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Science and Technology in Wine Production

Science and technology are among the factors affecting the style and quality of wine. In the last fifty years, viti-
culturalists and winemakers around the world have introduced and embraced vineyard and winemaking practices that 
have not only altered  the production process of wines but also the wine itself. Denis Dubourdieu, director of the Bor-
deaux Institute des Sciences de la Vigne et du Vin was quoted in Decanter, March 2011 as saying: “ Winemaking is an art, 
but there must be scientific knowledge that allows the artistic aims to be realised”. This paper will give an overview of 
the impact science and technology have had in the vineyard and wineries over the past half century. One area of viticul-
ture where science has been applied, and one area of vinification where technology has been applied will be explained 
in detail. The science of partial root drying will be outlined, how it has been applied will be explained, and its impact on 
the resulting wines will be discussed.  Then, the technology behind, and the (sometimes controversial) use of reverse 
osmosis (R-O) in the winemaking process will be explained. Its effect on the wines produced will be discussed. Finally, the 
paper will provide a glimpse of where science and technology may lead the viticulturalist and the winemaker on the path 
from rootstalk to bottle, focusing on precision viticulture, biodynamism, yeast inoculations, must adjustments and their 
importance and implications for the wine industry in next twenty years. 

1960 to Present

How science and technology have improved or altered viticulture and winemaking

The adage that “it is easy to make bad wine from good grapes, but you cannot make good wine from bad grapes” 
(Bird, 2000) provides the impetus for viticulturists to use technological advances and scientific findings to grow the high-
est quality grapes possible. It is also because of this fact that vignerons seek to use the latest technology and science 
coupled with traditional methods to produce the best wines possible. Also true, is that vitis vinifera grapes are subject to 
vintage variation, pests, diseases, and threats such as drought, frost, hail, and rain at harvest time (Skelton, 2009). And, 
that interventions are needed most in years when things go wrong. Scientific research and technological advancements, 
especially those of the past fifty years, enable the producers of wines to take action to make “better wines more cheaply 
than ever before” (Bird, 2000).

In the early 1960s, the scientific findings of French oenologist Emile Peynaud and his subsequent recommended 
viticultural and winemaking practices were beginning to be applied by French wine producers. Peynaud’s research in-
cluded, but was not limited to, the impact of organoleptic ripeness, must infections and the necessity of sanitary winery 
conditions, and the harnessing of malolactic conversion.  Peynaud’s advice was accepted by Bordelais producers who 
were already making the best wines in the world – les Crus Classés (Robinson, 2004).

One conclusion reached through Peynaud’s work is that harvesting grapes at optimal organoleptic ripeness (sug-
ar and phenolic) provides the balance of constituents to make high quality, balanced wines. From this, came the theory 
that musts should be fermented separately from musts harvested from other plots of land which may have different 
levels of ripeness and flavour profiles. It was from this practice that distinction between Grand Vins and (super) second 
labels for lesser quality wine came into effect (Markham, 2011).

Implementation of Peynaud’s practical advice continues. See  Figure 1.1 for a detailed, but not exhaustive look at 
vineyard innovations currently in use.



Is efficient, can take place around the clock and enables yields to be measured upon harvest.

Soil Mapping

Soil Analysis

Used to make decisions about vineyard design, readily available water (RAW), and irrigation.

Nutrient levels and soil composition determined by laboratory techniques.

Clonal Selection Goal: to improve quality through a particular superior plant and its propagation to promote a desire-
able attribute such as yield or fruit ripeness. In the 1990s the EU adopted guidelines. 

Rootstalks Selection and grafting improves grape quality through acheiving soil compatibility and disease pre-
vention, also generates desired characteristics in the vine and subsequent fruit.

Artificial Drainage Methods vary (i.e. tiling, PVC tubing) but can be invaluable in producing high quality grapes.

Improves quality and yield with research leading to new techniques.Disease Prevention

Pest Management Since the 1990s, greater care for the environment and the safety of workers has been taken in the 
use of agrochemicals. 

Asperision Reduces frost damage by mechanically sprinkling vines with water.

Helicopters

Canopy Management

Spray agrochemicals (planes too) and in creating air turbulence to protect from frost.

Soil Amendments

Through trellising systems, leaf thinning and green harvesting 
create optimal ripening conditions.

Refractometer

(organic/biodynamic) The addition of trace elements and 
fertilizers create optimal vine growth.

Measures sugar levels during ripening and when combined with phenolic ripeness that can now also 
be measured in the laboratory, gives a comlete picture of organoleptic ripeness.

Lighted Vineyards At night enable harvesting during the coolest part of the day maintaining acidity levels.

Refrigeration

Mechanical Harvesting

Has a “profound effect on how and where wine is made and how it tastes, enabling the winemaker to 
have much greater control than was possible before... the second half of the 20th century” (Robin-
son, 2004).

When  pests are controlled through the use of natural predators of the pest, biopesticides, alternative 
habitat for enemies, cover cropping, semiochemical strategies to attract predators or disrupt procre-
ation.

Integrated Pest Management 
or Lutte Raisonee

GPS tracking

Enable information to be immediately accessed and shared among the vineyard, winery, and 
winemaker.

When combined with arial photography, together aid in precision viticulture aims.

Palm Computers

Vineyard Innovations
Innovation Underlying Science or Technology

Air Cannons
Irrigation Methods and legalization vary but are found more commonly due to climate change and less pre-

dictable weather.

Automated propane-fuelled air cannons are used to ward off birds.

(Goode, 2005)
(Robinson, 2004)

Figure 1.1



Vinification is also an area where Peynaud and others such as Gerard Seguin, Michel Rolland, and Richard Smart 
made recommendations about how to create more palatable wines. During this period, malolactic fermentation (conver-
sion) was fully explained and its use maximized to have the most benevolent effect. When the malic bacteria enzymes 
begin to consume malic acid and create lactic acid the character of the wine changes. The body is fuller with a rounder 
mouthfeel, the acid is softer, and some buttery flavours due to increased diacetyl appear. Malolactic conversion is now 
widespread, controlled, and understood. It is used in the production of most red wines and in some white wines (i.e. 
Chardonnay), except where prohibited, or arrested when not desired (i.e. Riesling).

 Peynaud also proved that sanitary conditions prevent infections such as Brettanomyces, Trichloroanisole, and 
unintentional second fermentation (Robinson, 2004). And, that maintaining sanitary conditions could be as simple as the 
liberal use of water in “that it takes one litre of water to make one litre of wine” (actually around 6L). This referred to 
both the hundred-year-old practice of Pasteurization, as well as using water to keep each barrel or tank, each hose, each 
bottle and cork - everything -  clean.  Sanitary winery practices result in less-faulty and fewer faulty wines, improving 
sales and profits.

Since Peynaud’s revolutionary observations and his suggested practices (a.k.a. Peynaudization), once implement-
ed, proved that science and technology can assist in the creation both better quality and more sanitary wines, producers 
have embraced scientific findings and technological advances more willingly. Mechanically-controlled pneumatic presses 
are employed to gently extract only juice. Robotic lagares, extracting anthocyanins and phenolics just as a human tread-
ing would, is another example of how a modern innovation improves efficiency. Science applied in the form of SO2 and 
CO2 , and technology in the form of refrigeration are two innovations that can be used to protect the grapes from oxida-
tion and the onset of microbial spoilage. Destemmers, cold-soaking, cool-fermenting, stainless steel, epoxy on concrete, 
oak staves, fining methods, cross-flow filtration, centrifugation, cold stabilization all provide the winemaker with options 
to create a desired style of wine while maintaining the most authentic fruit characteristics. Profits also increase as cus-
tomer pleasure increases, and when less wine is ruined by microbial spoilage.

  “Today, innovation permeates all stages of winery design and operation” (Robinson, 2004). It always has. Though 
an individual technology itself may be new, the use of technology in winemaking is not. For example, the quality enhanc-
ing, labour and time-saving Spanish invention, the gyropalette is in great contrast to Veuve Cliquot’s riddling table, and 
the skilled Remuers who worked them. This demonstrates that science and technology, while sometimes controversial, 
will over time prove which truly enhance wine quality and profitability and which only increase quantity and lower pro-
duction costs. This overview of scientific research and technological innovation over the past 50 years brings us to pres-
ent day and a look at practices that will affect the style, quality, and price of the wines of the 2011 vintage and beyond.  

Scientific Research and Technological Innovation in Viticulture

Partial Root Drying

Vine Growth and grape ripening requirements are sunlight, water, carbon dioxide, and nutrients. This section will 
focus on one aspect of those requirements: a vine’s access to water. A consensus of researchers, Richard Smart, Victoria 
Carey, and the pioneering Gerard Seguin agreed that it was “the physical properties of the soil, regulating the water sup-
ply to the vine, that were all-important in determining wine quality” (Goode, 2005). Though, Seguin was not including 
irrigation techniques in his research, this is the guiding principle behind Partial Root Drying (PRD). This section will ex-
amine how one method of “carefully controlled irrigation can be a useful technique for maximizing yield and/or quality” 
(Robinson, 2004.).

Vines require between 250mm and 1000mm of water in order for the fruit to ripen (Skelton, 2009). The aver-
age annual rainfall varies among quality grape growing regions around the world. Maritime climates such as Bordeaux 
receive more rain (850mm) than a region with a continental climate such as Mendoza, Argentina (200mm) (Johnson & 
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Malolactic Conversion Equation

(Bird, 2000)

Figure 1.2
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Robinson, 2009). Some growing regions depend on rainfall alone while others rely heavily on irrigation. By controlling the 
vine’s access to water, the viticulturist takes control over the vine’s progress from the crucial period of veraison (grape 
ripening) through to the time of harvest. This may be a period of time from “40 to 60 days after fruit set, longer for 
cooler climates” (Robinson, 2004).  

A vine’s access to water is largely determined by soil composition. This includes the depth of the water table, 
the soil’s ability to drain or seal-in moisture, hold heat, and reflect it back on to the fruit. (Climate, rainfall, aspect, cover 
crops, and altitude also play a role.) And, the many steps the viticulturalist can take to control the water stress experi-
enced by the vine such as installing drainage systems to guide water away from the roots, and soil amendments like the 
addition of humus are factors but are beyond the scope of this paper. 

One method of controlled irrigation viticulturalists employ is partial root drying (PRD) leading to hydric stress. 
A vine experiencing hydric stress reacts by going into survival mode as it would during drought conditions. In order to 
ensure its survival the vine focuses what little energy it has on producing fruit (its seed), rather than on developing the 
canopy (Goode, 2005). Grape vines under duress produce better quality fruit with more, flavour, concentration and bal-
ance of potential alcohol and total acid, along with low PH – all ideal for making quality wine (Bird, 2000).

   The Underlying Science of Partial Root Drying 

 Scientists discovered that when vines experience stress due to drought conditions that the “negative” growth 
hormone abscisic acid is released into the vine telling it to halt canopy growth and focus on developing its berries. PRD 
results in half of the root system experiencing drought conditions, while the other have receives enough water to sup-
port healthy plant growth. Every two weeks the vineyard manager switches the side that experiences drought condi-
tions with the one that is taking up water by irrigating the opposite side of the root system, and vice versa. The plant is 
constantly feeding its grapes to generate attractive, ripe fruit, rich in sugars, anthocyanins, and phenolics. It is spending 
less of its energy feeding the canopy. Through PRD the viticulturalist is benefiting by having a healthy plant producing the 
most concentrated grapes possible. See figure 1.3.

  

 

It should be noted that irrigation is not used in all wine growing regions because it is against regulations. Regions 
where irrigation is illegal are not implicated in this section of the paper. PRD only relates to wine producing regions/
countries where irrigation is legal and currently practiced including but not limited to: Australia, New Zealand, South 
Africa, Chile, Argentina, Brazil, United States, Canada, United Kingdom, and parts drier parts of the Old World; “irrigated 
vineyards are much more common in the drier parts of France, Spain, Italy” and Germany (Skelton, 2009). New world 

Principles of Partial Root Drying

(Goode, 2005)

Figure 1.3

Vine Canopy Vigour is reduced 
because of a signal from the roots, 
although no ill effects of drought 
stress are experienced.

Vine trunk, with an irrigation 
system on each side

Irrigation switched on on this sideNo irrigation on this side

Wet root zoneDry root zone



vineyard locations are free from wine laws which prevent viticulturists from using tools like irrigation to improve wines 
and profit margins. Producers using this scientific innovation are enjoying the fact that “it is easy to make great wine if 
the grapes coming from the vine are of superior quality” (Thach & Matz, 2008). 

Scientific Research and  Technological Progress in Vinification

Reverse Osmosis

 At the time of harvesting the focus moves from the activities in the vineyard that affect the quality of the fruit, 
to what occurs in the winemaking process which impact the resultant wines, their style and quality. Science and tech-
nology are as important at this stage on the path from rootstalk to bottle as they are in the vineyard. Crucial actions 
are taken and decisions made that can transform grapes into an outstanding, elegant expressions of a time and place 
or conversely, into poor quality alcoholic grape juice.  This is when the winemaker can take action to improve the qual-
ity of wine made when the weather conditions (rain, sunlight, heat, hail, frost) or other variables (disease, rot), may not 
have been ideal for producing the best-possible grapes. Or, even when the entire harvest is substandard due to vineyard 
conditions (location, aspect, climate) and is a perennial occurrence, a winemaker can alter the constituents of the base 
material.

An example of science and technology being used to modify the must that the harvest has yielded is to employ re-
verse osmosis (R-O). It can accomplish any one of the following three things at a time:

a) reduce the level of alcohol in a wine,

b) reduce the level of water in a wine,

c) reduce the level of acid in a wine.

By reducing any one constituent, all others - alcohol and/or water, and/or acid, plus flavours and phenolic compounds 
become more concentrated (Goode & Harrop, 2011).

The Underlying Science of Reverse Osmosis

 “Reverse Osmosis... relies on a technology called cross-flow filtration. A portion of the wine is put through a 
cross-flow filter, which acts a bit like kidney tubules in that the liquid being filtered isn’t being forced through a mem-
brane but runs through a tube under pressure, the walls of which are made of the filtration membrane.... As the wine 
passes through, a mixture chiefly composed of water, acetic acid, and alcohol is separated from it” (Goode & Harrop, 
2011). Then, water, alcohol, and/or acid can be recombined with the wine to attain a desired style.

An example of R-O’s use is when, if in order for the grapes to reach phenolic maturity, the sugar ripeness in-
creased beyond a desirable level, in-turn causing acidity and PH to drop, the must will be high in alcohol or residual sugar 
and out of balance due to low total acidity. In this case, the winemaker can use reverse osmosis to extract alcohol bring-
ing the wine into balance without losing flavour or having included unwanted astringency from under-ripe grapes.

Another use is in the case when a pre-harvest rain dilutes the grapes on the vine, in turn diluting the must. This 
can be rectified by using R-O to remove water from the wine thereby concentrating the alcohol, acidity, (phenolics in the 
case of red wine) and flavours (Personal interview with Paul Battilana, October 5, 2011). 

A final example of when R-O may be used is in cooler than average vintages when acidity levels at the time of 
harvest are higher than ideal. R-O can be employed to reduce the total acidity. This enables the ripe flavours to stand 
out, increases body, and gives a rounder mouth-feel (Personal interview with Paul Battilana, October 5, 2011).

R-O must be used with caution because “quality depends on three factors: terroir, climate, and the human influ-
ence” explains Jean-Philippe Delmas of Chateau Haut-Brion (Decanter, March 2011). In the human effort to remove one 
constituent to reach balance, the much more important varietal expression can be lost.   The winemaker risks the wine 
losing its complexity, its edge, its finesse, its naturalness, its uniqueness, its essence that is terroir, and becoming just 
another bottle of characterless plonk. And, “if the must is of unripe grapes or is moldy, [reverse] osmosis will only accen-
tuate the problem” (Halliday & Johnson, 2007). So, while R-O does not always yield the most elegant results, it does give 
the winemaker a tool to potentially produce a wine that is better than it might have been without its use.



Scientific Research and Technological Progress Looking Forward

Precision viticulture - Peynaudization Deluxe, is the ultimate combination of knowledge gained through scientific 
process made possible through technological advancement (GPS, aerial photography, satellite imagery, soil contents, 
abscisic acid level measurement) is the future. Charles Chevalier of Chateau Lafite is quoted in Decanter, March 2011 
as saying “...our understanding of the difference between our various parcels [of land] is so much greater now. It’s this 
deeper knowledge that allows us to make the best and most balanced wines”. Knowledge, gained through science, ac-
crued over time, and shared via technology will ensure the continued development of precision viticulture. 

In the face of climate change, Oliver Humbrecht MW is quoted as saying “In the vineyard, the challenge is to 
adapt... we have more and more extreme periods – drought, heat, cold spells, lots of rain. We have to give the soil the 
capacity to react better, no matter what the conditions are” (Decanter, 2011). The better vineyards can be preserved 
though biodynamism and environmentally sustainable practices, the better quality the wines will be in the future. 
Healthy, disease free vines, planted in the best places and treated appropriate to climate, weather, and soil, are the most 
likely to produce high quality wines. Helping vines to ward off pests and tolerate things like salinity or alkalinity through 
the selection of rootstalks and clones will be enormous in their effect according to Stefen Soltysiak, director of fine wines 
at Rodney Strong (Personal interview, September 14, 2011).

In wine-making, cultured yeast strains along with wild ferments  - even within the same batch - will continue to 
produce complex, balanced, and unique wines. The winemaker has infinite flavours to blend for the consumer to enjoy 
(Personal interview with Paul Battilana, October 5, 2011). Wine analysis and flavour profiling, and of course, the human 
palate will determine the best wines. Further manipulations such as cryo-extraction, the addition of tannin products, 
micro-oxidation, and further experimentation with fining agents will occur. Upon assemblage, hygiene, fining, bottling, 
CO2 extraction, and closures will affect how the wine ages and how the consumer experiences the wine.

As climate change makes weather patterns in even the most historic wine regions less predictable it makes sense 
that producers, and their respective regulating bodies become more flexible to enable the production of the most deli-
cious, sustainable, and profitable wines. Advancements in science and technology over the past fifty years have affected 
every aspect of the wine supply chain and will continue to do so in the future.  



Declared Word Count: 2901

Bibliography

Bird, D. (2002). Understanding wine technology. San Francisco, USA: The wine appreciation guild. 

Brook, S. (2011, March) The five musketeers. Decanter, 28-29. 

Goode, J. (2005). The science of wine. Berkeley, USA: University of California Press.

Goode, J. & Harrop, S. (2011). Authentic Wine toward natural and sustainable wine making. London, UK: 
University of California press, Ltd..

Greenspan, M. (2007). Water cutbacks drive efficient irrigation. Retrieved September 27, 2011 from http://www.
winebusiness.com

Halliday, J. & Johnson, H. (2007). The art and science of wine. Richmond Hill, Canada: Firefly Books Ltd..

Harpers Editorial Team. (2004). INAO signals relaxation of AOC irrigation law. Retrieved September 27, 2011 
from http://www.harpers.co.uk

Johnson, H. & Robinson J. (2009). The concise world atlas of wine. London, UK: Mitchell Beazley.

Matz, T. & Thach, L. (Eds.). (2008). Wine: a global business. New York, USA.

McGourty, G. (2011). Vineyard irrigation strategies. Retrieved September 27, 2011 from http://www.winesand-
vines.com

Peynaud, E. (1981). Knowing and making wine. New York, USA: John Wiley & Sons.

Robinson, J. (Ed.). (2006). The Oxford companion to wine. New York, USA.

Seguin, G. & Van Leeuwen, C. (2006). The concept of terroir in viticulture. Journal of wine research, 17, 1, 
1-10.

Skelton, S. (2009). Viticulture. London, UK.

Smart, R. (2004). Terroir unmasked. Retrieved August, 28, 2011 from http://www.winebusiness.com

Veseth, M. (2011). Wine Wars. Lanham, USA: Rowman & Littlefield Publishers, Inc..

Williams, L. E. (2001). Irrigation of winegrapes in California. Retrieved August 25, 2011 from http://www.practi-
calwinery.com

http://www.bordeaux-bod.airports-guides.com/bod_climate.html

http://www.weatherzone.com.au/climate/station.jsp?lt=site&lc=26091

http://en.wikipedia.org/wiki/Precision_viticulture

http://en.wikipedia.org/wiki/Irrigation_in_viticulture

http://www.french-property.com/regions/bourgogne/weather-climate/


