
Chapter 1 
Introduction 

 

1.1 Overview of California  

The first missionaries arrived in San Diego, California in 1769 and within a 

couple of years grape vines had been transferred from the missions in Baja California to 

the San Diego Mission.  The main variety brought and propagated was a Criolla type, 

which later became synonymous with the Mission variety in California.  The missions 

had an abundance of labor and used the locals to help produce wine for sacramental 

purposes and for the clergy to consume on a regular basis.  The largest vineyard was at 

Mission San Gabriel Archangel, but all the missions located on the Central Coast and in 

Southern California produced wine.  At the Mission San Gabriel, wine and brandy were 

produced and used as an article of exchange with the ships visiting Los Angeles Harbor 

or sold to local settlers.  It is at this mission that the Angelica brandy is believed to have 

originated.  Because the mission variety of grapes is lower quality, and the acidity levels 

are not as high as the vinifera varieties, the production of the Angelica brandy was very 

important.  The production of the Angelica brandy was developed as a way to better 

preserve that variety, which was low in acidity and often spoiled when made into table 

wines.  The concept that grapes could be grown in many locations throughout California 

was probably the most significant aspect of the Mission period.  The production of the 

Angelica type brandy, which contained three-quarters grape juice to one-quarter brandy, 

confirmed the importance of grapes to California (Amerine and Singleton, 1976). 

 Prior to the Gold Rush, a number of settlers settled in the greater Los Angeles 

area and began to cultivate grapes.  One of them, Jean Louis Vignes, imported Vitis 
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vinifera directly from France in the early 1830s, which was probably the first direct 

importation of Vitis vinifera from Europe to California (Amerine and Singleton, 1976).  

When Vignes first imported vinifera, he unknowingly began a long and arduous process 

that took decades to cement California as the biggest producer of grapes in the world.  

From 1860 to 1900, grape growing expanded rapidly in all parts of the state from 

Escondido near San Diego to Vina, Senator Stanford’s huge vineyard in northern 

Sacramento Valley.  Heavy plantings were made in Sonoma and Napa counties, near 

Livermore, and in Fresno County.  The Zinfandel was especially popular and became the 

most widely planted red wine variety by 1900.  Among the early vineyardists were 

General Vallejo who settled near the present town of Sonoma; John Sutter of Sutter’s 

Fort, who was of Swiss origin; and Drummond in Sonoma County’s Valley of the Moon.  

Some of the best white varieties of the Livermore Valley were imported directly from 

Bordeaux, and some of the original Sauvignon Blanc vines survived until after World 

War II(Amerine and Singleton, 1976).   

  The wine industry quickly became the victim of overproduction, which caused 

the prices of grapes to plummet throughout the state as a glut of grapes soon filled the 

markets.  The early industry was plagued by the planting of the wrong varieties, the 

failure to harvest early enough and the poor control over fermentation, particularly of the 

temperature of the must.  The predominance of the mission variety was also partially 

responsible because the wines produced from this variety were of poor quality and often 

spoiled due to the low acidity.  From 1870 to today, the grape industry in California has 

suffered from an up-and-down economic curve.  Nevertheless, many factors are currently 

leading to the growing of quality grapes, which will lead to a more stable economy for 
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the grape growers.  These factors include the growing of the proper varieties for the area, 

the introduction of the high-quality vinifera varieties of wines and the increased 

knowledge of the proper vineyard management techniques (Amerine and Singleton, 

1976. Winkler et al., 1974).  

 

1.2 History of California Wine  

 Agoston Haraszthy, an important viticulturist in the 1850s and 1860s, settled in 

San Diego in 1849.  Haraszthy, a Hungarian, had experience working with vines in 

Europe.  In 1857, he established the Buena Vista Vineyard in Sonoma County, one of the 

largest, if not the largest, vineyards established in the state in the late 1850s (wine).  

Haraszthy’s most important contribution, however, was a pamphlet in 1858 on grape 

growing and winemaking, which led directly to his appointment on a committee to study 

grape production.  As a member of this committee, he convinced Governor Downey that 

a trip to Europe to collect grape cuttings was necessary.  While there, he collected some 

200,000 vinifera cuttings, which he brought back to California to help improve the 

quality of grapes in the state.  This trip helped improve the varietal complement of the 

California vineyards (Amerine and Singleton, 1976).   

Another great advancement for the grape growers was in 1862 when the 

California Wine Growers’ Association was founded to deal with the problems.  The 

California Wine Growers’ Association was very concerned with reducing the tax on 

California wines and increasing the tax on imported wines.  These have been consistent 

objectives of the association and industry in California since that date (Amerine and 

Singleton, 1976).   
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 The first depression in the wine industry lasted from 1876 to 1878, during which 

wine sold at between 10 to 15 cents per gallon.  Due to these low prices, many vineyards 

were abandoned.  In 1880, two progressive steps were taken by the California legislature: 

they provided funds for research in viticulture and enology at the University of 

California, and they established a Board of State Viticultural Commission.  The 

University’s research was under the direction of Professor Eugene Waldemar Hilgard.  

Hilgard quickly recognized the problems of the California industry, which were the 

adaptation of the varieties to the different climatic regions of the state, and the much 

warmer conditions in California compared to Europe.  These particularly warm 

conditions led to the harvesting of grapes after full maturity.  This, along with the fact 

that poor varieties of grapes were grown, lead to musts containing high levels of sugars 

and low levels of acids, which produced poor quality, flat tasting wines that spoiled 

rapidly (Amerine and Singleton, 1976; Winkler et al., 1974).   

From 1880 to 1892, Hilgard worked tirelessly at eradicating these problems.  He 

undertook a study of the compositions of the musts of various California varietals.  This 

study showed that quality wines were produced from quality grapes, which had certain 

characteristics favorable to the production of a quality wine.  These findings were used to 

introduce the California growers to the various varieties that produce fine quality musts 

and wines, and had the effect of increasing the quality of the grapes grown in California 

before prohibition.  Hilgard was also known as a determined protagonist of high-quality 

wines and of better winemaking practices.  He was, because of this aspect, not a popular 

man with some of the commercially oriented wineries who wanted to resist the change of 
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their lower quality, already planted vineyards to the proper varieties for the 

region(Amerine and Singleton, 1976).   

In part by Hilgard’s research and in part by the blossoming wine community in 

California, the production of higher quality wines produced in the United States were 

coming from California.  This, in turn, increased the cost of grapes and wine from the 

region.  Because of this, many wineries prospered between 1895 and 1918 prior to 

prohibition.  However, prohibition caused numerous vineyards to go out of business with 

few remaining to produce wines for sacramental and medicinal purposes (Amerine and 

Singleton, 1976).  

 Prohibition did not have the same predicted effect on the price of grapes, as the 

price increased instead of decreased.  This increase was due, in part, to the vast amounts 

of bathtub winemakers who imported grapes to produce their own wine at home in the 

eastern markets.  Because many of the premium quality thin-skinned red wine grape 

varieties were unsuited for shipment to the eastern seaboard, there was a rapid 

changeover in varietal plantings to meet the demand for red wine grapes in the eastern 

United States.  During this time the Alicante Bouschet became a popular grape to grow.  

This grape variety had a thick enough skin to withstand shipment and an intense color so 

that adding sugar and water to the already used grapes could make a second batch of 

wine.  By these methods, a bathtub winemaker was able to squeeze out some 600-700 

gallons of wine from one ton of grapes.  By replanting existing quality wine grapes with 

the Alicante Bouschet variety, the wine industry was set back after the repeal of the 

eighteenth amendment in December 1933.  The wine produced from Alicante Bouschet 

lacked quality, had unstable color characteristics, was rather poor of flavor and produced 
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an ordinary quality of wine at best.  These periods of planting, changing varieties, and 

replanting led to a time of instability in the wine industry that has since been overcome 

by proper scientific knowledge of the higher quality wine grape varietals(Amerine and 

Singleton, 1976).    

The Wine Institute and Wine Advisory Board have had important influences in 

solving the industry’s legal, economic, technical, and public relations problems that have 

plagued California’s wine industry.  The University of California’s College of 

Agriculture has supplied scientific information and trained personnel in California’s wine 

industry, promoting the production of high-quality grapes and wines throughout the State.  

By providing the State’s grape growers with scientific information on the production of 

high-quality grapes, the overall quality of the vineyard and crushing and fermenting 

techniques improved, allowing for the stability of the industry with the improvement of 

the overall quality of the product as a whole.  California’s wine industry has grown 

tremendously since the repeal of prohibition, not only in the amount of acres producing 

grapes but also in the ability to better manage the vineyard and produce higher quality 

wines.  Terroir, the idea that wine quality is directly related to the region in which the 

grapes are grown, has become a major thought in vineyard management and the 

production of California wines(Amerine and Singleton, 1976; Wilson, 1999).  

 

1.3   Purpose of Thesis 

As has recently been recognized in California, the world’s greatest wines are almost 

always the result of grape varieties, human input and vineyard terroir.  Terroir is defined 

in our study as the vineyard site in terms of soil and microclimate characteristics.  Most 
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studies of terroir have concentrated on the flavor components of the wine as related to the 

vineyard environment.  In this study, the soil and wine properties will be quantified using 

approved AOAC analytical methods to determine the quantifiable aspects of the 

relationship between the soil and grapes, if one truly exists between them. 

 The research will investigate the relationships between soil geochemistry (organic 

and inorganic soil components) and wine quality, as measured by the inorganic and 

organic constituents in the must and post-fermentation, pre-barrel stage wine produced 

from Cabernet Sauvignon wine grapes. 

  The vineyard and winery chosen for the research is the Carmody McKnight 

Estates Wines, located about five miles west of Paso Robles, CA.  Past soils 

investigations led by Thomas J. Rice, Ph.D. of the Earth and Soil Sciences Department at 

Cal Poly, San Luis Obispo has shown that Cabernet Sauvignon is grown in a north-south 

orientation across significantly variable soil types.  This makes the vineyard an excellent 

research location due to the fact that the same grape variety is grown on differing soil 

types.  This limits the variables due to the other terroir factors, and human and climate 

influence on the wine quality as factors that are relatively equal, making the soil type the 

sole factor of difference between the two grape testing areas. 

 

1.4    Objective 

 This study of the relationship between soil and wine quality could have far 

reaching implications.  If there truly is a relationship between soil and wine quality, 

future vineyard sites could be chosen on the basis of specific soil characteristics.  If we 

identify that the quantifiable wine grape variables in our study do vary from soil to soil, 
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then persons or corporations looking to start new vineyards will be greatly aided in their 

search to find the ideal vineyard location.  It will not only make it easier to find a 

favorable soil, but will aid in the quest to plant a vineyard that will enhance quality 

characteristics, rather than hinder them.  The economic impact of the study will be of 

great importance in the California wine industry, as vintners will be able to produce the 

finest of quality wines with the best attributes.  If California wineries are able to produce 

wines that rival their French counterparts in quality, then the economic opportunities for 

them could be greatly enhanced.  Producing the finest wines would increase income, and 

allow for worldwide recognition of California wines. 
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Chapter 2 
Literature Review 

 
2.1 Terroir Overview 

Terroir is perhaps one of the least understood and most important factors that 

determine whether a wine is destined for praise.  Terroir is so complex that there is no 

one true definition.  The French use the term to describe the special characteristics of the 

geography that give a wine its individuality.  It is almost some mythical French ideology 

that spans hundreds of years, yet has not been adequately quantified.  French vignerons 

and scientists who have been promoting this concept for some time believe that the 

particular characteristics of a geographical location impart their own distinct character on 

the grapes (Wilson, 1999).    

 Terroir is the idea that the soil characteristics, along with the microclimate, play a 

very important role on the potential of the vines to produce a high-quality berry and thus 

produce subsequent fine wines.  It is the idea that the viticulturist cannot manage 

everything.  The environment, soil characteristics and climate are often difficult to 

manage or modify.  There is only so much a grower can do if the grapes are growing on 

poor soil, or if the climate is wrong for growing quality wine grapes.  The grower can 

control many of the aspects required to produce high-quality grapes, yet the grower 

cannot always effectively alter the soil or change the microclimate.  These are the aspects 

that make up the majority of what is described by the French as terroir. 

   

 9



2.1.1 The Soil as an Interface 

Soils are simply weathered rocks and minerals naturally combined with a mixture 

of organic matter.  Rocks do not decompose in the manner of plants and animals; instead, 

they weather.  The portion of the rock that weathers is the “parent material,” a term used 

by soil scientists in reference to the material in which soils form.  Weathering is a two-

phase process.  The first phase involves the mechanical or physical phase (disintegration) 

when the parent rock material cracks.  The second phase is chemical weathering 

(decomposition), which is when the rocks chemically change into smaller particles and 

finally into soil.  It is these parent materials, that are eventually evolve into soils, that are 

a very important aspect of terroir because without the proper parent material weathering 

into soil, a vintner would not be able to produce quality wine grapes.  Soil parent 

materials contain the various plant essential nutrients, which are necessary for the vine to 

mature and produce quality fruit. 

Favorable vineyard soils have medium textures with some gravel throughout and 

some gravel at the surface (Winkler et al., 1974).  Although vineyards have been 

successful on many different soil textures, ranging from sands to clays, it is important for 

soil to have a moderate level of organic matter, an adequate microbial population and a 

favorable nutrient holding capacity.  The soil should also supply of the plant essential 

nutrients for the growth of the vine and grapes.  Careful monitoring of the amount of 

nitrogen in the soil is necessary in the first stages of the vines growth in order to 

encourage vegetative growth.  If there is a lack of one or more essential macro- or 

micronutrients in the soil, a vintner will have a vine that displays some form of nutrient 

deficiency.    
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Most plants need all of the sixteen (16) plant essential elements to grow normally 

and reproduce (Winkler et al, 1974).  The (16) essential nutrients are carbon (C) 

hydrogen (H), oxygen (O), nitrogen (N), potassium (K), phosphorous (P), calcium (Ca), 

magnesium (Mg), sulfur (S), boron (B), copper (Cu), iron (Fe), chlorine (Cl), manganese 

(Mn), molybdenum (Mo), and Zinc (Zn).  Some elements are required in relatively large 

amounts, and others are required in smaller amounts.  The micro- and macronutrients 

make up one of the most important aspects of the root-soil interaction.  The nutrients of 

the soil, along with water and sunlight, provide the building blocks for the vine and 

grapes.  Micronutrients are required in amounts of generally less than 100 mg/kg in the 

soil.  Macronutrients are ideally present in amounts greater than 1,000 mg/kg in dry the 

dry matter.   

 For grapes to grow to their full potential, it is important they are able to uptake 

adequate levels of the nutrients essential for their complete development.  These nutrients 

are as follows:  macronutrients including nitrogen,  phosphorus, potassium, sulfur, 

magnesium and calcium; micronutrients including boron, iron, manganese, copper, zinc, 

molybdenum and chlorine. .  Each nutrient, in sufficient and appropriate levels, helps to 

ensure the plant’s complete cycle of maturation. 

Not only are the plant essential nutrients important to the soil-vine interaction.  

There are many other soil characteristics involved in the production of high-quality wine 

grapes.  Plant roots, humus, and the associated mycorrhizae help to produce soil 

structure.  A desirable soil structure for vines provides optimal water and oxygen 

availability, which are fundamental for the growth of roots and soil organisms.  The 

structure should be porous and not hard for roots to penetrate.  It should allow for the 
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ready exchange of gases and the flow of water, resist erosion and be able to bear the 

weight of tractors and harvesting machinery (Amerine and Singleton, 1976). 

 Soil texture is probably the most important of all soil properties as it affects 

erosion potential and available water holding capacities, which are factors that are highly 

significant to the quality of the grapes.  Because such wide ranges of soils have been used 

for grape growing, nearly all soil types have vineyards on them.  The depth of the soil is 

important because it influences the supply of nutrient elements and it is the layer that 

contains most of the nutrients applied as fertilizer.  The supply of nutrients may be 

limited where the soil is thin or where cultivation has destroyed the surface feeding roots 

in the top 8 to 15 cm of the soil.  Deep surface soils of 15 to 30 cm or more will usually 

support vigorous grapevines (Winkler et al., 1974).  High soil fertility is thought by some 

viticulturists to be not as important as soils with structures that favor extensive root 

development.  On well-structured soils, vine growth is less rank and the ripening changes 

start earlier and proceed more slowly.  At maturity, the fruit is firmer, of better balance, 

and has a rich, more pleasing aroma and flavor (Winkler et al., 1974).  

 

2.1.2 Climate 

 The climate for the production of high-quality wine grapes is as important to 

vineyard terroir as the soil.  Generally, regions with warm dry summers and cool damp 

winters have been the traditional areas where high-quality wines are produced.  Climate 

is the long-term result of temperature, moisture and winds.  Weather is what is going on 

outside and in the five-day forecast.  Particular climatic temperatures and its seasonal 

variations come from the sun, in particular the angle with which it strikes the earth.  It is 
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obvious that the angle of the sun differs from season to season, yet we, as vintners and 

growers, do not really appreciate how important this is to the vine.   

 The further north of the 45-degree parallel the lower the angle of the sun and the 

more critical the orientation of the vineyard.  In Champagne, northernmost of the wine 

areas in France, the maximum of the summer sun is only 65 degrees F; by the autumnal 

equinox, the angle is down to 49 degrees F.  For obvious reasons, those vineyards prefer 

southeast or south facing exposures to catch the first rays of sun to warm the vines after 

cool nights.   

 During the 1940’s A.J. Winkler and M.A. Amerine (Winkler et al., 1974), 

conducted research at the University of California, Davis, and concluded that temperature 

was the principal factor affecting quality in California wines.  The temperature effect on 

grape maturation is defined by researchers as “heat summation.”  This described the 

number of hours the temperature was above 50 degrees F during the growing season.  

The summation is called “degree days,” although it is expressed in hours.  On the basis of 

degree-days, they recognized five growing zones in California, which they correlated 

with wine quality (Winkler et al., 1974).  Certain varieties of vinifera are better suited for 

particular zones of heat summation, and the appropriate variety should be planted 

accordingly to heat summation.   

 

2.1.3    Precipitation as a Natural Irrigator  

Rainfall (precipitation) for wine is as necessary as the sunshine, but winegrowers, 

like all farmers, prefer to have it at a chosen time and in appropriate amounts.  It seldom 

falls that way for winegrowers; notably, rainfall after veraison can spell disaster for the 
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fruit.  Many regions are chosen for a climate in which the fruit can undergo maturation 

free of excess water, which is needed for the truly high-quality grapes.   

In France, irrigation is not allowed in “appellation controllee” vineyards, leaving 

the aspects of terroir that are much more important to growers in these regions.  If the 

weather is not desirable, or the soils do not hold enough water to support them through 

the dry growing season, the vintage is usually not good.  If there is a climate that is 

favorable, it provides enough precipitation during the dormant season so that the soil 

supplies moisture to the vines during the dry growing season when water is lost by 

evapotranspiration.  If enough moisture is not stored in the soil before the dry season 

begins and no irrigation is used, crop failure will occur. Conversely, if too much rain falls 

after the berries set, bunch rot or even root damage can occur, especially if the soil does 

not drain properly.  If there is too much water in the soil, oxygen and carbon dioxide can 

be excluded from the pore spaces in the soil.  These gasses are critical in the nutritional 

feeding of the roots.  If the soil is too permeable, water drains away before the roots can 

use it. Useable water supply to the roots is what matters. A favorable soil will contain the 

proper proportion of water and air (about 50:50) in macropores, micropores, and 

capillaries of the soil and in the fractured bedrock. This soil water must be available for 

absorption by plant roots.  

Since vinifera grapes grow best in regions that have little or no summer rains, water from 

the winter rains must be stored in the soil to carry the vines through the summer or 

supplemental irrigation must be available.  Water holding capacities of soils allow for the 

proper amount of water to be retained and made available to the growing grape vine.  

Lack of water in the soil will cause the fruit to begin desiccating before it reaches full 
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maturity, causing poor quality grapes and low yields.  This can be avoided if the proper 

irrigation levels are applied and the fruit is picked before desiccation can occur in the 

fruit(Winkler et al., 1974). 

2.2       Soil Overview 

“The best wines come from soils that are very well drained and furnish a steady, but only 

moderate water supply to the vines” (Galet, 2000 ). 

 Understanding of soil is an important to the production of fine wine today; 

without the soil, grapevines are impossible to grow.  The Europeans have theories about 

the importance of the soil in contributing to the overall quality of the wines (Wilson, 

1998) but, until recently, the study of such effects has been minimal.  

 With the expanding wine industry in California, it is becoming clear to most 

vignerons and vineyard managers that site selection for the cultivation of vinifera variety 

grapes is of great importance.  The French have understood this fact for decades. Through 

trial and error, along with careful attention to soil and weather conditions, French 

viticulturists and scientists have been able to match certain regions of their country with 

the specific vinifera varieties in order to produce the finest wines.  This matching of 

particular grape varieties to specific soils and climatic conditions is important to produce 

wines of optimal quality.   

 

2.2.1 The Soil’s Role in Vine Growth 

There are many aspects of the soil that make careful site selection beneficial when 

considering the establishment of a vineyard.  Soil conditions are of primary importance to 

the proper growth and maturation of the grapevine.  It is these distinct soil differences 

 15



that make one vineyard unique from another vineyard, even when they are located in the 

same region or American Viticultural Area (AVA), and even when growers use the same 

vineyard management techniques.  The influence of soil on the grapevine is complex and 

can be broken down into three general categories.  These categories and their similarities 

or differences between the two soils may be responsible for the differences in the 

composition of the fruit. 

1) The physical structure of the soil affects the grapevine as follows: 

a. The relative proportions of its components- sand, silt, clay, and humus – 

determine the texture and structure of the soil and the ease with which roots 

penetrate it.  The relative proportion of fine earth to pebbles, as determined by 

mechanical analysis influences soil structure.  It also plays a role in soil water 

drainage, water holding capacity and the surface soil temperature. 

b. The depth of the soil that is arable is the part of the soil into which roots will 

grow to anchor the vine as well as to uptake plant essential nutrients. 

c. Soil temperature affects nitrification rate and vine development, as the plant 

will begin its vegetative cycle until soil temperatures are favorable.   

d. Soil water content is also important, since water is essential for the vine to 

grow.  Each soil has its own unique water holding capacity, which affects water 

circulation in the plant and can lead to problems of either water logging (root 

asphyxiation) or water deficit (water stress injury). 

e. Soil color, as a function of chemical composition, affects both soil temperature 

and air temperature at ground level, which influences the vines’ development. 
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f. A final parameter of importance are the soil surface conditions, which affect 

water infiltration rate, water runoff, and weed growth and allows the passage of 

vineyard workers and equipment.   

2) The chemical composition of soils also plays a major role and influences the 

development of the vines since the root system absorbs plant essential nutrients 

from the soil.  Nutrients are necessary for grapevine development, with the proper 

proportions of these nutrients important for the proper development of the vine 

and its fruit throughout the years. 

3) Soil physical and chemical composition is strongly influenced by soil parent 

material and the geological origin of these materials.  It is generally understood in 

France that vineyard site selection for high-quality wine production depends on 

the local geological formations and on the evolution of soils over time from the 

weathering of the parent materials (Galet, 2000). 

 

2.2.2 Study Site Soils at Carmody McKnight Vineyards 

The two specific soil types studied in this experiment are Calodo clay loam and 

Zaca clay.  The locations are referenced on the soils map (figure) and are shown with 

relations to the study sites.  The Calodo clay loam is located on a convex hill summit on 

the north central portion of the vineyard.  This soil site utilized for the study covers the 

Calodo soil, and is split relatively even between the oak woodlands at the higher 

elevations above 1,440 feet, and the Cabernet Sauvignon wine grapes that are planted at 

the lower elevations.  
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The Zaca clay is located on the south side of the vineyard in the lower, gently 

sloping footslopes between 1,260 and 1,340 ft in elevation.  The Zaca site covers about 

two acres planted with Cabernet Sauvignon grapes. 

  These two soils are distinctly different and have different physical properties.  

Soil is thought to be one of the major variables influencing the differences in must and 

wine composition in this particular vineyard.  The climate of the two sections is relatively 

identical, with only a slight difference in elevation and slope steepness between the two 

study sites selected for the analysis of the must and wine. 

 

2.2.3 Differences and Similarities Between the Two Soil Types 

The Calodo clay loam soil located on the Carmody McKnight Estate Vineyard 

consists of shallow, well-drained soils that are formed from the weathering of calcareous 

shale and limestone.  The Calodo soils are located on uplands of fifteen to seventy-five 

percent slopes with an annual mean air temperature of 60 degrees F.  The taxonomic 

family class of Calodo soil is “loamy, mixed, superactive, thermic, shallow Calcic 

Haploxerolls” (USDA Soil Descriptions). Soil color of the soil at 0 to 15 cm is brown (10 

YR 4/3) clay loam, dark brown (10 YR 3/3).  From 15 to 36 cm, the soil is brown (10 YR 

4/3) clay loam, very dark grayish brown (10 YR 3/2).  From 36 to 45 cm down, the soil is 

dark grayish brown (10 YR 4/2) clay loam, to very dark grayish brown (10 YR 3/2).  

From 45 to 100 cm in depth, the soil is highly weathered calcareous shale and mudstone 

that is violently effervescent. 

The physical makeup of the Calodo clay loam for the soil from 0 to 15 cm is 

moderate medium granular structure that is soft, friable, sticky and plastic.  The soil is 
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moderately effervescent, moderately alkaline (pH 7.8) and has a clear smooth boundary.  

From 15 to 36 cm in depth, the soil is medium coarse subangular blocky structure; 

slightly hard, firm, sticky and plastic.  The soil is also moderately effervescent and 

moderately alkaline with a pH 8.0 and a clear wavy boundary.  From 36 to 45 cm in 

depth, the soil is medium moderate subangular blocky structure; slightly hard, friable, 

sticky and plastic.  It is also violently effervescent secondary carbonates on rock 

fragments, has a moderately alkaline (pH 8.0), and gradual boundary.  From 45 to 100 

cm, the soil is highly weathered calcareous shale and mudstone, secondary carbonates on 

rock fracture and is violently effervescent.  The Calodo clay loam also has about 5 

percent surface rockiness, which will influence the soil temperatures.  The soil is also 

approximately 33 percent clay, and has about a 10 percent average of coarse fragments 

throughout the soil as well.  The permeability of the soil surface is moderate and the 

permeability of the soil is also moderate.  The water holding capacity of the Calodo clay 

loam is low, and the drainage class is that of a well-drained soil.  Soil depth, which also 

plays a major role in the development of the vines, is fairly shallow with roots only 

developing down to 45 cm in depth based on information from soils profiles and samples 

conducted by Dr. Thomas J. Rice (personal communication).  The depth of the rooting 

zone for the Calodo soil section is quite shallow compared to the soil of the Zaca series 

and this, along with the differences in available water holding capacity (AWHC), may be 

the biggest factors affecting the differences in the composition of the fruit from the two 

soil types.   

From 0 to 15 cm, there are many fine and medium roots, and from 15 to 36 cm 

there are also many fine and medium roots.  From 36 to 45 cm there are only fine roots 

 19



and from 45 cm down to 100 cm there wasn’t any mention of root activity. This indicates 

the root structure only explores the soil profile down to approximately 45 cm and not 

much further if at all.  The shallow rooting depth of the vines on the Calodo soil and the 

greater depth of the Zaca soils indicate that there are major differences between the 

rooting depths of these two soils.  The vines on the Calodo soil therefore tend to be 

slightly smaller with less vegetative growth than the vines on the Zaca soil.  Although no 

measurements of canopy density were taken, it was evident from numerous trips to the 

vineyard site that in fact the vines grown on the Calodo clay loam did appear to be 

smaller than the vines located on the deeper Zaca soils. 

The soils of the Zaca series are deep, well drained soils formed in material from 

weakly consolidated marine sediments.  They are on gently rolling to very steep slopes.  

The mean annual precipitation is about 18 inches and the mean annual temperature is 

about 60 degrees F.  The taxonomic class of the Zaca clay soil is fine, smectitic, thermic 

Vertic Haploxerolls and of typical pedon, which is Zaca clay, cultivated.  Soil color of 

Zaca clay at depths of 0 to 10cm is dark gray (10 YR 4/1) clay, to very dark gray (10 YR 

4/1).  The soil from 10 to 60 cm is dark gray (10 YR 4/1) clay, very dark gray (10 YR 

3/1).  From 60 to 90 cm in depth is dark gray (10 YR 4/1) clay, to very dark gray (10 YR 

3/1).  From 90 to 150 cm, the soil is highly weathered calcareous shale and mudstone, 

secondary carbonates on rock fractures and is strongly effervescent.  

The physical makeup of the Zaca clay soil from 0 to 10 cm is strong moderate 

granular to fine subangular blocky structure and is very hard, firm, sticky and very 

plastic.  It is slightly effervescent, slightly alkaline (pH 7.4) and has a clear smooth 

boundary.  The soil from 10 to 60 cm is strong coarse subangular blocky to weak 
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prismatic structure; very hard, firm, sticky and very plastic; slightly effervescent; slightly 

alkaline (pH 7.5) and has a clear wavy border.  From 60 to 90 cm, the soil is strong 

coarse subangular blocky structure; very hard, firm, sticky and plastic; is strongly 

effervescent; moderately alkaline (pH 7.9) and has a clear wavy border.  From 90 to 150 

cm, the soil is highly weathered calcareous shale and mudstone; secondary carbonates on 

rock fractures and the soil are strongly effervescent.   

From 0 to 10 cm in depth, there were many common fine roots and from 10 to 60 

cm there were also common very fine roots.  From 60 to 90 cm, there were few very fine 

roots.  From 90 to 150 cm down, there were no roots noted on the soils information from 

Dr. Rice.  

The differences in the rooting depth of the Calodo and the Zaca soils are quite 

evident from these soil profiles and differences in root growth and distribution between 

these two soils.  The vines grown on the Zaca soil were markedly larger than those grown 

on the Calodo soil.  Rooting depth and AWHC of the Zaca soil are likely two of the 

major influences responsible for the increased size of the Cabernet Sauvignon vines 

growing on the Zaca soils.   
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2.3 Climate Overview 

The cultivation of grapes is most successful in the temperate zone, between 34 

degrees and 49 degrees north and south latitude.  California is well suited for the 

production of grapes because of the long growing season and the almost continuous 

favorable conditions of light and temperature.  Grapes are grown in numerous locations 

near the coast of California.  

 For the best development, vinifera grapes require long, warm-to-hot, dry summers 

and cool winters(Winkler et al., 1974).  Grapes are not suited for humid summers because 

of the susceptibility of the vine to certain fungus diseases and insect pests that flourish 

under such conditions.  The vine also does not tolerate intense winter cold, which is 

absent from the coastal area of California, making the state so well suited for grapes.  A 

long growing season is needed to mature the fruit, and west Paso Robles is well known 

for these exact attributes.   

 Because late winter and early spring frosts can cause serious damage to the green 

growing parts of the vine, areas subjected to late season frost should not be utilized.  If 

the temperature drops below 30 degrees F, serious damage to shoots may cause a poor 

crop and thus produce a poor harvest.  As a rule, if the temperature drops below 5 degrees 

F, or if the mean temperature for the coldest month is below 33.2 degree F, the vine will 

die if not protected (Galet, 2000).  

The climate of the Carmody McKnight Vineyard, and its resulting terroir, prove 

to be an ideal location for the production of fine wines.  Being that grapes are native to 

the warm temperate zone, the region west of Paso Robles provides one of the finest 

climates in California for the production of wine grapes.  With warm to hot days and cool 
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nights, the climate produces the desired effects within the vines that allow for the grapes 

to reach their full maturity.  

 

2.3.1  Effects of Light and Light Intensity on the Vine   

 In passing through the Earth’s atmosphere, much of the initial energy of sunlight 

is lost.  Light energy drops from about 1.4kW/m2 to 1kW/m2 at ground level.  The 

sunlight received on the Earth’s surface is composed of radiation that is unequally 

distributed along a wide band of wavelengths from 290 nm to 5,000 nm. The distribution 

is as follows (Galet, 2000). 

1) From 290 to 400nm: ultra-violet radiation, which constitutes about 4 percent of 

the solar energy; 

2) From 400 to 750 nm: visible light, which accounts for about 54 percent of solar 

energy; 

3) More than 750nm: infrared light, which has a big effect on heat conditions and 

which makes up 42 percent of solar energy.   

Increased elevations, such as those at the Carmody McKnight vineyard have higher levels 

of light energy due to less atmospheric interference, making it a good site selection.   

The vineyard’s south and west facing slopes allow the grapes a longer 

photoperiod, or length of time that the vine is able to undergo photosynthesis on a cellular 

level. This allows for optimum maturity and yield on a particular vineyard site.  Garner 

and Allard (1920) studied the relative lengths of day and night, otherwise known as the 

photoperiod.  They classified plants into three groups: 

1) Short-day plants, which need little light to flower or bring fruit to maturity; 
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2) Long-day plants, such as grapevines, which need a lot of light; 

3) Plants that are indifferent to the photoperiod. 

This makes the slope steepness and aspect of vineyards highly important when choosing 

a site.  Although light incidence measurements were not taken, and do not exist, I would 

say that study site block fivehas a favorable south facing orientation with rows running 

north to south in a west to east orientation allowing for the grapes at the study site to have 

a long photoperiod, allowing for maximum photosynthesis throughout the long and 

favorable growing season at the Carmody McKnight Vineyard.  

 

2.3.2 Daytime and Nighttime Temperature 

In other California grape-producing regions such as Fresno, Lodi and the San 

Joaquin Valley, the day to night temperature differential is not very large.  In such areas, 

it is common for daytime highs of greater than 100 degrees F and the night-time lows of 

the upper 80s to low 90s.  This small temperature differential is thought to be one of the 

main contributing factors in the inability of such areas to produce fine quality wines, as 

the balance of sugars and acids is affected.  In such hot areas with little nighttime 

temperature reduction effects, the berries respire malic and tartaric acid quite readily.  As 

the temperature reaches 104 degrees F, photosynthesis in the vine virtually stops 

(Winkler et al., 1974).  However, in these hot areas, photosynthesis does not stop 

altogether as leaves in the shaded part of the canopy may continue to undergo the 

photosynthesis reaction.  In areas where diurnal temperature fluctuations are low, the loss 

of acids is higher.  Owing in part to the excessive night temperatures, the accumulation of 
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the acids just do not occur, resulting in bland and unbalanced wines (Crippen et al., 

1986). 

Heat summation records provide the basis for differentiating the different grape 

growing regions of California. Finer quality wines are produced in regions one, two and 

three, which all tend to be nearer to the Pacific Ocean coastline.  Some areas in the 

interior valleys have similar heat summation as that of the warmer coastal regions, but the 

quality levels of the interior valley wines (same varieties and same climatic regions) are 

poorer.  As reported by Alley et al. (1971), the wines of the interior areas tend to be flat, 

unbalanced, and lack varietal aroma and finish.  These deficiencies are likely the result of 

– climatic factors, such as the heat summation above 70 degrees F, differences in heat 

summation during the ripening period and lower relative humidity.  Many also believe 

that this low quality is a result of the increased night temperatures, as malic acid content 

is respired more readily under higher temperatures (Winkler et al., 1974).  The average 

yearly degree-days above 70 degrees F, when related to scores of table wines from those 

areas, further indicate the injurious effects of sustained higher temperatures on wine 

quality.   

The moisture from the seasonal marine layer in the westside Paso Robles 

vineyards is also a contributing factor that is absent in the interior valleys.  The cool 

Pacific Ocean and the winds from these waters have a cooling effect which produce a 

marine layer over the westside region of the Paso Robles AVA.  This climatic 

phenomenon, which occurs relatively often during the summer, helps provide available 

water to the vine through the stomata.  It also increases the acidity level in the berries due 

to the water uptake that promotes acid synthesis, which is a favorable occurrence for the 
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production of dry wines.  This marine layer often delays the onset of higher air 

temperatures, allowing for cooler days than those experienced in the inland California 

valleys. This coolng effect results in higher acid levels in the grapes when compared with 

grapes of the same varieties grown in hotter California interior valleys (Kliewer, 1970. 

Kliewer, 1971. Smart et al., 1988).  

As the acid content of the fruit drops, the consumer acceptability usually 

decreases (Winkler et al., 1974, Galet, 2000).  This may be due to the fact that in warm 

climates, the aromatic qualities of the grapes lose delicacy and richness, and the other 

constituents of the fruit are less well balanced.  The resulting wines grown in warm 

climates, even from the best grape varieties, cannot compare with the fine wines of cooler 

regions.   

However, there is contradictory literature on this subject. Ribereau-Gayon and 

Peynaud (1960-61, 1966) analyzed thirty-four (34) vintages in Bordeaux, France (vintage 

years 1941-1974) by calculating the sum of mean temperatures and rainfall levels from 

April through mid-September.  They also calculated the differences between these two 

measurements (temperature minus rainfall: t-r) and indicated the number of days with a 

high temperature above 86 degrees F.  The data analyzed from this study appear to 

indicate that the warmer years, and those years with an increased number of days that had 

temperatures exceeding 86 degrees F had exceptional vintages, with at least twenty-five 

days of temperatures exceeding 86 degrees F being one criterion for an exceptional 

vintage.   

Another interesting factor for the production of exceptional vintages appears to be 

the t-r criteria.  In all of the exceptional vintages between 1941 and 1974, the t-r limiting 
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factor seems to indicate that this value must exceed 3,030 in order to attain an exceptional 

vintage.  This study emphasizes the need for favorable temperatures as well as the correct 

amount of available water to produce vintages of the highest quality.  No year with an 

excess of 300 mm of rainfall was considered to be an exceptional vintage year.  This may 

be due to the fact that increased available water early in the growing season produces 

excess vegetative growth, inhibiting grape ripening.  Many viticulturists believe that 

stress late in the growing season produces a crop of a finer vintage (Galet, 2000, Winkler 

et al, 1974).   

In Burgundy, France, Gadille as noted in General Viticulture (Winkler et al., 

1974), observed that, for the period from 1945 to 1963, high summer temperatures (≥86 

degrees F) generally guarantee a good vintage.  During the exceptional vintage of 1945 

there were thirty-four days with temperatures at or above 86 degrees F; but only one in 

1951, a mediocre vintage.  While temperature is not a dominant criterion for determining 

vintage quality, it was rare for a year with many hot summer days to produce a poor 

vintage.  Climate is strongly regarded as the more important factor in determining wine 

quality as compared to the soil characteristics of the particular vineyard site in question, 

as climate has more to do with the accumulation of sugars, phenolic compounds and the 

organic acids in the fruit than soil does.  As the number of days reaching a maximum 

temperature increase, the grape quality also increases.  However, this may not be the only 

factor, since rainfall, viticultural practices, site orientation and many other constituents 

are included in the terroir of a vineyard site and give the wine from one vineyard a 

distinctness from other vineyard sites.  Even vineyards in close proximity to one another 

often have different acid contents and sugar levels, as the distinct microclimates of one 
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site vary with another, even when the sites are within less than a mile of each other 

(Winkler et al., 1974) 

 

2.3.3 Rainfall  

Rainfall is an important element in climate, since water is essential for the 

development of the grapevine.  At least 250 to 350 mm(about 10 to 14 inches) of 

precipitation is necessary during the vegetative and ripening periods, yet some vine can 

survive under drier conditions.  The period from bud break to harvest is roughly 200 days 

for most varieties.  Maingonnat (1964) as noted in General Vitculture (Winkler et al., 

1974), observed that vines in Sfax, Tunisia could withstand three (3) consecutive years 

with annual rainfall less than 100 mm in an area where the average rainfall is 200 mm. 

 According to Spiegel-Roy (1970) as noted in General Viticulture (Winkler et al., 

1974), 4.4 mm(0.18 inches) of water is needed to produce 1.0 hL of wine, or 44 m3 of 

water for 1.0 hL wine/ha.  Below this minimum level, supplemental irrigation water is 

required for the vines and fruit to reach maturity.  Paso Robles area, which receives on 

average 378 mm of rainfall per year, often receives sufficient amounts of rain during the 

winter rainy season to allow many grape growers to dry farm the grapes on certain 

vineyard sites.   

 The number of rainy days and the rainfall intensity must also be taken into 

account.  Chaptal (1931) as noted in General Viticulture (Winkler et al., 1974), showed 

that rainfall intensity of 1.0 mm per hour is completely absorbed by flat or nearly level 

soils, and that the rainfall has its maximum effect on the vine when the rainfall duration 
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in hours is equivalent to rainfall amount in mm.  At rates of greater than 1mm per hour, 

water runoff begins to occur in all but the most permeable soils (Galet, 2000). 

 Winter rains have no direct influence on vine growth, but vines use water stored 

in the soil following winter rains during the spring and summer.  If winter rainfall is less 

than 150 mm(6 inches), it may be beneficial for growers to irrigate vineyards prior to the 

onset of vegetative growth.  With abundant winter rainfall amounts, soil water storage 

increases, which in turn promotes vegetative growth of the vines.  Areas with abundant 

winter rains and soils with high available water holding capacities, such as clay soils, 

tend to produce vigorous vines and have heavy crop loads due to extensive shoot and 

lateral growth.  Vines under conditions of high soil water supplies may also tend to 

produce lower quality grapes, since too many clusters per vine may be detrimental to the 

proper maturation of the fruit and delay harvest for appreciable amounts of time.  

Although yields may be somewhat higher under wetter conditions, generally finer wines 

are produced from less vigorous vines (Galet, 2000). 

 Winter rains in westside Paso Robles, California are generally moderate, with 

most of the annual rainfall accumulation occurring in the fall and winter during vine 

dormancy.  Although some spring rains may occur, generally the full maturation of vines 

must be attained with supplemental irrigation.  Many vineyards in Paso Robles practice 

precision agricultural practices, allowing for timed drip irrigation applications, which in 

turn promote the quality and characteristics of the fruit.  

 Spring rains are generally low in the Paso Robles area.  Average precipitation 

levels are 2.37 inches for March, 1.05 inches for April, and 0.27 inches for May.  The 

spring rains are important since they help determine the rate of vegetative growth, the 
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final shoot length and the extent of leaf surface area.  Spring rains also promote the 

development of diseases; however, Galet (2000) showed that spring rains of less than 200 

mm pose almost no risk of generalized infection since the rainfall is insufficient.    

Summer rain in westside Paso Robles is nearly absent, with most of the moisture 

coming from the foggy marine layer.  Since there is little threat of summer rain, the 

incidence of mildew and rots are usually very low, which promoting a healthy crop.  

Autumn rains, which rarely occur in westside Paso Robles immediately prior to 

harvest, occasionally pose a threat to grape clusters.  Too much rain at this time may 

cause berries to swell and burst, resulting in decreased crop size and poor quality.  Rain 

during harvest season poses a serious problem for harvesting, making it difficult for 

harvesting operations. Mildew or rot is also a serious problem following rainy periods.  

 

2.3.4  Wind as Related to the Climate 

 The winds of westside Paso are generally from the northwest and can have a 

significant cooling effect on a particular vineyard site.  At the Carmody McKnight 

Vineyard, the beneficial northwesterly (NW) winds can help produce cooling during hot 

summer days. In contrast, s the far east side vineyards of Paso Robles rarely experiences  

cool summertime winds.  Because of the close proximity of the Carmody McKnight 

Vineyard to the Pacific Ocean, daytime temperatures are often ten degrees cooler than 

vineyard sites on the far-east side of Paso Robles.  This trend of the cooling NW wind 

during summer months means that temperatures rarely exceed 95 degrees F at this 

vineyard.  At hot temperatures, acid respiration is high.  Also, malic and tartaric acid 

synthesis is reduced during very hot daytime temperatures, which leads to poorly 
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balanced wines in regards to sugar: acid ratios (Winkler et al., 1974).  Therefore, this 

vineyard site is an ideal location in regards to the effects of climate on the production of 

fine red wine. 

 

2.4  Irrigation Practices and Influences on the Vine  

 
Irrigation practices vary considerably throughout the wine growing regions of 

California.  In the cooler and wetter regions of the state, such as Mendocino and Sonoma 

Counties, little irrigation is required for wine grapes to attain full maturity. On the other 

hand, wine grapes grown in Southern California, where the climate is much drier, may 

need supplemental irrigation in order to produce a viable crop.  In some countries, such 

as France and Italy, irrigation of wine grapes is often prohibited by law unless the grapes 

are grown on sandy soils with very low water holding capacities.  Soils with high water 

holding capacities such as the Zaca soils generally produce higher grape yields than the 

Calodo soils.  This is simply based on the fact that the Zaca soil has the capacity to store 

and supply more water, which in turn enables the vines’ roots to extract more water vines 

planted on the Calodo soil.  Many viticulturists generally recommend soils of lower 

fertility (related to nitrogen) and low water holding capacities for the production of the 

fine wines.  However, quality wine grapes are grown on many different kinds of soils 

(Winkler et al., 1974, Galet, 2000, Wilson, 1999).   

With modern precision agricultural practices, the ability to determine appropriate 

irrigation amounts to apply to California’s vineyard soils has enabled growers to produce 

higher quality wines.  CIMIS (California Irrigation Management Information System) 

and the weather monitoring stations throughout the state give growers the ability to 
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accurately calculate the water requirements needed for the production of optimal quality 

wine grapes in the very distinct wine growing regions throughout the state.  Vineyard 

managers are now able to schedule precise irrigation applications based on a specific 

region’s water needs.  Equations such as the Penman-Monteith equation are used to 

calculate reference evapotranspiration levels for a specific site (personal contact with Dr. 

Charles Burt).   

ETo (evapotranspiration), which is the theoretical need of water in a specific 

location based on a specific cover crop, and ETc (evapotranspiration of the crop), which 

is the specific value calculated for the water needs of a specific vineyard location, along 

with the Kc (coefficient of a specific crop; i.e. wine grapes) are required to determine the 

precise amounts of water to be applied. “ETc = Eto x Kc” is the simple formula to 

determine the exact water needs of a vineyard in a specific climatic region in California.  

These precision agricultural methods have made the production of high-quality wine 

grapes from California’s irrigated vineyards the norm rather than the exception.  Prior to 

the development of the Penman-Monteith formula, it was difficult to properly irrigate 

vineyards without reducing the actual quality of the berries.  In the early years of 

irrigation, the practice was as much an art form as a science and continued irrigation 

studies will produce an even more exact equation, allowing for future improvements in 

the ability to produce fine wines in areas requiring irrigation. 

 Climate is a major variable to consider when irrigating a certain vineyard site.  

Based on degree day summation, California is divided into five regions based on the 

average temperatures of the specific zones.  In California, the hotter regions, four and 

five, require more water than do the cooler regions, one, two, or three.  Vineyards located 
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in regions four or five will have a higher ETo (evapotranspiration) value than would a 

vineyard located in regions one through three and would require more irrigation water to 

produce and yield optimal wine grapes. This is because the wine grapes’ requirements for 

water are increased with the increase in temperature.  These needs are also subject to the 

soil type, along with the physical and chemical composition of the soil on which the 

vineyard site is located as different soils will hold and provide more water to the vines 

than others will.  This makes the knowledge of a particular vineyard’s soil types, along 

with their physical and chemical compositions, important information used to determine 

the amount of irrigation to be applied.   

 

2.4.1  The Soil and Soil Moisture 

Soil type plays a major role in the application of irrigation water to the vineyard.  

Soils are very different with regards to their physical properties (texture and structure), 

chemical composition, and soil depth. These important soil variables should be 

considered when developing an irrigation schedule program.  Different soil types will 

require different amounts of water to maintain the same crop growth..  Grapevines have 

been known to have their roots grow as far down as 25 to 35 feet deep under favorable 

conditions.  In very deep soils, the vines ability to extract water from greater depths 

reduces the supplemental irrigation required throughout the growing season.  Vine 

spacing is also important in regards to the amount of water needed for grapevines during 

the growing season.  The closer the vines are spaced throughout the vineyard, the more 

demanding the vineyard’s water requirements will be.  Cover crops will also increase 
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vineyard water demands and may be utilized in places where soils have high water 

holding capacities in order to help minimize vegetative growth (Galet, 2000). 

 

 

 

2.4.2  PRD and RDI in the Irrigation of Wine Grapes 

Recently, there have been many studies conducted on irrigation techniques used 

to reduce overall water application in many of the regions in California and Australia 

(Dry et al., 2000).  PRD (Partial Root-Zone Drying) and RDI (Regulated Deficit 

Irrigation) are two techniques that have been utilized and appear to show promise in 

helping to achieve high-quality wines in areas using supplemental irrigation.  PRD is the 

application of water using drip irrigation on separate sides of the vine row, irrigating just 

one side at alternating periods of ten (10) to fourteen (14) days per side, allowing the 

opposite side’s roots to adequately dry.  When the roots of the non-irrigated side are dry, 

they send hormonal and chemical signals to the vine, causing changes that reduced 

stomatal conductance by around 20 percent.  ABA or abscisic acid is thought to be the 

signal causing this, and the amounts of ABA are much higher in the vines undergoing 

PRD irrigation treatments than vines grown using normal irrigation techniques.  It is also 

suggested that the cytokinin levels in shoot tips are also reduced.  This causes the shoots 

to be less vegatatively active, concentrating growth to the fruit rather than to expanding 

the canopy. 

Studies of vineyards using RDI in Australia have been proven to produce yields 

equal to control groups and have berry quality characteristics exceeding those of the 

 34



control groups.  The control groups using 100 percent of recommended water usage by 

ETc based equations generally produced similar yields to both the PRD and RDI based 

irrigation practices, with the PRD and RDI producing the higher quality berries (Dry et 

al., 2000). The use and management of such irrigation techniques will be fully explored 

in the future as the importance of water conservation increases.   

 
2.5 Vineyard Management Relations to Quality of Grapes 
 
 There are many different combinations of management practices used to produce 

fine wines in California.  It is important to understand vineyard terroir and the 

management practices that best lend themselves to a particular vineyard. Of particular 

importance to the vineyard manager are the pruning operations, which  will affect the 

amount and quality of the berries produced during the growing season.  Pruning methods 

will also have long-term effects, on the vine and the fruit during future growing seasons.   

Pruning involves the removal of living canes, shoots, leaves and other vegetative 

parts of the vine (Winkler et al., 1974).  The removal of flower clusters, immature 

clusters, or parts of immature clusters is called thinning.  There are three (3) purposes for 

pruning.  First, it helps establish and maintain the vine in a form that will save labor and 

facilitate operations, such as cultivation, control of diseases and insects, thinning, and 

harvesting.  Second, it helps to distribute the bearing wood over the vine, among vines in 

accordance with the capacity of the spurs or canes on the vines, so as to equalize long-

term production and produce large to average yields of high-quality fruit.  Third, pruning 

lessens or eliminates thinning to control crop load, since pruning is the cheapest way to 

reduce the number of clusters, thus improving the overall quality of the fruit on the vine 
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(Winkler et al., 1974).  In summary, the principal reasons for pruning vines annually are 

as follows:  

1) To balance fruiting and vegetation, as a function of vine age, vigor and the local 

environment; 

2) To make crop sizes more uniform between years, by reducing the up-and-down 

fruiting nature of the un-pruned vines; 

3) To improve fruit quality, in terms of sugar content, cluster and berry size, as well 

as color and, in the case of table grapes, cluster appearance (Galet, 2000).   

 

2.5.1  Depression of Vine Growth  

Pruning decreases the overall productive capability of the vine because a heavily 

pruned vine produces fewer leaves than a lightly pruned one, and also produces its 

maximum number of leaves and foliage surface area later in the season.  Thus, the total 

annual photosynthetic production by the leaves is reduced on a heavily pruned vine than 

on a lightly pruned one.  Severe pruning depresses the quantities of assimilates produced 

from photosynthesis such as sugar and starch, making the amount available for the 

nourishment of roots, stems, shoots, flowers and fruit less when compared with lightly 

pruned vine.  By removing excess shoots and flowers, vine growth is depressed, which 

promotes less vegetative growth during the year.   

Crop load often has an inverse relationship to that of the fruit quality (Winkler et 

al., 1974, Keller et al., 1999, Galet, 2000).  As the quantity of the fruit increases, grape 

quality decreases (Weaver, 1976).  By pruning the vines each winter, and by also 

providing some summer pruning, many viticulturists believe that a better over-all quality 
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of fruit is produced by concentrating the activities of the vine into the shoots and 

remaining clusters.  However, it does diminish the total capacity of the vine for growth 

and fruit production (Winkler et al., 1974).  This is based on the source sink relationship 

of the vine.  As the amount of wood on the vine is decreased, the amount of clusters also 

decreases, thus making the surviving clusters higher in sugars, acids, and color and 

phenolic compounds (Galet, 2000).  This is due in part to fewer clusters, making them 

higher in general proportions of quality characteristics.  Vegetative activity will also be 

lower because the vegetative activity of the grapevine increases with increasing leaf 

number.  This phenomenon is due to the essential role played by leaves in the synthesis 

of carbohydrates, which are then transported throughout plant (Galet, 2000).   

It is of utmost importance to understand the soil and environmental conditions 

before establishing the pruning regime. In order to produce high-quality wine, planting, 

training and pruning should be designed to maintain light crops with very concentrated 

grapes.  If high yields are desired, head training and cane pruning is recommended.  This 

method allows for higher yields, and also for the production of high-quality grapes.  This 

training/pruning regime allows for the production of the high-quality grapes by 

increasing the leaf canopy area and allowing for greater leaf area, which equals higher 

accumulation of sugars.  This dense canopy pruning method also allows for relatively 

higher acidity levels in the fruit by shading many of the clusters from the direct light, thus 

lowering overall temperatures of the clusters.  This preserves the organic acids, which are 

easily respired during periods of high temperatures.   

 

2.5.2 Over-Cropping 
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Over-cropping is never beneficial to the vine,since the following year’s crop often 

produces a significantly smaller crop (Galet, 2000,. Keller et al., 1999).  Over-cropping 

usually always leads to poor fruit by delaying the maturing process.  When producing 

fine wines, one generally tries to avoid the over-cropping because it results in wines that 

generally taste flat and poorly balanced in regards to the sugar-to-acid balance.  The 

production of a heavy crop depresses the capacity of the vine for future years.  Grape 

growers recognize that vines with a very heavy crop load grow less vigorously than vines 

with a light crop and that vines that overbear in one year are likely to have a lighter crop 

the next year (Winkler et al., 1974).  This effect has been witnessed very definitively in 

the irregularity of cropping that has been the rule for certain varieties in California.  The 

grape crops of 1938, 1943, 1946, 1951, 1955, and 1971 were outstanding in regards to 

quantity.  Each of these years of excessive over-cropping was followed by years of 

depressed yield.  Owing to other conditions, such as unusually favorable weather and 

better management practices, the years of lowest yield did not always follow the heaviest 

crop years immediately, but they did occur after a period of over-cropping (Winkler et 

al., 1974).   

The crop load, in turn, has some lasting effects on the quality and crop of fruit in 

the years to come.  Decisions must be made by the vineyard manager, resulting from 

information obtained from previous years and his/her impressions on the overall vigor of 

the vine.  In years of favorable weather, when large crops are to be carried to maturity, 

the manager must decide how heavy a load to carry.  If the load is too heavy, the next 

year’s crop will likely be lighter, unless extremely favorable weather conditions occur 

and the stored reserves in the woody tissue of the vine are able to overcome the 
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depressing effect of the previous year’s crop.  Studies have shown within the limits of the 

trials that the growth of the vines falls off with the increase in crop load (Winkler et al., 

1974).   

Capacity of a vine varies directly with the number of shoots that develop.  The 

total active leaf area, not the rate of elongation of the shoots, determines capacity.  A 

severely pruned vine that has only a few shoots will elongate rapidly will appear 

vigorous.  Yet, it will be surpassed in production by another vine that has numerous 

shoots of slower growth that show less vigor yet produce a larger total leaf area, and is 

able to produce a heavier crop load (Winkler et al., 1974). 

Vigor of the shoots of a vine varies inversely with the number of shoots and with 

the amount of crop.  The fewer the shoots permitted to remain on the vine and the smaller 

the crop, the more vigorous the shoots will develop.  On severely pruned vines, the 

average number of shoots that developed was twenty two (22) and had an average length 

of 6.8 feet.  On non-pruned vines, the average number of shoots that developed was sixty 

four (64) per vine and the average length was 4.2 feet.  The effect of crop on the shoot 

growth is indicated by the length of the shoots on non-pruned vines of the same varieties.  

The shoots of the no-crop vines grew an average growth of 4.2 feet, those of the partial 

crop vines grew on average 3.7 feet and those of the all-crop vines grew 3.2 feet.  Also, 

the spur-pruned vines in the study with no-crop made an average shoot growth of 5.8 

feet, whereas the shoots of the vines with a crop made an average growth of only 4.7 feet 

(Winkler et al., 1974). 
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2.5.3  The Fruitfulness of a Vine  

Methods that tend to increase vigor in the vine also tend to favor the fruitfulness 

of the plant.  However, vineyard managers must maintain the proper balance between 

vigor and crop.  In the one extreme, if crop loads are allowed to be too heavy, the fruit 

will be poorly balanced and have delayed maturity.  Plants pruned poorly and that 

promote excessive vigor of the vine will have reduced fruitfulness.  The vineyard 

manager must balance the vigor and crop from year to year to achieve the best quality 

fruit.  If the crop is too large, the fruit will be poor in quality.  If the vigor is reduced, 

certain points on the crop will not produce enough fruit to make the vintage beneficial 

(Winkler et al., 1974).  Thomas and Barnard (1937) as noted in General Viticulture 

(Winkler et al., 1974) reported a similar correlation for Sultana in Australia, first positive 

and then negative.  Using total growth as a measure of vigor, bud fertility increased with 

an increase from poor to normal growth and decreased with very vigorous growth, 

illustrating that the balance between vigor and crop load is important to developing 

quality grapes (Galet, 2000). 

A vine is only capable of ripening a given amount of fruit with its capacity being 

limited by previous history, the climate and vineyard management techniques, as well as 

the soil characteristics and the root-zone of the vineyards in question (Winkler et al., 

1974.  Galet, 2000). 
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2.6 Organic Acids in Musts and Wines 

There are many acids found in grapes, and they are of great importance to the 

stability and overall acceptance of a table wine.  There are mineral acids, which are taken 

up by via the roots from the soil but only in very small amounts in the vine.  The 

predominant acids found in grapes are the organic acids, 1-malic and d-tartaric, 

comprising 90 percent or more of the total acidity.  Citric acid is the third most abundant 

acid in grapes but generally comprising only 0.02 to 0.03 percent of the total acid content 

of the grapes.  These acids are of great importance to the winemaker, as they allow him to 

make a better judgment on the maturity of the grape and when to harvest the fruit by 

determining the ripeness by acidity levels present in the berries(Winkler et al., 1974). 

 

2.6.1 Tartaric Acid 

 Tartaric acid is the most abundant acid found in ripe Cabernet-Sauvignon grapes, 

musts, and wines, with grapes being one of the only fruits containing tartaric acid as the 

principal acid.  Because tartaric acid is generally regarded as the predominant acid found 

in ripe wine grapes, titratable acidity levels are often taken in the modern vineyard and 

the acidity is based upon millliequivalents of tartaric acid.  However, there are varieties 

that contain higher levels of malic acid than tartaric acid, but titratable acidity levels are 

generally based upon tartaric acid.  Titratable acidity of the juice of mature grapes varies 

from about 0.30 to 1.20 percent and is dependant on the variety, season and climatic 

region.  Grapevines are one of the few plants in which tartaric acid is synthesized in large 

amounts, yet it is found in small amounts in a variety of angiosperm species (Stafford, 
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1959).  Tartaric acid is the strongest of the grape acids and the pH and titratable acidity of 

the wine depends on the concentration of this acid in the grapes.  Acidity levels along 

with sugar levels and color content are used to define the optimal time for the harvesting 

of the fruit.  Acid levels in the fruit are generally measured by pH, titratable acidity or 

both, to ensure that the grapes are harvested at the optimal time.   

 Tartaric acid production appears to be associated with the processes of cell 

division and cell elongation, as its synthesis in leaves occurs mainly during the period of 

leaf expansion and in berries during the initial period of berry growth (Winkler et al., 

1974).  G. Ribereau-Gayon (1966) conducted tests with radioactive carbon that seem to 

indicate that this acid is derived from hexoses by rupture of the chain between carbons 4 

and 5.  Most of the tartaric acid found in the berries originates in the young, where it 

originates indirectly from carbohydrate metabolism. 

 Upon berry formation, tartaric acid accounts for almost all of the berries acidity, 

but then its concentration decreases until veraison.  G. Ribereau-Gayon (1966) showed 

that the tartaric acid concentration in the berry is correlated with external conditions.  

During a hot, dry spell, there is a decrease in tartaric acid content but is not as rapidly lost 

at high temperatures as is malic acid (Kliewer, 1971).  This makes varieties with high 

tartarate-malate ratios preferable when growing in the warmer regions, such as regions 

four or five in California.  G. Ribereau-Gayon (1966) also demonstrated that the flow of 

water is related to the formation and distribution of the acid, and during seasons of 

increased rainfall the tartaric acid concentration is increased markedly, as does the total 

acidity of the berry G. Ribereau-Gayon (1966).  Tartaric acid is found in all parts of the 
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grapevine with the largest amounts occurring in the photosynthesizing organs of the plant 

(Kliewer, 1971).   

  

2.6.2 Malic Acid 

Malic acid is the most common acid found in fruits.  Of the two main acids 

present in grapes, malic acid is perhaps the more interesting from a physiological point of 

view as it is found in all living organism in nature.  It is especially plentiful in green 

apples, present in red and white currants, and also found in rhubarb.  The juice of green 

grapes, prior to veraison may contain as much as 25g/l.  In the two weeks following 

veraison, the malic acid content of the grapes drops by 50 percent.  This is partly due to a 

dilution effect, as the cells of the grape rapidly expand, and also due to its combustion.  

The synthesis of malic acid in grapes suggests it is formed through several 

pathways in the grapevine.  Drawert and Stefan (1966) were able to label malic acid from 

both labeled glucose and acetate, which indicates it’s formed via the Krebs Cycle.  

However, the main biosynthetic pathway of malic acid is essentially the result of a 

secondary reaction in photosynthesis, involving the addition of a CO2 molecule to 

phosphoenolpyruvic acid (Winkler et al., 1974; Ribereau-Gayon, 1966).  At high (104 

degrees F) temperatures, malic acid is respired from grapes, whereas tartaric acid is not 

respired until a temperature of approximately 135 degrees F is reached, which explains 

why high malic acid varieties produce rather bland wines when grown in the warmer 

southerly regions.  Because of this, during July and August, malic acid readily decreases 

in both relative and absolute amounts in the fruit; thus, at maturity it only accounts for 10 

to 40 percent of the acid found in the grapes.  In cooler regions, the malic acid content 
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may be as high as 4-6.5g/l, whereas grapes grown in the warmer southerly regions may 

only contain 1-2g/l.   

In red wines that have undergone a complete malo-lactic acid fermentation, the 

acid will be absent altogether.  It is also produced in all grapevine organs during the 

breakdown of sugars to produce energy.  This occurs in chlorophyll-containing organs in 

the dark.  Malic acid is one of the intermediate products of the Krebs Cycle, or 

glycolysis, and can also be formed during photosynthesis in the presence of the malic 

enzyme.  At first, the malic acid content of the grapes is present in lower amounts than 

that of the tartaric acid, but its content increases rapidly to exceed that of tartaric acid 

prior to veraison in most vinifera varieties.  From veraison onward, malic acid content 

decreases regularly by 3 to 6 meq per day, primarily due to very active respiration of the 

acid and because the migration of the acid from the periphery organs cannot compensate 

for the loss due to respiration and environmental factors.  As maturity approaches, there 

is a marked slowdown in respiration.  The decrease in malic acid continues through the 

fermentation process through yeast action and in the wine through bacterial action (i.e. 

malolactic fermentaition), which reduces the young, green character of the immature 

wine and softens the acidity of the wine.   

 There are also very distinct varietal differences in malic acid content.  Some cool 

climate varieties use malic acid quite easily during respiration, which is an advantage in 

cool, northern claimates.  Because of this, when these varieties are grown in warmer 

regions the wines produced from such varieties as Reisling and Pinot are flat and 

insufficiently acidic due to the fact that the acid has been respired in the warmer region, 

which it is not well suited to grow in.  Similarly, the high tartarate containing vinifera 

 44



varieties seem to produce better wines when grown in the warmer regions, owing to their 

accumulation of the less easily respired tartaric acid(Galet, 2000). 

2.6.3 Citric Acid 

Citric Acid, which is the third most abundant acid in grapes, composes between 

0.02 to 0.03 percent of the total acid in the berry.  Citric acid is generally not considered 

of much importance to the composition of the fruit. However, it does play a very 

important biochemical and metabolic role in the Krebs Cycle.  It is an intermediary in the 

cycle, and thus very important to the production of energy in many organisms (Winkler et 

al., 1974).  Citric acid accumulation is not of major concern to the winemaker as is the 

amounts of malic and tartaric acids due to its insignificant influence on the overall 

acidity,  pH, and sensory aspects of the berry and wine.  In addition to these acids, there 

are more than twenty other non-nitrogenous organic acids in grapes and all are found in 

relatively small amounts (Bergqvist et al., 2001; Crippen and Morrison, 1986a; 

Dokoozlian and Kliewer, 1996).  Included in these acids are members of the glycolytic 

pathway, Krebs Cycle, glycoxylic acid cycle and shikimic pathway, which indicates that 

all of these metabolic cycles are functioning in grapes(Winkler et al., 1974).   

 It is known that the total acidity of the grape decreases during ripening.  Between 

veraison and maturity, acidity levels in the berries drop due to the dilution and the 

respiratory breakdown.  During the green-growth period, anions accumulate more rapidly 

than do mineral cations, thus leading to acidification of the berries.  From veraison on, 

there is a marked reduction in total acidity owing to four general factors:  

1) Dilution: the weight of the water gained by the berry during the forty to fifty days 

following veraison, reduces the overall composition of the acids in the berry; 
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2) Migration: of basic compounds from the roots of the vine to the fruit neutralizes 

some of the acids in the berry; 

3) Respiratory breakdown of grapes involves malic acid, the main acid involved in 

respiration, with temperature playing an important role in determining the fruit 

respiration.  At 86 degrees F, malic acid is the main compound consumed, 

whereas at higher temperatures tartaric acid is the main acid consumed;   

4) Transformation of malic acid into carbohydrates.  This is however, only 

responsible for a minute amount of the reduction in acid content of the berry.   

 

2.7 Sugar Accumulations and Composition in Grapes 

The process of creating sugars in the vine is primarily the result from a chemical 

reaction, which occurs in the chloroplasts of the vines leaves.  The photosynthesis light 

reaction involves the use of light energy by the green leaves to convert carbon dioxide 

and water into energy-rich compounds.  All organic matter in the vine is ultimately 

provided by photosynthesis.  Photosynthetic reactions occur in the mesophyll cells 

allowing for the following light reaction:  

6 CO2 + 12 H20 + 673,000 calories of light energy in the presence of 

chlorophyll, enzymes, and cofactors ⇒ C6H12O6 + 6 O2 + 6 H2O 

From the sugar produced, other compounds found in the vine are metabolized (Weaver, 

1976).  The chlorophyll containing pigments involved in the photosynthetic reaction are 

housed in the thylakoids.  The thylakoid are membranous disk-shaped organelles that 

resemble a stack of coins and the chlorophyll pigments are located in the membrane.  

Thylakoids also contain the electron transport system, enabling the light to be converted 
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to high-energy compounds NaDPH and ATP, which are then used in the light 

independent reactions that function to reduce CO2 to glucose, thus enabling the plant to 

create food from the environment around it. 

During the early stages of fruit growth, otherwise known as Phase One, 

developing ovules are nurtured in part by the ovary and its axillary parts, sepals, bracts 

and the receptacle.  These are normally green and capable of photosynthesis during much 

of the ripening of the berries.  While the fruit is small, these organs play an important part 

in its nutrition; however, the main source of nutrition is the leaf.  The main sugar 

translocated from the leaves to the fruit by the phloem is sucrose (Swanson and El-

Shishiny, 1958) but small amounts of other sugars, especially raffinose and stachyose, 

may also be involved in carbohydrate movements from the leaves into the berries.  Once 

sucrose reaches the fruit, it is hydrolyzed into glucose and fructose by the enzyme 

invertase (Winkler et al., 1974).   

During the first period of rapid growth, known as Growth Phase One, the 

percentage of sugars in the berries are very low, usually less than two percent of the  

berry weight.  Increases during the first two stages of development are little more than 

enough to maintain the status quo of the sugar concentration during the rapid growth of 

the berries.  However, during ripening or after what is called veraison in the grape and 

wine industries, the sugars in the fruit increase rapidly.  In the ripe fruit, they constitute a 

very large proportion of the total soluble solids.  In the latter stages of ripening, a curve 

can show that the increase in sugars will parallel the curve showing the increase in total 

soluble solids. 
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After the berries are ripe, the percentage of sugars may increase due to desiccation 

and shrinkage, but not the further manufacture of sugars within the berries or vines.  This 

often happens late in the season when the berries are not able to be harvested in a timely 

fashion, and is also influenced by heat and irrigation practices.  Berries that are supplied 

with irrigation water while left hanging and ripe often show no signs of desiccation due 

to over-ripeness or temperature(Winkler et al., 1974). 

 The primary location for the synthesis of sugars in the berries is from the leaves 

of the vines.  A reduction of the leaf area of a particular vine can have serious effects on 

the fruit.  Winkler (1930) showed that the reduction of the leaf area per cluster below a 

critical value of 3,244 cm2 for Malaga and 2,280 cm2 for Muscat of Alexandria had a 

pronounced effect on the maturation of the berry.  If the area of the leaf per cluster was 

not greater than the critical values above for the said varieties, the grapes would not attain 

full maturity.  In defoliation experiments performed at UC Davis by Kliewer, reduction in 

leaf area below a critical value of 4,540 cm2 per pound of fruit, or about twenty-two to 

twenty-six leaves per average size cluster, decreased the maturity, berry weight, fruit 

coloration, total nitrogen and other constituents in the fruit.  There was also a lowering of 

the total sugar and acid content of the fruit, as well as the overall quality of the fruit.   

 This indicates that the production of sugars during the photosynthetic reaction is 

an important process, and to achieve full maturity of the berries, the canopy of the vine is 

going to need a certain amount of leaf area to mature a certain amount of berries.  

Without that threshold point being reached, numerous deficiencies will occur in the 

berries. 
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 Sugars produced by the leaves are moved through the phloem to where they are 

needed, throughout the developing vine.  During the early growing season the vines are 

rapidly growing; most sugars are being utilized by the developing shoots, leaves, roots, 

and there is an increase in the berries’ size.  The rapid consumption of sugars for the 

production of new vegetative tissues, along with the increase in the size of the berry, 

takes precedence over any real accumulation in the fruit until after the berries reach one-

half to three-fourths of mature size.  By this time, the vine has stopped growing, yet the 

leaves continue to function normally.  The sugars that thus begin to accumulate in the 

leaves, trunk and arms of the vine are moved through the phloem to the berries after 

veraison. 

At the beginning of ripening, the higher degree Brix of the leaves than that of the 

fruit seem to favor the theory of the translocation of reserves from the leaves, trunk and 

arms of the vine to the berries (Amerine and Winkler, 1944).  Kliewer  (1970) also 

discovered that as much as 40 percent of the total sugar supplied to the fruit may come 

from parts other than the leaves, such as the trunk and arms of the vine.  This movement 

of stored sugars from the trunk and arms results in the often very rapid accumulation of 

sugars in the fruit at the beginning of ripening.  In the later stages of the maturing berry, 

the movement of sugars into the fruit is against an increasing concentration gradient.  

This is not an unusual phenomenon and it has been shown in several plants that sugars 

may move out of the leaves against a diffusion gradient, showing that the vine is 

expending energy in moving the sugars into the fruit(Galet, 2000). 

 

2.7.1 Sugar Accumulation by Transformation of Organic Acids 
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Organic acids in berries are another minor source of the sugars in grape berries by 

the transformation of the organic acids into sugars.  Ribereau-Gayon (1966) showed that 

immature and mature grapes are capable of synthesizing carbohydrates from malic acid, 

yet the actual percentage of the total carbohydrates in the berry derived in this manner is 

very small.  Drawert and Steffan (1966) reported that glucose and fructose can be formed 

from tartaric acid in grape berries, yet the sugar formed in this manner is very minimal. 

 

2.7.2 The Sugars of the Vinifera Grapes 

The sugars generally found in the grapes of the vinifera grapes are mainly glucose 

and fructose making up about 99 percent of the carbohydrates in the must.  The sugar in 

the mature berry of grape usually makes up between 12 to 27 percent or more of the total 

berry weight (Winkler et al., 1974).  The ratio of glucose to fructose in grapes changes 

considerably from berry set to full maturity.  Glucose generally predominates during the 

green berry and early ripening stages of berry growth; during the latter part, or after 

veraison, glucose and fructose are present in about equal amounts, and in overripe grapes 

fructose generally exceeds glucose.   

 Fructose is much sweeter; 15 percent of fructose is equal in sweetness to 22.8 

percent of glucose or 17.8 percent of sucrose.  In addition to glucose and fructose, several 

other sugars are present in small amounts.  Winkler (1974) found sucrose, raffinose, 

stachyose, melibiose, maltose and galactose in the berries of eight varieties of V. vinifera; 

however, no pentoses could be detected (Winkler et al., 1974).   

 Limiting factors for the production of sugars in the vine are light intensity, carbon 

dioxide and water.  Carbon dioxide is normally found in the air at a concentration of 0.03 
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percent and it enters the leaves through the small holes called stomata.  In confined and 

field studies, it has been possible to increase vine production by CO2 enrichment of the 

air.  The rate of photosynthesis increases with light only to a certain extent. 

 
2.8 The Color Compounds of Wine Grapes 
 
 The green color of the grape skins is produced from the chlorophyll found in the 

skin of the berry.  As the green color fades with the advanced stages of ripening, other 

colors previously masked by the chlorophyll begin to become visible.  Usually, pigment-

containing compounds are only found in the vacuoles of the skin, where it is confined to 

the outer three or four cell layers of the berry.  However, in certain varieties, the color-

containing pigments can extend throughout the mesocarp layer, i.e. the teinturier-type 

grapes such as the Alicante Bouschete.  The pigments occur mostly in the cell vacuoles, 

although they may occur as amorphous masses or coarse or fine granules and may 

impregnate the cell walls or occur in the cytoplasm (Winkler et al., 1974).  In most 

varieties, the pulp or flesh of the berry remains a pale green or takes on a light yellow-

green color.  The intensity of the color varies markedly with the variety, maturity, climate 

and the level of bearing fruit on the vine, which all together determine the ability of the 

vine to produce grapes with proper levels of color compounds. 

 Some varieties, especially when grown under cool conditions, retain the green 

color at maturity.  Other varieties become yellow or orange owing to the presence of 

carotene and xanthophylls in the outer layers of the skin.  The yellow pigment, found in 

both white and red grapes, is a flavone, quercetin, and its glycoside, quercitrin (a 

flavonal).  The red color of the red, blue and black grapes is owing to pigments known as 

anthocyanins. 
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 Anthocyanins, in turn, are modified by attachment of a molecule of glucose.  

There are five anthocyanins (cyanidin, delphinidin, petunidin, peonidin and malvidin) 

that make up the basic part of red/black/purple grape pigments.  Acylated forms of these 

pigments are also found in grapes.  These are the result of esterification of the glucose 

hydroxyls with the organic acids: p-coumaric, caffeic, and acetic (Webb, 1970).  The 

main anthocyanin in most V. vinifera varieties and in Cabernet Sauvignon is malvidin-3-

monoglucoside, which was first identified by Richard Willstatter(Winkler et al., 1974).  

The pigments of the red and black varieties of V. vinifera consist almost exclusively of 

these monoglucoside anthocyanins.  V. rupestris and V. riparia contain both mono- and 

di-glucosides, with the latter pigments predominating in these (Ribereau-Gayon, 1966; 

Winkler et al., 1974). 

  Each of the different varieties of red or black grapes exhibits a different pattern of 

color containing anthocyanins.  The pigment pattern of over one hundred sixty-seven V. 

vinifera varieties, using paper chromatography techniques, showed that they contained 

two to nine anthocyans, with a similar pattern of seven or eight pigments being most 

prevalent.  However, there are distinctly different color patterns in some varieties that are 

recognized as pure vinifaras (Ribereau-Gayon et al., 1960-61).   

 Pigment patterns in hybrids of V. vinifera generally have a greater number of 

anthocyanins than pure vinifera varieties.  The pigments of Rubired and Royalty, both of 

which have some American species in their parentage, have been studied and were found 

to contain as many as eighteen anthocyanins with both mono- and di-glucosides being 

present. 
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 Anthocyanin content can very dramatically between varieties.  Anthocyanin levels 

range from zero in varieties devoid of skin pigment, to a maximum of 2,500 to 3,000 

mg/kg in a teinturier variety, such as the Alicante Bouschet (Galeet, 2000; Winkler et al., 

1974).  Some studies have shown anthocyanin contents as high as 2,000mg/kg for Baco 

Noir, a dark colored hybrid; 890 mg/kg for Cabernet-Sauvignon and 450 mg/kg for Pinot 

noir.  Most varieties suitable for the production of red table wine have on average 

between 500 mg/kg to 800 mg/kg (Winkler et al., 1974). 

 

2.8.1 Environmental Factors 

 There are several environmental factors that markedly affect the level of pigments in 

the grapes.  Primary factors which influence the color of grapes are light, temperature, 

soil moisture and soil nutrition.  Physiological factors, such as leaf area and crop levels, 

along with the cultural practices of the vineyard manager also play a major role in 

determining the color composition of the grapes from year to year.   

 

2.8.2 Light Requirement for Color 

 There are distinct differences between varieties and the need for direct light on the 

clusters.  Some varieties such as Mataro, Red Malaga, Ribier and Zinfandel colored 

approximately as completely in black bags devoid of light as in the direct light.  Varieties 

such as Emperor, Sultanina Rose and Tokay did not color without light.  This indicates 

that light requirements for the coloration of grapes may vary depending on the specific 

variety.  However, it should be noted that in the development of the color in the berries 

grown in bags, the development of one or more of the pigments may have been slowed or 
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retarded even though coloration was complete at full maturity (Winkler et al., 1974). 

Crippen and Morrison (1986a) studied the effect of light intensity on the coloration of 

Delaware and Muscat Bailey grapes in Japan.  They found that light intensity had little 

effect on berry coloration in black grapes, but coloration in red grapes was considerably 

reduced under lower light intensities.   

 In the most recent studies on the effects of light and the accumulation of color 

compounds, it has been shown that light increases anthocyanin and other color 

compounds in the berry.  However, when direct exposure to the sun, especially in the 

hotter regions of California, it can have a negative effect on the coloration of the berries 

due in part by the higher temperatures of those berries in direct light.  Cluster location 

also plays a large role, as the fully exposed clusters in hot climates tend to develop less 

color than partially shaded or fully shaded berries from the same vineyard site.  It should 

be noted that studies done in cooler regions have shown that clusters fully exposed to the 

light tend to develop better color than do clusters shaded by the canopy, as the berries 

warmed by the light mature better than do the shaded berries in such areas (Rojas-Lara 

and Morrison, 1989; Reynolds et al., 1986). 

 

2.8.3 Temperature Effects on Color 

  Temperature has distinct influence on the development of the berry and color.  In 

very hot regions, pigment formation is inhibited in many varieties of red and black 

grapes.  Some of the delicately colored red table grapes become too dark when grown in 

the cooler regions, especially the delicate red table grape varieties such as the Emperor.  

The Emperor, one of the most important shipping grapes of California, develops a 
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brilliant red color when grown near the foothills of Fresno and Tulare Counties in the San 

Joaquin Valley.  In cooler regions such as Lodi the grapes mature to a purplish black and 

in the hot desert region, such as the Imperial Valley, it is almost without color.  

Practically all the other red and black varieties respond to temperature in much the same 

way (Winkler et al., 1974).   

  Pierre Galet (2000) reported on studies conducted by Golodriga and Suyatinov 

(1966) which showed that the average anthocyanin content of grapes from twenty two 

(22) varieties was 169 mg/kg in 1963 with a mean August-September temperature of 70 

degrees F, 286 mg/kg in 1962 with 66 degrees F, and 358 mg/kg in 1964 with 63 degrees 

F.  However, there is difference in response among different varieties at the same 

temperature.  At a given temperature, one variety may remain a light pink, another may 

develop a brilliant red and still another may develop into a jet-black.  The failure of some 

varieties to color properly in the coolest regions is a result of failure to ripen properly.  

During hot years in such regions, when those varieties are able to attain full maturity, the 

grapes may attain an exceptionally brilliant color.   

  Both Kliewer (1970) and Buttrose et al., (1971), using temperature controlled 

growth rooms or cabinets, found that a daytime temperature of 68 degrees F (night time 

temperature was constant 59 degrees F) greatly increased the level of pigments in the 

skins of Cardinal, Pinot Noir and Cabernet-Sauvignon grapes compared to fruits ripened 

at 86 degrees F.  In a later study on the effects of day (7 A.M. to 7 P.M.) and night (7 

P.M. to 7 A.M.) on the coloration of grapes found that that mature Cardinal, Pinot Noir 

and Tokay fruits ripened at cool day (59 degrees F) and cool night (59 degrees F) had 

much better coloration than fruits ripened at hot day (95 degrees F) and cool night, hot 
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day and warm nights (77 degrees F), or cool day and warm night temperatures.  The fruits 

grown at cool day, warm night temperatures had significantly greater levels of 

anthocyanins than fruits ripened at hot day temperatures, regardless of the night 

temperature.  A daytime temperature of 95 degrees F completely inhibited anthocyanin 

synthesis in Tokay berries, regardless of the night temperature. 

   While Cardinal and Pinot Noir showed some anthocyanin production, it was 

greatly reduced at that temperature.  There is great importance in the anthocyanin 

development of grapes and the nighttime temperature as indicated by the study of 

Kliewer and Torres (1972). Tokay grapes, grown at 86 degrees F night (7 P.M. to 7 

A.M.) and a day temperature of 77 degrees F, completely prevented pigment formation 

compared with fruits ripened at 59 degrees F and 68 degrees F night temperatures.  A 

night temperature of 86 degrees F also decreased the coloration in Cabernet Sauvignon.  

However, at 77 degrees F night temperatures had very little effect on pigmentation of 

Cabernet Sauvignon grapes but markedly reduced the color of Tokay fruit. 

 

2.8.4 Soil Moisture Effects on Grape Color 

  Soil moisture is a very important topic and of much debate in regards to the 

quality of grape color.  In general, an ample but not excessive supply of water at ripening 

seems to favor a brilliant color in most fruits.  With inadequate water, the color of the 

grapes tends to develop more abundantly but is dull and less attractive than grapes 

ripened under less stress.  There is beginning to be a great deal of work on the relations of 

grape quality in regards to soil moisture.  There are even promising studies showing that 

grapes ripened using RDI (regulated deficit irrigation) and PRD (partial root-zone drying) 
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tend to favor optimal grape quality.  It has been shown in several studies that the effects 

of RDI and PRD may send hormonal signals to the vine, concentrating energy and 

nutrient resources into the clusters and retarding vegetative growth (Dry et al., 2000).   

 In most of France, it is not permissible to irrigate wine grapes.  The soil must obtain 

enough precipitation throughout the year to sustain the vine until the grapes are matured.  

In these areas, it is important that the soils have relatively high water holding capacities, 

so that in years of less than average precipitation there will be enough water to see the 

crop through full maturity.  In soils that tend to have lower water holding capacities, it is 

important that these soils be deeper and has no impeding layers to prevent root 

exploration.  It is a balance of soil characteristics, which play out in determining the 

overall quality of the color and it is important to illustrate that grapes of the same variety, 

grown in the same location, will differ in color from year to year, depending on the 

environmental conditions of that growing season, water accumulation and irrigation 

practices throughout the dormant season up through grape maturity, soil characteristics 

and vineyard management practices (Dry et al., 2000). 

 

2.8.5 Soil Nutrition 

 Most plants need sixteen (16) plant essential nutrients to grow normally and 

reproduce.  Some elements are required in relatively large amounts, while others are 

required in smaller amounts.  The micro- and macronutrients comprise  the most 

important factors of the root soil interaction.  Soil nutrients, along with water and 

sunlight, provide the building blocks for the vine and grapes. Macronutrients (N,P, K, Ca, 

Mg, and S) ideally are present in amounts greater than 1,000 mg/kg in dry the dry matter.  
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Micronutrients (Fe, Mn, Cu, Zn, Mo, B, and Cl) are required in amounts of generally less 

than 100 mg/kg in the soil. Carbon (C), hydrogen (H) and oxygen (O) are supplied to the 

vine by way of air and water.  

 For grapes to grow to their full potential, it is important they uptake adequate 

levels of the essential nutrients for their complete development.  These nutrients are as 

follows:   

1) Macronutrients: nitrogen (N), phosphorus (P), potassium (K), sulfur (S), 

magnesium (Mg), and calcium (Ca);  

2) Micronutrients: boron (B), iron (Fe), copper (Cu), zinc (Zn), manganese Mn), 

molybdenum (Mo), and chlorine (Cl).   

Each nutrient, in sufficient levels, helps to ensure the plant’s complete cycle of 

maturation.  When nutrient levels are excessive, or deficient, imbalances within the vine 

occur.  When this happens, the overall quality of the fruit is reduced.  If nitrogen levels 

are lacking in the soil, there may be less vine vigor, the color of the leaves will be 

yellowed and chlorophyll composition will be low and there will be insufficient shoot 

growth and canopy development, thereby affecting crop yield and quality.  When the 

nitrogen supply is overly abundant, there will be delays in the ripening and a slower 

accumulation of sugars, and even those varieties that do not require direct light for 

coloring, may not color well.  Studies have also shown that adding nitrogen fertilizer to a 

Tokay vineyard reduced the anthocyanin content of the berries by 23 percent (Winkler et 

al., 1974). 
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2.8.6 Pruning Influence on Grape Color 

 Leaf area and crop level have long been known to have a strong influence on fruit 

coloration.  Winkler (1930) showed that cluster thinning just after fruit set produced 

earlier, more uniform and better colored Tokay and Malaga fruit.  Over-cropping 

generally produces fruit with poor quality and delays the ripening of the grapes (Winkler 

et al., 1974: Galet, 2000).  A very early study performed by Loomis and Lutz (1937) 

found that Concord grapes had very good wine color with five square meters of leaf 

surface per vine, while with two square meters or less of leaf area per vine the fruit 

always had poor coloration.  These studies have indicated a direct effect on the leaf area 

and the resultant quality of color in the fruit, making the canopy management techniques 

very important in regards to the quality of the color of grapes.   

If the canopy is left unattended, the lack of direct light to the clusters may produce 

fruit lacking in anthocyanin.  However, if there is not enough leaf area on the plant, the 

maturity and coloration of the fruit is generally retarded in all varieties.  Maintaining the 

proper balance of leaf area per cluster is also a practice that is essential in areas that 

practice dry farming.  In such areas, if there is unchecked vegetative growth early in the 

growing season when water capacity in the soil is high, there may be extreme stress 

during the ripening of the fruit during drought years, or after several years of low levels 

of precipitation.  If vegetative growth is left unchecked in such areas, there may be a 

failure for the vines to produce enough anthocyanins in the fruit. 
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2.8.7 The Balancing Act 

It is very important for the vineyard manager to be knowledgable and be able to 

make management decisions from year to year.  Each growing season will require and 

demand a different set of answers than the previous or following years.  A good vineyard 

manager will be able to assess the overall situation each year and make those decisions 

that will allow for the vine to produce the highest quality fruit. 
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Chapter 3 
Materials and Methods 

 
3.1 Introduction 

Four tests were performed in this study:  

1) The determination of the color compounds using spectrophotometer and analyzing 

the samples hue and color intensity; 

2) The analysis of soluble solids using a refractometer; 

3) The determination of the pH of the samples using a pH meter; 

4) The determination of Titratable Acidity using a pH meter.   

All chemicals for the determination of titratable acidity were purchased from Fisher-

Scientific (Pittsburgh, PA).  Numerous other analyses were performed by Vinquiry Labs, 

in Santa Maria, CA or shipped to their offices in Napa.  Soil samples were also taken at 

the vineyard for the determination of differences between the two soils. 

 

3.1.1 Sample Preparation 

 During the harvesting of the Cabernet-Sauvignon grapes, the grapes were 

separated into their five different sections from each of the two different soil types, the 

Calodo clay loam and the Zaca clay.  The grapes from each separate section from the two 

soils were then destemmed and crushed at HMC in Paso Robles, Ca.  Five different must 

samples from each of the two soil types (5 samples x 2 soils=10 must samples) were then 

taken and frozen until the analyses were performed.  The ten separate musts were than 

fermented separately at HMC in plastic bins.  Upon the completion of the fermentation 

and pressing of the must as determined by Greg Cropper, the head winemaker at 

Carmody McKnight, the post-fermentation pre-barrel wine samples were taken after.  
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The ten post-fermentation pre-barrel wine samples were then taken by Mr. Cropper and 

frozen until analyses were conducted by Vinquiry Labs and myself.  Prior to conducting 

the compositional analyses, samples were allowed to thaw in cold storage to prevent any 

further fermentation, which could happen if samples were allowed to thaw at room 

temperatures.   

 

3.2.1 Determination of Titratable Acidity using a pH Meter 

 After the must and post-fermentation samples were allowed to thaw in cold 

storage, ten samples of approximately 25ml each were taken from each of the twenty 

larger samples of the must and wine, then placed into small sample cups with lids.  There 

was therefore a sample base of ten per section, or one hundred samples each from the 

must and post-fermentation wine for a total of two hundreds samples.  After the 25ml 

samples were separated and labeled, they were allowed to remain in cold storage until 

taken out for analysis.   

 The pH meter was calibrated prior to each analysis using Fishers pH 4.0 

calibrations liquid to insure the meter is reading correctly and that the electrodes are 

working properly.  Prior to performing the analyses, the must and wine samples were 

degassed under a (General Electric) vacuum of 20 to 25psi to ensure that false high 

values were not recorded due to carbon dioxide interference.  DI water was also boiled 

prior to the analyses to ensure that false values were also not indicated due to Carbonyls 

DI water.  After the wine was degassed and the DI water boiled, samples were taken from 

cold storage and brought to the Food Analysis Lab.  I then placed 200 mls of DI water in 

500ml Erlenmeyer flasks, and added 2 to 3mls of the must or post fermentation samples 
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to the DI water.  The samples were placed on a stir plate and a stir bar was placed in the 

flask to allow for the uniform mixing of the sample and the DI water.  The buffered 

sample was then titrated with 0.1N NaOH to a pH of 8.2 using a Thermo Electron 

Corporation analog pH meter.  I added 5mls of degassed wine sample into the flask and 

then titrated back to a pH of 8.2 using 0.1N NaOH.  The amount of 0.1N NaOH that was 

used to titrate back to 8.2 was then recorded and used in the equation for the 

determination of the TA:   

      Tartaric Acid (g/100ml) = (V)(N)(75)(100) 
                     (1000)(5) 
(Amerine and Ough, 1980). 
 
3.2.2 Determination of pH using a pH Meter 
 

 The preparation of the must and wine samples for the determination of pH was 

conducted in a similar manner to the TA test above.  Ten samples of 30 to 35mls of must 

and wine each were taken from the original samples of the must and wine after thawing 

in cold storage.  The must and wine samples were then placed into plastic 50ml cups for 

cold storage until tested. 

 The pH meter was calibrated before use by inserting the pH electrode into the pH 

7.0 buffer.  The electrode was rinsed with DI water and dried using chemwipes.  The 

electrode was then placed into pH 4.0 buffer.  The pH meter was adjusted if necessary 

after immersion into the buffers if readings were off for better accuracy.  After 

calibration, the pH meter was rinsed with DI water and then blotted dry using chemwipes.  

The pH of the samples was then taken, and pH units were recorded to the tenths and 

repeated for all two hundred samples (Amerine and Ough, 1980). 
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3.2.3 Determination of Degrees Brix by Refractometer 

 Similar to preparations above, 5 to 10mls samples were taken from the larger 

samples and placed into 50mls plastic cups with lids, and left in cold storage until testing.  

For the determination of degrees Brix, the (ATAGO, Palette0-45%) digital refractometer 

was used.  Calibration using DI water as a 0 percent blank was then used to ensure the 

refractometer was functioning correctly.  After the calibration using DI water as a blank, 

2 to 3mls of the sample was placed on the refractometer sensor.  The determination of the 

percent sugar was automatically temperature compensated, giving the correct degrees 

Brix as the percent sugar in the must or wine samples (Amerine and Ough, 1980). 

 

3.2.4 Determination of Color using Spectrophotometer 

 For the preparation of the color samples, one large sample (about 200-250mls) 

from each of the must and wine samples was taken and placed into a large 500mls 

Erlenmeyer flask.  The samples were covered using parafilm and stored in cold storage 

until testing.  Prior to testing for hue and intensity, the must and wine samples had to be 

filtered.  The wine samples only needed to be filtered through a 0.45micron (Acrodisc) 

nylon filter on the tip of a syringe.  Ten 20ml samples from each of the larger samples 

were placed into the syringe and expunged using gentle pressure into clean 50ml glass 

beakers.  For the must, however, due to numerous particulates in the solution, the larger 

samples had to first be filtered through glass wool fiber placed into a funnel.  After the 

must samples passed through the glass fiber they could then be filtered through the 

Acrodisc 0.45-micron nylon filter.  Trying to filter the must with only the syringe and 

disk filter proved impossible, as clogging of the Acrodisc filters occurred after only 1-
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5mls of the must had passed.  In some instances, the filters failed to pass any liquid from 

the must samples.  After the must samples were passed through the two filter mediums 

and the wine was passed through the Acrodisc, both were then diluted 1:10 using 1ml of 

the must/post-fermentation sample and 9ml of DI water in the (Kymax and Pyrex) 

dilution tubes.  The samples were then inverted and mixed thoroughly for 30 seconds to 

insure proper mixing of the sample.  After the Spectrophotometer had been allowed to 

warm up for at least five minutes, DI water was used as a blank to zero the percent 

absorbance.  After adjusting the zero at 420 nm with the DI blank in the cuvette, the 

sample was inserted and the percent transmittance and absorbance were recorded.  The 

spectrophotometer was then adjusted to read at 520nm and the DI blank was used again 

to zero the spectrophotometer.  The sample was then inserted and read again at 520nm, 

and the percent transmittance and absorbance were recorded.  Adjustments were made to 

the must and post-fermentation readings incorporating the dilution factor into the 

equations for calculating the hue and the intensity of the samples (Amerine and Ough, 

1980). 

Equations:    intensity = A420nm + A520nm             hue = A420nm/A520nm 
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Chapter 4 
Results and Discussion 

 
4.1 Degree Brix Content of Must and Pre-Barrel Wine Samples 

 

The soil type and section upon where the grapes were grown had a significant 

effect on the degrees Brix results from the two different soil types.  Differences occurring 

in the must and post-fermentation pre-barrel wine samples showed statistically significant 

differences at p <0.05 occurring between the Calodo clay loam and the Zaca clay 

samples.  The Calodo clay loam had 28.592 degree Brix mean for the must samples while 

the Zaca clay must had a mean value of 24.056.  These values from the two soil locations 

were statistically significant at the p <0.05.  Utilizing the Two-way ANOVA method, the 

p values for comparing the must were 0.000 for the soil type and section.  The results 

were similar when comparing the mean values for the post-fermentation pre-barrel wine, 

with statistically significant differences at p< 0.05 having a p value of 0.000.  The Calodo 

clay loam pre-barrel wine had a mean Brix value of 11.532 which was significantly 

different at p <0.05 values for the Zaca clay which had a mean value of 8.376 degrees 

Brix.  Although the soil had a significant effect on these values, soil type alone is not the 

only factor determining the sugar levels in the berries.  Not harvesting the fruits at 

optimum maturity may have also played a role, as the grape samples from the Calodo 

sections may have reached maturity prior to harvest and achieved higher total solids by 

losing water through the desiccation of the fruit (Winkler et al., 1974).  Differences in 

water holding capacities between the soils may also have played a role, as lower water 
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retention in the Calodo soils would have increased the susceptibility of the fruit to 

desiccation by decreased water potential in the soils and thus the vine.  It has been 

demonstrated that grapes grown under more stressful conditions such as drought like 

conditions, mature more rapidly and attain higher total soluble solids than do grapes with 

ample amounts of water, by increased hormonal signals such as absiscic acid or ABA, 

being sent to the vines’ shoots, where it limits their vegetative growth and regulates the 

vines source sink relationships, increasing cluster and berry formation.  These effects 

ultimately induce a source sink relationship where sugars from the leaves and other parts 

of the vine such as the trunk are concentrated into the clusters rather than in developing 

vegetative growth.  Since the fruit on each soil type was picked at the same time, the 

higher degrees Brix values for the Calodo samples could be the result of the lower water 

holding capacity of this shallow soil.   

 
 

Figure 1:  Mean degrees Brix of must samples from the two soil types, and 
five sections 
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Figure 2:  Mean degrees Brix for post-fermentation pre barrel wine 
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4.1.1 Determination of the pH of must and post-fermentation pre barrel wine 

The determination of the pH of the must and post-fermentation pre barrel wine 

grown on the two soil types indicated statistically significant differences among the must 

and post-fermentation samples from the different soil types at p <0.05 and p <0.01 levels.  

Utilizing Two-way ANOVA, samples were analyzed for differences between soil types 

and sections, and how those factors affected their pH.  The mean pH for the Calodo clay 

loam must samples was 3.559 which was significantly different at the p <0.01 value 

when compared with the mean pH of the Zaca clay samples which was 3.2264.  The pH 

of the post-fermentation samples also showed significantly different results, which 

indicated that the Zaca samples produced a more acidic grape based on a Two-way 

ANOVA test.  The Zaca clay post-fermentation samples had a mean pH of 3.111 while 
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the Calodo clay loam samples had a mean pH of 3.441.  Significant differences at p <0.01 

values were observed with a p value of 0.000 indicating significant differences between 

the pH of the post-fermentation wine samples from the two soil types.  Although there 

were significantly different mean values for the pH of the must and post-fermentation 

samples from the two soils, it cannot be concluded that soil type and section is the only 

factor determining the pH of the samples.  As discussed earlier in the paper, temperature, 

light intensity as well as soil water holding capacity and other environmental factors and 

viticultural management practices play a significant role in the accumulation and content 

of acids in the fruit at the time of harvest.  At higher temperatures, the metabolism of 

acids is less than at lower temperatures, and may even be halted altogether under intense 

heat.  Sunlight exposure and shading of fruit also plays a role in the overall pH, as 

clusters in direct sunlight will have increased respiration of acids compared to clusters 

located within the canopy and under cooler temperatures.  (Kliewer, 1970, 1971, 1977). 

 

Figure 3:  Mean pH of Must Samples From the Calodo and Zaca soil types 

pH
 o

f 
m

us
t

soil type
section

zacacolodo
5432154321

3.7

3.6

3.5

3.4

3.3

3.2

3.1

Boxplot of pH of must vs soil type, section

 

 69



 

Figure 4: Mean pH of Post-Fermentation Samples from Calodo and Zaca soil 
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4.1.2 Titratable acidity levels in must and post-fermentation pre-barrel wine 

samples 

 The titratable acidity levels of the must and pre-barrel wine indicated that some 

significant differences occurred between the samples acidity levels from the two soils.  

Although no significant differences of the must acidity were indicated between the two 

soils, there were significant differences between sections within the two soils.  Utilizing 

Two-way ANOVA p values indicated a strong correlation indicating significant 

differences between sections of the soils and the T.A. of the must; however, no strong 

correlations could be made indicating any real statistically significant differences 

between the soils, as the mean acidity levels were very similar for the two soil types.  The 
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Calodo soil had a mean value of 0.56355 g tartaric acid per 100 ml while the Zaca soil 

samples had a very similar 0.56115 g/100 ml.  The pre-barrel wine samples did indicate 

significant differences between the titratable acidity levels of the samples in regards to 

soil type as well as the section of the soil.  The p values were significant at p <0.01 levels 

for both the section and the soil type related to the acidity.  The Calodo clay loam soil 

had a mean of 0.79095 g/ml of tartaric acid while the Zaca clay mean was 0.82905.  The 

acidity levels in the pre-barrel wines were statistically significant at the p <0.01 level for 

both soil type and the sections, with p values of 0.000 for both.  This strong p value 

indicated that the wines produced from the Zaca clay were more acidic than those from 

the Calodo clay loam, yet testing of the must indicated that the Calodo must contained 

slightly higher levels of acid than the Zaca must samples.  This is in contradiction with 

what should have occurred, as the wine with more acid prior to fermentation should have 

maintained the higher acidity levels after the fermentation was complete.  These findings 

make the acidity levels questionable at best, as the Vinquiry results indicated higher 

levels of tartaric acid in the Zaca soils.  The pH analysis earlier demonstrated that the 

grapes grown on the Calodo soil sections were significantly less acidic, and this should 

have been observed for the titratable acidity as well.  Temperature differences, as well as 

drainage, rooting depth, available water holding capacity, and irrigation levels, may have 

been reasons for the differences observed.   
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Figure 5:  Comparative analysis of must T.A. content levels from Calodo and Zaca 

soils 
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Figure 6: Comparative analysis of pre-barrel wine T.A. levels from Calodo and 

Zaca soils 
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4.1.3 Comparison of Color Compounds by Spectrophotometric Methods 

 Significant differences occurred between the hue and intensity of must and pre-

barrel wine samples obtained from vines growing on the Calodo clay loam and the Zaca 

clay soils.  Samples obtained from the Carmody McKnight Vineyard from the 2004 

vintage Cabernet Sauvignon wine grapes showed statistically significant differences in 

hue and intensity of the wine color, with these differences being significant at p <0.01 for 

both the must and pre-barrel wine samples tested in this study.  The mean must intensity 

for the Calodo samples was 2.218 with the Zaca sample mean being significantly higher 

at 2.7824, indicating a statistically significant difference at the p <0.01 level.  These 

samples also showed statistically significant differences regarding hue, with the Calodo 

soil grown must grapes having a mean hue of 0.967201.  The Zaca clay must samples had 

mean a hue of 0.563786 and was significantly different from the Calodo hue at the p 

<0.01 level.  This strong evidence indicates that there were differences between the two 

must samples from the two soils, and that the soil did in fact influence the anthocyanin 

production of the vine.  Although anthocyanin production is related to temperature, light, 

soil moisture, and nutrition, climate and light intensities are generally regarded as being 

more influential than the soil type on the coloration of the fruit (Crippen and Morrison, 

1986).  Soil does have an influential role in determining fruit quality, as soil moisture 

levels along with nutrient levels are important in determining the quality and the ability 

of the vine to mature an optimum crop.  Excessive water and nitrogen are detrimental to 

berry color, as they tend to produce crops of lower quality in regards to anthocyanin 
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content.  (Dokoozlian and Kliewer, 1996. Kliewer, 1970, 1971,1972. Smart and 

Winchester, 1988).   

 The post-fermentation pre-barrel wine samples also displayed significant differing 

results regarding the intensity and hue of samples from the two soil types.  The Calodo 

clay loam had significantly higher color intensity at the p <0.01 level, with the samples 

having a mean intensity of 11.4572 as compared to the intensity of the Zaca clay samples, 

which had a mean intensity of 9.7776.  The hue of the pre-barrel wine samples also 

indicated a significant difference at the p <0.01 level, as the Calodo clay loam had a mean 

hue of .618327 while the Zaca samples had a mean hue of .488601.  The p value for the 

Two-way ANOVA was 0.000 for both intensity and hue in regards to soil type and 

section.  This is a strong indicator that the soil type as well as the section of the soil the 

grapes were grown on, did in fact appear to be an important factor in determining color 

composition of the fruit from the different soils and section therein.   
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Figure 7: Color Intensity Comparison of Must Samples from the Calodo and Zaca  
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Figure 8:  Hue Analysis of Musts From the Calodo and Zaca Soil Types 
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Figure 9:  Boxplot comparison of color intensity from pre-barrel wine samples 

grown on Calodo and Zaca soil types 
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Figure 10:  Comparison of pre-barrel wine hue from Calodo and Zaca Soil Types 
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4.2 Must Results from Vinquiry Labs: 

4.2.1 Acetic Acid:  Vinquiry labs conducted multiple analyses of the must samples.  

Acetic acid samples from the two soil types indicated a statistically significant difference 

of the two sample populations at the p <0.05 level.  The p value for the Two-way 

ANOVA test was p =0.009 which indicates a significant difference for Acetic acid levels 

from the must samples obtained from the Calodo clay loam and the Zaca clay soils.  The 

Two-way ANOVA analysis did not indicate significantly different findings when 

comparing the sections of the two soil types, yet the must samples were significantly 

different when comparing the must from the Calodo and Zaca soils; whereas the section 

the grapes were grown on did not appear to make significant differences.  Although it 

appears that the soil type did play a significant role in the amount of acetic acid found in 

the must samples, it (acetic acid) is the result of fermentation of the grapes by oxidative 

fermentation of alcohol in the presence of oxygen and is the main source of this acid.  

These wild yeast are generally present in vineyards, and it is extremely difficult to 

prevent formation of acetic acid during the storage, handling, and or fermentation of the 

must, because it is impossible to prevent small amounts of oxygen necessary for the 

development of the acid at minor amounts.  The biggest source of acetic acids is from 

wines that are aged in barrels for any length of time, where sufficient levels of oxygen 

enable the bacteria to survive(Amerine and Singleton, 1976; Winkler et al,. 1974).  
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Figure 11:  Comparison of Acetic Acid Content versus soil type 
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4.2.2 Tartaric acid levels: 

Tartaric acid contents from the must sampled by Vinquiry labs indicated a 

significant difference at the p =0.05 level utilizing the stated ANOVA method.  The p 

value for the soil types was 0.035 indicating significantly different means from the grapes 

grown on the two soil types.  Soil section did not, however, indicate significant 

differences between the must from the different soil types, with a p value of 0.119, which 

is not significant at the specified levels.  
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Figure 12:  Comparison of mean Tartaric Acid Content Versus Soil type 
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4.2.3 Malic Acid: 

The Malic acid content of the musts did not display significant differences for 

means from the soil type, or sections involved in the Carmody study.  The p value for the 

mean malic acid content from the different soils of 0.142 was not statistically significant, 

while the value for the sections was considerably smaller at 0.068, it was still not 

statistically different at the α =0.05 level.  Because malic acid content is more dependent 

on climate, especially in regards to respiration of the acid due to temperature changes and 

is not believed to be dependant on soil type, or soil physical properties. 
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Figure 13:  Total Malic Acid Content of Vinquiry Must Samples 
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4.2.4 Total acid content: 

The total acid content of the must samples did display significant differences at 

the p <0.05 level indicating significant differences between the mean total acid content of 

the musts sampled from the two soil types.  The p value for the Two-way ANOVA, for 

the means of the soils was 0.035 indicating statistically significant differences between 

the means of the must samples from the two soil types.  The P value relating differences 

between soil sections did not, however, indicate a significant difference with a value of 

0.130.   
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Figure 14:  Total Acid Content of Vinquiry Must Samples 
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4.2.5 Sucrose Content: 

Two-way analyses of the means from the two soil types and sections did not 

indicate any statistically significant results.  The P value comparing the means of the two 

soil types proved insignificant with a value of 0.427, while the value for the comparison 

of the means of the sections was even less significant at 0.656.  These data sets indicate 

no relationship between the soil type and the soil section for the amounts of sucrose in the 

must. 
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Figure 15:  Total Sucrose Composition of Vinquiry Must Samples 
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4.2.6 Reducing sugars: 

The P value for the means of the two soil types was statistically significant at the 

p <0.05 level at 0.004 indicating a strong relationship between soil type and amount of 

reducing sugars in the must.  The P value of 0.076 for the relationship between the soil 

sections and the soil types does not indicate a significant relationship between the 

sections of the soil and reducing sugars in the must. 
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Figure 16:  Total Reducing Sugars Content of Vinquiry Must Samples 
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4.2.7 Ammonia: 

The P value of 0.019 for the comparison of the mean level of ammonia compared 

to the soil type from which the grapes were grown.  The soil sections did not play a 

significant role in the values of ammonia in the study, with the P value of 0.369 showing 

no significant evidence of the role of soil sections on the amount of ammonia present in 

the must.   
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Figure 17:  Total Ammonia Content of Vinquiry Must Samples 
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4.2.8 Assimilable amino nitrogen: 

The P values of the Two-way ANOVA analyses of means indicated no significant 

relationship between either soil type or section on the amount of assimilable amino 

nitrogen found in the must.  The P value of 0.788 indicated no significant evidence of a 

relationship between the soil type and the levels of AAN found in the must samples at the 

α=0.05 level.  The P value for the soil sections influence on the AAN level in this study 
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was also insignificant with a value of 0.109.  Neither soil type nor section had a 

significant influence on the AAN levels found in the must samples. 

 

 

 

Figure 18:  Total Assimilable Amino Nitrogen of Must Samples 
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4.2.9 Copper levels: 

 The Vinquiry data for copper levels found in the must did not indicate any 

significant differences on the levels of copper related to the soil type or the section it was 

grown on.  The P value for the mean copper levels compared to the soil type the grapes 

were grown on indicated no significant differences between soil type and must samples.  

The P value of 0.156 was not significant at the p <0.05 level, and did not indicate a 

 85



significant difference between the two soil types.  The p value for the means of the soil 

sections of 0.650 also showed no significant evidence of the relationship between the soil 

sections and the copper levels on this study.   

 

 

 

 

Figure 19:  Total Mean Copper Content of Vinquiry Must Samples 
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4.2.10 Iron levels in the Must: 

The P value for the mean iron levels of the two soil types indicated a significant 

difference with a P value of 0.047.  The P value for the means of the soil sections did not 

indicate significant a difference at the α=0.05 level with a value of 0.245.   

 

 

Figure 20:  Total Mean Iron Content of Vinquiry Must Samples 
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4.2.11 Potassium: 

The potassium levels found in the must did indicate a significant difference 

between the soil types and the mean of the samples tested.  The P value of 0.01 indicated 

a strong relationship between the soil type and the potassium levels found in the must 
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samples tested.  The p value of 0.636 for the sections tested did not indicate a significant 

relationship between the soil section and the potassium levels in the must.   

 

Figure 21:  Total Mean Potassium Content of Vinquiry Must Samples 
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4.2.12 Calcium: 

The calcium levels found did not indicate a significant difference between the 

mean level of calcium and the soil type on which it was grown.  The P value of the Two-

way ANOVA testing for the means of the calcium levels did not indicate any significance 

with a value of 0.826.  The P value of 0.197 for the comparison of the mean values for 

the sections of the soil also indicated no significant differences between the means of the 

sections.   
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Figure 22:  Total Mean Calcium Content of Vinquiry Must Samples 
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Free and Total SO2: 

 There was no Free SO2 nor any Total SO2 detected in any of the must samples.   
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4.3 Vinquiry Post-Fermentation Pre-Barrel Sampling: 

 

4.3.1 Acetic acid: 

 Acetic acid levels found in the post-fermentation pre-barrel wine did indicate a 

statistically significant difference between the two soil types.  The P value of 0.004 

indicated a strong relationship between the acetic levels found in the wine and the soil 

type which the grapes came from.  The sections of the soils did not indicate any 

significant differences, and the P value of 0.564 is not statistically significant enough to 

suggest that the sections of the different soil types influenced the acetic acid levels.   
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Figure 23:  Mean Acetic Acid Content of Pre-Barrel Wine Tested By Vinquiry 
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4.3.2 Tartaric acid: 

 The tartaric acid levels of the post-fermentation pre-barrel wine indicated 

statistically significant differences between the two soil types and the tartaric acid levels 

found in the wines.  The P value of 0.014 indicated a statistically significant difference at 

the 0.05 level, suggesting that soil type did influence the amount of tartaric acid found in 

the wines.  The p value of 0.906 for the sections of the soils did not show at the 0.05 level 

to have had a significant effect on the levels of tartaric acid found in the wines.   
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Figure 24:  Mean Tartaric Acid Content of Pre-Barrel Wine Tested By Vinquiry 
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4.3.3 Malic Acid: 

The malic acid levels determined at Vinquiry labs indicated no statistically 

significant findings.  The P values of 0.399 for soil type and 0.449 for the sections 

indicated that the Malic acid concentrations from the wines were similar in regards to the 

soil type and section for these variables to have had any significant effect on them.  This 

would be most likely due to the fact that malic acid accumulation is more dependant on 

climate than it is on soil.  Because of the fact that the vineyard was selected because of 

the differing soils in such a close proximity the mesoclimate of the grapes grown was 

very similar.  This is likely the main reason the must and wines did not indicate 

significant differences at the 0.005 level. 
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Figure 25:  Mean Malic Acid Content of Pre-Barrel Wine Tested by Vinquiry 
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4.3.4 Total Acid Content: 

 The total acid content of the wines did show statistically significant differences 

between the total acid content and the soil type from which the wines came.  The P value 

of 0.028 for the soil type relating to acid content showed a significant difference, while 

the P value of 0.863 indicated no significant differences between the sections of the soil 

and the total acid content.  
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Figure 26:  Mean Total Acid Content of Pre-Barrel Wine Tested by Vinquiry Labs 
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4.3.5 Sucrose: 

 No sucrose was detected by any of the Vinquiry tests in the post-fermentation 

pre-barrel wine produced from the different soil types and sections of the vineyard being 

tested.   
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4.3.6 Reducing Sugars: 

The reducing sugar content of the Vinquiry samples indicates no significant 

difference between the soil type and the reducing sugar content in the wines while 

performing a Two-way ANOVA test.  The P value of 0.051 was very close to meeting the 

significance level 0.05, but can’t be stated as significant.  While the Two-way test did not 

indicate significant differences, a One-way ANOVA test did indicate a significant 

difference between the reducing sugar content and the soil type from which the wine had 

come from.  The P value from the One-way test of 0.022 did indicate a significant 

difference between the soil type and reducing sugar levels found in the wine.  The Two-

way test is being used throughout, and did not indicate significance; there is no doubt that 

it did play a role as indicated by the One-way ANOVA test.  The sections of the soil also 

did not indicate any significant differences, with the P value of 0.541 demonstrating no 

statistically significant differences between the reducing sugars and the sections from the 

soil types they were grown on.   
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Figure 27:  Mean Reducing Sugar Content of Pre-Barrel Wine Tested by Vinquiry 
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4.3.7 Ammonia: 

No significant differences were observed in the amounts of ammonia on the pre-

barrel wine as determined at Vinquiry labs.  The P value of 0.178 for the ammonia levels 

for soil type, and the P value of 0.500 for soil section demonstrated that no real 

statistically significant differences did occur. 

 

Figure 28:  Mean Ammonia Content of Pre-Barrel Wine Tested by Vinquiry Labs 
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4.3.8 Assimilable Amino Nitrogen: 

The content of AAN determined from the Vinquiry labs did not indicate any 

statistically significant results at the α=0.05 level for either the mean AAN content of the 

pre-barrel wine compared between soil types, or the soil sections.   
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Figure 29: Mean (AAN) Content of Pre-Barrel Wine Tested by Vinquiry Labs 

soil type

M
ea

n 
of

 a
ss

im
ila

bl
e 

am
in

o 
ni

tr
og

en
 m

g/
l

zacacolodo

50

40

30

20

10

0

Chart of Mean( assimilable amino nitrogen mg/l ) vs soil type

 

 

 

4.3.9 Copper: 

The copper content determined at Vinquiry labs showed a significant difference 

between the soil type and the level of copper found in the wines from the different soils.  

With a P value of 0.033 the Two-way analysis of variance indicated that there was in fact 

a statistically significant difference in the levels of copper from the samples of wines 

from the two soil types.  The section of the soils did not indicate a significant difference 

from the test with a P value of 0.089 indicating that the sections did not have a significant 

effect on the copper content in the pre-barrel wine samples.    

 

 

 98



 

 

Figure 30:  Mean Copper Content of Pre-Barrel Wine Tested by Vinquiry Labs 
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4.3.10 Iron: 

 The iron content of the pre-barrel wine samples from the two distinct soil types 

tested at Vinquiry Labs did not show a significant difference.  The P value for iron 

content of the wine samples from the different soils types of 0.102, with a P value for the 

soil sections at 0.812.  The Two-way analysis of variance did not indicate that soil type or 

the section were a significant influence on the iron levels of the wines, as they were too 

similar to be deemed significantly different from one another.   
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Figure 31:  Mean Iron Content of Pre-Barrel Wine Tested by Vinquiry Labs 
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4.3.11 Potassium: 

 The potassium content determined at Vinquiry labs did not indicate a significant 

difference between the pre-barrel wine samples from the two soils tested.  The P value of 

the Two-way ANOVA test of 0.069 did not indicate that there were any significant 

differences between the iron content from the different soils.  The P value for the iron 

content of the compared with the soil sections was 0.421, and also showed no significant 

differences.  The difference between the must and the pre-barrel wine results for the 

potassium levels indicate that significant changes in the potassium content occurred 

during the fermentation process.   
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Figure 32:  Mean Potassium Content of Pre-Barrel Wine Tested by Vinquiry Labs 

soil type

M
ea

n 
of

 p
ot

as
si

um

zacacolodo

900

800

700

600

500

400

300

200

100

0

Chart of Mean( potassium ) vs soil type

 

 

 

4.3.12 Calcium: 

The calcium content of the post-fermentation pre-barrel wines also showed no 

significant differences from the samples tested at Vinquiry labs.  The P value for the 

differences in calcium content between the two soil types was 0.596 while the P value for 

the difference between soil sections was 0.811.  These values indicated that there was not 

a significant difference between the calcium content of the pre-barrel wines from the two 

soils, nor was there significant differences between the soil sections.  
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Figure 33:  Mean Calcium Content of Pre-Barrel Wine Tested by Vinquiry Labs 
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4.3.13 Free and Total Sulfur Dioxide (SO2): 

 There was no sulfur dioxide found in any of the post-fermentation pre-barrel 

wine samples tested at Vinquiry labs.   
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4.4 A & L Laboratory soils data and results: 

 

4.4.1 Percentage of Organic Matter: 

The percentage of organic matter found in the samples of the two soil types did 

not indicate any significant differences in organic matter as determined by Two-way 

ANOVA testing.  The P value for the percentage of organic matter versus soil type did 

not indicate any significant differences with a value of 0.958 between the Calodo clay 

loam and the Zaca clay soils located on the vineyard testing sites.  The P value for the 

soil sections versus percentage of organic matter also did not indicate any significant 

differences between the soil sections with a value of 0.735.  This indicates that the two 

soils had fairly similar percentages of organic matter as determined by A & L 

laboratories.   

 

4.4.2 Nitrogen Content: 

The nitrogen content of the two soil types studied at the vineyard location did not 

indicate significant differences for the soil types or the soil sections tested.  Two-way 

analysis of variance testing found P values of 0.404 for soil type versus nitrogen content.  

The P value for the soil sections versus nitrogen content was 0.814 and indicated no 

significant differences at the p <0.05 level.   

 

 

 

 103



 

 

4.4.3 Weak Bray Phosphorous: 

Weak Bray Phosphorous levels as determined by A & L laboratories indicated no 

significant differences.  The P value for the Two-way analysis of variance of soil type 

versus weak bray phosphorous of 0.263 was not statistically significant at the said p 

<0.05 level.  The P value for the soil sections versus weak bray phosphorous levels of 

0.569 also displayed no significance at the said levels.   

 

4.4.4 Phosphorous: 

The phosphorous content of the soils determined by A & L laboratories did not 

indicate any significant differences between the two soils.  The P value of 0.588 for the 

phosphorous levels versus the soil type indicated no significant difference.  The P value 

for phosphorous levels versus the soil sections of 0.891 also showed no significant 

differences of the phosphorous levels.   

 

 

4.4.5 Potassium: 

 Potassium levels in the two soil types did not display any significant differences 

at the said level.  The P value of 0.163 for potassium content versus the soil type was not 

significantly different from one another.  The P value for potassium content versus soil 

section also did not indicate any significant differences between the sections with a value 

of 0.695 that was not significant for this study.   
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4.4.6 Magnesium: 

The magnesium levels of the two soil types did not yield any significant 

differences between the two soil types, or the sections of the soils sampled.  The P value 

for the magnesium level versus the soil type of 0.444 was not significantly different at the 

0.05 level.  The P value of 0.236 for magnesium levels versus the soil sections was also 

insignificant.   

 

4.4.7 Calcium: 

 The calcium content of the two soil types did yield statistically significant 

differences between the two soil types and the calcium levels contained within.  The P 

value of the calcium content versus the soil type was 0.045 and did show statistically 

significant differences between the two soils.  The Zaca clay soil demonstrated 

significantly higher levels of calcium concentration than the Calodo clay loam soil.  The 

Zaca soil sections also demonstrated a significantly higher mean average than did the 

Calodo soil samples with an mean average value of 6546 parts per million compared to 

the Calodo soil which contained 5404 parts per million.  However, there were no 

statistically significant results between the Calcium calcium content of the must or wine 

at the specified level.   
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Figure 34:  Mean Calcium Content of Soil Types as Determined by A&L Labs 
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4.4.8 Sodium: 

The sodium content of the soil types indicated that the Calodo soils contained 

significantly less sodium than the Zaca soil samples.  The Zaca contained significantly 

higher amounts of sodium, with nearly a third more sodium than contained in the Calodo 

samples.  The P value for sodium content versus soil type was 0.030.  The P value for soil 

section was 0.460 and did not indicate significantly different results between the sections 

of the soil types. 
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Figure 35:  Mean Sodium Content of Soil Types Determined by A&L Labs 
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4.4.9 Sulfur: 

 The soil samples tested at indicated that sulfur contents of the two soils contained 

significantly different amounts.  The P value of 0.019 indicated that the Zaca clay soils 

did in fact contain higher amounts of sulfur than the Calodo clays did.  The soil sections 

did not differ significantly within the soil types, and had a P value of 0.243.  The mean 

for the Zaca was significantly higher than the Calodo at 63.6 ppm compared to 49.4 ppm 

for the Calodo clay loam.   
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Figure 36:  Mean Sulfur Content of Soil Types Determined by A&L Labs 
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4.4.10 Zinc: 

The zinc levels of the soils did not indicate any significant differences between 

the two soils, or between the soil sections samples within the two soils.  The P value for 

the zinc levels between the two soils was 0.080, while the P value for the differences 

between the soil sections of 0.896 did not indicate significant differences between 

sections within the two soil sites.   
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4.4.11 Manganese: 

 Manganese levels between the soil types did not indicate significant differences.  

The P value 0.099 did not indicate statistically significant differences between the two 

soil types.  The soil sections also did not indicate any significant differences within 

different sections of the soils.  The P value of 0.239, which was not significant at p <0.05.   

 

4.4.12 Iron: 

The concentration of iron in the soils did not demonstrate any significant 

differences between the soil types or the soil sections within the soils.  The P value for 

iron concentration versus the soil type was 1.000 with the value for iron versus soil 

section 0.471.   

 

4.4.13 Copper: 

Concentration of copper in the two soils demonstrated a significant difference 

between the soil types.  The Calodo soil samples contained significantly higher amounts 

of copper at 4.84 ppm compared to the 2.08 ppm for the Zaca soil.  The P value of 0.001 

showed statistically significant differences for copper levels for the two soil types.  No 

statistically significant differences were observed within the soil sections, as they were 

relatively constant within the two soils.  The P value observed for the concentration of 

copper versus soil section was 0.174 and did not show significant variation within the soil 

type. 
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Figure 37:  Mean Copper Content of Soil Types Determined by A&L Labs 
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4.4.14 Boron: 

 Boron concentrations in the soil did not indicate any significant differences 

between the two soil types.  The P value of 0.587 between the soils showed no real 

differences between the soil types in their concentrations of boron.  The P value of 0.916 

for Boron versus soil section also indicated that the boron levels were fairly constant 

within the two soils.   

 

4.4.15 Percentage K Cation Concentration: 

 The percentage of potassium cation concentration showed significant differences among 

the two soil types tested.  The Calodo soil contained nearly double the percentage of 

potassium cation concentration compared to that of the Zaca soil.  The P value for the 

percentage of potassium cation concentration as compared to the soil types was 0.033 and 
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indicated a significant difference between the two soils.  The P value of 0.599 for soil 

section versus cation concentration indicated that no significance differences between the 

sections of the soils occurred.  

 

Figure 38:  %K Cation Saturation for Soil Types Determined by A&L Labs 
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4.4.16 % Mg Cation Concentration: 

 The percentage of magnesium cation concentrations in the two soil types 

indicated no statistically significant differences between the two soil types.  The P value 

of 0.554 for concentrations of cation levels did not indicate that a significant difference 

existed between the two soil types.  The P value of 0.341 also demonstrated no 

significant differences between the sections within the different soils. 
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4.4.17 % Ca Cation Concentration: 

No significant difference between the two soil types was indicated from the Two-

way analysis of variance for the percentage of calcium cation concentration.  The P value 

0.766 for the percentage of cation concentration versus the soil type, while the value of 

0.419 did not show a significant difference between the sections within the two soils. 

 

4.4.18 % Na Cation Concentration: 

 No significant difference was noted between the two soils for percentage of 

sodium cation concentration.  A P value of 0.208 for sodium cation concentration versus 

the soil, while the P value of 0.896 for the cation concentration versus the soil sections 

demonstrated that no statistically significant differences occurred.   

 

4.4.19 Soil pH: 

The pH levels for the soil types indicated no significant differences between the 

two soils, or between the sections of the two soils.  P values of 0.688 for the pH versus 

soil type and 0.598 for pH versus sections demonstrated that the pH of the soil types were 

quite similar, as were the pH of the different sections. 

 

4.4.20 CEC (meq/100g): 

 The cation exchange capacity (CEC) for the two soils tested at A & L labs did 

not indicate any significant differences between the two soils, nor did the analyses of the 

data indicate a difference between the sections of the soils.  The P value of 0.076 was not 

significant at the p <0.05 level to indicate a statistically significant difference between the 
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CEC of the Calodo and Zaca soils.  The CEC between the soil sections also did not 

indicate statistically significant differences with a P value of 0.218 not being significant 

at the stated level.   

 

4.4.21 ECE dS/m: 

 The ECE for the two soil types tested did not indicate any significant differences 

between them, nor did the separate soil sections within the soils demonstrate significant 

differences.  The P value of 0.621 did not indicate significant differences between the 

Calodo and Zaca soils.  The P value 0.500 for the ECE between the soil sections tested 

within the Calodo and Zaca soils.   
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Chapter 5 

Conclusions and Recommendations for Future Studies 

5.1 Conclusions  

Degree Brix were influenced both by the soil type and soil section as 

demonstrated from the ANOVA Two-way tests conducted to determine significant 

differences between them.  There were significant differences between both the mean 

degrees Brix from the two soil types, as well as significant differences occurring between 

soil sections within the two soil types.  Significant differences were noted for both the 

must and the pre-barrel wine samples taken from the Carmody McKnight Vineyard in 

September of 2004 and tested in the winter of 2005.  Soil type and section did have a 

significant effect, yet these variables alone were not the sole factor influencing the final 

composition of soluble solids in the fruit, as temperature, soil moisture, irrigation, and 

time the fruit was left hanging after optimal sugar levels were reached likely influenced 

these final total soluble solids in this study (Buttrose et al., 1971; McCarthy,  1997). 

Testing conducted at Cal Poly did not indicate any significant differences between 

titratable acidity (T.A.) levels found from the must from the two soil types, but did show 

a significant difference between T.A. from the soil sections within the two soil types.  

This was not consistent with data obtained from the Vinquiry analysis, which determined 

that there was a significant difference for the T.A. levels of the must from the two soils.  

Vinquiry data did not, however, find any significant differences between the soil sections 

and the T.A. levels within the soils.  The T.A. level of the pre-barrel wines as determined 

at Cal Poly also indicated a significant difference between both the T.A. levels versus the 

soil type, and the T.A. levels versus the soil section.  The Vinquiry analysis also indicated 
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a significant difference between the T.A. levels of the pre-barrel wine grown on the 

different soils, but did not indicate significant differences between the T.A. levels and the 

soil sections (Kliewer, 1971, Lakso et al., 1978). 

 The pH levels of both the must and the pre-barrel wine as determined by pH 

meter indicated significant differences for both the soil type, and the soil section in 

regards to the pH content of the samples.  Strong P values indicated that the soil type and 

the soil section from which the must and the pre-barrel wine came from influenced the 

pH levels of both the must and wine samples.  There are other factors which play a 

significant role in the determination of the pH of the berries, must, and pre-barrel wine, 

those include light intensity, temperature, soil moisture content and canopy densities to 

name a few which may have also influenced the final pH levels in the berries, must and 

pre-barrel wines (Archer et al., 1989). 

Color intensity measurements of the musts and pre-barrel wines indicated 

significant differences between both the soil types, and soil sections within the soil types.  

P values for both of 0.000 indicate that a strong relationship occurring between soil type 

and sections versus the color intensity.  Soil which did play a role, was not isolated as the 

only variable which influenced the intensity, as irrigation, water stress at the time of 

maturation, temperature, and canopy and shading ultimately influence the final color of 

the Cabernet Sauvignon berries (Archer et al., 1989, Berqvist et al., 2001, and Crippen et 

al., 1986).   

Hue was also strongly influenced by both the soil type and the soil sections within 

the two soils.  P values of 0.000 for both the must and pre-barrel wine versus both the soil 

type and the soil sections within the soil types.  This indicated that both soil, and the 
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section within the soil type influenced the hue of the must and the pre-barrel wine.  Color 

compounds were influenced by soil and location within the soil types as seen in the 

study; however, many other factors in the vineyard location may have also affected the 

final hue (Kliewer, et al, 1968, Kliewer et al., 1972, Kleiwer et al., 1977).   

 

5.2 Recommendations for Future Research 

The following should be taken into account when continuing with this study: 

1. Weather data should be analyzed along with conducting future analysis of the 

soils composition throughout the ten separate sections on the Calodo clay 

loam and the Zaca clay soil sites where the Cabernet Sauvignon wine grapes 

were grown.   

2. A team of graduate students should be utilized in conducting further research.  

One student concentrating on the Food Science aspects of the study while the 

other concentrates on the Soil Science aspects would benefit further research 

by generating more data for further statistical analyses related to the study.   

3. Data collection on the canopy densities, and temperature of clusters 

throughout the vineyard should be done.  This would provide further 

information on the effects of temperature on the quality characteristics of the 

berries, must, and pre-barrel wine.  Vine vigor has also been shown to play a 

significant role in the determination of berry composition, and further study of 

canopy densities should be conducted to see the influence vine vigor has on 

the quality characteristics of the berries, must and pre-barrel wine composition 

in future studies.  
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4. Berry sampling from fruit-set until harvest should be conducted to determine 

the differences of the composition of the maturing fruit from the different soils 

and soil sections.  This would also benefit the study by determining the 

optimum maturity of the berries.  Not allowing the fruit to hang on the vine 

past optimum maturity would benefit analysis of further results, as a harvest 

crew was not assembled to pick the fruit until after some desiccation of the 

grapes on the Calodo soils had occurred.   

5. Further sampling should be conducted of the must and pre-barrel wines.  Five 

to ten gallon samples of both the must, and pre-barrel wines should be 

obtained for better statistical inferences about the must and wine from the 

different sections tested within the two soil types.   
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Two-way ANOVA: Brix of must versus soil type, section  
 
Source       DF       SS       MS         F      P 
soil type     1  514.382  514.382  24650.91  0.000 
section       4  111.717   27.929   1338.47  0.000 
Interaction   4   32.525    8.131    389.67  0.000 
Error        90    1.878    0.021 
Total        99  660.502 
 
S = 0.1445   R-Sq = 99.72%   R-Sq(adj) = 99.69% 
 

 
 
 
Two-way ANOVA: brix for wine versus soil type, section  
 
Source       DF       SS       MS         F      P 
soil type     1  221.414  221.414  21381.22  0.000 
section       4   89.102   22.276   2151.08  0.000 
Interaction   4   76.002   19.000   1834.80  0.000 
Error        90    0.932    0.010 
Total        99  387.450 
 
S = 0.1018   R-Sq = 99.76%   R-Sq(adj) = 99.74% 
 

 
 
Two-way ANOVA: pH of must versus soil type, section  
 
Source       DF       SS       MS        F      P 
soil type     1  2.76557  2.76557  8255.43  0.000 
section       4  0.27059  0.06765   201.93  0.000 
Interaction   4  0.18567  0.04642   138.56  0.000 
Error        90  0.03015  0.00034 
Total        99  3.25197 
 
S = 0.01830   R-Sq = 99.07%   R-Sq(adj) = 98.98% 
 
  
 
Two-way ANOVA: pH of wine versus soil type, section  
 
Source       DF       SS       MS        F      P 
soil type     1  2.72250  2.72250  6225.23  0.000 
section       4  0.50459  0.12615   288.45  0.000 
Interaction   4  0.29395  0.07349   168.04  0.000 
Error        90  0.03936  0.00044 
Total        99  3.56040 
 
S = 0.02091   R-Sq = 98.89%   R-Sq(adj) = 98.78% 
 

 
 

 123



 
 
Two-way ANOVA: T.A. for must versus soil type, section  
 
Source       DF        SS         MS      F      P 
soil type     1  0.000144  0.0001440   0.14  0.708 
section       4  0.036420  0.0091049   8.93  0.000 
Interaction   4  0.095914  0.0239785  23.53  0.000 
Error        90  0.091733  0.0010193 
Total        99  0.224210 
 
S = 0.03193   R-Sq = 59.09%   R-Sq(adj) = 55.00% 

 
 
 
Two-way ANOVA: T.A. for wine versus soil type, section  
 
Source       DF        SS         MS      F      P 
soil type     1  0.036290  0.0362902  79.69  0.000 
section       4  0.119903  0.0299756  65.83  0.000 
Interaction   4  0.050661  0.0126653  27.81  0.000 
Error        90  0.040984  0.0004554 
Total        99  0.247838 
 
S = 0.02134   R-Sq = 83.46%   R-Sq(adj) = 81.81% 
 

 
 
 
 
Must color: 
 
Two-way ANOVA: hue versus soil, section  
 
Source       DF       SS       MS        F      P 
soil          1  4.06859  4.06859  1066.82  0.000 
section       4  0.74662  0.18666    48.94  0.000 
Interaction   4  0.65521  0.16380    42.95  0.000 
Error        90  0.34324  0.00381 
Total        99  5.81366 
 
S = 0.06176   R-Sq = 94.10%   R-Sq(adj) = 93.51% 

 
 
 
 
 
Two-way ANOVA: intensity versus soil, section  
 
Source       DF       SS       MS       F      P 
soil          1   7.9637   7.9637  118.51  0.000 
section       4  22.2586   5.5646   82.81  0.000 
Interaction   4  46.7762  11.6941  174.02  0.000 
Error        90   6.0481   0.0672 
Total        99  83.0466 
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S = 0.2592   R-Sq = 92.72%   R-Sq(adj) = 91.99% 

 
Pre-Barrel Wine color 
 
Two-way ANOVA: hue versus soil, section  
 
Source       DF        SS        MS        F      P 
soil          1  0.392038  0.392038  1399.16  0.000 
section       4  0.080097  0.020024    71.47  0.000 
Interaction   4  0.038335  0.009584    34.20  0.000 
Error        90  0.025218  0.000280 
Total        99  0.535688 
 
S = 0.01674   R-Sq = 95.29%   R-Sq(adj) = 94.82% 
 

 
Two-way ANOVA: hue versus soil, section  
 
Source       DF        SS        MS        F      P 
soil          1  0.392038  0.392038  1399.16  0.000 
section       4  0.080097  0.020024    71.47  0.000 
Interaction   4  0.038335  0.009584    34.20  0.000 
Error        90  0.025218  0.000280 
Total        99  0.535688 
 
S = 0.01674   R-Sq = 95.29%   R-Sq(adj) = 94.82% 
 

 
Vinquiry Must Results 
 
 
Two-way ANOVA: acetic acid versus soil, section  
 
Source   DF         SS         MS      F      P 
soil      1  0.0005329  0.0005329  21.84  0.009 
section   4  0.0001496  0.0000374   1.53  0.345 
Error     4  0.0000976  0.0000244 
Total     9  0.0007801 
 
S = 0.004940   R-Sq = 87.49%   R-Sq(adj) = 71.85% 
 
  
Individual Value Plot of acetic acid vs. soil, section  
 
  
Boxplot of acetic acid by soil, section  
 
  
Two-way ANOVA: Lactic acid versus soil, section  
 
Source   DF  SS  MS  F  P 
soil      1   0   0  *  * 
section   4   0   0  *  * 
Error     4   0   0 
Total     9   0 
 
S = 0   R-Sq = *%   R-Sq(adj) = *% 
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Two-way ANOVA: malic acid versus soil, section  
 
Source   DF         SS         MS     F      P 
soil      1  0.0001681  0.0001681  3.34  0.142 
section   4  0.0010606  0.0002652  5.27  0.068 
Error     4  0.0002014  0.0000503 
Total     9  0.0014301 
 
S = 0.007096   R-Sq = 85.92%   R-Sq(adj) = 68.31% 
 
  
Two-way ANOVA: tartaric acid versus soil, section  
 
Source   DF        SS         MS     F      P 
soil      1  0.042120  0.0421201  9.76  0.035 
section   4  0.062889  0.0157222  3.64  0.119 
Error     4  0.017265  0.0043164 
Total     9  0.122274 
 
S = 0.06570   R-Sq = 85.88%   R-Sq(adj) = 68.23% 
 
  
Two-way ANOVA: total acid versus soil, section  
 
Source   DF        SS         MS     F      P 
soil      1  0.038069  0.0380689  9.76  0.035 
section   4  0.053473  0.0133684  3.43  0.130 
Error     4  0.015601  0.0039002 
Total     9  0.107143 
 
S = 0.06245   R-Sq = 85.44%   R-Sq(adj) = 67.24% 
 
  
Two-way ANOVA: reducing sugar versus soil, section  
 
Source   DF       SS       MS      F      P 
soil      1  48.2242  48.2242  37.74  0.004 
section   4  25.2094   6.3023   4.93  0.076 
Error     4   5.1118   1.2780 
Total     9  78.5454 
 
S = 1.130   R-Sq = 93.49%   R-Sq(adj) = 85.36% 
 
  
Two-way ANOVA: sucrose versus soil, section  
 
Source   DF      SS      MS     F      P 
soil      1   82992   82992  0.78  0.427 
section   4  276641   69160  0.65  0.656 
Error     4  425007  106252 
Total     9  784641 
 
S = 326.0   R-Sq = 45.83%   R-Sq(adj) = 0.00% 
 
  
Two-way ANOVA: ammonia versus soil, section  
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Source   DF      SS      MS      F      P 
soil      1  1488.4  1488.4  14.68  0.019 
section   4   579.6   144.9   1.43  0.369 
Error     4   405.6   101.4 
Total     9  2473.6 
 
S = 10.07   R-Sq = 83.60%   R-Sq(adj) = 63.11% 
 
  
Two-way ANOVA: assimilable amino nitrogen versus soil, section  
 
Source   DF     SS      MS     F      P 
soil      1    3.6    3.60  0.08  0.788 
section   4  670.6  167.65  3.87  0.109 
Error     4  173.4   43.35 
Total     9  847.6 
 
S = 6.584   R-Sq = 79.54%   R-Sq(adj) = 53.97% 
 
  
Two-way ANOVA: copper versus soil, section  
 
Source   DF       SS        MS     F      P 
soil      1  0.00361  0.003610  3.05  0.156 
section   4  0.00314  0.000785  0.66  0.650 
Error     4  0.00474  0.001185 
Total     9  0.01149 
 
S = 0.03442   R-Sq = 58.75%   R-Sq(adj) = 7.18% 
 
  
Two-way ANOVA: iron versus soil, section  
 
Source   DF       SS       MS     F      P 
soil      1  0.06084  0.06084  8.07  0.047 
section   4  0.06336  0.01584  2.10  0.245 
Error     4  0.03016  0.00754 
Total     9  0.15436 
 
S = 0.08683   R-Sq = 80.46%   R-Sq(adj) = 56.04% 
 
  
Two-way ANOVA: potassium versus soil, section  
 
Source   DF      SS      MS      F      P 
soil      1  186869  186869  61.32  0.001 
section   4    8406    2102   0.69  0.636 
Error     4   12190    3047 
Total     9  207465 
 
S = 55.20   R-Sq = 94.12%   R-Sq(adj) = 86.78% 
 
  
Two-way ANOVA: calcium versus soil, section  
 
Source   DF     SS     MS     F      P 
soil      1    3.6    3.6  0.05  0.826 
section   4  658.0  164.5  2.51  0.197 
Error     4  262.4   65.6 
Total     9  924.0 
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S = 8.099   R-Sq = 71.60%   R-Sq(adj) = 36.10% 
 
  
Two-way ANOVA: free SO2 versus soil, section  
 
Source   DF  SS  MS  F  P 
soil      1   0   0  *  * 
section   4   0   0  *  * 
Error     4   0   0 
Total     9   0 
 
S = 0   R-Sq = *%   R-Sq(adj) = *% 
 
  
Two-way ANOVA: Total SO2 versus soil, section  
 
Source   DF  SS  MS  F  P 
soil      1   0   0  *  * 
section   4   0   0  *  * 
Error     4   0   0 
Total     9   0 
 
S = 0   R-Sq = *%   R-Sq(adj) = *% 
 
 

 
 
 
Vinquiry pre-barrel results 
 
 
 
——— 
  
Two-way ANOVA: reducing sugars g/100ml versus soil type, section  
 
Source     DF        SS        MS     F      P 
soil type   1  0.434723  0.434723  7.63  0.051 
section     4  0.204390  0.051098  0.90  0.541 
Error       4  0.227990  0.056998 
Total       9  0.867103 
 
S = 0.2387   R-Sq = 73.71%   R-Sq(adj) = 40.84% 
 
  
Two-way ANOVA: sucrose versus soil type, section  
 
Source     DF  SS  MS  F  P 
soil type   1   0   0  *  * 
section     4   0   0  *  * 
Error       4   0   0 
Total       9   0 
 
S = 0   R-Sq = *%   R-Sq(adj) = *% 
 
  
Two-way ANOVA: ammonia mg/l versus soil type, section  
 
Source     DF   SS    MS     F      P 
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soil type   1  0.4  0.40  2.67  0.178 
section     4  0.6  0.15  1.00  0.500 
Error       4  0.6  0.15 
Total       9  1.6 
 
S = 0.3873   R-Sq = 62.50%   R-Sq(adj) = 15.62% 
 
  
Two-way ANOVA: assimilable amino nitrogen mg/l versus soil type, section  
 
Source     DF     SS    MS     F      P 
soil type   1    0.1   0.1  0.00  0.962 
section     4  318.4  79.6  2.04  0.254 
Error       4  156.4  39.1 
Total       9  474.9 
 
S = 6.253   R-Sq = 67.07%   R-Sq(adj) = 25.90% 
 
  
Two-way ANOVA: copper versus soil type, section  
 
Source     DF       SS        MS      F      P 
soil type   1  0.00169  0.001690  10.24  0.033 
section     4  0.00294  0.000735   4.45  0.089 
Error       4  0.00066  0.000165 
Total       9  0.00529 
 
S = 0.01285   R-Sq = 87.52%   R-Sq(adj) = 71.93% 
 
  
Two-way ANOVA: iron versus soil type, section  
 
Source     DF       SS       MS     F      P 
soil type   1  0.01521  0.01521  4.46  0.102 
section     4  0.00524  0.00131  0.38  0.812 
Error       4  0.01364  0.00341 
Total       9  0.03409 
 
S = 0.05840   R-Sq = 59.99%   R-Sq(adj) = 9.97% 
 
  
Two-way ANOVA: potassium versus soil type, section  
 
Source     DF      SS      MS     F      P 
soil type   1  201924  201924  6.11  0.069 
section     4  163278   40820  1.23  0.421 
Error       4  132228   33057 
Total       9  497431 
 
S = 181.8   R-Sq = 73.42%   R-Sq(adj) = 40.19% 
 
  
Two-way ANOVA: calcium versus soil type, section  
 
Source     DF     SS     MS     F      P 
soil type   1   52.9   52.9  0.33  0.596 
section     4  246.0   61.5  0.38  0.811 
Error       4  639.6  159.9 
Total       9  938.5 
 
S = 12.65   R-Sq = 31.85%   R-Sq(adj) = 0.00% 
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Two-way ANOVA: free so2 versus soil type, section  
 
Source     DF  SS  MS  F  P 
soil type   1   0   0  *  * 
section     4   0   0  *  * 
Error       4   0   0 
Total       9   0 
 
S = 0   R-Sq = *%   R-Sq(adj) = *% 
 
  
Two-way ANOVA: total so2 versus soil type, section  
 
Source     DF  SS  MS  F  P 
soil type   1   0   0  *  * 
section     4   0   0  *  * 
Error       4   0   0 
Total       9   0 
 
S = 0   R-Sq = *%   R-Sq(adj) = *% 
 
  
Two-way ANOVA: acetic versus soil type, section  
 
Source     DF         SS         MS      F      P 
soil type   1  0.0015376  0.0015376  34.87  0.004 
section     4  0.0001484  0.0000371   0.84  0.564 
Error       4  0.0001764  0.0000441 
Total       9  0.0018624 
 
S = 0.006641   R-Sq = 90.53%   R-Sq(adj) = 78.69% 
 
  
Two-way ANOVA: lactic versus soil type, section  
 
Source     DF         SS         MS     F      P 
soil type   1  0.0000841  0.0000841  5.66  0.076 
section     4  0.0000234  0.0000059  0.39  0.806 
Error       4  0.0000594  0.0000149 
Total       9  0.0001669 
 
S = 0.003854   R-Sq = 64.41%   R-Sq(adj) = 19.92% 
 
  
Two-way ANOVA: malic versus soil type, section  
 
Source     DF         SS         MS     F      P 
soil type   1  0.0003600  0.0003600  0.89  0.399 
section     4  0.0018534  0.0004633  1.15  0.449 
Error       4  0.0016170  0.0004043 
Total       9  0.0038304 
 
S = 0.02011   R-Sq = 57.79%   R-Sq(adj) = 5.02% 
 
  
Two-way ANOVA: tartaric versus soil type, section  
 
Source     DF         SS         MS      F      P 
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soil type   1  0.0465124  0.0465124  17.40  0.014 
section     4  0.0024930  0.0006232   0.23  0.906 
Error       4  0.0106926  0.0026732 
Total       9  0.0596980 
 
S = 0.05170   R-Sq = 82.09%   R-Sq(adj) = 59.70% 
 
  
Two-way ANOVA: organic acid profile versus soil type, section  
 
Source     DF         SS         MS      F      P 
soil type   1  0.0418609  0.0418609  11.35  0.028 
section     4  0.0044766  0.0011191   0.30  0.863 
Error       4  0.0147586  0.0036897 
Total       9  0.0610961 
 
S = 0.06074   R-Sq = 75.84%   R-Sq(adj) = 45.65% 
 
 

 
 
A&L Laboratories results 
 
 
   
Two-way ANOVA: % organic matter versus soil, section  
 
Source   DF     SS      MS     F      P 
soil      1  0.001  0.0010  0.00  0.958 
section   4  0.650  0.1625  0.51  0.735 
Error     4  1.274  0.3185 
Total     9  1.925 
 
S = 0.5644   R-Sq = 33.82%   R-Sq(adj) = 0.00% 
 
  
Two-way ANOVA: nitrogen versus soil, section  
 
Source   DF    SS    MS     F      P 
soil      1   4.9  4.90  0.87  0.404 
section   4   8.6  2.15  0.38  0.814 
Error     4  22.6  5.65 
Total     9  36.1 
 
S = 2.377   R-Sq = 37.40%   R-Sq(adj) = 0.00% 
 
  
Two-way ANOVA: weak bray phosphorous versus soil, section  
 
Source   DF     SS     MS     F      P 
soil      1   36.1  36.10  1.69  0.263 
section   4   71.0  17.75  0.83  0.569 
Error     4   85.4  21.35 
Total     9  192.5 
 
S = 4.621   R-Sq = 55.64%   R-Sq(adj) = 0.18% 
 
  
Two-way ANOVA: Phosphorous versus soil, section  
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Source   DF    SS     MS     F      P 
soil      1   4.9   4.90  0.35  0.588 
section   4  14.6   3.65  0.26  0.891 
Error     4  56.6  14.15 
Total     9  76.1 
 
S = 3.762   R-Sq = 25.62%   R-Sq(adj) = 0.00% 
 
  
Two-way ANOVA: K versus soil, section  
 
Source   DF       SS       MS     F      P 
soil      1   6400.9  6400.90  2.91  0.163 
section   4   5087.4  1271.85  0.58  0.695 
Error     4   8792.6  2198.15 
Total     9  20280.9 
 
S = 46.88   R-Sq = 56.65%   R-Sq(adj) = 2.45% 
 
  
Two-way ANOVA: Mg versus soil, section  
 
Source   DF      SS       MS     F      P 
soil      1   13542  13542.4  0.72  0.444 
section   4  162670  40667.5  2.16  0.236 
Error     4   75152  18787.9 
Total     9  251364 
 
S = 137.1   R-Sq = 70.10%   R-Sq(adj) = 32.73% 
 
  
Two-way ANOVA: Ca versus soil, section  
 
Source   DF       SS       MS     F      P 
soil      1  3259268  3259268  8.31  0.045 
section   4  3476573   869143  2.22  0.230 
Error     4  1567985   391996 
Total     9  8303826 
 
S = 626.1   R-Sq = 81.12%   R-Sq(adj) = 57.51% 
 
  
Two-way ANOVA: Na versus soil, section  
 
Source   DF     SS      MS      F      P 
soil      1  193.6  193.60  10.85  0.030 
section   4   79.4   19.85   1.11  0.460 
Error     4   71.4   17.85 
Total     9  344.4 
 
S = 4.225   R-Sq = 79.27%   R-Sq(adj) = 53.35% 
 
  
Two-way ANOVA: S versus soil, section  
 
Source   DF     SS      MS      F      P 
soil      1  504.1  504.10  14.46  0.019 
section   4  295.0   73.75   2.12  0.243 
Error     4  139.4   34.85 
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Total     9  938.5 
 
S = 5.903   R-Sq = 85.15%   R-Sq(adj) = 66.58% 
 
  
Two-way ANOVA: Zn versus soil, section  
 
Source   DF     SS     MS     F      P 
soil      1  0.961  0.961  5.46  0.080 
section   4  0.176  0.044  0.25  0.896 
Error     4  0.704  0.176 
Total     9  1.841 
 
S = 0.4195   R-Sq = 61.76%   R-Sq(adj) = 13.96% 
 
  
Two-way ANOVA: Mn versus soil, section  
 
Source   DF   SS    MS     F      P 
soil      1  1.6  1.60  4.57  0.099 
section   4  3.0  0.75  2.14  0.239 
Error     4  1.4  0.35 
Total     9  6.0 
 
S = 0.5916   R-Sq = 76.67%   R-Sq(adj) = 47.50% 
 
  
Two-way ANOVA: Fe versus soil, section  
 
Source   DF    SS    MS     F      P 
soil      1   0.0  0.00  0.00  1.000 
section   4   5.4  1.35  1.08  0.471 
Error     4   5.0  1.25 
Total     9  10.4 
 
S = 1.118   R-Sq = 51.92%   R-Sq(adj) = 0.00% 
 
  
Two-way ANOVA: Cu versus soil, section  
 
Source   DF      SS       MS      F      P 
soil      1  19.044  19.0440  72.83  0.001 
section   4   2.894   0.7235   2.77  0.174 
Error     4   1.046   0.2615 
Total     9  22.984 
 
S = 0.5114   R-Sq = 95.45%   R-Sq(adj) = 89.76% 
 
  
Two-way ANOVA: B versus soil, section  
 
Source   DF     SS      MS     F      P 
soil      1  0.004  0.0040  0.35  0.587 
section   4  0.010  0.0025  0.22  0.916 
Error     4  0.046  0.0115 
Total     9  0.060 
 
S = 0.1072   R-Sq = 23.33%   R-Sq(adj) = 0.00% 
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Two-way ANOVA: K % cation saturation versus soil, section  
 
Source   DF     SS      MS      F      P 
soil      1  0.784  0.7840  10.25  0.033 
section   4  0.234  0.0585   0.76  0.599 
Error     4  0.306  0.0765 
Total     9  1.324 
 
S = 0.2766   R-Sq = 76.89%   R-Sq(adj) = 48.00% 
 
  
Two-way ANOVA: Mg % cat saturation versus soil, section  
 
Source   DF      SS       MS     F      P 
soil      1   3.136   3.1360  0.42  0.554 
section   4  46.646  11.6615  1.55  0.341 
Error     4  30.134   7.5335 
Total     9  79.916 
 
S = 2.745   R-Sq = 62.29%   R-Sq(adj) = 15.16% 
 
  
Two-way ANOVA: Ca % cat saturation versus soil, section  
 
Source   DF     SS      MS     F      P 
soil      1   0.90   0.900  0.10  0.766 
section   4  44.28  11.070  1.24  0.419 
Error     4  35.58   8.895 
Total     9  80.76 
 
S = 2.982   R-Sq = 55.94%   R-Sq(adj) = 0.87% 
 
  
Two-way ANOVA: Na % cat saturation versus soil, section  
 
Source   DF     SS     MS     F      P 
soil      1  0.009  0.009  2.25  0.208 
section   4  0.004  0.001  0.25  0.896 
Error     4  0.016  0.004 
Total     9  0.029 
 
S = 0.06325   R-Sq = 44.83%   R-Sq(adj) = 0.00% 
 
  
 
 
 
Two-way ANOVA: pH versus soil, section  
 
Source   DF     SS      MS     F      P 
soil      1  0.004  0.0040  0.19  0.688 
section   4  0.066  0.0165  0.77  0.598 
Error     4  0.086  0.0215 
Total     9  0.156 
 
S = 0.1466   R-Sq = 44.87%   R-Sq(adj) = 0.00% 
 
  
Two-way ANOVA: CEC meq/100g versus soil, section  
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Source   DF       SS      MS     F      P 
soil      1   96.721  96.721  5.67  0.076 
section   4  157.916  39.479  2.32  0.218 
Error     4   68.204  17.051 
Total     9  322.841 
 
S = 4.129   R-Sq = 78.87%   R-Sq(adj) = 52.47% 
 
   
Two-way ANOVA: ECE dS/m versus soil, section  
 
Source   DF     SS      MS     F      P 
soil      1  0.001  0.0010  0.29  0.621 
section   4  0.014  0.0035  1.00  0.500 
Error     4  0.014  0.0035 
Total     9  0.029 
 
S = 0.05916   R-Sq = 51.72%   R-Sq(adj) = 0.00% 
 
 

 
Soil Profile and Map Unit Summary for Zaca 

Soil Phase Zaca clay, 5 to 10 percent slopes 
Location South and east sides of vineyard 
Legal Description NE/4, NW/4, NE/4, S 21, T 26 S, R 10 E, MDBM 

Native Vegetation or Crop wine grapes 
Annual Precipitation 14.9 in 
Average Annual Temperature 59 oF 
Parent Material Alluvium over residuum 
Landform Footslopes of hillslopes 
Slope 5 to 10 % 
Aspect South and west 
Permeability (surface) moderate 
Permeability (soil) moderately slow 
Elevation 1260-1340 ft 
Available Water Holding Capacity Moderate to high 
Drainage Class well drained 
Water Runoff Class rapid 
Surface Rockiness 2 % 
Land Use Capability Class IV 

Soil Taxonomy 
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Family Name Fine, smectitic, thermic Vertic 
Haploxerolls 

Control Section Depth 0 to 25 cm. 
Average Percent Clay 43 % 
Average Percent Coarse Fragments 6 % 
Family Particle Size Class Fine (clayey) 
 
 
 
Representative Pedon 
 
Zaca clay 
 
A1 0 to 10 cm; dark gray (10 YR 4/1) clay, very dark gray (10 YR 3/1) moist; 

strong moderate granular to fine subangular blocky structure; very hard, 
firm, sticky and very plastic; common very fine roots; slightly 
effervescent; slightly alkaline (pH 7.4); clear smooth boundary. 
 

A2 10 to 60 cm; dark gray (10 YR 4/1) clay, very dark gray (10 YR 3/1) 
moist; strong coarse subangular blocky to weak prismatic structure; very 
hard, firm, sticky and very plastic; common very fine and roots; slightly 
effervescent; slightly alkaline (pH 7.5); clear wavy boundary. 

 
Btk 60 to 90 cm; dark gray (10 YR 4/1) clay, very dark gray (10 YR 3/1) 

moist; strong coarse subangular blocky structure; very hard, firm, sticky 
and plastic; few very fine roots; few clay films and common pressure 
faces; strongly effervescent; moderately alkaline (pH 7.9), clear wavy 
boundary. 

 
Crk 90 to 150 cm; highly weathered calcareous shale and mudstone; secondary 

carbonates on rock fractures; strongly effervescent. 
Soil Profile and Map Unit Summary for Calodo 

 
Soil Phase Calodo clay loam, 5 to 15 percent slopes 
Location north hill south of water tower 
Legal Description NE/4, NW/4, NE/4, S 21, T 26 S, R 10 E, 

MDBM 
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Native Vegetation or Crop Wine grapes 
Annual Precipitation 14.9 in 
Average Annual Temperature 59 oF 
Parent Material residuum 
Land Form Hillside summits and shoulders 
Slope 5-15 % 
Aspect South and west 
Permeability (surface) moderate 
Permeability (soil) moderate 
Elevation 1380-1440 ft 
Available Water Holding Capacity low 
Drainage Class well drained 
Water Runoff Class rapid 
Surface Rockiness 5 % 
Land Use Capability Class IV 

Soil Taxonomy 
Family Name Loamy, mixed, superactive, thermic 

shallow Calcic Haploxerolls 
Control Section Depth 0 to 25 cm. 
Average Percent Clay 33 % 
Average Percent Coarse Fragments 10 % 
Family Particle Size Class Fine-loamy 
 
 
 
 
Representative Pedon       Map Unit 108 
 
Calodo clay loam 
 
A1 0 to 15 cm; brown (10 YR 4/3) clay loam, dark brown (10 YR 3/3) moist; 

moderate medium granular structure; soft, friable, sticky, and plastic; 
common fine and medium roots; moderately effervescent; moderately 
alkaline (pH 7.8), clear smooth boundary. 
 

A2 15 to 36 cm; brown (10 YR 4/3) clay loam, very dark grayish brown (10 
YR 3/2) moist; medium coarse subangular blocky structure; slightly hard, 
firm, sticky and plastic; common fine and medium roots; moderately 
effervescent; moderately alkaline (pH 8.0), clear wavy boundary. 
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Bk 36 to 45 cm; dark grayish brown (10 YR 4/2) clay loam, very dark grayish 
brown (10 YR 3/2) moist; medium moderate subangular blocky structure; 
slightly hard, friable, sticky and plastic; common fine roots; violently 
effervescent; secondary carbonates on rock fragments; moderately alkaline 
(pH 8.0), gradual boundary. 

 
Crk 45 to 100 cm; highly weathered calcareous shale and mudstone; secondary 

carbonates on rock fracture; violently effervescent. 
 
 
Soil Characteristics   
 P>0.05 for mean of Soil VS Variable P<0.05 for mean of Soil VS Variable 
% of Organic Matter Soils were not different  
Nitrogen Soils were not different  
Weak Bray Phosphorous Soils were not different  
Phosphorous Soils were not different  
Potassium Soils were not different  
Magnesium Soils were not different  
Calcium  Soils did significantly differ in mean value
Sodium Content  Soils did significantly differ in mean value
Sulfur  Soils did significantly differ in mean value
Zinc Soils were not different  
Manganese Soils were not different  
Iron Soils were not different  
Copper  Soils did significantly differ in mean value
Boron Soils were not different  
Potassium Cation Saturation Soils did significantly differ in mean value
Magnesium Cation Saturation Soils were not different  
Calcium Cation Saturation Soils were not different  
Sodium Cation Saturation Soils were not different  
pH of Soils Soils were not different  
CEC of Soil Types Soils were not different  
ECE of Soil Types Soils were not different  
 

Must Variable 
P>0.05 for Type vs 
Variable P<0.05 for Type vs Variable 

Acetic Acid Content  Sample means did Significantly differ
Malic Acid Content Sample means did not differ  
Tartaric Acid Content  Sample means did Significantly differ
Total Acid Content  Sample means did Significantly differ
Reducing Sugars  Sample means did Significantly differ
Sucrose  Sample means did not differ  
Ammonia Sample means did not differ  
Assimilable Amino Nitrogen Sample means did not differ  
Copper Sample means did not differ  
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Iron  Sample means did Significantly differ
Potassium  Sample means did Significantly differ
Calcium Sample means did not differ  
Free Sulfur Dioxide Sample means did not differ  
Total Sulfur Dioxide Content Sample means did not differ  
pH  Sample means did Significantly differ
Titratable Acidity Sample means did not differ  
Degrees Brix  Sample means did Significantly differ
Color Intensity  Sample means did Significantly differ
Hue  Sample means did Significantly differ
 
 

Post Fermentation Variable 
P>0.05 for Type vs 
Variable P<0.05 for Type vs Variable 

Acetic Acid Content  Sample means did significantly differ
Malic Acid Content Sample means did not differ  
Tartaric Acid Content  Sample means did significantly differ
Lactic Acid Content Sample means did not differ  
Total Acid Content  Sample means did significantly differ
Reducing Sugars Sample means did not differ  
Sucrose    
Ammonia Sample means did not differ  
Assimilable Amino Nitrogen Sample means did not differ  
Copper  Sample means did significantly differ
Iron Sample means did not differ  
Potassium Sample means did not differ  
Calcium Sample means did not differ  
Free Sulfur Dioxide Sample means did not differ  
Total Sulfur Dioxide Content Sample means did not differ  
pH   Sample means did significantly differ
Titratable Acidity  Sample means did significantly differ
Degrees Brix  Sample means did significantly differ
Color Intensity   Sample means did significantly differ
Hue  Sample means did significantly differ
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