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Note on the third edition


This is the third edition of Wine Science, which was first written in 2004 (published in 2005), and then revised in 2013 (published in 2014). In the seven years since the last revision, things have continued to evolve in the wine world, and I’ve tried to capture some of the most exciting of these changes here. I am happy and a little surprised by the success of this book. It seems that science interests a lot of people—even those who come from an arts background.


This is not meant to be a textbook, covering the whole of wine science in a methodical manner. Instead, I have set out to tell wine science stories in a way that would engage people who are not overly scientifically literate. I have also tried to make it current, addressing science-related issues that had not yet been written about widely for a broader audience. Most of all, I have tried to bring the perspective I have gained from extensive travels around the world of wine. As with the second edition of Wine Science I have added quite a bit of new material, but without expanding the book too much (the 100,000-word limit imposed by the publisher is a sensible one—there are too many overlong wine books out there). I also wanted to preserve the accessibility and readability of the first edition. I have added new chapters and taken some out. I have rewritten the remaining chapters, some quite extensively. Areas that have been covered in my recent books—I Taste Red (the perception of wine) and Flawless (wine faults)—have been trimmed down. There is increased coverage of winemaking processes, and the section on microbes has been expanded. Overall, around half the book is new.


First and foremost, I am a lover of wine. I have been well and truly bitten by the wine bug, and I hope that through the book, the fascination I have for this most remarkable of drinks is the dominant theme that places the scientific content in context.


Finally, a necessary note on conflicts of interest. Be assured that the opinions expressed in this book are my own genuinely held ones, and the topics covered here are those that I consider to be the most interesting and relevant. In weighing up the science I have reported, I have tried to be as evenhanded as possible. But I do need to mention some potential conflicts of interest, which readers deserve to know about. As well as writing about wine, over the last few years I have done some paid work for a range of wine-related businesses. This work includes running tastings, giving talks, taking part in brainstorming sessions, chairing debates, and acting as a discussion panelist. I am, however, not retained by any company. The companies I have worked for that are relevant here are Lallemand (yeast and oenological product company) and various generic bodies from different wine regions (Bourgogne, Centre Loire, New Zealand, Washington State, Portugal, Austria, Canada). It is important that readers know this so that they can make up their own minds.


Finally, since I wrote the first edition, social media has become part of the world we live in. Therefore I am very happy to interact with readers via twitter (@jamiegoode) and Instagram (@drjamiegoode), as well as good old-fashioned e-mail (jamie@wineanorak.com).


Jamie Goode, August 2020





Introduction: why wine science?



Wine is remarkable. Consider the following questions and statements. How can this drink of fermented grape juice have assumed such an important place at the center of many cultures, and maintained this place through millennia? How can it have spread from its origins in Eurasia some 8,000 years ago to become a frequent fixture on dinner tables across the world? People collect it, read books about it, spend large chunks of their disposable incomes on it, and some even give up their well-paid day jobs to go and make it. It has even survived (so far) the technological advances of the 20th century and the shift from largely rural-based economies to city living. Despite their best efforts, the branders and marketing wizards of modern retailing haven’t been able to kill it. In non-wine producing countries it has begun to shed its predominantly elitist image and shows signs of becoming the drink of the masses.


From just one species of vine, Vitis vinifera, thousands of different varieties have emerged, each with their own characteristics.1 The grapevine even has the capacity of transmitting some of the character of the site on which it is grown into the wine that it produces. As well as making drinks with myriad flavors, textures, and degrees of sweetness and astringency—many of which make perfect foils for different foods—the vine gives us a naturally alcoholic product with pleasant mindaltering and mood-mellowing characteristics.


While this book is about wine, its focus is to explore this remarkable substance through a particular lens—that of science. As an ancient drink, wine has been produced through the ages without the help of a modern scientific worldview. And many will argue that what science has brought to wine hasn’t really helped it at all. Some will go so far to suggest that the so-called “advances” promoted by scientists, such as the use of pesticides, herbicides, and mechanical harvesting to help in the vineyard; and filtration, cultured yeasts, enzymes, and reverse osmosis machines in the winery, have actually been detrimental to wine quality. Certainly, there is little doubt that the potential interventions that science has made possible have been abused.


But science has a lot to offer wine, at all levels, from industrial production of megabrands to artisanal, handcrafted boutique wines. In this introduction, I’m going to outline why I think science is a fantastically useful tool for winegrowers. Like all tools, though, it can be used correctly or abused. Indeed, one of the goals of this book will be to show how it is possible to integrate many of the most interesting and absorbing topics in wine with a scientific understanding of these issues, and that such an integration will assist in the production of more interesting, compelling wines at all levels. Even if your goal is to produce manipulation-free “natural” wine, a good grounding in wine science will help you reach this target with fewer disasters along the way. As an example, people pay a lot of money to buy wines coming from a particular patch of ground, or “terroir.” Wine science will help us understand what is special about that vineyard site and may thus facilitate the identification of similarly endowed sites or help in the production of better wines from vineyards less blessed by nature.




How science works


The scientific community is a remarkable global enterprise. Researchers across the world are united by a common currency—data published in peer-reviewed scientific journals. It’s an inclusive club, open to anyone, as long as they have good data and are prepared to play by the rules. How does it work? Scientists are employed by universities, government institutions, or private companies. The former will typically be paid a salary but will need to fund their work by means of grants, usually awarded by government-supported funding bodies or industry. To gain credibility and status, researchers need to publish their work in reputable peer-reviewed journals, and their publication record is how they are assessed. There are many thousands of these journals, and they vary in their scope from broad to very narrow. Not all journals are created equal, and some have much higher reputations than others. Typically, a scientist (or more commonly, a group of researchers) will write up their results and then choose the most appropriate journal to send them to. They will want to have them published in the highest-ranking journal possible (journals are ranked, for example, by the average number of times a paper published there is cited, with the status of the citing article borne in mind—it is called an “impact factor”), but they won’t want to send their paper to a journal where it will be rejected, because of the delay in publication that will ensue. How do journals decide which papers to accept? This is where peer review kicks in, a process vital to the integrity of the scientific literature. Each journal has a board of editors made up of leading researchers in the field covered by the journal, and also a larger pool of scientists willing to act as referees for papers in their chosen subject areas. A paper coming in will be assessed by one of the editors: if it is clearly unsuitable it will instantly be rejected, but if it is potentially good enough, it will be sent out to two or more scientists for review. They will prepare a report on the paper, checking that it is correct, is suitable for the journal it has been submitted to (if it is a high-ranking journal, are the results exciting, novel, and significant?), and that the science is good. If they recommend it to be accepted, they might also suggest possible revisions or further experiments. Then the paper and the referees’ reports are sent back to the editor, who makes a final decision whether to accept it, accept it with revision, or reject it. Getting your paper into one of the elite band of leading journals can make your career. It should be pointed out that peer review is a slightly controversial process because (1) it involves scientists reviewing the work of their peers who may well be their competitors, (2) it can take a long time, and (3) because some consider it not to be as rigorous as it should be since good papers are sometimes rejected while less good ones get through.


Science is highly competitive. The entry ticket into the scientific community is a doctorate (a PhD), which is awarded by a university for the successful completion of an acceptable thesis (a written account of research undertaken on the subject of choice). This typically takes from three to five years to achieve. But getting a PhD does not guarantee a research job. After you complete it you need to do what’s known as a postdoc (postdoctoral research position), a short-term (usually three years) contract to work as a researcher in someone else’s lab. After two such positions (preferably with one abroad), if you’ve been reasonably successful and have published several papers in good journals, then it’s time to try to land a proper research job. These are few and far between, and competition for them is fierce. For those who succeed, though, running a successful research group is a highly rewarding career, albeit one that requires grueling hours and absolute commitment.





SCIENCE IS USEFUL


The scientific method provides us with an incredibly useful toolkit. It helps us overcome our biases and prejudices and allows us to answer difficult questions. It helps us to be objective. It presents a coherent model of the world around us that assists our understanding of this environment and enables us to develop new technologies that actually work.


It needs to be emphasized that objectivity is one of the keys to the successful practice of science. By nature we are not objective. We are pulled and pushed in various directions by our built-in preconceptions, predilections, and prejudices, often subtly, sometimes not so subtly. We frequently display confirmation bias, recruiting pieces of evidence that fit with our narrative of the world around us. Good scientists will step aside and try, as much as is possible, to be ruthlessly objective about the phenomena they are studying. The two arms of scientific enquiry are observation and experiment. Scientists look at what’s there, formulate hypotheses, and then test those hypotheses by experiment, trying their hardest to disprove them. This is the only way they can be sure that they are correct.


Let’s make this practical. Imagine you had a novel chemical treatment that you thought would protect your vines from mildew. How would you test it? Well, you could try treating all your vines with it and then see how they do. There is a problem with this approach, though. If you get positive results, how do you know they are attributable to your treatment, and not, for example, to the benevolent conditions of this particular vintage? The answer is, you don’t. This is where the scientific method helps.


A more rigorous and useful approach is to compare the treated population of vines with what scientists term a “control,” in this case, a group of vines that have not been treated, or more precisely a group of vines that have been sprayed with an inert substance according to the same schedule as the test group, to rule out the possibility that it is the act of spraying that is having the effect, rather than anything specific to the chemical. So you split your vineyard into two and treat just one half. Still, there is a problem with this experiment. In any vineyard there will be natural variation, and any significant results might be because one part of the vineyard enjoys better conditions than the other (it might be slightly warmer or have different drainage properties. The answer? Subdivide the vineyard further into dozens of different plots, and randomize the treatment such that plots that are treated are interspersed with those that aren’t in a way that evens out the environmental variation.


So do we go ahead? Not yet. Once we get our results we will need to know whether any beneficial effect is significant. That is, what is the likelihood that such a benefit could have been obtained by chance, through natural variation in the measured populations? This is where statistical analysis steps in. Statistics is intrinsic to any good experimental design. Good experiments should be designed from the start with statistical analysis in mind: how many replications (repeated observations) will be necessary to produce a significant result? This can be worked out in advance. Whenever you see a graph or table presenting experimental results, your first question should be: how significant are the differences between the control and experimental treatments?


The number of experimental replications needed depends on the variation in the populations being studied. The variation in a set of results is defined by a statistical term, standard deviation. It’s not necessary to go into details about how this is calculated. All we need to know for our purposes here is that measures such as this allow scientists to work out whether their results are meaningful or not.


Let’s take a slightly different example that will throw some more light on how scientists work and think. You suspect that drinking wine may be beneficial for health by protecting against heart disease, but how do you study this? For ethical and practical reasons it is rarely possible to do direct experiments. You can’t easily isolate a group of people and vary just one parameter in their environment, such as whether or not they drink wine, especially when you are looking at a disease process that takes many years to develop.


You might want to start by doing animal experiments, looking at the cardioprotective effects of wine consumption on rats or rabbits kept under controlled conditions. The advantage here is that you can study the physiological effects of your treatment in depth; the disadvantage is that while animal models are helpful, mice, rats, and rabbits are different from people, a factor that significantly limits the utility of any knowledge obtained in this way. Another avenue of investigation might be to identify a specific physiological process involved in the development of human heart disease, and then study the effects of wine consumption on this “surrogate” process over a limited period in human volunteers, perhaps over a couple of days. Of course, identifying a reliable surrogate process or marker is the key here, and this is a nontrivial challenge.


Instead, you could study large populations over time and try to correlate behaviors, such as wine drinking with changes in health status, such as the progression of heart disease. This is the science of epidemiology, and it was precisely such a study conducted in the 1950s by Sir Richard Doll that showed conclusively for the first time what many people had suspected: that smoking is harmful to health. The key issues here are recruiting large enough populations to produce statistically significant results, controlling for confounding (more on this in a moment), and having a relevant, easily measurable endpoint (for example, in the case of heart disease, whether or not a heart attack occurs). So, let’s say you have decided to look at the influence of wine drinking on the incidence of heart disease in a population of 1,000 randomly selected adults, using the incidence of heart attack as your endpoint. You’d need to get the population to fill in a drinking questionnaire (and here is a source of potential error: most people will underreport the amount they drink), and then follow up the incidence of heart disease in the different groups (i.e. nondrinkers versus light drinkers versus heavy drinkers) over a period of time.


What if you find that wine drinkers have reduced levels of heart attacks? Then you’ll need to show that the effect is a significant one by using statistics. But we’re not finished there; it gets more complicated. Even if there is a significant association between wine drinking and the risk of heart attack, this doesn’t prove that wine drinking protects against heart attacks. It might be that the population who choose to drink wine is associated with another trait that is linked to reduced risk of heart attack. For example, on average wine drinkers might also eat a more balanced diet, or have higher levels of gym membership, or smoke less. It’s also well-known that low income correlates with poor health status, for a variety of unspecified reasons, and people on low incomes might be underrepresented among the population of wine drinkers. These effects are known as confounding, and they need to be controlled for. One way might be to balance the different study groups by socioeconomic status, or do a study solely within one profession, to iron out any major discrepancies. It’s complicated, but unless you take these sorts of precautions you’ll end up with an unreliable conclusion.


If you want to know about the health effects of wine, you might also try a clinical trial where the effects of wine are tested on a group of patients or healthy volunteers. The key to success is using a placebo treatment and blinding the study: not letting the subjects know whether they are receiving the actual treatment or the placebo. Variations on this theme include crossover trials, where groups are switched from the treatment to the placebo halfway through. Studies can also be separated according to whether they are prospective (looking at the effects of interventions over a period following the beginning of the trial) or retrospective (using already gathered data to look back in time from a known endpoint).


Then there’s the issue of mechanism. Epidemiology can tell you that a certain intervention or environmental factor has a particular effect on a population, but then you’ll want to know why. In the case of wine, if it is clear that moderate drinking protects against heart disease, then what is the biological mechanism? Is it the effect of alcohol, or the effect of another chemical component of the wine? To answer these types of questions scientists frequently turn to animal experiments, simply because doing the equivalent tests on people wouldn’t be ethical. The goal is that by understanding the mechanism, drug development or other targeted medical treatments might be possible.


THE RISE OF ANTISCIENCE


But despite the evident utility of science, we live in a culture that is now marked by a strong antiscience sentiment. Back in the 1960s and 1970s scientists were largely revered. Now they are treated with suspicion. Part of the public disenchantment with science lies in the fact that people feel let down: science promised too much and couldn’t deliver. The application of science has led to breathtaking technological advances that show no signs of losing pace. Moore’s law—the idea that computer processing power doubles every couple of years—is still holding very nicely. When I wrote the first version of this book, in 2004, my cellphone could make calls and receive texts. As I write now, in 2020, I have a shiny smartphone that is a powerful computer and very able camera. My digital camera of 2004 is now looking very outdated when compared with my current Micro Four Thirds mirrorless camera.


But despite this, scientific progress hasn’t led to the nirvana of a happy, disease-, and crimefree society. Medical advances against the chief killers in the west—cancer and heart disease—are slow and have included a large number of false dawns. Malaria is still the world’s largest killer and our treatments have advanced little. Bacteria are increasingly resistant in the face of our armamentarium of antibiotics, to the extent that we are facing a very real crisis where people are dying from infections that a decade ago would have been easily treatable. Bringing a new drug to market is hideously expensive, with myriad legislative hurdles, and the pipeline of new drugs in development is looking a little short. Consumers, disenchanted by the medical profession’s perceived limitations, have turned increasingly to largely unproven alternative therapies. Even where science offers solutions for problems of the present and the future, such as genetically modified (GM) crop plants, consumers are not sure they want them.


Perhaps we have expected too much of science, or maybe scientists themselves have been guilty of promising what they can’t deliver. Science is a tool, and an incredibly useful one, but it is no more than that. Science can’t address issues that belong in the realm of ethics, morality, religion, politics, or law. That scientists have sought to impose their ideas in these realms is not the fault of the scientific method, nor does it mean that science as a tool or process has failed. Instead, society has been wrong to look to scientists to provide enlightenment where it simply cannot. To use a rather far-fetched analogy, if we are going on a journey, science is the engine that helps get us there, but it shouldn’t be driving the car. Scientists have often been guilty of undervaluing or ignoring things that cannot be measured. Let us be philosophical for a moment. Metaphorically speaking, many people would say that wine has a “soul.” It is common to find people involved in the production of wine who have a strong sense that there is a “spiritual” element to what they are doing. They believe that they need to operate with integrity and produce honest wines that reflect a faithful expression of the sites they are working with.


Scientists typically find this sort of attitude hard to understand, because ideas like this can’t be framed in scientific language. But isn’t it best if we can establish some sort of dialogue between scientifically literate wine people and those who choose to describe their activities in other terms, such as proponents of biodynamics?


How does all this relate to wine? In this book I am going to be looking at wine through the particular lens of science. I’ll be exploring how science is a useful (even vital) tool in the fields of viticulture, winemaking, and also in terms of helping us understand the human interaction with wine. But I am not suggesting for one minute that wine—this engrossing, culturally rich, life-enhancing, and enjoyable liquid—should be stripped of everything that makes it interesting and turned into an industrially produced, technically perfect, manufactured beverage. Science is a tool that can help wine, but this doesn’t mean that wine should belong to the scientists. For this reason, I’ll be leaving the familiar, safe ground that you might expect a book titled “wine science” to cover, and venture into, some of the more absorbing issues that get wine lovers talking.


COMPLETING THE LOOP


The goal of this book is to complete the loop. Let me explain. Wine is the result of a number of different applied scientific disciplines. If we are to understand wine science, we need to combine these disciplines, and it’s this combination that I’m calling “completing the loop.” First, we have viticulture. We need to understand the biology of the grapevine, and specifically how we can encourage it to produce grapes that can be used to make great wine. But more than this, we also need to understand the agroecosystem of the vineyard.


The old-fashioned view that simply saw the vine as the sole focus—emphasizing the crop plant but then treating the soil as merely a growth medium for the vine—is now out of date. The more we learn about the importance of the soil and its microlife, the more interesting the story becomes, so what we are seeking is a complete picture of how the vineyard environment interacts with the vine to produce wine grapes that have desirable properties for making wine.


It doesn’t make sense, though, to consider viticulture in the absence of an understanding of the next the next stage: winemaking. Viticultural decisions are taken with consideration of the winemaking that is to follow. Questions such as yield, fruit zone leaf removal, pruning, trellising, and picking decisions all have an impact on wine style and quality. Good winemakers don’t just receive fruit from their viticulturists. Instead, they are aware of what is going on in the vineyard and will likely be helping in making decisions. So, we join together viticulture and winemaking.


Now we enter the winery. The grapes are received, and winemaking begins. There are many choices to be made and the first significant one will have been the picking decision. The key interface between viticulture and winemaking is when the grapes are picked. An analysis of the grapes coming in will then influence subsequent choices, and the winemaker will have options, including whether or not to add sulfur dioxide (and, if so, how much) and then whether other additions are also needed. There are decisions with pressing or maceration, type of fermenter, fermentation temperature, whether or not to use cultured yeasts, and then the sort of vessels to use for fermentation and aging. There is a lot of science here, but also a fair bit of intuition and educated guesswork. Wine really is a blend of art and science.


Just as viticulture and winemaking merge, so does winemaking and the next part of the loop: sensory. This relates to how we, as humans, perceive wine. Throughout the winemaking process (and, usually, beginning in the vineyard), winegrowers will be using their sense of taste to assess the grapes, and then the must. They will also taste the various stages of fermentation.


The science of perception comes into play, and it is a very interesting subject indeed. We are not measuring devices, but we are very good at taste and smell. And if we are to make sense of perception, then we must understand how flavor is created in our brains. Flavor perception is multimodal, combining different sensory inputs in such a way that we are not aware of all the processing stages.


Sensory is where the loop is completed. After winemaking is finished, the wine is bottled and eventually makes its way to the consumer. We have another overlap here, since winemaking choices, and also viticultural decisions, are made with the end consumer in mind. Or, in an ideal world they should be. So sensory overlaps with viticulture and winemaking. There is also the science of understanding the consumer, and marketing.


Ultimately, as the wine is drunk, the loop is closed. And the goal of this book is to present you, the reader, with a detailed exploration of some of the most interesting topics in the world of wine science, presented in such a way that this loop is neatly closed. Science has a lot to offer wine. My goal is that in writing this book, which is designed to be accessible to nonscientists yet still with enough meat to keep the scientists engrossed, I’ll have helped some to an enhanced understanding of wine that will assist them in their pursuit of this culturally rich and fascinating beverage.





___________


1 I am aware that this is biased toward Vitis vinifera, and that there are many fine grape varieties with some genetic input from American and Asian vine species. Hybrids can make good wines, and in the future the new resistant varieties that are being bred with some non-vinifera genes could play an important role.
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1 The biology of the grapevine



Agiorgitiko and Albariño, Baga and Bourboulenc, Cabernet Sauvignon and Chardonnay, Dolcetto and Durif: there are many thousands of different grape varieties, capable of making a bewildering array of different wines, but they are all cultivars of just one species: Vitis vinifera. Estimates are that across the globe there are some 14,000–24,000 different cultivars (the scientific term for variety), but because many of these are synonyms, these represent perhaps 5,000–8,000 varieties. An influential book on the subject, Wine Grapes (Robinson J, Harding J, Vouillamoz J; Allen Lane, London 2012), identified 1,368 varieties used commercially to make wine. This single species is the source of almost all the wine consumed today. Vitis vinifera is commonly referred to as the Eurasian grapevine, because of its origin in the Near East, at the meeting point of Europe and Asia. This is one of the places where Vitis vinifera can still be found growing wild today, as Vitis vinifera subspecies sylvestris.


The genus Vitis actually contains around 70 different species, many of which are found growing in the USA, such as Vitis labrusca, V. riparia, and V. berlandieri, and also Asia, which has its own set of native vine species. The native American vines are sometimes used to make wine and have been crossed with V. vinifera to make hybrids that are widely grown in places where disease pressure or climate rules out the vinifera varieties. And they have an important role to play in the breeding of new disease-resistant varieties (see chapter 7). But for now their chief significance lies in that many of them have evolved in conjunction with the aphid phylloxera, and so can coexist with it. As a result, American vines are used for rootstock onto which almost all vinifera vines are grafted. Without this, viticulture in Europe and much of the rest of the world would have been finished by the phylloxera epidemic that occurred in the late 19th century.


VINES IN THE WILD


When most people think about grapevines, they envisage pretty vineyards, with neat rows of vines arranged on a trellis system or grown as bushes. But this isn’t how grapevines grow in the wild. Their natural growth form is as woodland climbers, using trees for support. Where the vine breaks through the canopy into sunlight, it flowers and produces grapes. These are eaten by birds, which then disseminate the seeds. Because of this growth form, vines need root systems that can compete for water and nutrients with the already established plants they are hitching a ride on; the ability to make the most of limited resources is a prerequisite to this sort of lifestyle. Vines also need shoots that are capable of rapid elongation to grow toward the outside of the host canopy to find sunlight. Then, when they are in the light, this is the right time for the shoots to produce flowers and thus fruit, an effort wasted if it takes place in the shade of the canopy. This makes it clear that the vine is designed to be a highly competitive plant with a flexible growth form—vines have to adjust to the shape of whatever host plant they are growing on. Knowing what the vine is programed to do can help in uncovering the scientific basis of effective viticulture.
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A wild vine growing up a tree. This is the natural habitat for grapevines, which belong to a group of plants called lianas. Structural parasites, they are adapted for this function through the possession of tendrils.





DOMESTICATING WILD GRAPEVINES


Ancient humans living in the right places no doubt would have been familiar with the wild grapevine and its attractive fruit. Mystery surrounds how the grapevine was first domesticated. One speculation, known as the Paleolithic hypothesis, seems plausible. Imagine some early humans foraging for food. They discover some brightly colored berries growing on vines suspended from the trees, so they pick them and eat them. They taste good, so these foragers collect as many as they can in whatever container they have on hand. On the journey home, the weight of the mass of grapes crushes a few, which then start fermenting. The result is a rather rough-and-ready wine that collects at the bottom of the container after a few days. If you found this sort of liquid mass at the bottom of a pot, you’d give it a try, wouldn’t you? It’s hard to imagine any wine produced in this fashion tasting wonderful, but then these folks probably weren’t all that fussy. When they experienced to a small degree the mind-altering effects of this liquid, you can imagine it catching on fairly quickly. Deliberate planting of grapevines would have likely followed. Someone would likely have planted a few of the seeds, and with a little trial and error, have worked out how to make a vineyard. They would have selected for the rare wild vines that had both male and female flowers (dioecious), because these would have been more fertile: in their native state, the wild vines would have been either male or female (monoecious). It is hard to be precise, but it is estimated that this grapevine “domestication” first occurred at least 7,000 years ago, and possibly as long as 10,000 years ago.


VINE STRUCTURE AND DEVELOPMENT


There are six main challenges facing plants growing out of water. First, find enough water, and then hang onto it, while at the same time being able to exchange gases with the atmosphere. Second, defend against being eaten by herbivores or destroyed by pathogens. Third, find enough light for photosynthesis. Fourth, reproduce and disperse. Fifth, adapt to seasonal rhythms and the variability in the environment. Sixth, deal with competition. It is the way that plants have met these challenges that has shaped and constrained their growth form and physiology. As well as these, the vine has further constraints and specializations resulting from its lifestyle as a structural parasite.


Let’s take a look at how the grapevine works, beginning at the bottom with the roots. Roots serve two functions: anchorage and uptake. What exactly do vine roots take up from the soil? Like other plants, vines don’t need much—they make everything themselves. But they do need an adequate supply of water and dissolved mineral ions, termed as macro- and micronutrients. These are inorganic (they don’t contain any carbon). Root growth is determined by interplay between the developmental program of the plant and the distribution of mineral nutrients in the soil. The roots seek out the water and nutrients in the soil, sensing where they are and then preferentially sending out lateral roots into these areas. Low nutrient levels in the upper layers of the soil cause the roots to grow down deeper. This is likely to improve the regularity of water supply to the vine, and such roots can reach depths of nine feet or more. The root system of one vine is capable of supporting an enormous mass of aerial plant structure.


Above ground, the vine has a growth form well suited to life as a climber. Its shoot system is simple, adaptable, and capable of fast growth. The vine never intends supporting itself, so it does not waste resources on developing girth. Thin, long shoots are the order, which in turn can produce lateral shoots that eventually become woody. The formation of woody tissue is not for structural reasons but to provide protection, particularly during the dormant period. At regular intervals buds are formed. These buds are complicated structures, containing the potential for leaves, flowers, and tendrils, and develop over two seasons, with a rest over the dormant period.


SHOOT MORPHOLOGY


The stem is separated into sections by structures known as nodes. At each node a leaf is formed on one side, with either a tendril or a flower bud on the other. Thus both vegetative (leaf) and reproductive (flower) meristems (the growth region where cells are actively dividing) are formed simultaneously on the same shoot. Light is the key to vine growth. In the absence of light, shoots show negative gravitropism (meaning they grow away from the ground). But light is the overriding growth cue: shoots are positively phototropic, growing toward light. Light is also the chief cue for flowering induction. The tendrils are important structures for the vine’s climbing habit. They are modified stems that coil around supporting structures.
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Bud burst, Nyetimber vineyard, Sussex, England. The start of the growing season is a nervous time for many winegrowers because young buds are vulnerable to spring frosts. Global warming has led to earlier bud burst in many regions, increasing risk.





BUD DEVELOPMENT AND FLOWERING


The flowering process in a grapevine is unusual, because it extends for two consecutive growing seasons. Flowering is first induced in latent buds during the summer, but initiation and floral development occurs the following spring. On flowering induction the shoot apical meristem (SAM; a meristem is a region in a plant where cells are actively dividing, producing new cells that have not yet developed into a specific cell type, known as undifferentiated cells) produces lateral meristems: these will either give rise to flowers or tendrils.


In grapevines, buds are formed and are first detectable in early spring in the axils (the inside of the join between the stem and leaf petiole) of the current year’s leaves. These buds consist of several SAMs protected by bracts, which are scalelike in structure. The earliest-formed SAM usually develops as a lateral shoot while the rest remain dormant. In first months of development the SAM produces leaf primordia (cellular structures that will later give rise to leaves). Then, around May/June in the Northern Hemisphere, it produces lateral meristems (as opposed to apical meristems, meristems not at the tip or apex, but further down the plant) opposite the leaf primordia. The first two or three of these will produce flowers, the rest tendrils.


More meristems are produced such that by the end of the growing season the bud contains a shoot which has inflorescence (flower structure) meristems, tendrils, and leaves. These are all protected by bracts, scales, and hairs and become dormant in the fall.


During the following spring the bud is reactivated, and more meristems are produced. Crucially, the lateral meristems giving rise to inflorescences or tendrils are indistinguishable at the time they form. This keeps the options of the vine wide open, allowing environmental cues to dictate at this late stage whether these lateral meristems should become flowers or tendrils. The decision affecting this choice between tendrils and inflorescences has been the subject of a separate series of studies by researchers in Australia led by Mark Thomas.


Thomas and colleagues have shown that tendrils and inflorescences are structures that are similar in origin, and which can be converted either way by plant hormone application. Indeed, intermediate structures are commonly observed on vines. Their work has shown that gibberellins (a type of plant hormone) are major inhibitors of grapevine floral induction. In the natural habitat of the grapevine, a woodland climber, gibberellin would have two roles. It would promote the elongation of the stem and the production of tendrils, while at the same time suppressing fruit production. This suggests that there may well be a connection between light sensing and gibberellin production (or responsiveness to gibberellin), because this is the sort of strategy that vines would use if they were in the shade of the host plant canopy. A vine in the shade would want to delay fruit production and maximize its energy on growing upward as fast as possible until it breaks through into the light.


When flowers are formed, their development and pollination occurs best during a period of warm, settled weather. Domesticated vines are hermaphrodite (meaning, each flower of each individual has both male and female structures) and can self-pollinate. Poor weather during this process can result in reduced or uneven fruit set, so flowering is one of the critical phases in the vineyard calendar.
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Flowering in progress, Columbia Valley, Washington State. This is a vital time in the vine’s annual cycle. Bad weather at this stage can result in poor fruit set, and thus low yields.





GRAPE DEVELOPMENT


Grapes are for the birds. The wild vine “designed” grapes with the aim of enlisting the assistance of birds in spreading their seed. The kinds of places birds go are promising locations for dispersing seeds to. All those sugars in ripe grapes are a reward. But the grapevine doesn’t want the birds to be carrying the grapes off too soon, before the seeds are ready for dispersal, or before the onset of fall, with its rains and favorable conditions for seed germination.


The maturation of grapes is therefore cleverly timed and separated into three phases. The first phase involves the development of the grape structure; throughout this process the grapes accumulate acids and experience rapid cell division. This growth then slows for the second phase, veraison, when red grapes change color from green to red and the skins of white grapes change from a hard green to a soft translucent green. The third phase follows this, when cell growth begins again and grapes accumulate sugar and phenolic compounds, and acids decrease. It’s all for the benefit of the birds: unripe grapes are camouflaged (green color) and unappetizing (highly acidic, containing high levels of leafytasting pyrazines, and with harsh tannins), while ripe grapes stand out with their attractive red or golden color and taste lovely (the sweetest of all fruits, with lower acidity, riper tannins, and the herbaceous pyrazine flavors degraded or diluted). The grapes are telling the birds that dinner is served. Seeds are the first part of the grape to reach physiological maturity, around veraison.
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Tendrils growing in Maipo, Chile. These are specialized structures that help the vine attach itself to the trees or bushes that it is growing up. The latent bud is capable of forming either flower clusters or tendrils. The two structures are related, and their developmental destiny depends on the weather (especially the quantity of sunlight) in the previous season.





GRAPE MATURITY


What is grape maturity in winemaking terms? It depends on the objective. Two types of maturity are talked about in wine circles: sugar accumulation and phenolic (or physiological) maturity, the latter also being referred to as flavor maturity by some. Match the right grape variety to your vineyard climate, and do your viticulture well, and you’ll reach the goal of perfect maturation: flavor maturity coinciding with a sugar level that will yield a wine of some 12–13% alcohol. There is, however, a disconnect between the physiological processes that govern the rate of sugar accumulation and loss of malic acid, which is dependent on climatic factors, and the color, aroma, and tannin development (phenolic maturity), which is nearly independent of climate. The result is that in warmer climates, grapes only reach physiological maturity at sugar levels that are considerably higher than in cooler regions.


Typically, in the cooler, classic Old World regions, grape harvest coincides with a shortening of day length and temperature, and thus sugar accumulation is more gradual. In these regions the measurement of sugar levels works well as a guide for when to harvest. It is also a simple measurement to make in the field. In these conditions, it is likely that by the time the grapes have accumulated 12 degrees of potential alcohol or so, they will have achieved satisfactory phenolic maturity. Pick at the same sugar levels in many New World regions and you’ll end up with unripe flavors in your wines.


Light is crucial in the ripening process; grapes that are shaded contain less sugar and are more acidic than those exposed to sunlight. Light also affects bud fertility, so one of the key viticultural goals is therefore to encourage the vine to produce an open canopy, without dense, vigorous growth that could produce shading.


DIFFERENT VARIETIES, DIFFERENT CLONES


In taxonomic terms, Vitis is what is known as a genus, the taxon above species. Way back in evolutionary time, this genus split into three lineages. The Eurasian vine Vitis vinifera is a single species and is responsible for almost all wine made today. In contrast, there are dozens of different American species of Vitis, whose main importance in modern viticulture is to provide phylloxera-resistant rootstocks for grafting Vitis vinifera onto. Finally, there are a few Asian species of Vitis, of little importance for wine, but potentially an important source of resistance genes for breeding programs. Vitis vinifera may be just one species, but through evolution and numerous cross-fertilizations it has produced the thousands of different varieties that are used in winegrowing today. The effect of domestication has been largely to improve the fruitfulness of these various varieties and to distribute them widely.


So, what exactly is a grape variety? I posed the question to researcher José Vouillamoz. “A grape variety is the result of a seed that has grown into a plant that has been selected by humans, propagated over centuries or millennia by layering or cuttings, accumulating mutations along the way,” he responds. “The older the grape variety is, the more diverse it is in terms of shape, color, qualities, and characteristics. All of these differences are what we call clones, and all the clones together make up the grape variety. The starting point is one father and one mother.” Vouillamoz points out that a new variety cannot be made by a series of accumulated mutations. Instead, sexual reproduction is necessary. “It is just like a human being: every grape variety has a father and a mother. You can’t say that by accumulating mutations you develop a new variety. Otherwise, where do you put the limit?”


By this definition, Pinot Noir, Pinot Gris, and Pinot Blanc aren’t separate varieties. “Pinot is one single grape variety that is very old and has had many ‘accidents’ in its life—many mutations,” says Vouillamoz. “Some of them were spectacular because they touched the color of the grape varieties and almost nothing else. When I do the DNA profiling of Pinot Noir, Pinot Gris, and Pinot Blanc, since I look at say ten or twelve different DNA regions, I don’t see where the color mutation has happened. They are all the same in the DNA profile.” The wine community, however, widely considers them separate varieties that produce wines of distinct flavor profiles. Tempranillo Blanco, a newly registered variety for Rioja, is also technically the same variety as Tempranillo. A major genetic mutation that produced this clone took out all the anthocyanin genes, and although not strictly a new variety, it is for all intents and purposes being treated as one.


Vine propagation occurs vegetatively, meaning that cuttings taken from vines are used to produce new plants, which are genetic clones of the parent variety. Attempts to grow vines from seeds are almost certainly doomed to failure because the genetic reassortment that takes place usually means the loss of positive features of the variety. Generally, growers are happy with the varieties they have and just want to improve them in ways that don’t affect the expression of varietal character.


Within each of the different varieties a range of clones exist. Some of these differ through spontaneous bud mutations, which then result in genetically altered shoots. Almost always, such mutations are deleterious. Sometimes, however, they are positive, and can be propagated by cuttings taken from such an affected shoot, resulting in a new clone of the variety. Over enough time, a range of such clones might be developed. Other times, the clonal differences reflect nothing more than differing levels of virus infection, or perhaps epigenetic differences (heritable changes that aren’t based on DNA sequence changes).


Vouillamoz adds, “The definition of clone is not really clear, either. For me, a clone is one or several mutations that are spectacular enough to the human eye for them to be selected. It is very subjective. For the producer, the color of the grape is important, or the size of the bunch is important. But maybe for a biochemist, a mutation in a biochemical synthetic pathway could be more important, but it is hidden.”


Another mechanism underlying differences between varieties and clones is a process called chimerism. This is where separate portions of the plant have different genotypes. Mark Thomas and colleagues have demonstrated that the phenotype of the variety Pinot Meunier results from the interaction of two genetically distinct cell layers. They separated the two by tissue culture and showed that one layer is the same as Pinot Noir, while the other is a mutant that is insensitive to the plant hormone gibberellin, and produces a short stubby vine with a fruit cluster at every node, instead of the more usual mix of fruit clusters and tendrils. I asked Thomas how common this sort of grapevine chimerism is. “Since our work, other research groups from various countries have looked at other varieties and found similar results. So I would guess that most, if not all, old varieties would have accumulated somatic mutations [one occurring in any cell in the plant except the germ cells, the pollen or ovule] and a chimeric situation would be very common due to somatic mutations arising from one cell in a specific cell layer, and that mutated cell eventually taking over the whole layer.”


Modern molecular biological techniques have provided some important new insights into the relationships among different grape varieties. Dr. Carole Meredith and her colleagues were the first to use microsatellite markers (also known as simple sequence repeats; a feature of complex genomes such as that of the grape that can be used as a molecular fingerprinting device) to sort out relationships between grape varieties that weren’t apparent from the traditional chromosome studies, finding in 1997 that the parents of Cabernet Sauvignon were Cabernet Franc and Sauvignon Blanc—the first successful vine paternity test. Among other discoveries they have shown that Zinfandel is the same grape variety as Primitivo (grown in Italy) and Crljenak (from Croatia, also called Tribidrag there), and Chardonnay is the result of what was likely an accidental cross between Pinot Noir and an undistinguished white variety called Gouais Blanc.


“Microsatellites are pieces of DNA where the bases of the DNA repeat themselves. When you have coding DNA, the bases A, T, G, C are in a certain order that would translate into a protein,” explains Vouillamoz, who has collaborated with Meredith in these studies. “At one point the DNA starts to stutter and to repeat, like GAGAGA one hundred times, for example. This part of the sequence does not contain any genetic message. We don’t know what the use of these microsatellites is, but they exist in all organisms.”


Vouillamoz continues, “These pieces of DNA are repetitions of bases that exist in every organism. In one single individual—either a grape variety or a human being—they are stable, and they differ between two individuals. If you look at, say ten different microsatellites, you get a DNA profile of your individual or grape variety. It remains the same within the grape variety, and it differs from one to the other. The first use of microsatellites [in grapes] was in 1993. The idea was to identify the grape varieties in the collections. Australians did it, and a few years later John Bowers at UC Davis (California) started to analyze the collection there. The idea was to ascertain which were duplicates: if two varieties are the same you can eliminate one from the collection and save money. Comparing the DNA profiles, he noticed that Cabernet Sauvignon had a profile very similar to Cabernet Franc and Sauvignon Blanc. So, he looked into the human genetics, to see how parentage testing was done. When he did the same with grape varieties, he realized that these markers were consistent with Cabernet Sauvignon being the progeny of Cabernet Franc and Sauvignon Blanc. He went on with the analysis and statistics, and 1997 was the first publication of grape parentage for Cabernet Sauvignon. This was groundbreaking news in the wine world as everyone thought all these varieties, especially in Bordeaux, had always existed. No: it was born some time, somewhere, and we know the parents. Most of the time they have disappeared or we know only one. Here we know both of them. No one would have thought that a white grape variety could be a parent of Cabernet Sauvignon, which is black berried. This was a breakthrough, and this is the technique I have used since then.”


Vouillamoz says that this technique is quick and inexpensive, and he charges about $130 per sample. “When I was at UC Davis, one producer wanted to plant one hundred hectares of Syrah, and he wasn’t sure of the nursery. He sent us a sample and we analyzed it, and found out it wasn’t Syrah, but Peloursin. It is in the same family as Syrah, but a very rare variety. It is a parent of Durif, which is a cross between Peloursin and Syrah, and is often called Petite Syrah. Carole Meredith analyzed the vineyards in California and nine out of ten times what they call Petite Syrah is Durif, and one in ten times it is Peloursin.”


A famous example of mistaken identity was with the Australian Albariño, which was recently found to be Savagnin (shown by DNA analysis to be the same as Traminer, the nonaromatic version of Gewürztraminer). This mistake was revealed when France’s top ampelographer Jean-Michel Boursiquot toured Australian vineyards and suggested that the vine they were calling Albariño was in fact Savagnin. Australian authorities compared samples of Spanish Albariño and French Savagnin with what they were selling as Albariño, and realized their mistake. From the 2009 vintage, Australia’s “Albariño” producers have renamed their wines Savagnin Blanc or Traminer.


FOUNDER VARIETIES


Savagnin turns out to be very important, because it is what is known as a Founder grape variety. “We realized that a small number of grape varieties have given birth to all the diversity that we observe today,” says Vouillamoz. “This is a new concept: we are the first ones to propose this hypothesis, because when you read other books or even scientific papers, they give the impression that all the important grape varieties that we have today, have been introduced a long time ago from different places—from Egypt, the Near East, the Middle East, and so on. I do think that we had a limited number of ancient introductions of the ancestors of what we have called the founder grape varieties, among which we find Savagnin Blanc, Pinot, and Gouais Blanc [the parent of no less than eighty varieties that are cultivated today in Western Europe]. We have established so far a total of thirteen founder varieties that gave birth to most of the diversity that we observe today in western Europe, but many more remain to be discovered in other regions were grape family trees have not been studied yet.”




Ancient wine: the new field of molecular archeology


The science of archeology must be a frustrating one at times. Detective work of the highest order is necessary to meld together the few remaining pieces of surviving evidence of a bygone era into some sort of coherent story. Patrick McGovern, an archeologist at the University of Pennsylvania, is probably the leading expert on the ancient origins of wine. But rather than just rely on old fragments of pottery and a few vine seeds, McGovern has turned to advanced molecular biological techniques to provide new evidence to shed light on the origins of wine in ancient civilizations. This new avenue of research has been dubbed “molecular archeology”.


McGovern has collaborated with grapevine molecular biologists to study the DNA of ancient grape relics, such as seeds. Using similar techniques as those employed by Carole Meredith and her colleagues to assess relationships among modern-day varieties, McGovern is using microsatellite repeats in the ancient DNA to identify the grape variety and its relationship to modern vines. It is a work in progress as he and his collaborators continue to fine-tune the complex process of extracting useful DNA from ancient plant tissue and then making sense of the results. As yet, more concrete results have come from the array of chemical techniques that have been used to study residues present on archeological samples, including infrared and UV spectrometry, gas chromatography/mass spectrometry, and liquid chromatography/mass spectrometry. Together, these are powerful tools for providing scientifically reliable answers to questions that were previously just a matter of conjecture.


McGovern’s DNA search for the site of domestication of the Eurasian grapevine, dubbed the Noah Hypothesis, has supported the thesis that it first happened in the Near East. As well as genetic evidence, linguistics and archeology point toward an area in what is known as the Fertile Crescent, in eastern Anatolia, as being the site of the first domestication of Vitis vinifera. However, Transcaucasia also remains a possibility.


I asked one of his collaborators, José Vouillamoz, how many domestication events there were. “We don’t know how many. But our belief is that there were a small number of primary domestications somewhere in the Near East, most likely in southeastern Anatolia. It wasn’t a single plant: we don’t believe in an ‘Eve’ hypothesis, like we have for humans. I think we had a large population of wild grapevines, and from this large population a few hermaphroditic individuals gave birth to all the varieties that we have today. In a natural wild grapevine population, two to three percent of the plants are hermaphroditic. It is a small number. It has created a kind of bottleneck, genetically speaking, because they selected only the hermaphroditic plants, which was the starting point of grape domestication. I believe there were several primary domestications. I am still not convinced about secondary domestication centers in Western Europe, perhaps in Greece or Italy. I am open-minded about this, though. I would be more in favor of a secondary domestication center in the Iberian Peninsula, because they have a lot of wild grapevines.”








2 Terroir: how do soils and climate shape wines?



“Terroir” is a concept that is rapidly emerging as the unifying theory of fine wine. Once almost exclusively the preserve of the Old World, it’s now a talking point in the New World, too. The traditional, Old World definition of terroir is quite a tricky one to tie down, but it can probably best be summed up as the way that the environment of the vineyard shapes the quality of the wine. It’s a local flavor, the possession by a wine of a sense of place or “somewhereness.” That is, a wine from a particular patch of ground expresses characteristics related to the physical environment in which the grapes are grown.


The goal of this chapter will be to give a broad introduction to this topic, examining why it is still a controversial issue. Then I’ll focus on the scientific underpinnings of this concept, concentrating on teasing out the relationship between vineyard characteristics and wine flavor.


DEFINITIONS


One of the problems with many discussions of terroir is that this word means different things to different people. Indeed, defining terroir in precise terms is quite difficult, partly because it is a word used in three rather different ways.


A SENSE OF PLACE


The primary definition is that terroir is the possession by a wine of a sense of place. That is, the wine expresses flavor characteristics influenced by the properties of the vineyard or region it hails from. Immediately we see that scale is an issue here: environmental variation affects wine flavor, but this variation operates on a number of scales. Wines made from grapes harvested from different parts of the same vineyard may well taste different. On the other hand, there might be characteristics held in common by wines made from larger geographic regions that are evident when these wines are compared with those of other regions, for example, Burgundian Pinot Noirs compared with Californian Pinot Noirs. And which factors should be included in the definition of terroir? It is clear that human intervention in terms of viticultural and winemaking practices may also confer a sense of place to a wine, but some wouldn’t count the human element as part of terroir.


This raises the interesting question of the differences between terroir and typicity (the way a wine has a taste typical of the region or appellation). Could winemaking play a role in maintaining typicity? Certainly, in the classic Old World regions where terroir is so precisely delineated, the fact that winemakers commonly use similar techniques could help lend a distinctive regional style. Winemakers could also be adapting their techniques to best exhibit regional differences in their wines. This typicity, which owes more to human intervention than it does to classical definitions of terroir, is still of merit because it helps maintain a sort of stylistic regional identity. In general, though, terroir is easier to conceptualize if winemaking is excluded. “I don’t see winemaking as part of terroir,” says Jeffrey Grosset of Australia’s Clare Valley, “but rather that poor winemaking can interfere with its expression and good winemaking can allow pure expression.”


At Felton Road, the celebrated Central Otago (New Zealand) winery, terroir is seen as a partnership. Owner Nigel Greening explains that when it comes to blending the single-vineyard wines, Cornish Point and Calvert, only about 30–40 percent of the production will go to a single-vineyard bottling, with the balance going to the winery’s Bannockburn label (the wines from other two single vineyards, blocks 3 and 5, almost all end up in the single-vineyard bottlings). “So, we have a dilemma,” explains Greening: “we have to choose which 30–40 percent to use. There will typically be eight lots from each of the vineyards, and we will taste them about three times, blind. We score them not for their quality as a wine but for their expression of site. The Calvertiest ones become Calvert, and those that show the least Calvertness go into Bannockburn. The same applies to Cornish Point.”


THE VINEYARD SITE


The next use of terroir is in describing the vineyard site itself: the combination of soils, subsoils, and climatic factors that affect the way that grapes grow on the vine and thus influence the taste of the wine made from them. This is probably the least controversial use of the term, because it is purely descriptive.


GOÛT DE TERROIR


Finally, there is a third use of this word. The term goût de terroir is sometimes used to describe flavors that are presumed to be imparted by the vineyard site itself. Thus someone might say that they taste notes of “terroir” in the wine. This is the most confusing use of this word, and in scientific terms it is hard to defend because it makes assumptions about mechanisms that can’t be demonstrated.


TERROIR IN PRACTICE


Let’s try to explain terroir in practical terms. Take a property with three different vineyard sites, one flat, one on a south-facing hillside, and one on a north-facing slope. We’re assuming for the sake of simplicity that the same grape varieties and clones are used in all three, that the vineyards share the same geology, and that they are farmed the same way. Three wines are then made, one from each vineyard, in identical fashion. They will likely all taste different. That is terroir in action. Typically, vineyard sites will differ not only in one variable, as in this example, but in several. And such factors as differences in slope, orientation, or soil type will also influence decisions about which varieties are planted where, bringing further variables into play.


TERROIR IN THE NEW WORLD


One interesting question surrounds why there has recently been a transformation in attitude among New World winemakers, where for so long the job of grape growing was seen merely as a mundane prelude to the work of the all-powerful winemaker. Even fairly recently, the New World response to “terroir” was typically that it was a last-ditch marketing ploy by European winegrowers who were panicking about their increasing loss of market share. This turnaround has occurred for two reasons. First, New World wine growers realized that one of the keys to wine quality starts with grapes that show homogeneous (even) levels of ripeness, and also recognized the role that natural variation within and between their vineyards plays. With the increasing adoption of a technique known as precision viticulture, vineyards are commonly broken up into subplots sharing similar characteristics (known as natural or basic terroir units) so that vineyard interventions can be precisely targeted to where they are needed. The second reason is that New World winemakers have realized that regionality is the way forward with fine wine.


But you don’t have to look too far below the surface to see that there are subtle but important differences between Old World and New World notions of terroir. Speaking generally, in the Old World terroirists aim to make wines that express the typicity of the specific vineyard site, whereas in the more pragmatic New World, understanding terroir is seen as a route to improved quality. Of course, there are exceptions to this generalization.


WINEMAKERS’ VIEWS ON TERROIR


Although the idea that soils and climate influence wine flavor seems to be rather obvious, terroir is in fact a highly controversial concept. It doesn’t help that it’s long been regarded as the exclusive preserve of the French. “The French feel they have ownership of ‘terroir’,” says Barossa winegrower Charlie Melton, “but in good winemaking the idea is universal.” Melton prefers not to use the “T” word itself, but instead talks of characterization of distinct vineyard blocks. “In the Barossa the subregions have their own character,” he says. “Wines from the southern end have finer, slightly sweeter aromatics, and those from the northern end have a garrigue-like earthiness rather than sweetness.” He points out that the humidity is on average three percent higher in the southern end, and that the soils in the Barossa vary quite widely, with adjacent blocks sometimes making quite different wines. “Call it terroir if you like,” he adds.


OBJECTIONS TO TERROIR


But one vigneron of the New World who objects to the notion of terroir is Sean Thackrey, a Californian winemaker famous for his single-vineyard Orion wine. “My objection is simply that it’s so ruthlessly misused, and with such horrifying hypocrisy,” says Thackrey. “It’s very true that fruit grown in different places tastes different. In fact, it’s a banality, so why exactly all this excess insistence?” Thackrey himself allows terroir to influence his work, claiming, “I don’t know how it will be possible to observe the delicacies of change in a particular vineyard more attentively than I do in making the Orion.” But he still feels that the French overemphasize terroir for largely economic motives. He describes it as “an intensely desirable and bankable proposition because their property can then be sold, transferred, and inherited with the full value of the wine produced from its grapes attributable to the property itself.” Thus the work of the winemaker and viticulturalist is played down and the role of the vineyard site talked up.


A KEY TO SUCCESSFUL BLENDING


Portugal’s Dirk Niepoort, well known for his trailblazing Douro table wines, adds a slightly different complexion to the debate: “As a rule, I believe blended wines to be better than single vineyard wines.” This doesn’t mean he’s a nonbeliever, though. “I believe that terroir is essential,” he says. “I think that a good blender has to be someone who understands, knows, and respects their different terroirs.” Niepoort maintains that the search for great terroirs is very important to him. “But it is not only finding the terroirs that is important: it is also important to understand them and then adapt your winemaking to them.”


CLIMATE VERSUS SOILS


Climate is clearly vital to the concept of terroir. The average climate of a vineyard site determines which grapes it can effectively grow. In large vine repositories, such as the ampelographic collection at the École Nationale Supérieur d’Agronomie de Montpellier (National Superior School of Agronomy of Montpellier), in France, the earliest and latest varieties ripen some two months apart. Remember: these are all varieties of the same species. Vines are indeed incredibly fussy about climate, and only perform well if fairly narrow climate parameters are met.


But while climate determines which varieties can be grown successfully at a particular location, it is the soils that are of real interest to wine science types. If the climate is just right for your variety, this is but part of the story, as one of France’s most famous wine region, Burgundy, illustrates perfectly. There aren’t that many places where Pinot Noir can be grown successfully, because among all grape varieties, it is the fussiest of the fussy. It has taken wine producers in the New World decades to find sites where they can get it to perform properly. Even within Burgundy, though, some vineyards do brilliantly with it while others, just a few yards away, make mediocre wine. The climate isn’t changing much as we progress from regional to village to Premier Cru to Grand Cru vineyard; it is the soils and geology that are making the difference.
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