of the mountains interrupts the westerly flow of air and forces it to rise over
the ridges. On the windward side of the mountains, orographic precipitation is a significant
component of annual rainfall totals,” (Woodward & Hoffman, 1991). Orographic
precipitation refers to rainfall produced by moist air parcels that are forced to rise over a
mountain range; such air parcels move in this way being forced by steering winds and the
push of other air parcels behind them (de Blij & Muller, 1993).

Many leeward flanks of the Allegheny Mountains are located in the shadow of this
effect, and can be exceptionally dry, resulting in a wide range of precipitation variability
(Hayden, 1979). While typical flow of air is west to east across Virginia, many storm
systems track up the coast from the south and, “..are responsible for the heaviest storms
and over half the total annual precipitation,” (Woodward & Hoffman, 1991). When these
systems reach the Blue Ridge and are subsequently pushed upward, it creates another high
precipitation orographic effect on the eastern mountain flank in the central part of the
state.

“Continentality and altitude increase the amplitude of the range between recorded
extremes for rainfall as well as temperature, stressing one more contrast between the
Tidewater and the western mountainous section,” (Gottman, 1969).

Although pure geologic description of the landscape does not allude to climate, the
divisions attributed by geologic formations are inherently tied to topography. It seems a
natural extension to employ topographic divisions (outlined in Figure 2.2) as descriptors

of homogeneous climate regions. For example, the Blue Ridge--by means of its
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topographic difference-- has a homogeneous temperature and precipitation regime which

is radically different than that of the Tidewater, another homogenous region.
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FIGURE 2.2
Physiographic Regions of Virginia
(adapted from Woodward & Hoffman, 1991)

For this reason, the five physiographic region classification system (in Figure 2.2)
will be employed for the rest of this discussion. The Appalachian Plateau, the Ridge and
Valley, the Blue Ridge, the Piedmont and the Tidewater or Coastal Plain will be the
regions referred to as the climatic units for analysis. In reality, many sub-regions of
precipitation and/or temperature occur within and among the generalizations presented
here. Departures of particular interest will be addressed on an independent basis when

appropriate.

2.2 Climatic and Topographic Variables Affecting Grape Production

The focus will now be on individual components which affect fruit production,
highlighting the areas most desirable for minimizing risks and obtaining high fruit quality.
The traits of the apple and grape will be explained on a factor to factor basis. As with all

climate attributes, it is the combination of factors which produce each unique climate: in



26

reality all of these factors are intertwined and do not lend themselves to easy separation.
The variables enlisted in this analysis include: minimum winter temperatures, maximum
summer temperatures, precipitation, daytime versus night-time temperatures, length of
growing season, and the topographic variables of slope and absolute elevation.

2.2.1 Minimum Winter Temperatures

“Probably the most important factor influencing the distribution of the fruit
industry is minimum winter temperatures,” (Childers, 1976). This is a sentiment echoed
throughout all temperate zone fruit literature, whether it be apple, grape, peach or cherry.
Occurrences of certain minimum temperatures actually define where certain fruits--or any
plant for that matter--can be grown. However, even within established fruit areas,
temperatures can sometimes get low enough to cause significant damage. Because
viniferais not the hardiest of fruits, or even of grapes, this is of increased importance.

Freezing injury, or winterkill, occurs as a result of permanent parts of the vine or
tree being damaged by low temperatures. This is distinct from frost damage which usually
results in bud loss, and therefore the season’s fruit. Thus, winterkill can be much more
costly, as entire plants can be destroyed, not just the crop. Common injuries include
winter sunscald, frost-splitting of trunks, death of dormant buds, stem blackening, and
death of tissue in twigs, branches and trunks, (Westwood, 1993).

However, the injuries listed do not occur indiscriminately; many factors of plant
hardiness and health determine the probability and extent of such injuries. Levels of
damage from minimum temperature exposure have been linked to tissue type (Stergios
and Howell, 1977); level of plant dormancy and season (Fuchigami, 1971); fluctuating
mid-winter temperatures (Proebsting, 1970); and plant size, wood maturity, and variety
hardiness (Amberg, 1985; Howell and Shaulis, 1980; Wolpert and Howell, 1985). This
analysis assumes that vines are of suitable hardiness, possess good wood maturity and
health, and are in full dormancy during the winter period.

Hardiness is a product of not only the lowest temperatures that a plant can
withstand, but also how well the plant acclimatizes to the winter conditions of an area

(Burkeet al, 1979). This can become problematic:
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The protection of cultivated plants against winter injury may present
problems not found in natural environments. Many of these species were
either bred for specific fruit quality factors or have been moved from the
climate in which they evolved. Thus, many domestic forms are not
completely adapted to the environment in which they are cultivated.
(Westwood, 1993)

Vinifera have been subjected to this exact circumstance for hundreds of years, but there

exist many cultural practices which have augmented the ability of fruit species to survive

outside of their indigenous range.

In general, the hardiness of the major temperate fruits, from strongest to weakest
is best summarized by: apple>pear>plum>cherry>peach/grape (Barden, 1998). This
means that most apple and pear species can withstand lower temperatures than can the
peach or grape, and possess superior acclimation processes. However, great variation
occurs within and among each fruit type, with native varieties and hybrids being naturally
more hardy than introduced ones.

As an example, consider the hardiness within the subset of grape:

V. riparia>V. labrusca>‘hybrids’>V. vinifera>V. rotundifolia

(Mullins, Bouquet and Williams, 1992).

Thus, we see that the native species are much hardier than the hybrids, which in turn are
hardier tharvinifera--one of the reasons hybrids became established in the East before
vinifera. The object of this section is to identify areas within the state that are most
conducive to minimizing the winter injury risk. Sindeifera are one of the most cold-
tender fruits grown in Virginia, assignment of areas best suited to their hardiness, by
default, identifies areas well suited to many other temperate fruits.

A prerequisite for understanding minimum temperature occurrence is an
understanding of the two main types of freezes: advective versus radiational. Radiational
freeze events usually occur during calm, clear weather as the ground naturally cools--or
‘radiates’ heat-- after sunset (Geiger, 1966). As the ground heat dissipates into the
atmosphere, the ground becomes cooler, and begins to cool the air directly above it. Since

the earth, and air, are naturally cooler at higher elevations--a product of the atmospheric
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lapse rate--they become cooler faster. Cold air is much denser than warm air, and will
actually begin to flow in a viscous manner, from high to low areas, when these radiational
conditions prevail. The flowing cold air ‘fills’ lower lying areas, displacing warmer air
upwards; thus creating a temperature inversion, as temperature increases with altitude--the
inverse of normal air behavior (Geiger, 1966).

Advective freezes are usually attributed to much grander atmospheric
phenomenon, most likely the movement of an entire frontal system of cold air across the
landscape (Geiger, 1966). These polar-derived cold air masses tend to be turbulent, and
arrive rapidly, allowing little or no temperature stratification of the air. They are also
termed ‘top-down’ freezes because the standard atmospheric lapse rate, or decreasing
temperature with increasing altitude, usually holds true (Geiger, 1966). Both types of
freezes can occur at any time; however, radiational freezes are mostly associated with
spring and fall frosts, while advective freezes are predominant in the winter season. Frost
will be a topic of focus in the next chapter during site analysis. Advective freezes, or more
appropriately the avoidance of them, is the focus of identifying regions of minimum
temperatures.

Topography is another player in the minimum temperatures equation. Given the
loss of 3.5°F per 1000 feet described by the air lapse rate, absolute elevation, or height
above sea level, becomes crucial when assessing cold potential; this becomes further
complicated by the downhill flow of cold air described in radiational situations Thus, the
absolutehighest surfaces possess more advective freeze potential, telathve lowest
sites are most prone to radiational freezes. Landforms within the landscape also affect
these freezes, influencing air direction, drainage, and permeability (Cox, 1923). As with
all aspects of climate, the dependent variables are too numerous and inter-related to
include, but will be alluded to when appropriate to complement my analysis.

So what temperature is the critical point below which damage or death is
expected? Dependent on variety, apple hardiness may range to as low as -30° or -40°F
while some peach and grape varieties will display trunk damage as the temperature dips
just below zero; most temperate fruits and most varieties are somewhere between these

extremes. AlVitis viniferaare cold hardy in the sense that they seasonally develop the
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ability to withstand sub-freezing temperatures (Raall, 1992) However, this cold
hardiness varies greatly within thid@is genusY. riparia andV. amurensigan survive
-40°F at full acclimation (Pierquet al, 1980), while some cultivars winifera may
exhibit severe damage at only -4°F (Peioal, 1990).

Many studies have been conducted to determine hardiness of specific vinifera
varieties. Particular to Virginia, Wolf and Cook (Wolf & Cook, 1991) demonstrated a
one to two degree difference in hardiness between Cabernet Sauvignon and Cabernet
franc--franc being the hardier of the two. In addition, Wolf and Cook (Wolf & Cook,
1994) demonstrated that thermal analysis accurately estimated dormant bud cold hardiness
of many Vitis species. In doing so, they established a useful range of mean low-
temperature exotherm temperatures for nine cultivars in Virginia; ranging from -8°F in
Cabernet Sauvignon #6 to -14.6°F in Concord. Other important factors determining
hardiness--in these studies and in the field--include day length during acclimation and
growing season (Pool et al., 1992); transitory cold or warm spells during acclimation
(Pool et al., 1992); and deacclimation during dormant season (Wolf & Cook, 1992).

Utilizing these studies and discussion with Dr. Tony Wolf, the state viticulturist--a
very conservative -8°F was chosen as the threshold temperature below which extensive
winter damage twinifera can be expected. But this is not a static variable. Vineyards
can be expected to withstand a low temperature event of that magnitude about once every
ten years without causing irreparable damage. Two occurrences within a decade turns a
site into a risky venture; three or more occurrences make it essentially unsuitable, as
damaging temperatures will never allow the vineyard to become fully established.
Therefore, the potential for viticulture suitability will be based on the frequency of an

occurrence of -8°F.



30

Now to determine where these minimum temperatures occur in the state.

Average Annual
Minimum Temparature

FIGURE 2.3
USDA Plant Hardiness Zones
Planting zones established by the United States Department of
Agriculture, defined by minimum winter temperatures.

There are probably hundreds if not thousands of mesoclimates just within the state
of Virginia. With the limited meteorological data available, it becomes impossible to
identify and categorize them all, so we start with the general. Figure 2.3 is the United
States Department of Agriculture’s (USDA) plant hardiness map, based on average
minimum temperatures. Virginia lies predominantly in Zones 7a and 7b (in pink and red),
areas characterized by the USDA as having annual minimum temperatures from 0 to 10°F.
The coastal areas reach Zone 8a (10 to 15°F), and west of the Blue Ridge are
characterized by Zones 6a and 6b (0 to -10°F). Notice also that pockets of Zone 5b (-10
to -15°F) occur in the southwest part of the state. Based on the -8°F target temperature
for determiningvinifera suitability, all lands west of the Blue Ridge--zones 6a and lower--

are susceptible to extremes that may be detrimental to grape growth.
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Bailey and Tinga's
Extreme Winter Minima

Predicted low temperature expected
at least once in every 20 year period

(Based on Extreme Temperatures in Virginia, Bailey &Tinga, 1968)

FIGURE 2.4
Minimum temperature probability map
(Based on Bailey and Tinga, 1968)

Figure 2.4 represents an analysis of 57 National Weather Service stations to
determine probabilities of extremely low and extremely high temperatures throughout the
state. It was produced by M. H. Bailey, State Climatologist, and J.H. Tinga, VPI
Horticulturist, in 1968 (Bailey and Tinga, 1968). The report used statistical and
probability functions to calculate expected minimums, and the probability of it happening.
Thus, in the figure above, the actual degree numbers represent the expected low with a
5% probability: meaning not that it happens every twenty years, but that it has a 5%
chance of happening every year--leaving a real possibility of multiple occurrences of the
minimum.

“...the next largest factor influencing temperature extremes locally is the
moderating effect of the Atlantic Ocean,” (Bailey and Tinga, 1968). Immediately
identifiable is the maritime influence on the coastal areas, as indicated by the predicted
minimum as positive in the southeast part of the state. Of particular interest is just how far
inland the maritime influence extends--examine the pattern of the -5° line encompassing
Charlottesville and stretching to Roanoke and southward. This influence is marked

throughout many other variables in this study.
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Bailey and Tinga cite elevation as having “the greatest effect on temperature
extremes,” (ibid.). However, notice the massive dip of the -8°F predicted line (indicated
by dashed red line) into the upper Piedmont and down into the central part of the state, an
area of limited elevation. Referring back to Figure 2.3, the USDA map also has an
isolated island of zone 6b (0 to -5°) in this vicinity. Apparently some sort of phenomenon
is occurring in this part of the state to make it differ markedly from the surrounding area.

If elevation has the greatest effect, then why doesn’t this map conform to the elevation
contours of the state? Elevation certainly does not explain the anomaly in the Piedmont,
nor does this map reflect extreme lows in the highest parts of the state (Mount Rogers and
southwest). Elevation is a very important factor in temperature distribution, however, it
may not be the only decisive factor shaping the distribution of minimum temperatures.

To adequately determine the best areas for minimum temperature avoidance, | next
turned to the history of recorded occurrences of the target temperature--not a prediction,
but a known. Figure 2.5 is an interpolation of the number of times -8°F actually occurred
at up to sixty-six recording stations, depending upon availability, across the state. The
interpolation does not account for elevation or any other variables. As previously alluded
to, manyvinifera cultivars can recover from such minimum when they occur only once a
decade. Thus, the three smaller images represent occurrences in ten-year increments,
between 1967 and 1996. The large image is an average of the three smaller, constituting,
on average, how often the minimum temperature is reached or exceeded across the state.

Some important patterns on this image are complementary to the previous maps.
First, the influence of the ocean is again witnessed by the lack of target temperature
occurrence as far inland as Danville and into the Roanoke vicinity. Second, the same
temperature anomaly in the upper Piedmont identified by the previous maps is given
credence by the occurrence rates averaging two or more a decade--in direct contrast to the
more stable surrounding area. Third, the occurrence of -8°F three or more times per

decade occurred almost exclusively at higher elevations.
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Figure 2.5
Occurrence of Minimum Winter Temperatures
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This image, more so than the USDA or Bailey/Tinga maps, reflects the adverse
minimum temperature/elevation relationship. A definitive break between the east and west
sides of the Blue Ridge Mountain chain can be seen--the east characterized by less
frequent occurrences of the target temperature; the west with generally higher occurrence
rate, but punctuated with concentrated areas of consistent high occurrences. This is much
more consistent with the role of elevation, as the occurrence rate becomes higher in a
more linear fashion as one progresses west into higher territory. The areas rating as three
or more occurrences per decade are characterized by having stations at high elevations
(i.e. Monterey), or stations located on valley floors (i.e. Luray) which are affected by cold
air ponding.

However, the lack of consistency among the elevation/minimum occurrence
relationship needed further elaboration. Why didn’t all the stations at high elevations
exhibit high -8°F occurrence rates? The following figure displays how the high elevations

stations compared to ones lower.
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Occurrences plotted against elevation
Figure 2.6 plots elevation by average occurrence of -8°F, for the stations used in
the interpolation of Figure 2.5. The Tidewater stations were omitted for clarity, and all
stations were split into one of two groups; east of Blue Ridge or west of Blue Ridge.
Immediately one can identify a major trend: almost all the eastern flank stations fall within

one or less occurrence and form a relatively tight distribution. Alternatively, the western
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flank stations are more randomly distributed, most falling outside the three or more
occurrence range deemed unsuitable.

Low occurrence rates for the eastern flank can be observed from zero elevation all
the way to 2400 feet asl at the Meadows of Dan station. Acceptable occurrence rates for
western flank range from 700 feet asl at Winchester to under 1800 feet at Saltville. What
is of even more interest is the variability of elevation versus occurrence rate: Staunton,
Dale Enterprise and Pennington Gap are all roughly the same elevation, but possess a
difference of five average occurrences among themselves. Saltville, Pulaski and
Blacksburg share this same variability attribute.

Given this variability among stations at the same elevations, it appears that the
pivotal factor in occurrences of minimum temperatures maggdmgraphy. The
ridgeline division of the Blue Ridge Mountains acts as a huge dam to the cold air masses
that come with the prevailing westerlies during winter. When these systems reach the
Blue Ridge, they are somehow blocked or impeded from their standard flow. Thus,
topographic divisions explain the distribution of minimum winter temperatures much
better than elevation differences alone.

On the days of February 5th and 6th, 1996, an extreme low temperature system
affected the entire state. The minimum temperature for the night of the fifth/morning of

the sixth is plotted graphically for observation in Figure 2.7.

Actual Extreme Minimum Temperatures
Recorded Februgr5-6, 1996
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FIGURE 2.7 Extreme cold weather event
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Figure 2.7 depicts a classic advective freeze occurrence. Again, the Blue Ridge
appears to have a radical effect on the minimum temperature distribution as observed in
these readings. What at first appears as random temperature distribution becomes at once
a very clear and concise pattern as the ridge line of the mountains is introduced (indicated
by red dashed line). Almost every station on the western flank exceeds the -8°F target;
very few on the eastern. In fact, the only stations east of the ridge recording below -8°F
are all within the same area of anomaly described in previous figures.

To reinforce this observation, notice the area inside the purple circle. Galax,
Hillsville, Meadows of Dan and Stuart are the stations depicted by -13,-10,-2, and 0,
respectively. The stations are within 45 miles of each other, yet the temperature difference
ranges from an eight to thirteen-degree difference. Of greatest significance, the Galax (-
13°) and Meadows of Dan (-2°) stations are at the exact same elevation, just on opposite
sides of the ridge. This phenomenon suggests that topography must be considered of vital
significance in the distribution of these temperatures.

However, elevation does play an important role; a role with ever increasing
importance as one travels west past the Blue Ridge. As indicated in graph 2.6, high
target temperature occurrences are tied to higher elevations--just not in a standardized
pattern across the state. Big Meadows, at 3585 feet on the eastern flank, does exhibit a
high frequency of -8°F , as would be expected for its altitude. But, western flank stations
exhibiting high occurrences range from 900 feet asl and upwards, some with moderate
elevation (<2000 feet) but very excessive occurrence rates (i.e. Blacksburg, Pennington
Gap).

Figure 2.8 below is a revised station plot with the same data as Figure 2.6, but
with some hypothetical linear lines drawn on it. Let us make the assumption that,
following the standard atmospheric lapse rate, temperatures will decrease with increasing
elevation in a roughly linear fashion; then we can also assume that minimum temperatures

will occur at a higher frequency with increasing elevation in a linear fashion as well.
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FIGURE 2.8
Linear pattern of occurrences

The manifestation of these hypothetical linear lines are traced for the eastern
(green lines) and western (red lines) topographic divisions. For the eastern flank, lines are

drawn from the two highest stations still within the accepted occurrence range to the
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highest outside the range, which is the Big Meadows station. Where these lines cross the
average occurrence of three times per decade line is meant to represent the elevation at
which the occurrence rate would exceed tolerance, assuming the linear model holds true.
Thus, for eastern flank, maximum elevations maintaining three or less occurrences range
from 2100 to 2900 feet asl. However, applying the same principles to the western flank,
the range becomes 900 to 2300 feet asl. Even with this wide swath, outliers are present
(i.e. Blacksburg).

Therefore, western flank minimum temperature occurrence is more difficult to
predict than eastward to the sea. The range of elevation at which the damaging
temperatures occur is much wider and reaches its acceptable limit lower than its east flank
counterpart. Generally speaking, the eastern side of the Blue Ridge may have acceptable
areas as high as 2100 to 3000 feet; western flank being more continentally influenced and
more heavily affected by elevation effects, probably only to 2000 feet--and that only in
prime areas that have low occurrence rates established.

In summary, the figures presented in this section lead to the conclusion that the
‘safest’ areas for planting efnifera--solely in terms of minimum winter temperature
avoidance--lie from the eastern shore of Virginia up to the eastern flank of the Blue Ridge
Mountains. The positive attributes of this area are due mainly to the strong maritime
influence and the very important blocking role of topography. West of the Blue Ridge,
higher occurrences of -8°F associated with more continental forces and higher elevations
serve to make it a riskier area, although certainly many sites exist that do not exhibit high
occurrence rates.

2.2.2 Maximum Summer Temperatures

“Grape and wine quality are greatly affected by heat, particularly after the onset of
fruit ripening. In general, wines produced from grapes that are grown in a hot climate can
lack some of the fruitiness and complexity characteristics of the same variety grown in a
cooler climate,” (Wolf, 1989). This statement is supported again and again throughout
grape and wine literature, and merits an analysis for locating the prime viticulture areas in

Virginia.
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Heat, as opposed to minimum winter temperatures, affects quality of the fruit not
the survivability of the vine. Many systems of quantifying heat and classifying regions
based on heat have been developed in viticulture studies: the growing degree day (GDD)
classification from University of California, Davis (Winklet al., 1974) and the Mean
Temperature of the Warmest Month classification (Smart and Dry, 1980) are two of the
most widely referred to and used. However, these indexing systems are a product of the
regions from which they were developed, and do not necessarily reflect true regionality
based on heat in the eastern US. As an example, the Dry and Smatrt classification
categorizes almost all of Virginia in its ‘hot’ or ‘very hot’ divisions; only radical extremes
of elevation escape this classification, making it somewhat useless for analysis within the
state.

The reason that a lot of emphasis and research is put into heat indices is primarily
aimed at grape maturity; that is, ensuring that there is enough heat to ripen a particular
variety. However, since most areas of Virginia receive adequate heat to mature most
vinifera varieties (Wolf, 1998), heat will be examined in its detrimental affects on grape
quality. Temperatures during grape development and maturation significantly affect the
composition, and therefore quality, of the fruit. High quality grapes retain balanced acidity
and sugar, as well as exhibit varietal flavors and aroma. Wines made from grapes of high
sugar but low acid concentrations are considered inferior: sweet and unbalanced.

Studies have been conducted showing that acids in grapes, prior to veraison, are
broken down at higher temperatures, while inversely are synthesized at lower
temperatures (Peynaud and Maurie, 1956). Incorporation of particular carbon compounds
necessary for acid creation occurs at more than a doubled rate in berries at lower
temperatures ( <77°) than in berries at higher temperatures (>86°) (Kliewer,1964).
Kliewer, Lider and others have shown that lower temperatures (59°-68°) increase levels of
anthocyananins, total titratable acids, and malic acids relative to higher ones (86°-95°)
(Kliewer, 1965)(Kliewer and Lider, 1967). Cooler versus warmer seasons have also been
recognized as positively affecting acid retention (Hennig and Burkehardt, 1951).
Condensed from a variety of sources, Kliewer summarizes, “low temperatures during the

ripening period are generally associated with grapes high in total acidity,” (Kliewer, 1971).
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So where are the best regions in the state to avoid maximum temperatures thus
facilitating acid retention? As alluded to earlier, reference to other viticulture areas’
classification schemes might discourage a potential grower from planting anywhere in the
state. A more practical start would be to examine the average temperatures for the period

of fruit ripening in the months of July, August and September.
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Average Monthly Temperatures
Grape Maturation Period

JULY

Average Temperature

<63°

65°-68° SEPTEMBER
70°-73°

74°-75°

B 76°-81°

FIGURE 2.9
Monthly averages temperatures,
July - September
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Atmospheric lapse rate or decreasing temperature with increasing elevation (3.5°
per 1000 feet) will play a vital role in this selection. The images presented in Figure 2.9
come from the thesis work of Scott Klopfer of the Fisheries and Wildlife Department of
VPI&SU(Klopfer, 1997). His work used an inverse-distance algorithm, incorporating
elevation and adiabatic cooling rates, in a statewide interpolation for monthly average
temperatures, based on 87 weather stations in Virginia, North Carolina, West Virginia,
Maryland, and Kentucky. Thus, changing terrain is taken into account.

As in minimum temperature occurrence rates, a combination of maritime influences
and terrain seem to delineate regions of temperature distribution. Higher temperatures,
greater than 79°, dominate the Tidewater region, and even stretch inland as far as
Danville. However, instead of the Blue Ridge performing a blocking effect on western
fronts, it now is a barrier to eastward progression of high temperatures. The major
modifier appears to be the absolute elevation increase, not the topography itself.

The Blue Ridge is an outstanding delineation line, as seen in July--the hottest
month of the year. Traveling westward from the coast, temperatures decline in a linear
fashion, markedly quicker with increasing elevation. Temperatures east of the mountains
range from 77° to 81°, west of the ridgeline average under 75°--a full two degree
difference just on either side of the ridge. Further increases in elevation bring
temperatures down to under 63°--a full eighteen-degree difference from coast to mountain
top. The same type of distribution holds in August, just with the temperatures shifted
towards the coast, as the whole state naturally cools with the changing season. Only in
September do cooling temperatures begin to equal on both sides of the ridge, with the
Tidewater area still being the warmest all phases of the year.

It is evident that increasing elevation naturally brings about a desirable decrease in
temperature during the ripening period of the fruit, however, the images presented do not
exactly conform to the rule. The highest averages of July temperature do not proceed in a
perfect linear fashion across the Tidewater and Piedmont. For example, why does the arm
of high temperatures extend inward to Danville? To facilitate a better regional division

understanding, recorded occurrences of extreme summer temperatures were looked at.
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FIGURE 2.10
Occurence of Extreme Temperatures
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The Figure 2.10 represents an interpolation of average annual occurrence of
maximum temperatures, namely 90° and 95°. These extremes are not chosen at random,
but represent temperatures which can cause significant damage to vine health and grape
composition. “...Temperatures higher than 86°F can cause internal water deficiencies,
sunburn damage, dehydration of fruit, and reduced growth rates,”(Weaver, 1976). In
addition , temperature extremes initiate catabolization of acids and inhibit color formation
in the grape: “...anthocyanin concentration was greatest at an intermediate temperature
(70° to 79°)...and at the highest (90° to 100°) the berries were almost devoid of pigment,”
(Tomaneet al., 1979).

As temperatures exceed the mid-eighties, photosynthesis can decline and berry
ripening becomes seriously impaired in the upper nineties and above (Kliewer, 1971). In
summary: “As temperature rises acid levels may become disproportionately low, sugar
production stalls, and the danger of sunburned fruit increases (Morton, 1985). This effect

‘

is not limited to grapes. “...[At] lower elevations in eastern Virginia, high temperatures
are not conducive to apple coloration and cause pre-harvest problems such as fruit
softening and early drop,” (Marini, 1988).

In both images in Figure 2.10, it is important to note that the highest occurrences
of these extremes occur not on the coast, but in an area that encompasses the inland
portions of the Tidewater and extending well into the south central part of the Piedmont.
Apparently, the maritime influence is now serving to modify the coastal regions by
lowering the daily maximums, providing some relief to potential sites on the Eastern Shore
and continental bayside. However, it appears that the south side areas of the state, from
Richmond to Danville, may be at greatest risk to summer high temperatures. The
occurrences of 95° range from two to three weeks--meaning on avevageyearthese
areas experience ten to twenty days where the maximum temperature reaches 95°
hotter.

Mountainous areas of the state, on the other hand, are relatively free from summer
extremes. West of the Blue Ridge is typified by the Valley and Ridge province receiving
less than three weeks where temperatures reach 90°, and most receive less than two. Into

the Appalachian Plateau, less than a week on average above 90°. As elevation of site
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increases, so do chances of reaching these extremes. Only around the Roanoke Gap area
do temperatures exceeding 95° penetrate in any significant area capacity, and then only in
the 1 to 10 day category.

In summary, the coolest regions of the state are located at the higher elevations of
the Blue Ridge and westward. However, the hot regions in the south central Piedmont
and Tidewater areas merit particular attention as sites to avoid. The ameliorating effects
of the Atlantic Ocean and Chesapeake Bay give limited possibility to cooler sites in parts
of the Tidewater, particularly the Eastern Shore. If one considers only high temperature
avoidance, forsaking all other factors, then the higher the elevation, the better. This
temperature/elevation effect is highlighted well in this abridged list of extreme maximum
temperatures recorded on July eighth of 1996. (Table 2.1)

TABLE 2.1
Elevation/Temperature listing for select weather stations
July 8th, 1996

Station Elevation Maximum Temperature
July 8, 1996
BACK BAY 10 92
NORFOLK 22 95
HOPEWELL 40 94
WILLIAMSBURG 70 93
HOLLAND 80 93
RICHMOND 165 93
ASHLAND 220 92
JOHN H KERR 250 95
BREMO BLUFF 300 96
DANVILLE 410 96
LOUISA 420 93
FARMVILLE 450 97
LINCOLN 500 91
PIEDMONT STTN 515 91
CHARLOTTE 590 95
CHATAM 640 91
WOODSTOCK 875 89
MARTINSVILLE 900 88
LURAY 900 90
LEXINGTON 1060 87
STAUNTON 1385 86
MOUNT WEATHER 1720 83
BLACKSBURG 2000 85
HOT SPRINGS 2240 85
GALAX 2385 82




WISE 2570 80
FLOYD 2600 82
BIG MEADOWS 3535 78
MOUNT LAKE 4025 73

2.2.3 Precipitation and Humidity

Southeast Normal

Annual Precipitation

Hosushessabsshesss

Contour Interval - 2 Inchea g

Data obtained from MCDC Monthly Station Hommie of Temperatore, Precipitation,
and Hexting end Cooling Degree Daye 1961 - 1990,

Data is fiom NWE First Onder end Cooperative Stations.

the Climaste Cenber.

FIGURE 2.11
Average annual precipitation in the Southeast
Map produced by the Southeast Regional Climate Center
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Precipitation levels in Virginia are not considered an essential limiting factor for
fruit crops. Most recording stations across the Commonwealth record between 35 and 50
inches of precipitation a year (Figure 2.11), more than adequate for most vine and tree
fruit species which usually consume somewhere between 30 and 40 inches (Childers,
1976). In the upper Shenandoah Valley, which experiences the minimum of precipitation
for the state, enough falls to make it, “equivalent to eastern portions of Texas, Oklahoma,
and Kansas and southern lowa and Wisconsin. It is thus not surprising that the
Shenandoah Valley is one of the finest agricultural areas in eastern North America.”
(Hayden, 1979)

What is of greater significance with precipitationvisenit is received. Low
rainfall, especially during grape maturation, is beneficial in reducing disease incidence and
facilitates grape harvesting. Rain during the harvest season--August, September, October-
-can reduce crop value in that it, “...dilutes sugar concentration and causes fruit

deterioration, splitting, and rot,” (Morton, 1985).
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Average Precipitation, Veraison Months

FIGURE 2.12
Precipitation, August - October
(adapted from Hayden, 1979)
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The images in Figure 2.12 show a breakdown of average monthly precipitation
distribution for a thirty-year return period, 1941-1970. August and July constitute the
heaviest precipitation period of the year. Most every part of the state receives at least
100mm in August, with parts of the Tidewater area receiving double that amount.
Tidewater and southern sections of the Piedmont receive the most precipitation in
September. And once again the topography plays a very decisive role in distribution of
climatic factors as evidenced by these maps--the role of the mountains.

Notice the increased amounts on the Blue Ridge Mountains in August-- a trait that
is displayed in October as well. The orographic effect outlined in Section 2.1 is the causal
agent behind this phenomenon. This becomes of particular importance because, “While the
prevailing flow of air is from west to east, the occasional weather systems which track up
the coast are responsible for the heaviest stormearchalfthe total annual
precipitation,” (Woodward and Hoffman,1991). As warm, wet air masses are pushed up
the flanks of the mountains, they lose temperature and dew point is reached (de Blij &
Muller, 1993), accounting for the greater precipitation rates in the Blue Ridge area.

Seasonality of precipitation is of major concern for vineyardists. The following

seasonal regionalization is based on the work of climatologist Bruce Hayden.
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Precpitation Regions Based on Seasonafit
(Adapted from B. P. Hgden's: Atlas of Viginia Precpitation, 1979)

W=Marked wet season for the gion D=Marked dy season for rgion
Comments are comarisons to averge station readigs statewide

Name Winter Spring Summer Fall Comments
A Shenandoah D Drier all year, fall:moist early, dry late
B Blue Ridge D w Wetter all year, esp. hurricane season
C Northeastern Piedmont D w Summer slightly drier; fall slightly wetter
D Southwestern Mountain W D Wetter all year, driest during hurricane season
E New River w D Drier all year
F South central Piedmont Slightly wetter all year
G |Eastern Piedmont D w Average, slightly wetter fall
H Tidewater W Much wetter all year, esp. hurricane season
| Chesapeake w Wet late fall, early winter

FIGURE 2.13

Regions based on precipitation seasonality
(adapted from Hayden, 1979)

The Tidewater, Chesapeake, South central Piedmont, and parts of the Blue Ridge
are areas associated with increased risk to the vineyardist. This is based on the
characteristic of moderate to high rainfall levels in these regions during the grape
maturation, of prime importance as explained earlier. The higher rainfall during this
period (August to October) is associated with hurricane season-- mostly affecting coastal
regions, but also defined on eastern slopes of Blue Ridge chain. In the month of
September, “10 to 40 percent of Virginia’s rainfall comes from hurricanes and tropical

storms,” (Hayden, 1979) a trait that is not alluring to a potential vineyard site.
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Inversely, the driest parts of the state during harvest are west of the Blue Ridge--
Shenandoah, New River, and Southwestern mountain regions (see Figure 2.13). These
areas are identified as having drier than average autumns compared to the rest of the state-
-a very promising feature to the fruit grower.

As important as precipitation and its seasonal distribution may be, what is of still
greater significance are the climate regimes created from the combination of precipitation
with temperature. Particularly, the combination of high precipitation with high
temperatures is of momentous consequence to the fruit grower. The humid conditions
created by such climates are serious deterrents to vineyard establishment.

Negative effects of humid climates stem primarily from the potential disease
control problems. According to Winkler:

“...the more humid the summer weather, the more difficult are diseases to

control. This is especially so for fungus and bacterial diseases...

Particularly harmful are frequent summer rains-especially when

accompanied by high temperatures. “ (Winldeal, 1974)
Black rot, downy mildew, black mold rot, white rot, and Botrytis or noble rot--all fungi
promoted by moist weather. Not only do these organisms thrive in the humid conditions,
but are further promoted by frequent rains which help disseminate their spores. This
situation is particularly detrimental #inifera, as the species is not adapted to such a
climate, and therefore mostly defenseless to the fungal and bacterial organisms of the East.

Quantifying the relationship between heat and precipitation is a difficult task.
Records of humidity levels at individual weather stations are not enough to go by, as they
are too few and too spread out to make adequate assessment. Also, humidity readings are
much too variable hour to hour, much less day to day, to be of significance at a regional
level. However, comparisons of average temperatures directly against average
precipitation seems to present a viable model to measure this trait. What is presented

below is another image from the work of Scott Klopfer (Klopfer, 1997). (Figure 2.14)
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Comparison of Temperature and Precipitation

Regionalty based on Average Temperatures plotted against Average Precipitaion

Temp/Precip Classes

Il Class 1 Cold )

[ |Class2 VeryCool  First column = Temperature
Class 3 Cool Second column = Precipitaion

B 4/ Mild/Dry
I 42

43

4/4
[ ]4/5Mild/Wet
[ ]5/1 Warm/Dry

O s»

B3
5k

B 5/5 Warm/Wet

Temperature: 1 is coolest, 5 is warmest
Precipitation: 1 is driest, 5 is wettest

1/1: cool/dry to 5/5: warm/wettest

FIGURE 2.13
Temperature/Precipitation classes
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Classes for the image run from 1/1, the coolest and driest region, to 5/5, the
hottest and wettest. All other classes fall in between, i.e. 5/1 is in the warmest
temperature regime/with lowest precipitation for that regime. While not a perfect model,
it does display some climate characteristics that are difficult to express through other
means. The humidity issue is much better defined in this sort of presentation.

Classes 5/3 to 5/5 designate the warmest and wettest regions of the state based on
the averages. This region constitutes a great portion of the central and southern Piedmont
and all of the Tidewater area. Referring back Figures 2.9 and 2.13, this classification is
corroborated by occurrences of maximum temperatures, and with high rainfall averages.
Northern Piedmont and into the Valley and Ridge, there is a downstep of temperature
class, and accelerated drops with increasing elevation/westward travel. Only at elevation
extremes are the three cooler classes displayed.

“Rain in warm temperature conditions is more damaging than rain in cool

temperatures. In investigating a new district it can be quite revealing not only to

discover the rainfall in the two months before vintage, but to find out if it is
predominately warm or cold. The latter is much preferred”

(Jackson and Shuster, 1987).

Thus, the southern Piedmont and Tidewater are likely to have greater disease
pressure and would not be as desirable for disease-susceptible crops like grapes. These
same areas, along with the Blue Ridge, also receive excessive precipitation during the
maturation period which coincides with hurricane season. For the factors of precipitation,
the areas of highest fruit potential lie in the Northern Piedmont and all areas west of the
Blue Ridge.

2.2.4 Day Versus Night Temperatures

Another important factor for adequate fruit development and subsequent fruit
quality is the nighttime minimum temperature of the area. This is due primarily to a
positive correlation between cool nights and higher levels of acid retention and coloration
of the fruit. High night temperatures induce the plant to maintain daytime metabolic
processes, particularly respiration rates--rates which can increase exponentially with

temperature increases (Kozlowski & Pallardy, 1997).
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Respiration involves the oxidation of food in living cells to bring about the release
of energy; energy in turn used for maintenance and growth of plant tissues (Kozlowski &
Pallardy, 1997). Acid degradation is a bi-product of normal respiration, but also is a
product of the last stages of fruit ripening (Kozlowski & Pallardy, 1997). Thus, increased
respiration due to higher temperatures in the final ripening stages can drastically reduce
acid retention prior to harvest.

Studies done on the day/night acid retention rate include Bremond who found that
cooler nights promote acid retention while night temperatures in excess of 86° tended to
cause a sharp decline in acid levels (Bremond, 1937). Total acidity was increased and pH
reduced in several varieties under night temperatures of 60° as compared to nights of 95°;
night temperatures of 50°, 60°, 68° were also shown to increase acidity in a linear fashion
as compared to temperatures of 77° and 95° (Kliewer,1972). On coloration: cool night
temperatures (60° to 68°) were found to greatly increase level of pigmentation in skins of
several varieties of grapes versus higher temperatures (77° to 86°) (Kliewer and Torres,
1970). In apples, “the benefit of cool nights appears to indirectly affect color by reducing
respiration loss of carbohydrates,” (Westwood, 1993). This reduced respiration
rate/higher fruit coloration scenario (due to lower temperatures) applies equally to grapes
in that, “...pigmentation of skins is greater in cooler temperatures , and in areas with
greater temperature contrasts between night and day,” (Jackson and Shuster, 1987).

To regionally assess the difference in night versus day temperatures, | first
constructed interpolations for July, the hottest month of the year, in an effort to show the

greatest disparity in the temperatures.
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Average July Day vs Night Temperatures

Average Daily High, Average Nightly Low, and Degree Difference Between

-
Average Maximum Temp ®
] <76° ﬁ'
[ ]76°-86°
B >86° z’.‘_’q:\ f

Range: 67° to 90° ® 0 -‘. g‘
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B <60 '
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Range: 56° to 71° %
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| ] <20° difference

| ]20°-25°
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FIGURE 2.15
Averge Day/night temperature regime
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Using the 68°F temperature established by Kliewer as the target temperature for
acid retention and pigmentation, we see in Figure 2.15 most of the state falls within the
beneficial range of minimum night temperatures. The Tidewater fringe is the only
exception, having night temperatures exceeding 68°, ranging up to 71°. As expected,
increasing elevation leads to even lower night minimum (56° to 60°) in the more
mountainous areas.

Taking the difference between the maximum and minimum recorded temperatures
for July, the bottom image in the figure demonstrates that the range of day to night
temperatures is relatively narrow throughout the state. A 14° to 27° total range, more
concisely a 20° to 25° difference in more than 95% of the state--meaning that almost all
parts of the state have a twenty to twenty-five degree difference between day and night
temperatures. Only the highest elevations record greater deviation; only the coastal
stations record lower deviations.

However, since most of the stations from the Blue Ridge and west record lower
daily maximum, the twenty to twenty-five degree shift at night brings them down to a
much lower absolute temperature. The inverse hold true in the southern Piedmont and
Tidewater; higher day maximums are paralleled by higher night minimums. An analysis of
an actual summer’s day temperatures illustrates this relationship (Figure 2.16). July 8th,
1996 was picked at random as a day typifying a mid-summer heat event. On this day sky
conditions across Virginia were mostly sunny with scattered clouds, nonexistent to slight

winds from the west, and no precipitation--excluding very local events.
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July 8-9, 1996 Temperatures

Average Daily High, Average Nightly Low, and Degree Difference Between
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FIGURE 2.16
Day/night temperature regime; July 8-9, 1996
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Daily high maximums were much higher than the average on the day of the eighth,
ranging from 73° to 97° across the state, with the predominantly highest temperatures
located in the south central Piedmont and Tidewater areas. Subsequently, the cooling
difference from day to night was much more drastic, from 16° to 35°.

But notice the minimum temperature image in the center: most of the Piedmont
and Tidewater still maintain night temperatures in excess of 68°--even after the
considerable cooling difference. This is particularly significant when the total minimum
range is considered: 53° to 76°--the high end reaching a point that becomes detrimental to
acid retention and color (Kliewer, 1971). This is an in-depth look at a single event, and
the extremes reached on this day, both day and night, are not typical of the entire season.
The example is used primarily to graphically depict a typical cooling pattern statewide.

In summary, while no part of the state exceeds damaging night temperatures on a
regular basis, sites located in cooler night regions would be expected to produce a higher
guality and consistency of grapes. Sites at higher elevations, and higher latitudes, seem to
possess the positive attribute of lower night temperatures, from a combination of slightly
greater cooling rate and lower daytime maximums. The area of south central Piedmont
and eastward to the coast possess hotter daytime temperatures, lower day/night cooling
ratios and therefore are more at risk to have trouble with acid retention and fruit
coloration.

2.2.5 Growing Season

The number of continuous days above 32°F is the conventional definition of a
site’s growing season. Basically, it is the average number of days between the last freeze
of spring and the first freeze of fall. Different fruits and different varieties within a fruit
type can range drastically in their required growing season: the Lodi apple may take only
75 to 100 days to mature to harvestability while the Granny Smith variety requires over
200 days to mature (Barden, 1998). In general most temperate fruits fall between these

extremes.

Most varieties of grape require around 165 days to fully mature and acclimate for

the coming winter (Wolf, 1989). Almost all sites in Virginia can accommodate this length
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of growing season. However, some varieties such as Cabernet Sauvignon require many
more days (Wolf, 1989). Figure 2.17 is offered to delineate average growing season

across the Commonwealth to assist with variety selection.

Growing Season

Average Number of Continuous Frost-Free Days
170

210

210

190 200 220 230
(Adapted from Gottman, 1955)

FIGURE 2.17
Growing season length in Virginia
(adapted from Gottman, 1955)

While an overwhelming majority of the state does provide enough frost free days
to support grape maturation, there are areas that do not. As evidenced by the 160 day
isoline, the higher elevations ultimately become obstacles for successful fruit culture. The
eastern flank of the Allegheny Mountains and southernmost parts of the Blue Ridge are
just such areas. Below is an abridged weather station listing which compares the effect of

increasing elevation with length of growing season (Table 2.2).

TABLE 2.2
Growing season/elevation for select weather stations
Growing Growing
Season Elev. Season  Elev.
Station (days) (feet) Station (days) (feet)

Colonial Beach 213 10 Bedford 194 975
Tangier Island 246 10 Lexington 170 1060
Norfolk WSO Airport 241 22 Roanoke WSO Airport 193 1150
Suffolk Lake Kilby 211 25 Covington Filter Plant 159 1230
Williamsburg 2 n 199 70 Rocky Mount 175 1235
Richmond WSO Airport 200, 165 Dale Enterprise 164 1400



61

Danville 200, 410 Pennington Gap 1 w 166 1510
Louisa 176 420 Pulaski 152 1850
Farmville 2 n 175/ 450 Blacksburg 3 se 156 2000
Warrenton 3 se 194 500 Galax Radio WBOB 151 2385
Piedmont Research Station 193 515 Wytheville Post Office 158 2450
Winchester 3 ese 181 680 Wise 1 se 163 2570
Charlottesville 2 w 209, 870 Floyd 141 2600
Woodstock 2 ne 170, 875 Burkes Garden 135 3300
Martinsville Filter Plant 161/ 900 Big Meadows 2 143 3535
Appomatox 191 910 Mount Lake Biol Stn 142 4025

Similar to the threat of minimum winter temperature risks, increasing elevations
lead to shorter and shorter growing seasons, but not in a fixed manner. The Blue Ridge
eastern flank, being more moderate in its temperature range than the continentally
dominated Alleghenies, provides adequate growing seasons as high as 2500 to 3000 feet
asl. On the western flanks, and into the Allegheny chain, anything over 1500 to 2000 feet
is risky, as supported by the stations listed past Dale Enterprise in the column on the right.
Most stations over 1500 feet do not meet minimum criteria of 165 frost free days in the
growing season. In summary, only the extremes of elevation--especially in the Alleghenies
and Appalachian Plateau--are limiting to viticulture potential as far as growing season is
concerned.

2.2.6 Topographic Considerations

A brief analysis of topographic considerations completes this section of important
variables at the state scale. Distilling two key factors from the topography--slope and
absolute elevation--will assist in delineating the areas containing the highest potential for
fruit crops.

Land with even the most moderate of slope is generally more desirable than flat
land for a couple of reasons. First, sloping land facilitates air drainage--specifically, cold
air drainage from higher to lower places--promoting frost avoidance. Increased air flow is
also beneficial in that it expedites drying after rains and morning dews, decreasing fungus
and bacterial promotion (Gladstones, 1992).

Figure 2.18 displays only the broadest classes of slope across the state. It was
produced from 1:250,000 scale quadrangle from the United States Geological Survey

(USGS), which equates to a ninety meter (300 foot) resolution--very coarse, but adequate
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for this state scale analysis. Zonation identifies areas with no slope (flat land), one to two
percent slope, and three percent and above. Greater than three percent but less than
fifteen is generally regarded as the best for vineyards (Wolf, 1998). This issue will be
addressed in more detall at the local scale, in the site analysis phase.

Upland elevations, due to atmospheric lapse rate, are generally cooler in the
summer, cooler at night, and possess lower humidity. This promotes greater acid
retention, better coloration, and less pressure from fungus and bacteria, which do not
thrive as well in the cooler, drier conditions (Pearson & Goheen, 1988). In the words of
one veteran planter, “Fungi, probably the number one enemy of the premier wine vines
east of California, can be greatly reduced by planting at higher elevations depending on the
latitude,” (Brady Jr., 1981).

In addition, higher elevations are sought out by fruit growers for their air drainage
gualities--especially for frost avoidance in radiational freeze situations. As described
earlier, cold air will ‘flow’ downhill and settle in flat valley bottoms and lowlands,
displacing warmer air upwards to higher elevations--hopefully where the orchard or
vineyard is located. “Orchards are often planted on rolling hills or hillsides, with less than
ideal soil , strictly to have adequate elevation for air drainage,” (Marini, 1988). Absolute
elevation is a significant consideration to the vineyardist as well in that, “Both grower
experience and historical weather data suggests that the incidence of late-spring and early-
fall frost in the Piedmont and mountain regions of the state is greater below about 800 feet

above sea level (asl) than at elevations of 800 to 2000 feet asl,” (Wolf, 1989).
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General Slope of Virginia
County Borders

Slope

flat land--no slope
[ 1 to 2% slope
I over 3% slope

Elevation of Virginia
County Borders

Absolute Elevation
[ ] <500 feet asl
[ 1500 - 1000 feet asl
I 1000-3000 feet asl
I >3000 feet asl

FIGURE 2.18
Slope and Elevation of Virginia
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Figure 2.18 also shows the absolute elevation rating | have chosen as obtaining the
highest potential for fruit crops. Based on the comments from fruit growers, historic
records, and expert opinion, | believe that--a very conservative--minimum absolute
elevation of 500 feet asl and above hold the highest potential for top quality fruit growth
in the state. Previously discussed in minimum winter temperatures and growing season,
there is a limit to beneficial increases in elevation. This cutoff is very locale dependent,
particularly Blue Ridge versus Alleghenies, but 2500 feet is a very liberal number, above
which only the very hardiest of varieties with very short growing season requirements.

Again, the issues of slope and absolute elevation will be addressed at the local
scale during site analysis. Their importance for cooling summer temperatures, lowering
humidity, and particularly, frost avoidance cannot be over-emphasized. and merit

evaluation at the local scale.
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Reqgional Ranking, All Variables
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FIGURE 2.19
Regional Ranking, all variables
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Figure 2.19 is a regional summary of variables discussed in this chapter. Numeric
rank for each category ranges from one, the best situation, to four or five, the least
desirable. From this the final regional classification will be derived. A brief review of the
diagram is in order. Consider the following:

“One overwhelming conclusion that can be made is that lowered temperatures,

wherever or whenever applied, give higher malate levels; this conclusion is keeping

with the idea that malate is respired during ripening and that respiration rate is

increased by temperature,” (Coombe, 1987).

“The greatest geographic variation in temperature extreme is from west to east

across the state where both altitude and oceanic influence come into play,”

(Bailey and Tinga, 1968).

These two statements embody the regional selection of viticulture potential. On
one hand, it is a well accepted fact that grapes do better in climates which allow a long,
cool season for them to mature; thus developing a better balance of sugar and acid,
promoting their character, aroma, etc. On the other hand, as one progresses to cooler
regions, the chance of damaging low temperatures increases in a linear fashion. In
Virginia, this linear conundrum is east to west--as one progresses west, winter
temperature risk increases alongside cooler growing season; traveling east, quality
enhancing coolness decreases, but so do damaging low temperatures.

Most sites east of the Blue Ridge Mountains possess decreased risk associated
with damaging winter temperatures. However, warmer summer temperatures, hotter and
more frequent temperature extremes, warmer night temperatures, and higher precipitation
levels in the vital months of maturation all increase drastically heading eastward from the
mountains. Departing westward from the Blue Ridge, one finds cooler temperatures in all
categories considered, and even the driest harvest conditions statewide--but it comes at a
high price. Winter lows in this area can be prohibitive, if not impossible, for vine growth.

In addition, winter minimums strike a broad range of elevations in the Alleghenies, making
it difficult to identify a ‘safe’ zone to potential planters.

Selection and analysis of the variables in Section 2.2 were made in an effort to

guantify these relationships. Combining the factor analysis, values of fruit growers | have
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interviewed, opinions of state experts, and a thorough literature review, Figure 2.20

proposes the following regional rating system for viticulture potential.

Final Regional Ranking
Viticulture Potential Based on Climatic Variable Analysis
Region Il

Region |
More Parameters &
X A
o of & NS
High FruitQuality ,'/Q‘
High Risk 4?”‘;45\AM'\\ °

Y

S

FIGURE 2.20
Final Regional Viticulture Potential

Region | contains the eastern flank of the Alleghenies, the westward ‘half’ of the
Ridge and Valley province, and the Appalachian Plateau of the southwest. These areas
contain all of the best attributes for cooler growing season temperatures and the
precipitation regime most desirable for viticulture (dry autumns). The coolness and
dryness promotes high berry quality while reducing costs of fungicides, pesticides, and
crop loss due to poor harvest conditions. However, they are also the highest risk areas of
the state, and low winter temperatures may be prohibitive to vine establishment and/or
survival.

Region Il constitutes the Blue Ridge Mountains, Valley of Virginia, and the Inner
Piedmont or foothills. Probably the area of highest potential due to its possession of many
positive attributes of cooling, associated with elevation increase, combined with its much

decreased risk of low winter temperatures. High quality is maintained by lower summer
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temperatures, lower night temperatures, and lower humidity; but untimely rains can
increase cost expenditures and crop loss. Succinctly put, “...where elevation cools the
summer heat, saturation and excessive rain can be the price,” (de Blij, 1987, p.119).

Finally, Region Ill encompasses the Outer Piedmont and Tidewater areas, a
warmer than average area due mostly to the maritime influence of the Atlantic and
Chesapeake Bay. The area does contain the lowest risk rate of winter damage--if any
reasonable risk at all--but unfortunately lacks all other positive attributes of both
temperature, humidity, and precipitation. Sites selected in this region will probably have
greater expenditures for fungicides, herbicides, and pesticides, and probably have much
more crop loss due to unfavorable precipitation and poor berry development.

The final selection of regions with the greatest viticulture potential is difficult due
to the great variety and variability of macro- and micro-climates across the state. It must
be stressed that the ‘homogenous’ regions of climate characteristics identified in this
analysis are anything but homogeneous as one gets closer to the individual site scale. Data
utilized in the analysis are at a very coarse scale, and are not intended to be interpreted as
actual figures from sites within these regions. As such, these variables attempt to
delineate the bestgionsof the state; there is no dispute that very gaitasexist outside
of the best regions, and that some very sitesexist within the best regions.

The goal of this chapter was to identify the regions containing the greatest
probability of good sites, based on the number of positive attributes contained by the
region. It will help correlate the physical factors associated with the distribution of apple
and other tree fruits into their current landscape in the next chapter. If my hypothesis is
correct, the delineation of these regions of greater or lesser viticulture potential based on
physical factors will be corroborated by the historical geography of the tree fruit industry

traced in Chapter Three.
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Chapter 3 Analysis of Past and Present Fruit Landscapes

A central theme in this research is identifying areas of high viticulture potential
based upon characteristics of lands occupied by other fruit crops, specifically apple. Thus,
| am assuming that the current fruit landscape is a product of evolutionary forces; an
evolution which has concentrated fruit crops into areas containing physical characteristics
most conducive to their success. This is not an uncorroborated assumption. Tracing this
evolution will reinforce the selection of physical factors focused on in the previous
chapter’s state analysis, and will serve to support regional and local site selection based on
experiences of the past.

Fruits grown in Virginia--both presently and historically--can be categorized as
either tree fruits(e.g. apple) or small fruits(e.g. grape). The biology and physiology of vine
growth make grapes more similar to tree fruit than to other more classic small fruits such
as strawberry and blueberry. For purposes of this review, the historical development
presented in Section 3.1 centers on apple, but includes peach and pear as well. Grape
industry progress will be considered independently in Section 3.2. A outline of current

conditions and comparison of the industries will complete the chapter in Section 3.3.

3.1 The Historical Landscape of The Apple
The history of the Virginia apple industry, and other fruit industries in the state,

begins in the pre-Civil War era of Virginia history.
“The year 1854 marked an outstanding development in the horticulture
history of Virginia. In that year the steamer Roanoke carried the first
shipment of vegetables and strawberries from Norfolk to New York. This
marked the beginning of commercial fruit growing in Virginia,”
(Oberle, 1976).

Prior to the Civil War, the only fruit grown at a commercial scale was the strawberry

which was confined to the Tidewater area of the state. Plantation type (cotton and

tobacco) and subsistence farming defined the Virginia agricultural landscape up to this
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period. Both probably included small orchards as part of their operations but not at a
scale or consistency to include in this analysis.

Shortly after the Civil War, a boom of extensive fruit plantings began in the same
coastal flats which supported the strawberry industry. Thousands of pear, peach, and
apple trees were set between 1858 and 1875 in the Tidewater region. Initially, yields
were high and profits made from northern markets were phenomenal, spurring even more
intensive growth (Oberle, 1976). Unfortunately, fire blight--a bacterial disease promoted
by high humidity--attacked and decimated the pear population. Brown rot, a fungal
disease also promoted by humidity, was foiling the peach crop. Compounding this
situation was a series of late spring frosts which finished off the remaining pear trees,
wiped out all the peach trees, and damaged the apple crops. By 1887 the pear and peach
industries had completely disappeared, and by the early 1880’s the apple industry was
dying out, never to return.

Paralleling the Tidewater fruit ‘experiment’, fruit expansion was occurring
elsewhere in the state during the post-war period. In the 1860’s, a proliferation of apple
tree plantings took place in the Shenandoah Valley around Winchester, and on the eastern
flank of the Blue Ridge Mountains in the counties of Amherst, Albemarle, and
Rappahannock. This event is attributed to the desire to reinstate profitable industries to
the war-ravaged farms of the Virginia landscape. These plantings were also facilitated by
the network or railroads built into the Piedmont, Shenandoah Valley, and into the
Southwest between 1840-1860--thus creating market accessibility for the growers in these
areas.

Unlike the Tidewater experience, growers in the western parts of the state met
with great success, and thus began the establishment of the state as one of the top apple
producers in the nation. From the 1880’s to 1920, massive expansion of apple and peach
tree numbers were encouraged by high fruit prices, development of refrigerated boxcars,
efficient cold storage practices, and pesticide and herbicide development. These factors
served to extend the season of fruit availability and consumption, open distant markets and

burgeoning metropolitan areas to export, and produce a better quality/higher valued



71

product. At this time, Virginia is considered a “...one-fruit state,” concentrated primarily
in apple. (Oberle,1976)

Another important factor to consider in this period of tremendous expansion is the
role of speculators in the apple industry. Induced by the soaring prices of fruit,
speculators and businessmen who had little to no agricultural knowledge, developed stock
company orchards from investor dollars.

In the words of one horticulturist, “These nefarious schemes were
Promoted by cold-eyed promoters from northern cities. Large blocks of
land, usually not suitable for fruit growing, were planted to apples and then
divided into tracts of five or ten acres.These were sold for $300 to $500 an
acre to widows, underpaid clerks.... and others who cannot tell a York
apple tree from a Kieffer pear.” (Oberle, 1976)
Inevitably, many of the trees planted in this period, especially ones planted in unsuitable
areas, never met their expected potential and soon were abandoned. This happened as a
result of the decline of the apple market in 1921 due to overproduction. The market was
further decimated by the economic crisis of 1929 and fluctuating markets as a result of the
two World Wars.

Since World War Il, the industry has stabilized, leveling off to a 10-12 million
bushels per year average production rate (US Agriculture Census, 1880-1990). This
period has been marked by a specialization of fruit growers to a single crop. Innovations
of agricultural technology and specialization of equipment have forced growers--and all
other types of agriculturists--to concentrate their efforts, and dollars, on one specialty.
“Diversification is just not as profitable as it used to be,” says Richard Marini, Virginia
Extension Horticulturist in Tree Fruit (Marini, 1998). In the past, diversification was a
way to spread out risks; the loss of one crop was alleviated by success of other crops, or
cattle, etc.. The profit margins were high enough to outweigh the risks of sporadic crop
loss.

However, in the modern era, “...in the increasingly competitive global market,
[growers] can no longer afford to lose a crop, it affects profitability too much.”(Marini,

1998) Expensive specialized equipment, intensive knowledge requirements for every
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species, and the need for consistent high quality/ high production crops: all are factors
which have combined to force specialization of crop, AND to identify areas most suited to
that crop production. “Thus, sites most suited to apple production went exclusively to
apple. Sites marginal to fruit production have generally gone to whatever land use was
most profitable for them.” (Marini, 1998)

Figure 3.1 graphically displays the evolution of the apple industry over the course
of the last hundred years. The distribution patterns of apple are representative of all the
tree fruits--including peach, pear, plum, nectarine, and cherry (US Agriculture Census,
1880-1990). Notice the shift of the tree fruit industry to the Shenandoah Valley and the
Blue Ridge Mountains over time. The analysis of Chapter Two, has addressed the

climatic and topographic reasons behind this shift.
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Historical Movement of
Apple Trees in Virginia
Bearing Trees Per Count

Expressed as
Percent of State Total

Percent of State Total
of Bearing Trees

| 10.00to0.50%
| ] 0.50t0 1.00%
[ ] 1.00t02.00%
] 2.00to 3.00%
B 3.00 to 4.00%
B 4.00t027.00%

Sources: US Aricultural Census & Viginia Agricultural Statistics Service

FIGURE 3.1
Evolution of the apple in Virginia

To summarize, this history, depicted in Figure 3.1, serves to greatly strengthen the
regional distinctions made in the previous chapter. Ninety-five percent of current apple
growth is concentrated on the slopes of the Blue Ridge and upper Shenandoah Valley--

areas of high potential and moderate risk as outlined by the state analysis (refer back to
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Figure 2.20). This evolution from wide state distribution to concentrated areas was
facilitated by physical factors of the environment. Increased frost risk and high humidity
drove the fruit industries from the Tidewater and Outer Piedmont regions into the
mountains. In the case of the apple, cultural and economic influences have stimulated
apple experimentation across the state, but physical factors of the environment have

eventually influenced areas most conducive to apple, and therefore financial success.

3.2The Historical Landscape of The Grape

The grape industry in Virginia has a history even longer than the apple, but not as
continuous or flourishing. It is characterized more as a ‘hit and miss’ enterprise than an
industry. As suggested in the introduction, viticulture has been an endeavor of Virginians
since colonial times, with Jamestown colonists making wine from the native New World
grapes--primarily. riparia (Figure 1.1)--as early as 1609 (Unwin, 1996). This largely
unpalatable product stimulated efforts to establish the wine grape of choice, V.vinifera, by
cuttings and rootstocks brought over from Europe (Unwin, 1996).

Numerous acts of the first House of Burgess encouraged, and sometimes enforced,
plantings of vinifera stock in an attempt to create a wine industry in the colony (Lee &
Lee, 1993). The English were intent on developing a source of wine in order to diminish
their reliance on France and Germany for the increasingly popular drink of choice. In
addition, successful establishment of a wine source would equate to tremendous profits for
the grower and/or winemaker, since foreign and local demands were already high and
supply was low. These strong incentives propelled continued experimentation for the next
200 years, but resulted in no real commercial success.

Why the complete lack of success? Biological problems, induced by physical
factors outlined in the previous chapter (section 2.2), were the main cMpifera
brought over from Europe was at once faced with a variety of biological assaults against
which it had no defense, and no natural adjustment. Some of the problems faced by
Virginians included , “drought, black rot and mildew from the humid summers; root
aphids; caterpillars; cold weather destruction of roots and stems in winter; and destruction

of buds and leaves by late spring frosts,” (Lee and Lee, 1993). Many of these factors,
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especially the environmental, were outlined in the previous chapter as being detrimental to
vine success.

Even after the Revolutionary War, as the English demands for colonial viticultural
attempts was eliminated, impetus remained to maintain experimentation in viticulture.
Such notable names as George Washington, James Madison, and particularly Thomas
Jefferson, encouraged and experimented with viticulture in various locations across the
Piedmont. However, it was not until the intervention of natural selection that minor
successes came in the form of hybridization of different North American species.

The first of these hybrids to receive attention was the Alexander, a variety
discovered around 1740 in Pennsylvania and widely planted by 1800. Alexander was even
touted by Jefferson to be the catalyst for quality American wine production. Around
1820, a Washington, DC resident identified and cultivated the Catawba. Other important
hybrids include Isabella, Niagara, Deleware, and Concord.

Indeed, the 1800’s are referred to as the era of hybrids (Lee & Lee. 1993). The
period is best characterized by the experimentation of local agriculturists and hobbyists.
During this phase, “Hybridizers used trial and error, coupled with intuition based on
experience. This process more nearly paralleled that of an Easter egg hunt than scientific
research,”(Lee & Lee, 1993). The Concord, Delaware, Niagara, and Norton, once
discovered, quickly became widely planted varieties in Virginia and the East as a whole.

In fact, the popularity and acclaim of Norton could be considered the impetus of the peak
of the Virginia wine industry around 1880--at 232,500 gallons production (US

Agricultural Census, 1880)--a peak which would not be surpassed for the next hundred
years.

The unfortuitous circumstances of the Civil War seriously hampered viticulture
growth, as many vineyards were destroyed or deserted during the course of the war.
However, it is important to note that, “..in 1865 fewer than 100 acres of grapes were
reported...by 1870 the acreage had increased to 3000,” (Oberle, 1979; p.139). This
indicates that grape production expanded in the post-war era which had the biggest
acreage of vines in the state’s history--3000 acres in 1870 is double what exists even

today.



76

Plantings of these varieties occurred mostly in Albemarle County, just north of
Charlottesville, in the Rivanna River district. The area was so heavily planted by the
German immigrants who settled there that it came to be known as “the Rhine of America”
or the “Little Rhine”. Other plantings were located in the Shenandoah Valley outside
Front Royal, and scattered throughout the northern Piedmont region. (Oberle, 1979).
While most plantings met with initial success, several factors were converging to quell the
growth of the industry and ultimately eliminate it altogether.

Among the detracting factors were increasing competition from the highly
successful California market, the prevailing economic depression in the post-war era, and
the increasing influence of the Prohibition movement. In addition, the Virginia viticulture
and wine markets were very disorganized, making it difficult to secure consistent
guantities and qualities of grapes/wine year to year--not very appealing to would-be
marketers and distributors. Most interesting to this study were the severe grape crop
losses due to the appearance of black rot and downy mildew; two fungal diseases which
are highly dependent upon existence of high humidity and/or excessive summer rains.
These diseases often destroyed entire crops and, although a pesticidal remedy was
developed in the mid-1880’s, it came too late to salvage the already waning industry
(Barden, 1998).

Ultimately, it was the combination of these physical and economic factors which
served to drastically weaken the wine grape industry. At the onset of Prohibition--1914 in
Virginia, 1919 nationwide--less than 500 acres of vines existed. Although nearly 300
acres survived Prohibition, this acreage constituted mostly table grapes and small scale
wine production for home consumption. Even after Prohibition appeal, “..the nucleus of
expertise in wine grape growing and wine making within the Virginia farm community had
essentially disappeared,” (Lee & Lee, 1993). By the 1960’s, less than 20 acres of table
grapes were counted for the agricultural census. Viticulture in Virginia was, for all
practical purposes, non-existent.

However, this legacy was to radically change in just the last three decades.
Growth of the premium wine market in the country, growth and expansion of the

Northern Virginia area, or perhaps just out of pure curiosity: whatever the reason, a
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rejuvenated interest in viticulture formed in Virginia in the early 1970’s. While the
Virginia industry had disappeared, eastern producers--mainly in New York, Pennsylvania,
and Ohio--had maintained a healthy industry based on ‘American’ varieties which were
now supplemented with ‘French’ hybrids.

The ‘French’ denotes a group of hybrids developed in France which possess
selected disease/pest resistance and have flavor characteristics/complexity of vinifera.
These hybrids were created primarily to combat the phylloxera root louse--an eastern US
native which decimated vinifera in Europe in the nineteenth century. Some examples of
these hybrids include Seyval, Vidal Blanc, and Chambourcin. French hybrids had met with
much success in the other wine grape regions of the East, and in the late 60’s and early
70’s plantings began to appear in the northern Virginia region.

As these new vineyardists began planting the French hybrids and meeting with
promising results, some began experimenting witifera. The Vinifera Wine Growers
Association (VWGA) was formed in 1973 by a group of hobbyists in an effort to share
their knowledge and experiences on growing vinifera--which had not even been attempted
in several hundred years. Organization had to come from the local level, because at this
time the USDA and VPI&SU did not support and even discourgigdera growing due
to its long history of failure.

However, experimentation and participation was soon growing rapidly. By the
mid-1970’s the first large scale commercial vinifera plantings occurred at Barboursville
Plantation north of Charlottesville. An Italian entrepreneur, Gianni Zonin, defied the
advice of state officials and planted exclusively vinifera varieties. The success of
Barboursville radically stimulated other growers to embrace vinifera, and serious interest
began to develop from local agriculturists as well as outside investors.

During the 80’s, plantings began popping up in such diverse environments as the
eastern shore, the rolling Piedmont, and to the upper elevations of the Blue Ridge
Mountains and Shenandoah Valley. While good records of vineyard development are not
available, winery establishment is a good indicator of vineyard locations. Many winery
operations were formed as either a complement to vineyard operations initially or as a

result of very successful vineyards. Figure 3.2 (below) displays the historic development
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of wineries but is shown here more as an indicator of distributiomiééra plantings.

Your Establishment of Virginia Wineries
Fstablished (State License Granted)

1994-96
1989-93
1986—-88

®
o
@ 1983-85
O
®
@

1981-82

1979-80
197278

FIGURE 3.2
Winery/Vineyard Establishment

Many trends can be interpreted from this image. One immediately identifies the
eastern face of the Blue Ridge Mountains, running SE to NW, as a heavily planted area.
However, at this scale, it is hard to discern the true diversity of plantings within these
areas--some at high elevations, some low, some in the Piedmont, others at ridge tops.
And don’t overlook the dozen or so wineries that do not adhere to the trend at all--both
older and very recent establishments. Typifying this diversity are the locations of the three
biggest wine producers in Virginia in the current era: Prince Michel outside Culpepper,
Williamsburg Winery in James City County, and Chateau Morrisette in the mountains of
Patrick and Floyd Counties.

As more of these vinifera plantings materialized during the 80’s, the industry
became more organized. In 1980 the state legislature passed the Farm Wineries Law
which established rules and regulations for wine sales and production, streamlining both.
1985 saw the establishment of the Virginia Winegrowers Advisory Board (VWAB), an
entity created to reinvest wine sales tax funds into research, promotion, technical

assistance, and information sharing among the industry. Much of the success of the wine
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industry in Virginia can be credited to the creation of this infrastructure and the growth it
has stimulated.

In thirty years, the grape industry has gone from a backyard table grape hobby to a
large scale, vinifera-based enterprise. Evolution of grape types is summarized in Table
3.1.

TABLE 3.1
Acreage Change Over Time
(adapted from Lee & Lee, 1993)

1960 1970 1976 1979 1982 1987 1991 1995

American Hybrid 16 30 47 57 75 85 76 70
French Hybrid 0 9 107 161 244 330 275 272
Vinifera 0 0 15 68 437 805 959 1075

TOTAL 16 39 69 286 756 1220 1310 1417

This rapid evolution has basically bypassed the dependence on French hybrids that most
other eastern producers had to overcome. While wines produced from hybrids still
maintain a healthy following, vinifera constitute a dominant 76% of the total market. As
the total acreage reaches 1500, many economists are forecasting a 150% increase in
acreage to meet demand. With the exponential growth, supportive infrastructure, and
increasing popularity and acclaim for Virginia wines, it is not surprising that the vintners in
this state find themselves facing a deficit of product.

But has this growth occurred in areas of the state most conducive for its success?
As previously stated, it is my belief that much of the planting was initially located
according to proximity of planters to their northern Virginia roots rather than through any
systematic site analysis. Compounding these initial ties is the role of economic factors
influencing location decision-making. While the vineyard is in reality a separate entity
from a winery, the two are inherently located in close proximity, if not the same site
altogether. Therefore, the proximity to markets and accessibility of tourism have, by

default, become factors affecting vineyard site selection.
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In summary, the grape has had a long, albeit scattered history in Virginia. The
viticulture landscape we see today is the product of only the last three decades. Prior to
the current era, planting could be best described as ‘hit and miss’; today it could be best
characterized as experimental in it's site variety and geographic scope. Unlike the apple,
vineyard siting has much less acreage, less field testing, and less geographic compactness
of location.

The most important aspects of the grape history for this study are contained in the
failures of the early years. Problems faced in the Tidewater and outer Piedmont regions by
the apple industry were encountered by the viticulturists several hundred years earlier. A
plague of problems stemming from environmental factors seem to be the main reason for
the lack of tree and vine fruit industries in these areas--but not all fruit, as the strawberry
and other bush fruits thrive well in these areas. In addition, improvements in pest
management materials and knowledge have mitigated some of the pest problems endemic

to those regions.

3.3 The Current Landscape of Fruit in Virginia

Covering the history of the fruit industries displayed the major influences and
patterns that have shaped the current orchard and vineyard landscape of today. Many
trends are shared by the two, but important variation does exist. A comparative map is

given to highlight similarities and differences of the apple and grape geographies:
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Viticulture in Virginia 1997

Grape Acreage
per couny 1997

Sources: 1995 Commercial Grape Report & 1996 Virginig Winernes Guide

Apple Trees in Virginia 1997

Apple Trees
per couny 1997

250,000>

140,000—
250,000

W =,
140,000

Sources. 1996 US Agricultural Census & Virginia Agricultural Stotistics Service

FIGURE 3.3
Apple and Grape Distributions

The most impressive trend displayed by these two figures is the shared attraction
to the mountains. Both the apple and grape have considerable stock in the counties
containing the SW-NE running Blue Ridge Mountains, and the mountains of the upper
Shenandoah Valley--prime areas outlined by my regional analysis. With the exception of
Roanoke, Bedford, and Clarke counties, all major apple counties also produce grapes.
However, the inverse does not hold true: none of the grape counties east of the counties
containing the Blue Ridge possess any significant apple acreage.

Other major departures also exist. Grapes appear to have a much wider

distribution of counties, in fact, it is two to one: fifteen major apple producing counties to
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thirty grape producers. The apple distribution precisely flanks the Blue Ridge throughout
the entire length of the state but the major producing counties are mostly within the
Shenandoah Valley. Grape distribution is much more concentrated throughout all of the
northern counties, and its major producing counties include Westmoreland to the east in
the Northern Neck.

Referring back to Figure 3.1, the diffusion of apple in the early part of this century
appears to be very similar--although in much greater scale--to the current distribution of
grape. Apples were produced in a greater number of counties and across a wider range of
topographies and climates at the turn of the century--just as the grape currently is. As
explained in the history of apple in section A, speculated profitability of apples was the
main influence which led to those manifold plantings--just as the grape is now a highly
valued crop. And fungal/viral problems pushed the apple, peach and pear out of the
Tidewater region just as they decimated the original vinifera plantings there two hundred
years earlier.

Not all of the current fruit landscape’s attributes are tied to physical factors.
Indeed, the diminishment or disappearance of the apple in many counties is related to
displacement due to higher valued land use. Some examples include strip mining in Wise
and Dickenson counties, and residential development in Roanoke, Botetourt, Loudoun,
and Fauquier counties. Inversely, the appearance of grapes in many counties is based
solely on proximity to wineries and/or proximity to markets which promote distribution
and tourism. It is the combination of these physical and economic conditions which have
formed the apple and grape distributions we see today.

Many parallels exist between the apple and grape histories and geographies, but
many disparities exist in the present. Of major concern is the difference in planting
experience that has been alluded to throughout this chapter: apple having continuous
production for 150 years, vinifera grapes only thirty. This difference in experience and
knowledge is best summarized by the actions of present day planters of both fruit crops.

“Our office deals with two distinct types of potential growers,” says State
Viticulturalist Dr. Tony Wolf, “those seeking the best grape sites in the state and those

seeking the best grape sites on the land they currently own. Of the two, the latter is the
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vast majority.” (Wolf, 1996) Dr. Wolf is the State Viticulturist working from the Alson

H. Smith Agricultural Research & Extension Center in Winchester. Bennett Saunders,
owner/operator of Saunders Bros., Inc. in Nelson County represents a much different
view. “We know where the best orchard sites are around here, its just a matter of gaining
possession of the land,” explains Bennett about site selection. (Saunders, 1998)

These comments encapsulate the disparity of the issue. Broadly speaking, the
orchardist will plant only where he feels it is environmentally sound and therefore
economically viable, basing site decisions upon local experience. However, the potential
grape grower is more likely to experiment with viticulture as an alternative land use on
presently owned land, regardless of the land’s identified suitability. This is due to two
factors: the gap between experience levels and market demand. The unusual market
circumstances of grapes merits a brief explanation.

As ellaborated in Chapter One, to be labeled as a Virginia wine, the product inside
the bottle must contain a minimum of 75% of grapes grown inside the state. This
effectively eliminates all outside competition for Virginia grape growers. With demand
chronically exceeding supply, the market value is much higher than if Virginia viticulturists
were competing with the world supply, which is what the orchardists are doing. Hence,
viticulture--presently--has a higher potential value and is worth experimentation to the
landowners, even if risk and uncertainty are involved. Unfortunately, orchardists are not
afforded this luxury in the highly competitive apple and peach world markets. To revisit
Marini, “..they [apple and peach growers] can no longer afford to lose a crop...it affects
profitability too much.” (Marini, 1998)

It is my hypothesis that the higher potential prices for grapes parallel the market
boom for apples in 1900-1920; and once demand exceeds supply, like the apple, the grape
acreage located in areas most conducive to high quality and minimized risk will survive
and those in marginally suited lands will fade. The attributes of the land that make it
successful foguality fruit are physical, topographic, and climatic. Economic factors,
such as transportation costs, may facilitate or be prohibitive to afsig’€ial success.
However, they do not affect the product quality and are therefore not addressed by this

thesis.
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My regional delineation of fruit potential (Figure 2.20) is largely reinforced by the
histories described above. For the various environmental reasons alluded to throughout
chapters two and three, the Tidewater, Outer Piedmont, and lowlands of the Inner
Piedmont have been largely abandoned by commercial fruit growers, excepting perhaps
the modern viticulturists who are now experimenting throughout the state. The mountain
regions have qualities most conducive to fruit success. Hopefully, the experience of the
apple industries--and even earlier grape efforts--will not become a lesson that must be
learnedagainby the current wine grape industry.

This completes viticulture analysis at the state scale; | now will turn my attention
to building a viticulture potential model which focuses on the local scale. The vehicle for
this construction is linking physical factors to the successes and failures of the preceding
apple and grape histories on a site to site basis. By quantifying climatic and topographic
factors across Virginia conducive to the apple and grape at the local scale, | intend to
build a site selection model supported by the fruit landscape evolution of the past, which in
turn will be verified by fruit acreage of the present.

It should once again be stressed that what | am attempting to identify are the best
sites simultaneously propitious to minimal risks and high quality fruit. Undoubtedly there
exist sites all across the state which will support apple, peach or grape growth. Indeed,
with enough time and investment, one might grow coconuts successfully in all parts of
Virginia--this work is not deterministic in its scope. However, while viticulture may be
possible on every square inch of the state, there certainly exist areas which naturally hold

more potential than others.
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Chapter 4 Assessing Viticulture Potential at the Local Scale

Now | turn myattention to the local scale by developing and testing a viticulture
potential model geared toward individual sites. That is, after selecting the gegeras
of the state most conducive to viticulture (Chapter 2), | now want to develop a
methodology for selecting the basteswithin those regions. This requires a shift of
scale. Itis a natural progression, as sites are assessed and crops actually planted at the
local level--thus the need for a more in-depth analysis of viticulture potential at a more
practical scale.

This assessment consists of using a Geographic Information System (GIS)
approach to separate and analyze individual components of the landscape, create a ranking
system for each, and then combine the ranked components into a single layer which will
identify areas of greatest/least potential. Output from this analysis is a series of maps
which show the individual layers, and the final composite map which can be viewed at a
variety of scales: from the county scale to a 302 meter area if desired.

After selecting a study area for focus in Section 4.1, the physical variables
considered in the local analysis will be outlined in Section 4.2. Finally, | will build a GIS
model which will delineate sites within the study area as having greater or lesser viticulture
potential from a physical and climatological basis in Section 4.3. Factor layers,
constructed at the county scale, will be produced from a series of physical databases,
representing viticulturally desirable features of the landscape. This section will also offer
an atlas style layout of the graphic output obtained from this method for a select county

within the study area.

4.1 Selec