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To my families in blood, sap and wine, wherever they may be
And to my secret weapon
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Foreword by
Rajat Parr


Sommelier and winemaker, Phelan Farm, California


I remember meeting Pascaline at Rouge Tomate in 2011; I realized immediately that something special was about to happen. At that time, the New York wine world was a classically male-dominated industry – even more so than it is now. Quietly but persistently, over time and through the sheer force of her determination, intelligence, dedication and unrelenting activity, Pascaline became an unprecedented leader in the industry.


At that time, I was a well-established sommelier on the West Coast of the United States, and I thought I knew all I needed to know. But every time I visited New York, I found myself drawn back to Rouge Tomate to be astonished and delighted by Pascaline. What wine would she surprise us with? What essential bit of knowledge would she convey?


Pascaline has trained, mentored and casually advised countless people over her illustrious career, and I too became a student. Even though she has received stupendous recognition for her tireless work, she has never stopped being the humble and caring person I first met. And while so many of us have left the exhausting world of fine dining, she admirably continues to work the floor at her restaurant, Chambers, the place where her genius can reach the most people – at least until this volume became a reality.


Though Pascaline has been involved with the production of several books, this is her first as a solo author. When she told me about it, years ago, I was intrigued. And when I read it, it exceeded my expectations. It breaks all the moulds of a wine book; she has carefully intertwined her background in philosophy with her career in wine. This book is about the truth in wine – and even more so, Pascaline’s truth.


Pascaline has dedicated no small part of her life to championing the practice of organic and biodynamic farming. Even in her youth in Angers, she understood the importance of how farming affects the taste of food and wine. This book takes us on a journey from the domestication of grape vines to the nuances of wine tasting, speaking along the way to the essential subjects of climate, geology, terroir, winemaking, and serving wine. I could not agree more with Pascaline when she says, “One Thousand Vines is the book I’d like to have got my hands on when I began my life in wine.”


This book is destined to become essential reading in the wine world. Reading it once or twice will not be enough; it will be a weekly or daily reference. If you have never met Pascaline, this book reveals her soul. And we who love wine are lucky to have such a brilliant and passionate soul among us.





Foreword by
Ava Mees List and René Redzepi


Head Sommelier, and Owner and Founder of Noma, Copenhagen


Standing on a slope after a drive in an old clunker over a forest road that seems to be used more often by deer, we overlook a wild field. The earth under our feet is so soft that it feels almost unstable. “I don’t plough my land,” the farmer says, stating the obvious, as we kneel to grab a handful of the thick humus. The soil smells oddly flowery and fragrant. The neighbour’s adjoining land looms nearby, with neat rows of plants standing in line like soldiers. We try to do a comparative smell test but can’t even dig our nails into the hard ground; we end up having to lie flat on our chest just to breathe in a faint odour of dust.


We are in Kamo, Kyoto. The tea trees are of the Sayamakaori cultivar, and their leaves will one day be dried, fermented, roasted, and served in our restaurant as a cold-infused hojicha blended with cacao and paired with a hand-dived Norwegian scallop. But this kind of crazy, contrasting landscape can be found all over. We may as well have been standing on the Côte de Py, with its organically farmed Gamay vines full of life, next to parcels that look unhappy in their barren enormity. You wonder how it is even possible that this tea farmer – who stopped using pesticides after it made him sick – is ridiculed by his neighbours for having, in their eyes, unkempt tea fields that are farmed along the principles of Masanobu Fukuoka. Or how, four decades after Marcel Lapierre started to resist the mass production of Beaujolais for the Nouveau market, we are still constantly having to defend his principles. When it comes to public perception, there is still much to fight for. Luckily, awareness is expanding, even though we are moving toward a complicated future.


At noma, we have been serving natural wines for more than two decades – because we believe in it, and because it tastes so damn good! But the best part of this movement is the people. It has been such fun to tell the stories and be part of a community that is so tight-knit. Over the course of time, we have forged connections through a shared philosophy and a common thirst with countless people – from right here in Copenhagen, to the smallest mezcaleria in Oaxaca. Because whether it be wine, tea, sake, coffee, beer, or snaps, wherever you travel there is always a friend who knows a friend who will help you find your way to the best restaurants, farms, or coffee shops. Want to know where you can eat well? Start by looking at the wine list. A place that cares for how its grapes are grown will probably also care for where – and how – its fish is caught, who bakes the bread, and exactly when local strawberries are in season. You are what you drink – or pour.


The beauty of wine, as you can read in Pascaline’s One Thousand Vines, is that it encompasses so many facets of life. It is inherently both natural and cultural, communal and spiritual, intertwined with economies and subcultures. It sparks conversation, enthralls our tastebuds, and accompanies us on some of the best moments of our lives. In your hands you are holding a masterfully written book on just about every aspect of wine you can think of – in case you were wondering is why it’s so heavy. Use it as a reference book, an encyclopaedia, whatever you like – but our advice is this: read it from cover to cover.





[image: illustration]


THE VINE OF PERMACULTURE, INSPIRED BY BILL MOLLISON’S THE TREE OF PERMACULTURE




One question remains unanswered for me: what if other living beings had educated mankind – if horses had taught them to run, frogs to swim, and plants to have patience?


André-Georges Haudricourt, Les Pieds sur terre (1987)


 


One is not born, but rather becomes, a sommelière


 


I’m going to level with you: I wrote this book for me more than for anyone else. As a literature professor once informed me some years ago, you write the books you’d like to read, and he wasn’t wrong – One Thousand Vines is the book I’d like to have got my hands on when I began my life in wine, which is more than 17 years ago now. There was a wealth of publications on viticulture at the time, of course, with works for beginners, encyclopaedias, reference books, first-hand accounts, magazines for the general public and in-depth articles, and my shelves were soon groaning, and continue to, under the weight of fascinating books about wine and viticulture; but the vast majority were either too elementary or too recondite. I seemed to be missing a book – the one that would square the circle between super-specialized knowledge and popular understanding. A book that would also forge a link between the disciplines involved in this oh-so-complex subject, with a view to cross-fertilization of points of view gleaned from areas of expertise that all too rarely meet, from ampelography to botany and even anthropology, from climatology to geology via geography, from microbiology to history, from economics to aesthetics. A work of synthesis, simple enough to guide my first steps, that would invite an attempt at understanding the whys and wherefores rather than inveigling me into just learning by rote. A book that would provide me with a compass to orient myself on a voyage that would become my life. A book that would point me toward the issues raised by all my questions. A book that would ultimately nourish the sense of wonder I had felt at that first sip of wine that turned my world upside down. It took years of study, tastings and time served on the restaurant floor before I felt sufficiently equipped to put my ideas down on paper, years of travel and chance encounters, of bottles opened and vineyards visited, of exhilarating evidence and constant questioning before I felt capable of writing the book you now hold in your hands.


An opportunity to have tried the “right taste” of things


I was not born into wine, and nothing predisposed me to take an interest in it, not even having grown up in Angers, the heart of the magnificent wine-growing region of Anjou in the Loire Valley; I knew practically nothing about this wine area until I turned 23. There would occasionally be a bottle of wine on the family dinner table, often a “little Côtes de Blaye” dug out by my paternal grandfather, the taste of which has left no mark on my memory. We rarely dined out, and my mother, by her own admission, did not appreciate that you have to serve your time at the stove and so cooked as simply as possible, as her mother had before her. This said, we were lucky enough always to have fresh produce on the table: that same grandfather sold fruit and vegetables at the markets in the Orne and Manche regions of Normandy and had shaped the family’s taste for natural foods and artisanal produce.


Entirely unwittingly, and from a very early age, I had acquired the “right taste” of things, to quote Jacques Puisais, the famous French oenologist who was crazy about flavour and promoted the education of palate and nose his whole life long. I can still smell the sweet and spicy notes of punnets of Mara des Bois strawberries or Charentais melons at the beginning of summer, the herbaceous scent of fresh peas and podded beans, the slightly sour sapidity of cider apples and the fire of farm Calvados, the ocean spray of prawns and plaice after a fishing trip, or even the smells of the tripe galettes and Normandy Camembert that made up my grandfather’s lunch once the market stall had been packed away. Those were so strong that I couldn’t stand them, and I still can’t, despite all the fond memories they evoke. Although I didn’t know it at the time, my taste-buds and my nostrils were well prepared to reveal to me the complex flavours and aromas of the world about me; I just needed 20 years to realize it.


From the “right taste” to a taste of philosophy


Until adulthood, I barely looked up to take in my surroundings; instead, I had my nose buried in a book. I had been reading as far back as my parents can remember, starting as soon as I could. Books had aroused an insatiable curiosity within me, and none more than one that will probably mean nothing to readers born into the internet age: Tout l’univers (Hachette, from 1961), the large, illustrated French-language encyclopaedia of general knowledge that I discovered on my maternal grandparents’ shelves. I read it until the pages were falling apart. Every subject fascinated me in volume after volume, with a presentation of hieroglyphs sandwiched between a detailed exposition of alternating current and a description of the geography of Japan, each with a concise explanation and cartoonish scientific illustrations. I will admit that Tout l’univers was an inspiration for this book, the difference being that, with my study of philosophy having taken me in that direction, I have tried to link fields of knowledge rather than simply juxtaposing them.


Just like wine a little later, philosophy turned my life upside down; while curious about everything, I was certain of nothing – still less of what I wanted to do with my life – until my first lessons in philosophy. I know that there are plenty of people who have had bad experiences – or even no experience at all – with this discipline that all too often is considered obscure, useless and divorced from reality, and this saddens me, as I believe that true philosophy is quite the opposite: it is an accessible, essential and enlightening discipline that, like taste, should be taught to all. It is a permanent invitation to be amazed, to question knowledge, sensations and experiences, to learn to think for yourself and to accept the limits of what can be understood.


Here, too, I was fortunate; I had an exceptional teacher in my last year of school who introduced us to philosophy with a text taken from Alain’s Idées (Paul Hartman, 1932). I had previously never heard the nuances of such a simple and obvious way of thinking that, by shining a light on the whys and wherefores of things, begets a fourth dimension to the world that until then had been invisible to my eyes: that of meaning and its value. Like Eve tasting the forbidden fruit – which according to certain specialists, such as renowned geographer Jean-Robert Pitte, was doubtless a bunch of grapes and not an apple – I had had a taste of the critical wonder that philosophy inspires. When I finished the course, I knew it would never leave me.


From clouds of ideas to the transcendence of wine


When I love something, my passion will often turn into obsession, and this is what happened over the five years that followed; I rapidly developed a taste for metaphysics, the study of language and the philosophers of life who posit existence as a creative and qualitative vital impetus beyond the grasp of logical, quantitative and mechanical concepts and the like, as these are too narrow and rigid to comprehend it. I read the pre-Socratic thinkers, Nietzsche, Bergson and Deleuze in a frenzy that would leave its mark on my later approach to wine. I liked concepts and was pretty adept at juggling them – enough to hope that I could teach.


But the inevitable came to pass: live too long with your head in the clouds of ideas, and you will lose your footing in reality. Petrified at the notion of teaching topics I knew of only in theory and not at all in practice, and exhausted by the frantic pace of my studies, I had to take a forced break – and it was here that wine serendipitously entered my life. A philosophy teacher whom I admired was a great fan of wine; why not try working in a wine shop for a couple of months?


And so it began. I was hooked – internships and side jobs followed one after another, and my prep for my lecturing qualification turned into a master’s in hotel and catering. I spent my weekends in vineyards and signed up for every oenology course at the faculty. Wine was taking up more and more space in my life, but I still only saw it as a hobby – until my eureka moment. At the end of my MBA internship at renowned Parisian catering house Potel & Chabot, the premier maître d’hôtel, knowing my burgeoning passion, brought a bottle of Château d’Yquem 1937 that had hardly been touched, a leftover from a meal served earlier in the day. This sweet wine from Sauternes is one of the most celebrated in the world, and 1937 is a legendary year. That day was the first time I tasted Yquem. That I had the chance to experience it in such conditions (perfect provenance, in a period, hand-blown bottle, and a superb vintage) was already exceptional, but this tasting was to prove literally transcendent. From the very first sip, I felt totally transported; I had never drunk anything like it. There were so many interweaving aromas and sensations, a multiplicity of memories and thoughts racing through one another as the moment seemed suspended. . . The wine had an incredible, exquisite flavour, but what took my breath away was the impression that it transcended space and time, conjuring worlds that had long since passed – I imagined harvest time, I recognized familiar smells from childhood – projecting one against the other, with seemingly never-ending colours, sounds and textures.


The second sip was just as intense, at once identical and different, and two irrepressible ideas then arose in my mind – I was experiencing wonder, the sensation that Plato had called the original philosophical sentiment. I was in wonder at what I was feeling, but I was also experiencing an idea that I had tried and failed to understand during my studies, the experience of what Bergson calls durée, or “duration”. Unlike numerical, clock time, durée is an immediate index of our experience when “the self allows itself to live” with no attempt to divide, abstract, or count this “succession without distinction”, as in a tune when the “notes follow one after another”, in an experience of creative vital impetus and pure quality.


Thanks to the wine, I was suddenly living out philosophical experiences that until then had remained abstract to me. Thanks to the grape vine and its anchoring in the senses, its literal rooting in the earth and metaphorical entrenchment in the history of humanity, I realized that I could satisfy my philosophical curiosity through the prism of wine and wine tasting. I enrolled in a sommellerie course at a vocational school that same evening, beginning my apprenticeship and my first shifts on the restaurant floor three weeks later.


From theory to practice – the necessity of wine that is “alive”


It was at that moment that I wished I had found the book that you are now holding in your hands. I knew I wanted to understand wine, but like so many, I had absolutely no idea of where to start; what I did know was that I didn’t know very much, neither in theory nor even less in practice. I was starting from square one but was lucky enough to know how to learn and, above all, once again to have exceptional teachers and chefs by my side. They quickly taught me that wine is first and foremost found in the vine and in the glass, in the intentions of the men and women who make it, and only then in books; you first had to learn how to taste, to smell, to touch. I realized that however elevated my “higher” education may have been, it had totally neglected these senses that were suddenly providing me with a new way of viewing the world. From these first days of my new life, vines and vineyards imposed themselves upon me as the alpha and omega, the be-all and end-all of life. I met wine-growers of every stripe and understood very quickly that in the absence of a wine-growing culture that respected the living world, there would be no wine of emotion or of terroir, no wine for sharing, no energetically charged wines with such unique and transcendent taste and durée – and that what was “alive” was much more than just the vine; it encompassed communities that were tangible and intangible, of the present, the past and the future, and human, plant-based or microbial. And that everything was indeed interconnected in an incredibly diverse and vital dynamic.


 The wonder of those first few days therefore became the driving force of a quest better to understand, and in particular better to defend, the work of these men and women in the vineyards who, through their daily dedication to the living world, bring us a taste, in the most immediate fashion, of what is all around us. Wine is one of mankind’s most beautiful creations and has undoubtedly contributed – as you will soon read – to the creation of humanity; it is a reflection of our way of living on Earth. While we humans more than ever have become “masters and possessors of nature” at the cost of ecological crises whose consequences we are only beginning to perceive, living wine – rising above an ocean of deracinated, industrial agri-food “plonk” – is becoming a symbol, indicating that another way of living is possible – indeed, even essential. In its myriad incarnations, it invites us to marvel anew at ourselves and all that surrounds us. Behind all the codes and rules, the prejudices and systems created to perform and control, there lurks the imperfect beauty, so diverse and unexplored, of human liberty and the vitality of life that, ultimately, are one and the same. It was to share this taste of the living world with others that I became a sommelière, and it was to provide a key to understanding this wondrous world that I have written One Thousand Vines.





Reading One Thousand Vines



 


One Thousand Vines is, I believe, a unique book of its kind, combining my experience as a working sommelière and my critical training as a student of philosophy. As I progressed in my career, I became aware that I didn’t understand the way wine was being explained to me; too much of the information was partial and contradictory, with too many oversimplifying explanations that seemed to be either commonplace or prejudices with no grounding in reality – myths maintained for reasons that often remained hidden. The wines I found the most expressive of their terroir were rejected from accreditation tastings for their “atypical nature”, while the approaches to viticulture that seemed most obvious to me, being the most respectful of the living world and the results of a sustainable economy, were shouted down with often fallacious arguments. Rather than encouraging people to think critically, wine teaching encouraged, under the pretext of objectivity, the unthinking memorization by rote of numbers of hectares, levels of alcohol or residual sugar, percentages of grape varieties or “traditional styles” and so on – solid information, no doubt, but it totally omitted to explain the whys and wherefores and so failed to acknowledge that wine is above all a creation born of human desires and needs, a self-interested and mutable creation if ever there was one. There was something wrong, and it was becoming more obvious to me with every bottle I tasted and every vineyard I visited. The standardized teaching and tasting of wine was missing one essential point: wine is the embodiment of our ability to play with natural constraints and to transcend them for our own pleasure, an invention constantly re-conceived by the various civilizations that have embraced it. So there is not one wine, but a thousand wines; not one vine, but a thousand vines.


If oenology and sommellerie are the “official” science and practice concerned with this incredible diversity, in fact they exist only at the nexus of all the physical and human sciences, as wine touches on all areas of “nature” and “culture”, transcending the fundamental dichotomy on which our Western world-view is based. Even as the tendency in the evolution of knowledge is toward ever-greater specialization and expertise, wine reminds us that all these skills are fundamentally interconnected, forming dynamic systems of thought that must interact if we hope to be able to comprehend its complexity – and therefore our own complexity and that of our world.


This is how this book was conceived: to get disciplines talking to one another and, as in philosophy, to revisit their basic concepts and examine them, to discover their genealogy and their raison d’être, with a view to uncovering the presuppositions that lie hidden beneath our contemporary notions of wines and vines. In other words, to teach readers to deconstruct prejudices and provide them with a key to unlock for themselves what is at stake with one of humanity’s most beautiful and essential creations – and these stakes are high.


Vines, landscapes, wines


I therefore make no claim to have the perspective of a specialist in this book, but rather of a sommelière who has tried to synthesize the knowledge of multiple disciplines relating to wines and vines in order to examine them through the lens of my experience on the ground. This is an interpretation that I wish to be as rigorous as possible, but it is also founded on the limits of my skills, so I shall be offering a position that is committed to defending a certain idea of wines and vines that I shall attempt to justify in the pages to follow. To do so, I have immersed myself in the exceptionally rich field of research into viticulture and winemaking, from which all too few works unfortunately escape their ivory tower to reach the general public, or even professionals in the field. I hope to have grasped to the best of my understanding the thinking of the authors I quote and to have relayed their arguments faithfully.


My research began with what is taught least in sommelière training: the grape vine. There are no wines without vines, however. What do you need to know and understand about the plant to capture the taste of modern wine? You have to learn to read it in the language appropriate to each discipline: ampelography first of all, then botany, physiology and ecology. How did Homo sapiens discover Vitis vinifera, and why, of all the plant species, did we embark upon such a long period of companionship with it? How has this domestication transformed both people and the plant? Why are there so many cépages, and what do they tell us about vines and about humans? How has the evolution of science and technology shaped their relationship? How much is left of the original plant in the hyper-domesticated incarnation we know today? What vision of nature underlies our understanding of Vitis? Can we rethink it differently? Can we cultivate it differently? Reading the vine will lead us to discover the challenges facing contemporary agriculture and the necessity of learning to coexist with the visible and invisible diversity of ecosystems, and to bridge the problematic gap between nature and culture.


I wanted to find out more about these ecosystems, the wine-growing areas themselves. For several years, there has been a cult of climate and geology to explain the quality of wines – there can be no great wine without a great physical terroir. But what does this really mean when you learn more about vines and their impressive plasticity – and the wealth of their microbiota? Are some climates more propitious than others? Can you grow grape vines anywhere on the planet today? How is technology always pushing the envelope of viticulture? What about the soil? Why is it still so misconstrued and misunderstood even as the adulation of geology has spread from amateurs to professionals? Why is it so difficult to admit that a vineyard, far from being a miraculous gift from the gods or the bounty of Earth, is first and foremost a human contrivance? That what has sculpted the landscape of viticulture is “the desire to drink”, and even the “desire to drink well”, revealing the potential of a terroir at the price of “civilizational single-mindedness”. That France’s AOCs are as much political as viticultural? To read landscapes is to read the history of humanity, to understand terroir as a social fact, not just as climatic and geological facts, as a construction symbolizing the freedom of civilizations.


Which brings us to wine, this artifact for which the human mind has developed miracles of ingenuity. Why is it so complex, so fascinating? Just as a vine is nothing without its microbiota, is wine nothing without its microbial ecology? Do winemakers really make wine, or are they not rather reduced to controlling as best they can an infinite number of biochemical phenomena at work in the alchemy of fermentation and aging? What are the consequences for the quality of wine of the evolution in winemaking from a practice that was largely intuitive until the 18th century into an oenological science? By trying too hard to standardize it and eliminate its “defects”, has this not killed the taste of wine? But if wine is born in the vineyard and in the cellar, is it not also born in the heads of those who taste it? Physiology or education, innate or acquired; what are the mechanisms at work in tasting? Isn’t it fundamentally subjective? What are the languages of wine? Are they hurdles or springboards? And finally: why do we drink wine? Why do we like talking about it so much, pairing it, celebrating it? How does it reveal to us the mechanisms of fabricating taste and society? To read wine is ultimately to recognize that it is the symbol of the human condition, that it reflects back to us a mirror image of ourselves, of our culture and its values, of our liberty and the way we live on Earth.


How to read One Thousand Vines


In the beginning were the roots of the vine. Much like the “vine of permaculture” – which was inspired by the “tree of permaculture” designed by Bill Mollison, one of the leading theorists of the practice – this book has not one, but several ways in, all interlinked. In fact, rather than as a root system that implies the idea of hierarchy and a subordination of knowledge systems, imagine One Thousand Vines as a rhizome where any element can influence any other, whatever its place in the system; think of the internet. So it is possible to start at the beginning, the middle or the end; each section, each chapter and each subdivision can be read independently of the others, but they all also enrich each other. There are thus multiple readings of this book, depending on the reader’s needs and desires, which are no less than original connections to be drawn between the disciplines and a symbol of both the reality of our world, which is also being constantly developed at every point, and of the taste of wine, which is reborn with each fresh sip, at once identical and different, in an experience that is eternally returning.


I hope that reading this book will be an opportunity for you to experience wonder.


A NOTE ON CÉPAGE


Cépage, like terroir, is a French term commonly used worldwide in wine conversation due to the importance of ampelographic studies in France. Yet its definition is problematic, and even if it is usually translated as “grape variety” or “cultivar” in English, its acceptance is slightly different. Cépage in this book is understood as a collection of clones sufficiently related to one another to fall under the same name (like Pinot), and variety or cultivar are understood as a subgroup of cépages (like Pinot Noir, Pinot Gris and so on).







READING VINES


Our journey begins with the genesis of our grape vine, also known as Vitis vinifera subspecies sativa, the Vitis domesticated specially to make wine. Understanding the complexity of the modern universe of wine-growing and winemaking requires a deep dive into the botanical genealogy of this unique climbing plant. Where does it come from? How was it discovered and chosen by mankind? The aim here is to highlight the stages in this unique domestication that has transformed both people and the vine.


Evolving over millennia, this relationship has shaped Vitis, just as it has structured social organization, giving rise to differing visions of nature and the world. The history of Western viticulture demonstrates human will – to understand the vines that were once sacred plants and then became tools of production and came to dominate our environment. The vine is unique in the plant kingdom and has played an agronomic role of major importance. Viticulture is the most extensively studied farming practice, and many of the techniques and solutions adopted by global agriculture have their origins there, from crop selection to genetic modification. While the positive sciences may have permitted analysis of physiological phenomena in ever-greater detail, a reductionist and productivist approach has sometimes encouraged the idea of a stand-alone vine decoupled from its ecosystem. But just like human beings, vines are only part of incredibly complex and dynamic biotopes that are often invisible but always interconnected. By questioning our vision of the world, which is based on a fundamental division between nature and culture, we may be able to invent new relationships with not only vines but also with our ecosystems, helping to find solutions to the ecological crises of today and tomorrow.









DOMESTICATION


The origins of grape vines


Vitis vinifera ssp. sativa is the scientific name of the plant that is a symbol par excellence of humanity. Resounding like a magical incantation, the name is an invitation to study its botanical history, because the grape vine did not appear out of thin air; it is the fruit of long domestication. To appreciate its unique place in the plant kingdom and find our way through the labyrinth of its denominations, we have to go back to its genealogy as defined by the sciences that classify the living world. Where does it come from?


A unique place in the plant kingdom


We can understand the origins of the grape vine through its ancestry. Taxonomy, the classification of living things, works like a Russian doll: each individual is a member of a group which in turn is part of a larger clan and so on. Officially, the grape vine is therefore a member of the genus Vitis, in the family of the Vitaceae and the order of the Vitales, which is in the subclade of the Rosids that in turn is a member of the eudicots, the angiosperms and the metabionts, which belong to the plant kingdom, part of the domain of the eukaryotes, one of the groups of living things that includes all cellular organisms with cell nuclei (animals, fungi, plants and other protozoans). This one-sentence genealogy attests to the millions of years of speciation of living things that have given rise to the grape vine. But what remarkable characteristics has this also given it?


The grape vine is a green, shrubby, climbing perennial with unique adaptive and agricultural potential. As a eukaryote, it possesses a complex cell system with a long genome that was fully decoded in 2007, revealing it to be rich in genes associated with the production of enzymes and essential oils that play a key role in the organoleptic complexity of wine. As a metabiont (or more precisely chlorobiont, since the grape vine is a green plant), it is an autotrophic organism that generates its own organic matter via photosynthesis. As an angiosperm, or seed plant, its flower is fertilized to give a fruit, a berry, whose embryo or pip is surrounded by a nourishing albumen (the grape flesh) with unique characteristics.


As a dicotyledon, it has a main, burrowing taproot and can grow and form wood thanks to its cambium, or woody tissue, but its most remarkable property has been revealed by recent analysis of its genome: as a climbing plant with such discreet flowers, the grape vine is thought to be a living fossil among flowering plants, one of the species closest to the common ancestor of all inflorescent plants. Unlike one of its relatives, the rose, domesticated for its flowers, the grape vine has favoured its vegetative system and its lianescence, which explains its notably protean nature.


An ancient plant


The Vitaceae family appeared 100 million years ago during the Cretaceous period and dispersed and spread during the Eocene, a period of intense development for flora and fauna. While there is a lack of evidence to date older speciations since these will have decomposed, the species multiplied from the Palaeocene onward. The oldest known fossil of a vine leaf dates from this period 56 million years ago: Vitis sezannensis, discovered in the Champagne region.


Since then, the Vitaceae are thought to have differentiated into 17 genera growing in tropical regions in particular, with the continents of the time not having yet taken their current form. Of these genera, certain strains took to the humid subtropical and temperate zones in the northern hemisphere: Ampelopsis and Parthenocissus, known to us as Virginia creepers, and Vitis, thought to be the most recent addition. Two sub-genera, Muscadinia and Euvitis, appeared as the vine spread, differentiated by the number of chromosomes – 40 for the former and 38 for the latter. Originating in the southeastern United States, Muscadinia has spread only as far as America and comprises just three species, of which only one, M. rotundifolia, still attracts scientific interest for its resistance to certain pathogens. Euvitis, on the other hand, has produced so many offspring that it has become the dominant sub-genus, taking the name of the genus itself: Eu-vitis, the “true vine”.
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THE BASINS OF ORIGIN FOR VITIS
Vitis is thought to have migrated from North America toward Europe and Asia by different routes.








Does the future of global winemaking lie with its origins?


While genetic research suggests the American rather than the Asiatic basin as the origin of Vitis, the discipline studies both with a view to finding solutions for the future. In 1907 in Asia, Russian researchers became the first to take an interest in Shan Pu Tao, as it was known in Chinese, or Amurskii Vinograd in Russian, a species of V. amurensis growing on the Sino-Russian border, for its resistance to winters of -45°C (-49°F) and soils at -16°C (3°F). Its success has more to do with the ease with which it can be hybridized than the first wines that were produced commercially from it in 1936 by the Jilin Changbai Mountains Wine Company; the acidity was too intense. A relative of Cabernet Severny or Solaris, it has become a part of the world’s winemaking future through its descendants, and perhaps for its own part, thanks to the progress made in Chinese viticulture. In the US, Muscadinia rotundifolia, the oldest known living vine there (thanks to a Scuppernong plant christened Mother Vine that dates back to 1500 and is still thriving on Roanoke Island in North Carolina), is highly promising; its resistance to certain nematodes is now being studied to develop rootstock resistant to the grape-vine fanleaf virus, the deadliest threat to vines, which is transmitted by these worms.





Conquering the world


Vitis extends across three geographical basins that are now separated but were still linked during the Mesozoic era:


• The Asian Far East is the largest of the three basins. The majority of the 37 species found here have berries that are not very tasty and have barely been domesticated; local communities also use other resources to produce alcohol. Nowadays, they are of interest for their tolerance of freezing temperatures, in order to create plants capable of surviving in ever more extreme latitudes.


• North America, the second basin, is home to 34 identified species that also remained wild for millennia. The Amerindians took little interest in their berries, preferring beer for their ceremonies, and the colonists then struggled to get along with V. labrusca, the most cultivable species. These various forms of Vitis nonetheless all spontaneously diversified, evolving in tandem with local bio-aggressors that were to become the principal threats to European vines. Their resistance to these pathogens is the focus of current genetic research.


• The Near East and Europe form the third and most recent basin. These, the regions with the richest viticultural history of all, paradoxically boast just a single species of Vitis: Vitis vinifera. Why might this be? It would not have needed to speciate during the geographical upheavals and the most recent glaciation of the Eocene epoch, because it would have found a sufficiently isolated refuge in an adapted environment, the Caucasian basin and the Near East.


Vitis encounters Homo sapiens


Vitis vinifera has therefore undergone two parallel evolutions, differentiating two subspecies. The first, V. vinifera ssp. sylvestris (Latin, “of the forest”), has remained a wild climber, never cultivated, and is also known in France as lambrusque (from Latin, labrusca, “wild vine”). It is still dioecious (either male or female) and grows in rich, alluvial soils beside watercourses, V. vinifera’s natural environment, climbing up any woody support it encounters to seek the light, hence its name sylvestris. It covered Europe 10,000 years ago but is now endangered and has been a protected species in France since 1995. The second evolution of V. vinifera is “our” grape vine: V. vinifera ssp. sativa, or the cultivated grape vine, which arose from the boom in viticulture that followed the dawn of agriculture around 9000 BCE. It is now the most diversified species, which it owes to its encounter with Homo sapiens.






Homo sapiens domesticates Vitis vinifera



Given its nature as a forest ivy that grows by climbing to the tops of trees, producing only tart little berries that are difficult to reach, the grape vine seems far from being a plant of the greatest interest or the easiest to domesticate – and yet it is one of the few ivies (others include vanilla and hops) to have caught mankind’s eye sufficiently to be selected, propagated and improved. How and why were we able to cultivate this plant, with its seemingly low nutritional appeal and scant fruit yields?


The Palaeolithic hypothesis


According to American anthropologist Patrick McGovern – head of the Biomolecular Archaeology Laboratory for Cuisine, Fermented Beverages, and Health at the University of Pennsylvania – it was tasting naturally fermented wild grape juice that led early humans to domesticate the vine; this is known as the Palaeolithic hypothesis. Observing birds pecking at the berries, the nomadic hunter-gatherers of the Palaeolithic would indeed have been able to harvest the fruit and taste the liquid that resulted after a few days’ travel in hide containers, and they would have been seduced by the euphoric and addictive effect of the few grams of alcohol contained in the beverage. Already possessing the genetic mutation for the enzyme allowing for consumption of fermented fruit – alcohol dehydrogenase – and probably a fan of proto-beer to boot, Homo sapiens, or rather Homo imbibens, to quote McGovern, would have discovered in this an alcoholic drink that was easily obtained because it did not require the conversion of starch into fermentable sugars as cereals do. The problem was that it quickly deteriorated into vinegar; so how could this phenomenon be reproduced and preserved? The history of viticulture had begun.


An 8,000-year-old wine, but two 11,000-year-old domestication centres


The origins of wine are still shrouded in mystery. With pieces of direct evidence being few and far between, artifacts have long been only indirect clues open to interpretation – but as technological advances have opened up new avenues in molecular archaeobotany and ampelography, the potsherds have begun to talk. Besides revealing possible winemaking practices through their shape and patterning, their porosity and electrical charge have proven an ideal trap for preserving over millennia traces of liquid that can be analysed with spectrography and chromatography. In 2017, a team of scientists that included McGovern discovered what was thought until recently to be the oldest wine production sites to date, bringing to light eight jars with traces of tartaric, malic, citric and succinic acids; their presence in jars suggests that the grapes had been vinified deliberately. This discovery also implies that wine and pottery know-how are intimately linked, suggesting a certain social organization.


McGovern was based at the Gadachrili Gora and Shulaveris Gora sites in Georgia, 50 km (31 miles) south of Tbilisi, the capital. His hypothesis was corroborated by the presence of resin and grape pips, along with confirmation of human habitation between 6000 and 5800 BCE through radiocarbon dating of charcoals and seeds, and palaeoclimatology has confirmed that environmental conditions at the time were close to our own. These eight 300-litre (80-US gallon) jars, one of which has been dated to 5980 BCE, are decorated with dancing men and bunches of grapes and are evidence of the manufacture of unadulterated wine, with no resin or other additives. (None has been found there, unlike a mixture of rice, honey and wild berries discovered in China, dating to between 7000 and 6600 BCE.) It was also the site of significant production that assumes the beginnings of organized winemaking.


However, in 2023, a study led by Yang Dong and 88 other scientists from 23 research centres (“Dual domestications and origin of traits in grapevine evolution”) shed new light on the origin of grape vine domestication. This groundbreaking paper revealed that there were probably not one but two separate yet contemporaneous domestication areas 11,000 years ago – one in the Caucasus, as expected, and one in a location at first more surprising, the Near East (the Levant: Lebanon, Jordan, Palestine, Israel). This discovery was based on the genetic analysis and the sequencing of 3,525 varieties, revealing a unique genotype for 2,448 of them, 1,604 V. vinifera and 844 V. sylvestris. From there, the scientists were able to organize them in groups, six for V. vinifera (West Asian table grapes, Caucasian wine grapes, Muscat table and wine grapes, Balkan wine grapes, Iberian wine grapes and Western European wine grapes), and four for the wild sylvestris. And here lies the most disruptive discovery: “They found that although the South Caucasus domestication is associated with early winemaking, the origin of wine in Western Europe is associated with cross-fertilization (introgression) between Western Europe’s wild populations and domesticated grapes originating from the Near East that were initially used as food sources” (Robin G Allaby, chair of genomics, University of Warwick, UK, “Two domestications for grape”). In other words, our grape vines migrated from the Levant while the vine population of the Caucasus, until today, remained more isolated with indigenous grapes quite different from the rest.
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THE POSITED FIRST CENTRES OF DOMESTICATION OF VITIS VINIFERA
There were two simultaneous centres of V. vinifera: the South Caucasus (relatively isolated with weak diffusion) and the Middle East from which V. vinifera would have spread to Europe, Africa and Asia in three waves following human migrations.


A new story of grape-vine domestication


This discovery only confirms an age-old hypothesis: that the first major centres of domestication of wild V. vinifera were located in a large region stretching from the Caucasus to the Near East, the historic territories of Mesopotamia and the Fertile Crescent. One of the reasons why South Caucasus was thought to be the original centre was the presence of archaeological findings: the two Georgian sites were part of Shulaveri-Shomutepe culture, which extended into Azerbaijan and Armenia. Viticulture was therefore thought to have appeared somewhere between Georgia, Armenia (home of the Areni site with its 6,000-year-old stone press) and Iran’s Zagros Mountains, where evidence of winemaking dating back to 5400 BCE has been unearthed at Hajji Firuz Tepe. These archaeological findings were backed up by studies of the foundation myths of Asian, Near Eastern and European societies such as the Epic of Gilgamesh and Dionysian mythology. There is no such evidence in the Levant, and only scientific progress - like genetic sequencing - could allow such a discovery, corroborating the myths not by archaeological proof, but by botany. The Levant is home to many domesticated plant species (wheat, barley, lentils, flax), with the earliest forms of domesticated cereals appearing about 11,000-11,500 years ago, explains Professor Allaby.


What happened? In the Pleistocene (500,000 years ago), glacial episodes split the wild grape-vine population into two ecosystems, western and eastern, each leading to simultaneous domestication. The genetic analysis showed that the Caucasus one mostly spread to the Carpathian Basin, thus playing a limited role in grape diversification. On the other hand, the Levant group, originally domesticated for eating not making wine, spread east to Central Asia, India, China; north to Caucasus, and west through Anatolia and the Balkans, then to Western Europe and Iberia: these grapes crossed then with local wild grapes that had thicker skins and less sugar but were more suited to making wine. Even though there is no vestige of the materials required for wine production and storage, these new data, supported by the scientific community, improve our understanding of the mechanism of domestication, shaped by humans and environments alike.


The hermaphrodite hypothesis


Domestication means, above all, controlling reproduction. In the hermaphrodite hypothesis, Swiss molecular ampelographer José Vouillamoz explains how genetic evolution may have facilitated the work of Homo sapiens, although it remains a theory, as the physical evidence no longer exists.


In its wild state, V. sylvestris is a sexual creeper with both male and female plants, but it also has considerable genetic instability, and rare hermaphrodite mutants arising from male plants have appeared over time. In parallel, the vine also developed another characteristic, vegetative apomixis: it can reproduce from a single twig with a bud planted in the ground. The new plant is a clone of the parent plant. Homo sapiens is thought to have identified these particular hermaphroditic, self-pollinating individual plants and understood how to preserve them by taking cuttings, giving rise to V. vinifera ssp. sativa.


The millennium that followed saw phases of improvement as humans migrated and trading subsequently became more frequent between 3500 and 3000 BCE. Secondary wine-growing centres developed gradually around the Mediterranean. The proto-varieties here were cross-fertilized deliberately or inadvertently by local wild vines, and exceptional individual plants were gradually selected. The berries and clusters became less acidic and tannic, fleshier and balanced in sugar, with variations both in colour and in the size and shape of the pips and leaves.


What Egypt can teach us about these proto-varieties


Funerary frescoes from Egypt’s Old Kingdom (2700–2220 BCE) feature the first known representations of the pigmentation of grapes: all the bunches are black. While Egyptologists assume that the pigmentation of the berries must have ranged from green to mauve, they know that there was higher production of wines made from red grapes by direct pressing, and sometimes maceration, from the presence of traces of syringic acid in the majority of the jars; this is not produced in the vinification of white wine. These depictions therefore suggest that they were selecting grapes by skin colour.


Near-perfection of domestication is implied in the writing of Roman agronomists, who describe a vast diversity of varieties, with edible and wine grapes adapted for different regions (Greece, the Orient, Italy), so it is during antiquity that we finally encounter the first true V. vinifera or primitive varieties. Are they still with us, or have they evolved as well? In 2012, agronomist Thierry Lacombe, a specialist in grape-vine genetics, was able to identify four historic groups by molecular markers: wild vines, and primitive, ancient and recent varieties. Thanks to vegetative reproduction, in some cases going back several millennia, we can still find ancient varieties such as Savagnin or Pinot, which are several centuries old. That said, researchers are yet to turn up an example of a primitive variety; they have either disappeared or we only know of their distant descendants, or they may still be reproducing and encouraging the emergence of a high level of intravarietal diversity.







Maratheftiko – a Vitis vinifera with female flowers that is still cultivated


Cyprus has a long wine history. Commandaria, a sweet wine made with sun-dried Mavro and Xynisteri, was mentioned by Hesiod. But Cyprus’s island nature has also preserved endemic cépages, like Maratheftiko, which almost disappeared as it is a non-hermaphroditic V. vinifera: its flowers are only female. To be pollinated, this red variety must be planted with varieties flowering at the same time. Complantation was widespread before phylloxera but abandoned with modern viticulture. Fortunately, agronomic pragmatism is now responding to the necessity of preserving this heritage.









Cépage – a concept


Cépage, usually translated as “grape variety” is one of the most common terms in the French vocabulary of wine. Very much like the French concept of terroir, the unique concept it represents is more difficult to pin down than it might at first seem, however. This is as much to do with the way it is used as it is with the reality it describes; in France, it is a winemaker’s term that corresponds only imperfectly with the real botanical world. Its limitations become apparent the more it is applied and ever greater numbers of different V. vinifera are identified. (There are officially more than 12,250 cépages.) Why is the concept of cépage used only for V. vinifera and no other plant? What do we actually mean by cépage? Where did this idea originate, and how is it understood and used today in ampelography, the science of its study? Since French scientists largely participated in the development of this science, it matters to understand the conceptual and practical issues implied by this concept.


Cépages before there were cépages


People (French or not) clearly did not have to wait for the appearance of the word cépage to make use of the concept; the first treatises on viticulture appeared as soon as grape vines spread around the Mediterranean basin. A desire to distinguish between grape vines is apparent first among Greek agronomists, for example Democritus and Theophrastus, and then Latin writers. Among the latter, Pliny the Elder (1st century CE) is known to have listed about 50 different grape vines in his Natural History, including Falerno, Nomentura, Alba and Aminea, which he tries to distinguish from each other and organize into a system. Much like his predecessors, however, he concedes that counting all the varieties is an impossible task.


While all these agronomic texts provide many and various tips on cultivation, diseases and sizes, they give no precise description of the grapes themselves; the first major works with descriptions of these varieties, and the word cépage itself, were not to appear until the Middle Ages.


Cépage – initially a colloquial term


Jean-Antoine de Baïf (1532–89), a member of the Pléiade group of poets, is credited with inventing the French term cépage in 1573. It is derived from the word cep, a vine, with the suffix age, designating an amalgamation; a “cépage” is a collection of “ceps”. It then became a winemaker’s term from its colloquial use and began to be used more frequently and widely. Different types of cépage were increasingly mentioned: author and satirist François Rabelais (1483 or 1494–1553) has his Gargantua and Pantagruel drink Arbois, Muscadet, Breton and Chenin, while agronomist Olivier de Serres (1539–1619) wrote about Pinot, Beaunois and Corinthian in his Théâtre d’agriculture et mesnage des champs (1600).


Synonyms, homonyms and other toponymic names presented a plethora of problems, and a cépage might take the name of a place without necessarily coming from there – such as Auxerrois, which is in fact a Malbec and hails from Southwest France rather than anywhere near Auxerre. Confusion was growing, despite these specifications, although knowledge of cépages improved from the 18th century, initially thanks to Swedish botanist Linnaeus (1707–78), who was the first scientifically to systematize the species of vine known at the time: V. vinifera, V. labrusca, and V. lupina (1753). He was continuing the work of German doctor Philipp Jakob Sachs (1627–72), who was the first to dub this branch of botany “ampelography” (from Greek ampelos, “vine”, and graphein, “to describe”) in his eponymous work of 1661. As collections of cépages began to increase during this period, it became clear that it had to be possible to compare specimens in order to identify and differentiate them.


“Cépage” enters scientific language


France owes the entry of “cépage” into scientific vocabulary to Count Alexandre-Pierre Odart (1778–1866) and his 1845 publication Ampelographie universelle ou Traité des cépages les plus estimés dans tous les vignobles de quelque renom, in which he studied more than 700 of them. He preferred this term to “species” or “variety”, asserting its specific meaning within viticulture. His work is the first comprehensive international enumeration based on the morphology of Vitis, its identification and its botanical classification by cépage, in addition to their relationships and cultivational and oenological suitabilities. In France by the end of the 19th century, the term “cépage” was supplanting the qualité or race of a vine or plant, and had entered botanical nomenclature. The word was then used in every ampelographic treatise until the turn of the 20th century, when a need to rethink this conceptual tool became apparent due to the increasing confusion it was causing: the concept of cépage was not capable of encompassing the protean aspect of vines. Renowned ampelographer Louis Levadoux (1912–85) summed it up as follows in 1961: “This term [cépage] is unlikely to be given any exact botanical definition; it is a systematic wine-grower’s unit that fits rather poorly into our modern way of thinking. . . The limitations of cépage, a purely subjective and practical unit, are not recognized by all” (La vigne et sa vulture, “Que Sais-Je?”).


A real epistemological problem


The particularities of V. vinifera’s mode of reproduction and multiplication, not to mention its genetic variability, present a real epistemological problem in that they make it difficult to invent conceptual tools to pin down its complex reality correctly. Only the Italian language has an equivalent (vitigno) of cépage as a botanical category for the grape vine. Other languages use “variety”, with English notably using “cultivar”, a contraction of cultivated variety. This term is already making an assumption; it presupposes that a cépage needs to be cultivated, implying that the V. sylvestris or any V. vinifera crossed with wild specimens or other types (such as Muscadinia) can be called neither a cultivar nor a cépage. But the word “variety” is not correct either. From a botanical perspective, a cépage is not a variety in the strictest sense because, according to its scientific definition, a variety is reproduced identically with a seed. But the grape vine does not breed true because of its genetic instability. Sowing a grape pip necessarily creates a unique plant, one different from its parents.


It was not until 2009 that the matter was put to bed in France with an official resolution from the Institut national de l’origine et de la qualité (INAO; it used to be called Institut national des appellations d’origine), the public body that regulates French agricultural produce, which ended centuries of confusion by defining cépage, cultivar and clone in line with the work of geneticists and ampelographers Jean-Michel Boursiquot and Patrice This.







The enigma of the origins of Zinfandel


The US long believed Zinfandel to be one of its rare native cépages. This myth was shattered in 1968, however, when a professor at the University of California, Davis (UC Davis), noticed that Primitivo from Apulia resembled it. Samples were sent to California, and the first biochemical and ampelographic analyses confirmed the identity of these two cépages in 1975. Shortly thereafter, Italian researchers backed by Mike Grgich, a Croatian-born winemaker in the Napa Valley, suggested that the Primitivo/Zinfandel grape was none other than the Croatian cépage Plavac Mali.


A Zinfandel defence union was formed in 1991, and Professor Carole Meredith was dispatched to Croatia, returning with 150 samples. From the first DNA analyses made of the vine, she was able to confirm that Primitivo and Zinfandel were clones of the same variety but that Plavac Mali was not their direct ancestor, just a member of the clan.


Croatian research in 2002 resulted in the discovery of a vineyard on the Dalmatian coast planted with hundreds of varieties, including nine rows of Crljenak Kaštelanski. Here, they discovered a DNA semi-match: the red Kaštela grape was the original clone of Primitivo/Zinfandel. José Vouillamoz supplied the last piece of the puzzle with further DNA analysis in 2012, matching Crljenak Kaštelanski with a single century-old vine cultivated in a garden in Split. This was Tribidrag, a cépage that had been known since the 15th century. Apparently imported under the name Black Zinfardel of Hungary (not to be confused with Zierfandler, which is an Austrian white cépage) to the east coast of America from the nurseries of the Austro-Hungarian Empire (which ruled Dalmatia at the time), Zinfandel was brought to California thanks to the Gold Rush. By the end of the 19th century, its success had obscured its origins, to which Jancis Robinson MW, Julia Harding MW and José Vouillamoz pay homage in Wine Grapes; here, you will find the description of Zinfandel under the Tribidrag entry.
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FIVE-LOBED LEAF
In 1946, Pierre Galet refined ampelometry techniques based on measuring the veins of a leaf along with the number and angles of its lobes.





Official definitions


Acknowledged as a taxonomic unit applicable to V. vinifera, a cépage is a varietal group of varying size. A variety, or cultivar, is a subset of a cépage, which may have several clones, sometimes hundreds. Grenache Noir, Blanc and Gris, along with Lledoner Pelut (Grenache Velu), for example, are cultivars of the Grenache cépage, and Grenache Blanc has three official clones (141, 143, 1213) in addition to many more that have not been accredited by the institutions responsibile for grape-vine plants in France. If a variety has several clones, it is polyclonal; if not, it is monoclonal. Here it should be understood that the number of clones per cépage will depend on its genetic instability but also on its age: the older it is, the more clones it is likely to have. Pinot, which has existed for more than 2,000 years, boasts more than 1,000 clonal variations, while Cabernet Sauvignon, which appeared at the end of the 18th century as a cross of Cabernet Franc and Sauvignon Blanc, has 19 official clones and 250 non-certified ones in the national conservatories.


Where the clones have similar quantitative (for example, vigour or yield) and qualitative (for example, minor variations in colour or villosity, or hairiness) characteristics, they will have the same cépage name. When a variation becomes too large and changes the viticultural and winemaking characteristics (this is known as somatic mutation), the clone in question takes on a form different from the initial cépage. Such was the case with Gewürztraminer, an aromatic form of Savagnin Rose, which itself is a mutation of Savagnin Blanc, or Traminer.


The word “cépage” is now normally reserved for wine grapes, “variety” for table grapes and rootstocks. Hybrids are still under debate in the ampelographic community; some would prefer to keep “cépage” for V. vinifera alone, although the use of resistant “cépages” is becoming more common when speaking of the varieties that cross V. vinifera with other species.


Cépages and their names


In addition to identifying cépages botanically, ampelographers have had to study and map the ampelonyms, the specific names given to a cépage, which have an etymology that may be highly varied – sometimes evocative, or geographical, or morphological. The use of ampelonyms has been spreading since the 14th century. There is no official nomenclature to this day; the international list of grape vines and their synonyms established by the Organisation internationale de la vigne et du vin (OIV; the international body responsible for setting agreed standards in vitivinicultural products) does not promote one synonym over another, while the list kept by FranceAgriMer, France’s national institution for agricultural and seafood products, the body that deals with the issue of cépages, makes use of the “principal denomination”. This idea, suggested by Robinson, Harding and Vouillamoz, of using a prime name, the description most commonly used in the cépage’s region of origin, seems the most sensible. Their work Wine Grapes is still the most comprehensive collection of classical and contemporary ampelography available to the general public and includes 1,368 cépages that are found on the market – for a more academic readership, there is also Pierre Galet’s Dictionnaire encyclopédique des cépages (2000). It is only through use or study that a cépage can survive.


Evolutionary identification criteria


Ampelographic research took on a whole new dimension with the arrival of phylloxera in Europe at the end of the 19th century. The destruction of vineyards and the necessity of finding solutions led to a proliferation of studies to identify resistant species and control the profusion of cross-breeds and hybridizations that de facto were multiplying the number of varieties. The major researchers of the era included Victor Pulliat, Gustave Foëx, Louis Ravaz, Victor Vermorel and Pierre Viala, with the latter two publishing Ampélographie: Traité général de viticulture between 1901 and 1910, the most comprehensive work of ampelography published to date, describing 5,200 cépages and 24,000 denominations. Each entry includes elements of historical, geographical, linguistic (including synonyms), agronomic and (in particular) morphological relevance, with a description of every part of the strain according to criteria of size, colour, appearance, texture and so on. In another advance, 500 of these cépages are illustrated with a colour plate of a grape cluster. Despite its wealth of detail, however, this veritable bible is on a collision course with a major problem: it lacks definitive criteria for identifying known botanical groups and newly created varieties out in the field.
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NUMBER OF LEAVES AS AN AMPELOMETRIC CRITERION, WITH L1 = MEDIAN LOBE; L2 TO L11 = LATERAL LOBES


1. ONE (whole leaf). Examples: Melon B, Rupestris du Lot
2. THREE. Examples: Chenin, Aramon
3. FIVE. Examples: Chasselas, Riesling, Barbera
4. SEVEN. Examples: Vermentino, Cabernet Sauvignon, Corvina
5. MORE THAN SEVEN. Example: Hebron


THE FIVE TYPES OF LEAF ESTABLISHED BY THE OIV The OIV has been collating morphological descriptors to identify cépages since 1983. The leaves are categorized according to their number of lobes, among other things.





Since the phylloxera crisis, the issue has become more than just epistemological; the output of hybridizers and nursery workers has exploded, the number of plants is multiplying, and with it merchandise fraud and diseases of the wood. The consequences are political and economic: to replant French vineyards with good, healthy plants, you have to be able to recognize poor quality in the field. The French institutions have realized that they must therefore monitor the commercial use of plants, no longer leaving this to the winemaker or nurseryman as has historically been the case. But we still have to be able to distinguish between them.


From the revolution in morphological ampelography…


This was to be the work of agronomist Galet, dubbed the “father of modern ampelography”, who in 1944–6 first addressed the identification of rootstocks. This was an urgent issue; they appeared as a better qualitative solution to phylloxera than hybrids (hybrides producteurs directs, or HPD, in French), but they are difficult to identify. A rootstock that is not adapted to the soil or the graft, or that does not take, will incur the loss of several years of production. Fraud relating to quality will only further muddy the waters in times of scarcity. Galet and his colleague Henri Agnel developed a new vocabulary to distinguish rootstocks, codifying the distinctive elements of Vitis: villosity, or the hairiness of a vine; the type of budding; the young leaves; the adult leaves that he considered the true “face of the vine”; the tendrils; the shoots; the flowers and the grape clusters, those last being rare for often non-fruiting rootstocks. They listed these according to such criteria in Les Portes-Greffes, ampélographie pratique (1946). In 1952, Galet extended his methodology to all the vines in his Grape Varieties and Rootstock Varieties (English ed: 1998), insisting on the identification of the morphology of the vine’s vegetative organs, its buds, leaves and shoots, which were more distinctive than the fruiting organs, the flowers, clusters and berries.


He also took up the crucial idea of ampelometry as promulgated by Louis Ravaz (1863–1937) at the turn of the 20th century. This was a classification by mathematical ratio based on the measurement of the length of the principal veins of a leaf (seven measurements) and their angles (five measurements). This practical method was to prevail over the decades and was included in part in the OIV’s “List of descriptors for the varieties and species of Vitis” of 1983. Each entry includes 123 morphological descriptors for eight organs, ampelometry data, an example, a definition and a depiction, since each variety is so complex to identify. While identification is now more straightforward, classical morphological ampelography cannot formally confirm one crucial aspect, however: a vine’s lineage.


… to a similar transformation of molecular biology


The arrival of molecular biology in the 1970s was a revolution in our understanding of cépages and their lineage. First of all, biochemistry made it possible to differentiate between varieties by studying the compounds of secondary metabolism (any molecule that is not essential for the growth of the plant – for example, colour pigments such as anthocyanins) and certain enzymes. But it was genetics in particular that was to upset the applecart; using molecular marking and DNA sequencing from a few milligrams of vine cell, research was able to penetrate to the heart of the genome. By locating 20 specific microsatellite markers known as SSRs (simple sequence repeats), which are short repetitive sequences of DNA, genetic ampelographers are able not only to identify cépages but also reveal their parentage through their genotype, which is more reliable than their phenotype (their observable characteristics as modified by their environment). Carole Meredith’s teams, working at UC Davis, between 1993 and 2001, managed to establish a similarity between American Zinfandel, Italian Primitivo and Croatian Tribidrag in this manner.


In 1997, the team at UC Davis collaborated with John Bowers to perform the first successful test of parentage and identified the pedigree of Cabernet Sauvignon. Results came thick and fast in the wake of this breakthrough, with Bowers uncovering the kinship of Chardonnay (1999) and Syrah (2000), Vouillamoz showing the descent of Sangiovese (2007), and Boursiquot lifting the lid on Merlot and Malbec (2009), among others. Following rice, thale cress and the poplar, V. vinifera became the fourth plant to have its genome decoded, in 2007. The OIV’s second edition of the “List of descriptors” (2009) has endorsed this major evolution, adding two biochemical and six genetic characteristics to the 179 criteria for identifying a variety. This list is now the standard global botanical and legal reference text for ampelography.


Identifying to monitor, identifying to preserve


The pursuit of pure botanical knowledge was not the only reason for scientific developments in ampelography. One of Galet’s original missions was to combat fraud and exclude cépages considered to be of poor quality, by training technicians who were able to recognize such plants. France was in a full-blown winemaking crisis at the end of World War Two, and a return to the production of fine wines of high quality was a national issue. As expert knowledge increased, monitoring and control of French grape varieties became more rigorous, first in monitoring of plants (uprooting hybrids) and then for diseases of vines and rootstocks. Winemakers’ choices of plant stock are now also closely supervised, and they can no longer plant whatever they want.


In France, the varieties authorized for planting, grafting and vinification are listed in a legal catalogue supervised by FranceAgriMer (this is the same for all European Union [EU] countries) and ENTAV-INRA®, which monitors the origins of clones and rootstocks available to nursery workers and is in charge of ratified selections from these cépages. The stated aim is to ensure phytosanitary quality, avoid the spread of disease, and guarantee the genotype of the cépage – but does this approach of restricted and protected biodiversity with a view to sanitary security not fly in the face of the evolution of inter- and intravarietal biodiversity that has been acquired over the course of millennia? By confirming a number of findings from traditional ampelography, molecular ampelography has immeasurably accelerated the identification of cépages and their kinship. In addition to such identification, these two complementary methods are pursuing the fundamental missions of this science: to understand and preserve the incredible diversity of Vitis in order to support its adaptation to environmental change and defend it against pathogens – not to limit it.






The classification of cépages


Classifying the abundant diversity found within ampelography is just as difficult as identifying a cépage. Various classifications can be made, depending on the ultimate purpose: a winemaker may be interested in production types, early growth or sugar content; an ampelographer’s aim will be to discover the links of lineage and to construct coherent botanical groups; and a lexicographer will rank them in alphabetical order. What are the most common classifications today? How can they help us understand the links between cépages and suggest solutions in an environment in crisis?


Wine and table grape varieties


The classifications that have long proved most useful to winemakers have been descriptive in nature, grouping cépages according to their technological suitability – that is what they can produce and how. The first of these classifications is the division of V. vinifera into two categories according to their domestication: grapes for making wine (grapes) and grapes for consumption or to be dried (table grapes). The former generally have compact clusters of medium-sized berries that are juicy and sweet, with skin that is easy to press but fragile. The latter most often come in loose clusters of large, elongated berries that are more acidic and crunchy, with a thicker skin.


The seeds represent another difference: modern table grape hybrids are often apyrene, or seedless, whereas wine grapes contain pips. These two groups spread around the Mediterranean along cultural lines: the consumers of wine in the Roman world, which became the Christian West, took an interest in refining wine grapes, while the Near and Middle East, along with the territories conquered by Islam, where alcohol was forbidden, cultivated table grapes.


Some cépages are both wine and table grapes and stand at the intersection of the two groups. These include Chasselas and Black Muscat, an ancient cépage with a great diversity of clones. Such a distinction is a regulatory categorization based more on use than on any technical reality, however.







Unsuspected ancestors


The diversity of cépages in Southwest France has long been a conundrum for ampelographers, with numerous phantom missing parents making it difficult to establish links – for example, for Merlot, which comes from Cabernet Franc and a cépage that remained unknown for a long time. In 1992, an old vine was discovered in Saint-Suliac in Brittany that until 2004 was believed to be a wild vine. Analysis of its DNA, however, revealed it to be an unknown V. vinifera. Simultaneously, ampelographic investigations in the Cognac region uncovered four trellises of table grapes known as Magdeleine Noire des Charentes that were identical to the mysterious Breton cépage. In 2009, Boursiquot discovered that this was the absentee parent not only of Merlot but also of Malbec and at least three other cépages.


Magdeleine Noire is not the only “ancestral” cépage that has played a key role as a progenitor and then disappeared from vineyards; Gouais Blanc is the most fertile, with 63 descendants, but there is also Hebén in Spain, Frankenthal in Germany, Bombino Bianco in Italy and Heptaliko in Greece. Some have been highly mobile, such as Gouais, which has long been a missing link in the families of Southwest France and is indirectly linked to Folle Blanche, Colombard, Muscadelle and a host of other cépages, in addition to being related to a number of varieties of Noiriens and Messiles. Magdeleine Noire has not yet given up all its secrets; it seems to be more resistant to flavescence dorée, a fatal vine disease, providing yet further proof of the need to preserve the broadest living varietal diversity.
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THE ECO-GEOGROUPS OF GRAPE VARIETIES IN FRANCE
Jean Bisson continued the work of Louis Levadoux in establishing eco-geogroups or sorto-types, which were families of varieties having originated and evolved from the same environment. Their members are related, as shown in the detailed illustration of the Noirien eco-geogroup.


Victor Pulliat’s classification


In 1879, Beaujolais ampelographer Victor Pulliat (1827–96) developed a classification based on physiological maturity that is still in use to this day. Having observed that cépages do not ripen at the same time, he decided to classify them and took Chasselas Doré, an early cépage, as a point of reference, thereby obtaining five groups:


• Early cépages maturing 8-10 days before Chasselas (mainly table grapes and hybrids).


• First-period cépages coinciding +/–8 days with Chasselas (Pinot, Melon, Savagnin).


• Second-period cépages ripening 12-15 days after (Riesling, Syrah, Chenin, Cabernets).


• Third-period cépages ripening 15-24 days after (Grenache, Clairette, Carignan, and cépages used for distillation, such as Folle Blanche or Trebbiano).


• Fourth-period or late-ripening cépages ripening 24-36 days after (Mourvèdre, Montepulciano, Trepat).


This classification allows cépage selection according to the climatic conditions enjoyed by the vineyards, and was expanded during the 20th century as geoclimatic know-how was refined. It remains to a certain extent artificial as it does not allow us to understand the relationship between varieties, organizing them only descriptively for their ultimate use.


Natural classifications


It is to French ampelographer Galet that we owe the spread of the concept of “natural” classification, which is based on morphology, cultivational suitability and geographical origin. Since the 18th century, ampelographers had been noting that varieties from the same geographical area shared some resemblances and had common characteristics, seemingly forming families. In 1946, following research undertaken in Russia, Georgia and Central Asia, Russian ampelographer Aleksandr Negrul (1900–71) confirmed these insights, identifying three large ecological/geographical groups, or eco-geogroups, which he called Proles. He lists the following:


• Proles orientalis, with two sub-Proles (caspica and antasiatica), which includes cépages from Armenia, Iran, Azerbaijan and Afghanistan, with large berries used as table grapes (Dattier de Beyrouth, Sultana, Muscat).


• Proles pontica with two sub-Proles (georgica and balkanica), which include cépages from Romania, Hungary, Georgia and Asia Minor, along with Mediterranean cépages; their bunches are average-sized, with round table grape (such as apyrene, or seedless, Corinth grapes), wine grapes, or grapes for both uses (Furmint, Vermentino, Clairette).


• Proles occidentalis includes cépages from Western Europe deriving from cépages of Proles orientalis and pontica that were imported during the course of ancient migrations and hybridized with local V. vinifera. These are essentially cépages with small clusters of juicy grapes suitable for vinification (Riesling, Cabernet Franc, Aligoté, Aleatico and Verdelho).


This revolutionary classification, incorporating morphological, agronomic, geographical and historical parameters, also confirms the likelihood of the simultaneous domestication of viticulture in the Levant and the Caucasus.


“The task is still a vast one, given the incredible genetic diversity of V. vinifera


The benefits of Negrul’s work


French ampelographer Louis Levadoux translated Negrul’s work in 1948 and refined the classification of French cépages within Proles occidentalis, using his concept of “sortotypes”, or families originating and evolving from the same natural surroundings. It was not until the 1990s that research was published by his pupil Jean Bisson, who continued his work using molecular analysis. It was possible to classify French varieties into 16 sortotypes, named after the most representative variety in the group – for example, Savagnin has given its name to the Salvanien ecogroup, while the Serines group derives its name from Serine, an old synonym for Syrah. Some have very limited distribution zones with little variation – such as the Mansiens, grouped around the Petit Manseng grape in Southwest France, or the Noiriens, around Pinot Noir in Burgundy – while others are less homogeneous and more widespread, such as the Carmenets, around Cabernet Franc. These variations can be explained by the role of humans in spreading varieties.


Crossing and sowing to create diversity


In 1999, French ampelographers Boursiquot and This suggested a new definition of using molecular marking: “A cépage is. . . made up of a collection of clones that are sufficiently related to one another to be conflated under the same name and whose number may be variable (one or several) and/or indeterminate. When variation affects a characteristic that is evident or notable, or has major technological consequences, the clone in question will then be considered a differentiated form of the initial cépage.” (Boursiquot and This, Essai de définition du “cépage”, 1999). The two scientists also refined the botanical and ampelographic classification suggested by Levadoux and Bisson, identifying seven levels. Differentiation of genotypes is based on sexual reproduction for 1 to 5, and on mutation via vegetative propagation for 6 and 7:


1 – Espèce/Species (Vitis vinifera)


2 – Sous espèces/Sub-species (eg. sativa)


3 – Proles/Divisions/Unités/Units (eg. occidentalis)


4 – Familles/Families/Groups/Sortotypes (eg. Noiriens)


5 – Cépages/Sortogroups/Tribus (eg. Pinot)


6 – Sous cépages/Varieties/Forms/Cultivars (eg. Pinot Noir N)


7 – Clones/Selections/Types (eg. 115)


Research carried out in molecular ampelography by Thierry Lacombe in 2012 also backed up some of Negrul’s insights. From an analysis of the 2,344 cépages in the Vassal-Montpellier ampelographic collection, he refined their ecological and geographical distribution, suggesting secondary centres of domestication around the shores of the Mediterranean. He also noted that there are fewer new varietal generations in the West than in the East. Those that found approval were quickly “fixed”, preserved and made into cuttings, while “Eastern” table grape varieties have passed through more numerous generations of descent.


Study of DNA has since made it possible to narrow down and correct the family relationships between cépages. The task is still a vast one, given the incredible genetic diversity of V. vinifera, which seems due in part to reproduction from seed until recent times, with this sexual reproduction creating a new cépage each time. Seed-sowing and genetic cross-breeding from seed are therefore the future for adapting vines, which is why the technique has never been used as much as it is today, either in breeding carried out by research bodies or by certain winemakers who employ it to construct resistant varieties of table or wine grapes, or rootstock, and so diversify their vineyards.


The task of identifying the pedigree of cépages is still a vast one, given the incredible genetic diversity of V. vinifera.







Uncovering the origins of French vines


What are the connections between our contemporary cépages and those cultivated in the Roman era? In 2019, an international consortium made up of teams from the University of Montpellier (including Lacombe), the CNRS sequenced the DNA of 28 seeds discovered on French archaeological sites, some of which dated back to the Iron Age. They revealed their findings in an article published in Nature Plants (“Palaeogenomic insights into the origins of French grape vine diversity”), showing that these seeds and the varieties from which they came are closely related to the cépages now used for vinification in Western Europe. A seed dated to around 1100 was genetically associated with Savagnin Blanc, a classic Jura cépage used in the production of France’s Vin Jaune; it has been preserved by vegetative propagation for more than 900 years. This work has also shed light on the kinship between Pinot Noir, Syrah and the Roman cépages that the winemakers of the time propagated on imperial territory.









Cépages galore!


In Book II of his Georgics, Virgil asserts that there are as many wines and vines as there are grains of sand in the desert. Ampelography carried out by Viala and Vermorel in 1910 describes 5,200 cépages, while a century later, in 2000, Galet counted 9,600. By 2021, the international database of Vitis accounted for more than 21,000 varieties, including 12,250 names for V. vinifera, yielding probably 6,000 cépages once the homonyms had been eliminated. What is the explanation for such diversity? And why do only 10 cépages dominate global production despite this glut of complexity, representing a problematic standardization of tastes, markets and wine manufacturing?


Two modes of reproduction


Vitis has two modes of reproduction: sexual, by pollination, and vegetative propagation. These two methods have their advantages and disadvantages, which have been spontaneously exploited, initially by the plant itself and then by humans. All sexual reproduction entails a genetic cocktail, and Vitis is no exception. It possesses 19 pairs of chromosomes that combine to create a diploid embryo (the seed within a grape berry) when the flower is fertilized by the pollen from the stamens (the male gamete) inseminating the ovule of the pistil (the female gamete). A key aspect of V. vinifera is that its extremely high heterozygosity of between 50 and 95 per cent means that there is a high probability of different alleles, or genetic variations, for the same gene. In other words, this multiplies the probability of the new individual being different from the parents. Add to this a tendency for gametes to exchange characteristics when they are formed, and you have 274 billion different possible descendants per fertilization. If you plant this seed, the variation between the cépage-parents and the progeny is generally so great that you will get a new cépage, with unique morphological qualities and a distinct genome. Molecular ampelography can now identify the markers specific to the mother’s DNA and thus determine its kinship.


The first instances of Vitis propagation


Vitis was originally disseminated by birds and other animals spreading the plant after eating its sweet berries and transporting the seeds in their plumage or fur. Its sexual, dioecious nature originally made it dependent on the proximity of other plants, wind and sometimes even insects to reproduce, but the appearance of a hermaphrodism gene was a decisive evolutionary step for its propagation and domestication. Hermaphrodism did not entail a cessation of genetic mixing, however, and fertilization between sexual plants and/or hermaphrodites was to continue until the 18th century. This mixing, which is presumed to have been necessary for the original survival and adaptation of Vitis, was to become problematic for the first domesticators, however, who wanted to preserve its characteristics of interest: organoleptic (size, flavour, berry yield) and phytosanitary (minimal susceptibility to parasites), along with its capacity for adaptation, and so vegetative reproduction entered the fray.


“Unlike sexual reproduction, asexual vegetative propagation repeats inherited genetic traits instead of combining them


Vegetative propagation


Unlike sexual reproduction, asexual vegetative propagation repeats inherited genetic traits instead of combining them: planting a cutting, regardless of whether it is still connected to the mother plant, as with layering, or not, will preserve the genome of the individual parent. An individual plant will develop from this cutting, and the technique makes it possible to fix and propagate the genotype. It is known as clonal reproduction, and the clones are identical to the parent except for the occasional minor mutation. This method of reproduction is an extremely practical way of multiplying a variety of interest and is also much faster than sowing, which entails a wait of at least two to three years before seeing the first grapes develop from seed plants, without knowing whether the new variety obtained is viable or not. It is easy to understand why vegetative propagation has established itself in wine production.


Thousands of cépages…


In its wild form, Vitis was spread naturally by these two methods of reproduction. In domesticating it during the Neolithic period, humans improved and continued to develop the diversity of V. vinifera. While sexual reproduction invigorated the genetic pool, adapting individuals and creating the diversity of cépages that we know today, vegetative propagation stabilized characteristics and created clones. Until the 18th century, Europe was almost the only cradle of genetic evolution for V. vinifera, which was carried out by crossing individuals within a single species, a process known as intraspecific hybridization. Hybridization between different species was essentially unknown in Asia and America, the other Vitis basins, before the Age of Exploration.


As every vineyard was planted with multiple cépages until the end of the 19th century, numerous individual plants continued to appear, the most interesting of which were preserved with layering or with provignage. These planting techniques were predominant until the phylloxera crisis. The former involved burying a branch from the mother vine, along with its buds, which as they grew would develop a root system of their own and create a new vine. When the new plant was sufficiently robust, the winemaker could cut the initial branch, making it independent of the mother. The latter, provignage, followed the same procedure but involved burying an entire vine. Vines were multiplied at low cost using these techniques, and planting density could reach tens of thousands of vines per hectare.


Vitis vinifera has been monitored, crossbred and refined according to its environment and ultimate intended purpose for more than six thousand years. Over the course of history, the formation of nation states has led to the movement of populations, who have taken their best cépages with them, stirring the melting pot of varietal diversity, and because V. vinifera boasts high interfertility with no generational problems, thousands of grape cépages have appeared over the centuries. To a certain extent, V. vinifera was born to evolve and diversify.
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But endangered genetic diversity


Of the 337 varieties authorized as wine varieties in France, 10 accounted for 71.9 per cent of all French vineyards in 2017. In the whole world, the figure was 49.4 per cent in 2015. Why is there so little diversity when there is so much expertise? The reasons lie primarily in agronomic and oenological characteristics of quality and consistency, but this concentration around a few varieties has also arguably been accelerated by the industrialization of production and standardization of tastes as much as by the regulation of standards in viticulture, winemaking and grape varieties.


Can this trajectory be altered? One possible way is to rediscover and appreciate this complexity. On the one hand, there are signs of a growing interest among buyers and producers in indigenous and “modest” cépages, many of which had been neglected since the phylloxera crisis, and in others that survived that crisis but have been neglected during the gradual standardization of AOCs from 1935 onward. Recultivation is under way, such as that practised by the members of France’s Rencontres des Cépages Modestes union, which promotes lesser-known varieties. Its efforts to preserve the genetic diversity of varieties have been assisted by the work carried out by conservation and selection bodies such as the 180 French regional conservatories, which alone have protected more than 20,000 different clones. It has been possible for ENTAV-INRA® to approve 47 Pinot Noir clones that are available to French winemakers, and more than 800 other individual vines are under ongoing observation. There is still more work to do on less popular varieties, and it is up to the industry – in the form of selection bodies, nurseries, winemakers and critics – to make them public, and up to the consumer to drink them, in order to preserve their unique genetics.







Indispensable ampelographic collections


Establishing and maintaining ampelographic collections has always played a key role in our understanding of cépages, even if their preservation has not always appeared to be a matter of fundamental importance for political or scientific bodies. We owe the first modern and systematic collection to botanist François Rozier (1734–93), who in 1779 planted out a field near Béziers that was destroyed by the city’s bishop in order to build a road that would allow him to see his mistress. Rozier died in penury and without ever finishing the Traité de viticulture, his treatise on winemaking.


Before him, Carthusian monks had established a nursery in the Jardin du Luxembourg in Paris, which was enlarged by Jean-Antoine Chaptal (1756–1832) and then Auguste-François Hardy (1824–91), who recorded 1,300 varieties in his Catalogue de l’Ecole des vignes de la pépinière du Luxembourg (1848). It was destroyed by Haussmann’s urban renewal programme in Paris but inspired the creation of regional collections.


In Saumur, Auguste Courtiller (1795–1875) turned the botanical gardens into an experimentation centre that by 1848 housed 750 cépages, including American hybrids such as Jacquez and Herbemont. In 1876, Gustave Foëx (1844–1906) began a collection in Montpellier that was to become the Vassal-Montpellier Grape Vine Biological Resources Center, which now boasts 2,700 cépages, 350 wild grape vines, 1,100 interspecific hybrids, 400 rootstocks and 60 species of Vitaceae sourced from 54 countries. It is the largest planted database in the world and is complemented by other collections, notably those at UC Davis, or at Cornell University, specializing in cold-resistant varieties. Parallel local, public and private initiatives are now flourishing as winemakers, nursery owners and institutions become aware of the need to preserve this diversity.









Hybridization – the past, present and future of grape vines


Since around 2010 or so, the question of interspecific hybridization of grape vines has emerged from the realms of scientific research and caught the attention of the general public. Often viewed as unnatural, this evolutionary phenomenon, which involves crossing two different species (rather than two individuals of the same species) has always occurred spontaneously and allows for adaptation of the genome through evolution; ferns, strawberries, Homo sapiens – all are hybrids. What happens, however, when hybridization is not natural but guided and controlled by humans? How did this technique once save the world’s vineyards, and why is it so much discussed today?


A traditional hand-crafted technique


Hybridization is simple: all you need is a clamp, a pair of scissors and a brush. This hand-crafted technique is still in use today, both in research laboratories and vineyards. Just before a hermaphrodite Vitis is about to flower, its floral cap must be removed and its stamens cut. Pollen is taken from the chosen male plant with a brush and placed on the stigma of the female plant’s trimmed inflorescence, which has been protected to guarantee offspring and avoid any contamination by other pollen. This operation must be repeated several times to increase the chances of success. Once the berry ripens, the seeds are harvested. These will not be numerous on the vine (four per berry at most, and often less), and those with an embryo are germinated. The characteristics that allow for selection (or not) will appear after several years of cultivation. This seemingly simple technique, which has the benefit of renewing the genetic pool, is fiddly, long and dependent on the fundamental randomness of the 274 billion possible combinations. The preservation of specific genes will improve with technological developments, however.


The roots of scientific hybridization


There was no talk of creating cépages in the sense of deliberate hybridization of two identified species until the end of the 18th century. New individual plants were the result of spontaneous cross-pollination between vines. Those that survived (a rare event in nature, in fact) and were of interest were preserved by the winemaker. It could be said that there were as many cépages as there were terroirs.


This was all to change in the 19th century with attempts to simplify grape varieties, specialization by terroir, the global spread of Vitis and the advent of modern botany, which took an interest in the phenomenon of introgression. When two individuals of different species are crossbred, simple hybridization occurs, with equal sharing of the genetic pool. If this progeny is then re-crossed with one of the two original species over several generations (repeated backcrossings), the result is an individual that is very close to the latter but with several genes from the other original parent. Introgression bolsters genetic diversity and allows species to acquire new traits more quickly than waiting for a genetic mutation; for grape vines, this might be a change in berry quality, resistance to disease or new climatic conditions, and so on.


The pioneers of directed hybridization


In 1790, British agronomist William Speechly (1723–1819) first described his hybridization method, which had been used on the Duke of Portland’s V. vinifera in Nottinghamshire, United Kingdom (UK). The first interspecific hybridization was carried out in the United States (US) at the beginning of the 19th century (the V. vinifera imported there had all died, unlike the local Vitis), the Concord hybridization being one of the best known. In 1843, Ephraim Wales Bull (1806–95) planted 22,000 V. labrusca and V. vinifera seeds, selecting after six years a plant with remarkable qualities that he named Concord after his village in Massachusetts. Many others, such as Delaware, were long believed to be indigenous Vitis until molecular analysis showed them to have V. vinifera DNA.


Hybridization remained intraspecific in France during the same period. The pioneers were Louis Bouschet de Bernard (1783–1876) and his son Henri (1815–81) at the La Calmette estate, where they created cépages that would be influential in Languedoc viticulture. In 1824, they created Petit Bouschet (a cross of Aramon Noir and Teinturier du Cher), which was considered one of the first successful targeted varietal creations, before crossing with Grenache Noir to create Alicante Bouschet in 1855.


Phylloxera – an accelerator of hybridization


When phylloxera arrived in France (1863), V. vinifera was scarcely able to survive the devastating aphid pests. American Vitis resisted but, with very few exceptions, was poorly tolerant of French soils, the pH of which was different from that of American soils. Hybridization also presented itself as a solution to restore viable production levels as quickly as possible, and two approaches were explored: one involving hybridized rootstocks onto which V. vinifera was grafted, and another with direct producers (also known as French hybrids or HPDs – hybrides producteurs directs, which, as their French name suggests, are planted without a rootstock and produce grapes directly).


The two techniques each had fierce advocates, with some backing the partial preservation of the potential quality of French vines via grafting, while others defended HPDs for their astonishing yield in all kinds of soil, despite a bouquet often marked by methyl anthranilate, an aromatic molecule considered to be “foxy”, somewhere between musk, rose and jam, that was specific to American V. labrusca. While grafting was ultimately implemented at the behest of the French government in the mid-20th century, there was no let-up in research to create hybrids that produced grapes: the majority of rootstocks are not fruit-bearing.


The four major periods of hybridization


The production of grape-bearing hybrids can be divided into four periods.


• The original hybrids (1820–70). These were the crossbreeds of V. vinifera and V. labrusca ocurring in the US before the phylloxera crisis. The best known are Clinton, Herbemont, Isabella, Jacquez, Noah and Othello. Despite the methyl anthranilate that dominated the aromatic profile of some of these, their yield and formidable resistance made them so popular in France during the crisis that their spread threatened the replantation of grafted V. vinifera. These six hybrids were banned by a 1935 law that attempted to curb overproduction by making claims of toxicity. The acreage planted with these was not to dwindle into insignificance until the 1970s, persisting only for home producers and consumers.


• Hybrid direct producers, HPD (1878–1950). This was the golden age of private hybridizers, and France led the field, thanks to its agricultural colleges. Tens of thousands of experiments were carried out by agronomists, nursery workers and ordinary enthusiasts, and many distinguished themselves by producing plants that are still in use today: Albert Seibel produced 16,000 hybrids, including Chancellor and Rayon d’Or; François Baco created Baco 22A, the only hybrid authorized for a long time in France for an AOC, Armagnac; Eugene Kuhlman was responsible for Maréchal Foch and Léon Millot; the Seyve family created Seyval, Chambourcin and Villard. Couderc, the so-called godfather of modern viticulture, was the most prolific, scoring more success with his rootstocks (3306 and 3309 C) than with his direct producers, as did Alexis Millardet (with 41 B and 101-14 Mgt). But this proliferation was uncontrolled, and the planting of hybrids became unmanageable.


• Modern hybrids (1950–75). The advent of phytosanitary products, the establishment of the AOC system and the chronically poor quality of red grape hybrids prompted change, with the French state stepping in to regulate, and then ban, planting and vinification of direct producers, whose acreage had risen to 32 per cent of French vineyards (402,000 ha) by the mid-1950s. Institutions took control of hybridization, which declined in France but continued elsewhere, notably in Eastern Europe and the Soviet Bloc. Other interests emerged, with the universities of Geisenheim (Germany), Cornell and Minnesota (US investigating resistances to severe cold and hybridizing such grapes as Rondo and Cayuga White, which have been authorized for vinification by their national legislative bodies.


• Resistant varieties, PIWI and GMOs (1975–2022). With the word “hybrid” having negative connotations, the International Organisation of Vine and Wine (OIV) officially adopted the expression “resistant variety” in 1994. In 1995, a group of German winemakers created PIWI International (pilzwiderstandsfähig, “resistant to fungal disease”) to promote them. Researchers are currently exploring mutagenetics and transgenetics and can now go beyond classic genetic selection to introduce genes from non-Vitaceae and develop GMO vines. Since the late 1990s and with a lot of controversy in France, Institut national de la recherche agronomique (INRA) has experimented on GMO rootstocks and has developed one resistant to the grape-vine fanleaf virus. Several GM vines were made experimentally, but there is for the moment a voluntary global moratorium on GM commercial use in viticulture, though not on research.


“When phylloxera arrived in France (1863), V. vinifera was scarcely able to survive the devastating aphid pests


Quality hybrid wines recognized in Europe


Hybridization is a powerful tool to address current issues in winemaking (pathogens, climate and so on). Research is focusing on multiple resistance (known as polygenic resistance), which is more difficult to obtain than single (monogenic) resistance. For example, the ideotype targeted in Alain Bouquet’s pioneering work of the 1970s had to resist both powdery and downy mildew. Genes resistant to powdery mildew (gene Run1) and downy mildew (gene Rpv1) were taken from Muscadinia rotundifolia and introduced into V. vinifera, and the plant was restored as closely as possible to its original characteristics with a series of backcrossings. This was the basis of the INRA-ResDur (for resistance durable, or “lasting resistance”) programme, which developed the first vinifiable polygenic varieties in France. Red wines have been made with Artaban and Vidoc, and whites with Floréal and Voltis, since 2017. Introgressed with less than two per cent of American genes, they are officially considered to be V. vinifera and are recorded as “cépages suited for winemaking” in the official catalogue, an essential pre-condition for commercial production. This recognition as cépage is not without issues for some researchers and scientists who strongly disagree: for them, it is a way to make them acceptable, but it is not scientifically right. However, more than 130 varieties are authorized in Europe and mainly planted in the east and the north, in Germany, Switzerland, Austria, Belgium, Scandinavia and the UK. They include Regent, Rondo, Solaris, Muscaris and Souvignier Gris and are now recognized for their production of quality wine.


Genetically modified vines


There have been spectacular advances in genetics. Genome editing, in particular using the CRISPR technique of DNA sequencing, considerably reduces the development time of new varieties, since it is no longer necessary to sow seeds. Geneticists can also modify a gene while preserving the rest of the genome, unlike the classic technique of crossbreeding, which necessarily creates a new genotype. Using transgenetics, a mutation can be specifically introduced into the targeted gene. Such genes may come from the plant kingdom but also from the realms of animals or bacteria. Leaving aside specific technical uncertainties, GMOs present a number of ethical questions that transcend the world of wine.


Creation, cure and prevention


An increasing number of winemakers have come to believe that contemporary disease is the result of genetic weakening linked to excessive vegetative propagation (despite the introduction of new parasites that have probably played a greater role) and are suggesting a return to sowing seeds. They also argue that the majority of vineyards planted with hybrids, most of which are rated ”tolerant” or “non-resistant” rather than “resistant”, make use of phytosanitary products. However, the OSCAR monitoring body (France’s national authority overseeing the use of resistant varieties) has recorded an 80 per cent drop in their use on the polygenic varieties resistant to powdery and downy mildew that are planted in the network’s vineyards. Others have taken an interest in “historic” hybrids and are replanting them.


Going further, we might join researchers like Elizabeth Van Volkenburgh, a specialist in plant behaviour, in thinking that domestication by selection that is oriented toward anatomy and physiology has upset and caused the decline of essential functions within plants, including grape vines. A return to wild individuals is an avenue under increasing scrutiny, with a view to introgressing any characteristics that are of interest and restoring to V. vinifera adaptive abilities that have fallen by the wayside.


Behind these strategies lie differing visions of the problem and of the world: prevention, or curing with the least harm and cost; the creation of tolerant cloned varieties; and not only rediscovering but also regenerating varieties. But these solutions make sense only when seen in perspective with contemporary cultivation methods like monoculture and industrial viticulture.


Preserving, improving, regenerating, returning to wild vines – these four avenues overlap far more than they run in parallel as long as we think of both vines and viticulture within the totality of the ecosystem of which we too are a part.







Seeding: the future of vines?


Randall Grahm has been an iconoclast in American viticulture for 40 years, but Popelouchum, his most recent project, is also the most pioneering. In 2017, he planted 10,000 seeds in Santa Barbara that had come from self-fertilization of Sérine, an old clone of Syrah. A thousand germinated, with some expressing more or less desirable recessive genes. This was what was of interest to him, because his objective was not to find a better-performing clone (which would not be possible, since every seed is a new variety) but to diversify the variety’s biotype, the best expression of which he believed to come from a variety of new individuals from the same parents but with differences. He is not alone. Elisabetta Foradori has been doing the same with Teroldego in Trentino, Italy, for 20 years.


Their approaches were indirectly corroborated in 2015 by a study carried out by the Italian biologist Stefano Meneghetti, who had observed self-fertilization in seeds from Gaglioppo and Magliocco, two varieties from Calabria, over more than 14 years, demonstrating an improvement in organoleptic qualities and adaptation to the environment from the new varieties. While the future of vines may be dictated by genetics, is it not also embodied within the seed, especially if that seed has come from different parents that offer it the potential to be of superior quality to themselves? Be it in the vineyards of Grahm and Foradori or in a laboratory, breeding with nature’s rules should still be considered.







[image: illustration]


RESISTANT VARIETIES CREATED BY THE INRA TEAMS SINCE 1975
Bouquet’s work resulted in the creation of the first monogenic varieties through introgression of the resistant genes Rpv1 (downy mildew) and Run1 (powdery mildew) sourced from Muscadinia rotundifolia. Working from these varieties, Christophe Schneider has used a technique of gene pyramiding of several resistant genes provided by three species of Vitaceae (M. rotundifolia, American Vitis and Asian Vitis) to create ResDur varieties (series 1, 2 and 3).
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A FAMILY TREE OF THE HISTORIC CÉPAGES OF NORTHEASTERN ITALY


In 2020, a team from Turin’s Institute for Sustainable Plant Protection (IPSP) shone a light on the relative isolation of the cépages originating in such places as Piedmont, the Aosta Valley, Liguria and Lombardy. The idea was to go beyond research carried out in a vacuum and to identify the history of a cépage – its genetic origins, its place of “birth” and the migrations that have taken it elsewhere. This makes it more possible than ever to appreciate the pairing of a variety with its terroir and to insist on the necessity of preserving ampelographic diversity.






NATURE


The grape vine – from roots to leaves


We know that V. vinifera has been domesticated, but what does it actually look like? The aim of plant physiology is to study the morphology, anatomy and metabolism of plants, all of which provide us with a botanical understanding. Because vines are creepers, all the elements involved in vegetative growth – roots, stalk and leaves – are particularly well developed in the grape vine. We rarely take an interest in these structures, however, even though they play an essential role in the plant’s functioning and the production of high-quality grapes. How can an understanding of them shine a light on V. vinifera in general and on the notion of a terroir wine?


Roots – so essential, but so misunderstood


Roots are the part of a vine that is both hidden and misunderstood. As the direct link between the soil and the specific grape variety, they play an essential role in the expression of a region’s viticultural terroir. The technical difficulties involved in studying them in situ, and perhaps even symbolic prejudices against the underworld, might go some way to explain why roots are less frequently studied than other organs of Vitis. The use of grafting is another reason; wine production is directly enhanced by the grape variety used as a graft, the part above ground, rather than any part of the vine that is subterranean. However, problems with disease and climate change, not to mention considerations of plant “intelligence” are an invitation to give roots all the attention they deserve.


The growth of roots


The root system of Vitis is a complex architectural structure of principal and secondary roots, with the latter also known as lateral roots or rootlets as a whole. These roots are constantly growing longer and larger, with the tip at the end being the node that governs growth via meristematic cells that multiply and grow the roots. This is the underground twin of the top bud (the apex or apical meristem) of the plant, which controls the development of the part of the vine above ground. A root cap that protects it also secretes lubricant substances to allow it to drill into the soil. Beyond this is the actual root elongation zone, followed by a zone covered in root hairs. The latter plays a key role, allowing the absorption of water and minerals and the exudation of molecules that interact with the soil and its micro-organisms. These hairy structures considerably increase the exchange surface area of the root system.


This part of the root is open to its environment. Its bark is protective but permeable to exchanges between the soil and the central root cylinder, which contains two vessels that conduct sap and connect the underground and exposed parts of the plant: the first of these, the xylem, conveys sap that is rich in water and minerals to the branches; the other, the phloem, transports elaborated sap, rich in sugars derived from photosynthesis, to the roots.


The root grows wider and hardens as the vine ages, forming a cambium that separates into a secondary sap-conduction system and phellogen, which produces cork and storage tissue – and herein lies the secret of the resistance of American Vitis species to phylloxera: they generate phellogen far more quickly than V. vinifera, isolating the parts attacked by the pest and regenerating them with no necrosis.


Roots influenced by their environment


Clones of rootstock or vines, climate, soil, the rock and viticulture itself all influence the architecture of roots. A vine grown from seed develops a principal plunging taproot and lateral roots; a vine grown from a cutting has more of a tracery of roots that extend laterally. A grape vine, like all living things, operates on the principle of economy and seeks out the most immediately favourable conditions, and the same is true of the root system. With an average length of 2m (6ft 6in), the roots generally find the best conditions for growth at a depth between 15cm (6in) and 50cm (20in) in aerated soil with good access to water and minerals. If necessary, however, they can burrow down tens of metres (30–60ft). In the top 15cm (6in) of soil from the surface, the roots are more exposed to climatic influence (drought, cold) and viticultural intervention (herbicides, intensive working of the soil, irrigation, fertilizer). At greater depths, the roots lack oxygen (O2) because the environment is compacted, and they may rot if there is too much water present. They are flattened and hard when the soil is too rocky, and they dry out when it is saline. Disease and parasites will, of course, also have an effect on growth. Each vine is different, with a unique root system, even when grown on the same plot of the same grape variety of the same origin.


The roots carry out essential functions, anchoring the vine in the soil, providing the water and nutrients necessary for its growth and the development of the secondary metabolites that give the grapes their flavour and storing resources. They also play another, long-ignored role, however: they create soil by de-compacting it and modifying it with the substances they exude as they forge associations with micro-organisms such as mycorrhizae, which act upon the vine’s metabolism. Roots in symbiosis with living soil are a prerequisite for any consideration of a terroir wine, a wine with a sense of place.


The trunk, from its plasticity…


The trunk is an extension of the root but differs from the latter because of its leaves and buds. Like the root, its principal growth is along its length, via the apex and its meristematic cells, while its secondary growth is in width via the production of cambium. The vine survives by forming a protective woody layer that can create scar tissue (from wounds as a result of pruning, for example) and supports the generation of new shoots.
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MORPHOLOGY OF A GRAFTED VINE TRUNK





The creeping and climbing nature of grape vines makes them highly plastic, and every variety has its own specific growth habit: Carignan grows upright, Pinot droops, V. rupestris is bushy. All seek to clamber up any support to find the sun, which explains why all vines, with very rare exceptions, are pruned to raise Vitis from the ground. The training system used depends on a number of different criteria (variety, terroir, logistics, yield), which explains the great diversity in pruning methods; it will always influence the development of the vine trunk, however.


The trunk has three major functions: the lignified section supports the part that is growing, and it acts as a reserve of resources and regulates the nourishment of the vine through the seasons. Last but not least, the sap – rich in sugars, amino acids, vitamins and organic and inorganic acids derived from photosynthesis – circulates through the trunk to the roots. These functions may be affected by poor pruning, which can cut the sap circulation, necrotize the wood and open the door to disease.
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