
— THOMAS J.  RICE,  PH.D

“When researching potential vineyard sites, the Daou brothers searched for calcium-rich 

calcareous soils, which they found on DAOU Mountain. The DAOU estate vineyard was 

planted with the knowledge that calcareous, calcium-rich soils are a key to producing high-

quality grapes and crafting great wines.”

DAOUVINEYARDS.COM

THE TERROIR OF DAOU MOUNTAIN &
 THE ADELAIDA DISTRICT

RESEARCH BY: THOMAS J. RICE, PH.D.
PROFESSOR EMERITUS OF SOIL SCIENCE, CAL POLY, SAN LUIS OBISPO



LIMESTONE AND 
CALCAREOUS SOILS ON 
DAOU MOUNTAIN
PER THE MAP LEGEND in the “Geologic Map of the Adelaida 

Quadrangle, San Luis Obispo County, California” (Durham, 1968), 

the “Monterey Shale Formation, Sandholdt Member” of Miocene 

Epoch contains “chiefly mudstone, well indurated, calcareous shale...

dolomitic carbonate rock, beds 1/2 to 2 feet thick,...porcelanous and 

cherty rock...” All of these calcareous rocks are observed throughout 

the DAOU estate vineyard.

 The official geologic definition of limestone reads: “A sedimentary 

rock consisting chiefly (> 50%) of the mineral calcite (calcium 

carbonate), with or without magnesium carbonate” (Bates and 

Jackson, 1983). The “limestone” rocks are the “dolomitic carbonate 

rocks” and mainly comprise summit cap-rocks in the Paso Robles 

area.

 My observations over the past 20 years indicate that most 

viticulturists will “rip” the massive limestone beds and remove these 

hard limestone rocks from the vineyards. Therefore, most of the 

wine grape rootstocks are planted in soils mainly weathered from 

the associated calcareous shale and mudstone strata, which have 

calcium carbonate levels less than 50 percent. As such, the calcareous 

mudstones and shales do not meet the strict definition of “limestone.”

THE IMPORTANCE OF 
CALCAREOUS SOILS FOR 
GRAPE VINEYARDS
GREAT WINE REGIONS such as Burgundy, Champagne, 

Chablis, the Loire, southern Rhône Valley, and Saint-Émilion 

are rich in calcareous and limestone soils. These soils feature an 

abundance of plant-available calcium (Ca) from calcium carbonate 

(CaCO3), the principal chemical component of decomposing 

limestone rock outcrops. Limestone and associated calcareous rocks 

are often too hard for plant roots to penetrate but become softer 

as they decompose by chemical and physical weathering processes 

into soil.

 Limestone and calcareous soils are relatively rare in California 

except in a crescent of land in the Central Coast between the Santa 

Cruz Mountains to the north and Lompoc to the south. The Paso 

Robles AVA, and especially the Adelaida District sub-AVA, features 

the state’s largest extent of calcareous and limestone-derived soils.



CALCAREOUS SOILS & VINEYARDS
FOR ALL OF THE ANECDOTAL EVIDENCE of the superior qualities of calcium-rich soils, the science behind how calcareous 

soil influences grapevine health and the wines that are made from them is still being researched. From past research, we know that 

there are four principal reasons why calcareous soils improve wine quality.

2. CATION EXCHANGE AND BERRY PH
 Calcareous soils in semi-arid climates tend to be alkaline. The soil pH of 

the calcareous layers on DAOU Mountain is near pH 8.0. Soil science research 

has shown that cation exchange is greater at higher pH levels. Grapevines 

need all plant essential nutrients (nitrogen, phosphorus, potassium, calcium, 

magnesium, sulfur, iron, zinc, and manganese) to thrive. The positively 

charged cations are taken up at certain specific sites on the root hairs and 

clay particles through the process of cation exchange. Negatively charged 

compounds in plant roots attract positively charged cations. Calcium helps 

soil particles aggregate through a process called flocculation, which improves 

soil structure and increases plant-available soil water.

 In acid soils (pH less than 6.5), hydrogen ions (H+) displace the ions 

of four plant-essential nutrients (ammonium-nitrogen: NH4+-N, potassium: 

K+, calcium: Ca2+, and magnesium: Mg2+). Between pH 6.0 and pH 8.0, 

most plant-essential nutrients are readily plant-available. Calcium carbonate 

acts as a buffer (used for centuries as an antacid) and neutralizes the acid 

produced in the decomposition of soil organic matter. Plant nutrient 

availability is optimum when resultant topsoil pH levels in calcareous soils 

are pH 6.5 to 7.5.

 There is increasing scientific evidence that calcium-rich soils help 

maintain acidity in grapes late into the growing season. A researcher at the 

University of Bordeaux linked the healthy cation exchange processes in soils 

rich in calcium (with adequate water supply) to higher grape acidity and 

lower wine pH (Soyer et al., 1995).

1. WATER-RETENTION CAPABILITIES
 Calcium-based soils have chemical and physical properties that are 

ideal for growing grapevines. Calcium-rich clay soils have an excellent soil 

structure which retains moisture in periods of dry weather and allows for 

good internal water drainage during intensive rains. Some water is essential 

for cation exchange—the process by which plants take up nutrients through 

their roots.

 Soils that are less able to retain moisture must be irrigated more 

frequently. As cation exchange cannot occur in dry soils, the only roots that 

are taking up nutrients are those within the drip irrigation zones. On DAOU 

Mountain, calcareous soils mean that they can irrigate less frequently and 

often dry-farm (no supplemental irrigation) the vines following rainy 

seasons, even though it rarely rains between April and November.



CALCAREOUS SOILS & VINEYARDS CONTINUED

3. ROOT SYSTEM AND VINE DEVELOPMENT
 Grapevines have relatively deep root systems. Most vine roots 

important in water and nutrient uptake occur in the upper two feet 

of soil. Roots sometimes penetrate tens of feet into subsoils and rock 

fractures to obtain water and nutrients. Roots continue to grow 

throughout the vines’ lives. This means that the physical properties 

of the soil affect root growth. A hardpan soil layer restricts root 

growth, having a serious negative impact on a vine’s productivity. 

Calcium’s tendency to flocculate soil (soil particle aggregation) 

creates pore spaces into which roots can penetrate and where water 

and nutrients are stored. Clay soils high in calcium tend to have 

favorable granular soil structures meaning less mechanical resistance 

and enhanced root growth.

4. DISEASE RESISTANCE
 There is evidence that calcium is essential for the formation of disease-resistant berries. Calcium is found in its greatest concentrations 

in the berries’ skins and is essential for strong cell wall production. When calcium is deficient, plants prioritize intracellular calcium over 

berry skin calcium making berries, which are more susceptible to fungal diseases (Saxton, 2002a).

SIMILARITY OF 
DAOU ESTATE 
VINEYARD SOILS 
WITH THOSE 
IN THE SAINT-
ÉMILION REGION 
AND BURGUNDY
AS BRIEFLY MENTIONED EARLIER, the soils 

surrounding Saint-Émilion (Bordeaux appellation) 

and Burgundy (Côte d’Or appellation), and within 

most of the associated vineyards, are weathered 

from limestone and calcareous rocks. They are 

analogous to the soils within the DAOU estate 

vineyard - see table.

LEFT: Alkaline Earth Carbonates’ (AEC: %) levels 
in representative soils and rock types within the DAOU 
estate vineyard



DAOU ESTATE VINEYARDS’ SOILS & ROCKS (AEC:%)

CLIMATE AND WEATHER ON DAOU MOUNTAIN 
AND ANALOGOUS NAPA VALLEY AVA VINEYARDS
WEATHER IS THE DAY-TO-DAY state of the atmosphere in a region and its short-term (minutes to weeks) variations, whereas 

climate is defined as statistical weather information that describes the variation of weather at a given place for a specified interval.

 Examination of climate and weather information shows that the annual temperature at DAOU Mountain is similar to the climatic 

temperatures of northern Napa Valley between St. Helena and Calistoga. In contrast, DAOU Mountain has lower precipitation (in 

most years) than in northern Napa Valley (i.e., Calistoga).

Left: Weather Data for 
DAOU Mountain

Left: Graph of  Alkaline 
Earth Carbonates’ (AEC: 
%) levels in representative 
soils and rock types within 
the DAOU estate vineyard 



Above: Weather Data for Calistoga, Napa Valley, CA

Above:  Weather Data for DAOU Mountain (2013-16)

Above:  Weather Data for Calistoga, Napa Valley, CA (2013-16)
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SUMMARY

AS SEEN FROM THE preceding discussion and the soils and weather data discussed within this paper, DAOU Mountain posesses the 

enviable traits of having calcareous soils similar to the great wine growing regions of France and weather comparable to the outstanding 

wine growing region of northern Napa Valley, California. These earth science facts combined with the winemaker’s expertise results in 

DAOU wines, which are truly “world class.”


