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Chapter 1: The Art and Science of the Herbarium 
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What is a herbarium?

A herbarium is a collection of plants preserved for study. Each specimen is usually pressed, dried, and mounted on a sheet of stiff paper, with a label recording the species, the place and date of collection, and the name of the collector. The plural is herbaria. The same word covers the collection itself and the building or cabinets that hold it.

The Latin word, from herba (a green plant or herb), once meant a book about plants. In the sixteenth century, as physical specimens replaced or supplemented the illustrated herbal, the meaning shifted. By the eighteenth century, in most European languages, herbarium meant the dried collection.

A herbarium sheet is three things joined: the plant, the label, and the paper. Institutional sheets follow a near-universal standard of about 29 by 42 centimetres, with small national variations. The plant is held to the paper by linen straps, archival glue, or fine thread. The label sits in the lower right corner and gives the scientific name, the locality, the date, the habitat, and the collector. A modern sheet also carries a barcode that links it to a database record.

Pressed flowering plants are the main content of most herbaria, but they are not the only content. Mosses and liverworts live in folded paper packets, often glued to a backing sheet. Algae are floated onto paper from water and dried there, which produces sheets of remarkable delicacy. Lichens travel in packets. Fungi do not press well — their flesh collapses into shapeless dark patches — so they are kept separately in a fungarium, dried whole or in slices and stored in boxes. Many large institutions also hold seed banks, wood samples, fluid-preserved flowers in alcohol, and economic botany items such as resins and fibres. These run alongside the herbarium proper.

Pressing won out over the alternatives for practical reasons. It needs no chemicals, no specialist equipment, and very little space per specimen. A dried plant kept dry will last centuries. Most flowering plants flatten without losing the structural detail a botanist needs to identify them. Fluid preservation in alcohol or formalin keeps three-dimensional form but is bulky, expensive, and slowly damages tissue. Wax models and plaster casts can show form but discard the plant itself. Pressing keeps the plant.

The largest institutional collections are very large. Paris's Muséum National d'Histoire Naturelle holds around eight million specimens. The New York Botanical Garden's herbarium is close to eight million. The Royal Botanic Gardens at Kew hold roughly seven million. The Komarov Botanical Institute in St Petersburg, the Natural History Museum in London, and the Conservatoire et Jardin botaniques in Geneva each hold several million. The Index Herbariorum, run since 1935 by the New York Botanical Garden, lists over three thousand active herbaria across more than 170 countries, with combined holdings approaching four hundred million specimens.

Specimens are stored by family, then genus, then species, with geography as a finer sort. Each species takes one or more genus folders, themselves in family folders, themselves in steel cabinets kept at controlled temperature and humidity. A researcher who asks for a particular species can have, within minutes, the entire institutional holding of that species — sometimes hundreds of sheets from across two or three centuries and four continents — laid out for comparison.

The day-to-day texture of a working herbarium is quiet. Visitors sign in, leave bags outside, and wash their hands. The cabinets, often pale grey or green, line the walls and freestanding rows. A pulled folder opens like a book; the sheets inside are stacked, oldest underneath. The paper is heavier than ordinary writing paper and a little cool to the touch. Specimens are handled with the fingers of both hands at the edges, never picked up by the plant.

A herbarium does not have to be institutional. A school album of pressed wildflowers, an amateur's bound volume from a single summer, or a working collection in one cabinet are all herbaria. The same conventions apply at smaller scale. Pressed plant, label, paper.

The herbarium is distinct from its neighbours. A botanical garden grows living plants. An arboretum specialises in trees. A seed bank stores viable seeds. A xylarium holds wood samples. A fungarium holds dried fungi. The herbarium proper is the dried, pressed, paper-mounted form, and it remains the central physical archive of plant diversity.

The history of plant preservation

Plant preservation is much older than the herbarium. For most of human history, plants were preserved without scholarship in mind: dried herbs for cooking and medicine, kept in cloth bags, ceramic jars, or hanging bunches. The aim was use, not record.

Funerary contexts have given archaeology some of the oldest identifiable preserved plants. Floral garlands buried with Tutankhamun in the fourteenth century BCE included cornflowers, olive leaves, and willow. Roman tombs in Egypt and Italy have yielded laurel, myrtle, and rose. Bronze Age and Iron Age burials in waterlogged or anaerobic ground across northern Europe have preserved grains, flax, and herbs. None of these plants was collected for study. They survived by accident of climate or care.

Written knowledge of plants outpaced the practice of keeping them. Theophrastus, the pupil of Aristotle, produced Enquiry into Plants in the fourth century BCE, describing roughly five hundred species across nine books. His work survived in copies; no specimens are associated with it. Four centuries later, Pedanius Dioscorides wrote De Materia Medica, a guide to about six hundred medicinal plants alongside animal and mineral substances. The text remained authoritative across Europe, Byzantium, and the Islamic world for more than fifteen hundred years. The Vienna Dioscorides manuscript, made around 512 CE, is one of the oldest illustrated botanical books still in existence. Throughout that long stretch, plants were known through words and images, not specimens.

The Islamic Golden Age extended the written tradition. Ibn al-Baitar, working in Damascus and Cairo in the thirteenth century, compiled a pharmacological encyclopaedia describing more than fourteen hundred medicinal substances, many of them plants. His sources combined Greek and earlier Arabic texts with his own travels. He worked with descriptions and pictures, not pressed material.

Medieval Europe carried the herbal tradition forward through monastic gardens and manuscript copying. Abbeys grew physic gardens of medicinal plants; scribes copied Dioscorides, Galen, and regional authors. Some surviving herbals contain striking illustrations, but those illustrations sit between observation and convention. A plant in a thirteenth-century manuscript was often drawn from another drawing rather than from life. Small inaccuracies compounded across generations of copies. The Tacuinum Sanitatis, a Latin version of an Arab health manual, was widely produced in northern Italy in the fourteenth and fifteenth centuries with vivid plant illustrations, but again no pressed specimens.

Naturalism in art was changing at the same time, and the two developments fed each other. Albrecht Dürer's watercolour Great Piece of Turf, painted in 1503, looked at meadow plants with an attentiveness that no medieval herbal illustration had attempted. The botanical drawings made for printed herbals in the 1530s and 1540s — Hans Weiditz's woodcuts for Brunfels, the figures in Fuchs's De Historia Stirpium — applied the same kind of close looking to species useful in medicine.

The decisive change came in the sixteenth century. By the 1530s and 1540s, naturalists at the University of Bologna and elsewhere had begun gluing dried plants to paper, binding the sheets into volumes, and using the result as a reference. The earliest surviving collections of this kind are tied to Gherardo Cibo, Francesco Petrollini, and several pupils of the Bolognese physician Luca Ghini. Cibo's herbarium, parts of which survive in Italian libraries, dates to the early 1530s. Ghini taught at Bologna and later founded the botanical garden at Pisa in 1544. He is generally credited with developing and spreading the method, although his own herbarium has not survived.

The new technique spread along existing networks: physicians, university teachers, and apothecaries exchanging letters, seeds, and now sheets across Italy, France, the German lands, the Low Countries, and England. By the late sixteenth century, herbaria existed in Padua, Montpellier, Leiden, Oxford, and many private collections. Printed herbals of the same period — Otto Brunfels's Herbarum Vivae Eicones from 1530, Hieronymus Bock's Kreuterbuch from 1539, Leonhart Fuchs's De Historia Stirpium from 1542 — show a parallel shift toward illustration from life. The printed image standardised the appearance of a plant. The pressed specimen anchored the description in matter.

The deeper history of plant pressing belongs to the next chapter. The point here is the shape of the long change. For thousands of years, plants were preserved for use, and knowledge of plants was preserved in text and image. From the early sixteenth century, the plant itself joined the record.

The dual nature: scientific specimen and art object

A pressed plant is two things at once. It is evidence used to identify a species, and it is an image arranged on a sheet. Neither aspect can be cleanly separated from the other.

As evidence, a specimen records morphology. Leaf shape, flower arrangement, fruit and seed structure, root and stem form — these are the characters botanists use to assign a plant to a family, genus, and species. A well-prepared specimen shows as much of the plant as possible: roots where they can be lifted, foliage at different positions on the stem, and ideally both flowers and fruits. Some identifications need flowers; others need fruits. Where the plant is too large for a single sheet, conventions allow representative parts, with notes on the dimensions of the whole.

Modern techniques have stretched what a specimen can tell. DNA can be extracted from leaves pressed two centuries ago, with success rates that depend on storage, on the chemicals used in early conservation, and on the tissue itself. Pollen in flowers can be analysed under the microscope. Stable isotope ratios in the tissue carry information about elevation, water source, and temperature. Trace pesticides, atmospheric pollutants, and heavy metals can sometimes be measured. A specimen prepared in 1830 for taxonomy can now be questioned in ways its collector could not have imagined.

The image side of a specimen depends on choices. The collector decides what to take and what to leave. The mounter decides how to lay the plant on the paper: where the roots sit, how the stem curves, whether leaves show their upper or lower surface, where the label goes. These are aesthetic decisions even when they are made for scientific reasons. A specimen arranged for clarity is also arranged for legibility. Different institutions have characteristic mounting styles; experienced curators can sometimes tell an institution's work at a glance.

One sheet illustrates both sides at once. Linnaeus's herbarium at the Linnean Society of London holds several specimens of Linnaea borealis, the twinflower of the northern boreal forests, the species Linnaeus chose as his namesake. The plant is small — slender creeping stems, paired pendant pink bell-flowers, oval leaves — and the specimens occupy only the upper portion of their sheets. The arrangement is precise: stems trailing across the paper, leaves spread, flowers turned to show the bell. Linnaeus's handwriting names the plant in the margin. These are reference specimens against which later identifications are checked, and they are also carefully composed images of a plant he chose to be associated with for life. The two readings do not compete.

The two purposes mostly pull in the same direction. A clearly mounted specimen is easier to read and more pleasant to look at. A label written in a steady hand is more useful and more attractive. The best sheets, from any century, are those where care has been taken with everything at once: the choice of plant, the moment of collection, the arrangement on the paper, and the writing.

There are also traditions where the balance tips toward art. Victorian amateur albums, with flowers arranged as posies, wreaths, or pictorial scenes, lean openly toward decoration. The Japanese practice of oshibana — pictures made from pressed plants — developed alongside the European tradition and reached Western audiences in the nineteenth century. Mary Delany's paper mosaics, produced in the 1770s and 1780s and held at the British Museum, were not herbaria in the strict sense; she built each flower from cut coloured paper. Even so, the line between her work and a finely arranged pressed specimen is narrow. She worked from living plants and observed them closely.

Anna Atkins's cyanotypes of British algae, published privately from 1843, used photographic chemistry rather than pressed material. Atkins laid specimens directly on light-sensitive paper and exposed them to sunlight, producing white silhouettes on a deep blue ground. The resulting volume, Photographs of British Algae: Cyanotype Impressions, is generally considered the first book illustrated with photographic images. The technique was scientific in intent and exquisite in result. Atkins's father had founded the Botanical Society of London, and her work emerged from the same world as the institutional herbaria of her day.

Type specimens deserve a closer look. A type is the specimen on which a scientific name is based. The International Code of Nomenclature distinguishes a holotype, the single specimen the author designates as the reference; isotypes, duplicates from the same gathering; lectotypes, chosen later when no holotype was originally named; and neotypes, used when no original material survives. In a herbarium, type specimens are usually stored in a separate type collection, often with a coloured label or border, and handled under stricter rules than the general holding. They are the anchor for a name and, at the same time, the specimens the original author wanted other botanists to see. Most are visibly well prepared.

Contemporary museum practice has turned toward showing herbaria as objects worth looking at. Exhibitions at the Natural History Museum in London, at Kew, at the New York Botanical Garden, and at the Linnean Society have placed historic sheets behind glass alongside artefacts more usually treated as fine art. A sheet that began as a working reference for a Renaissance physician now reads as history, biology, and design at the same time.

Why scholars and naturalists created herbariums

Identification is the most direct reason for keeping a herbarium. Plants vary, often subtly, and the safest way to know what one is looking at is to compare the unknown with a known reference. A herbarium provides that reference in physical form. A new specimen can be laid alongside an older one and examined character by character. Drawings can mislead. Descriptions can be ambiguous. An actual specimen settles questions that words and pictures cannot.

This need sharpened in the sixteenth century as European knowledge of the world's flora expanded. Plants arrived from the Americas, from the Cape of Good Hope, from the East Indies, and later from Australia, the Pacific, and the polar regions. Many were unfamiliar to European botany. Many had names in local languages that did not map onto Greek or Latin tradition. The early herbaria stabilised knowledge across distance. A specimen mounted in Leiden in 1620 could be compared with one mounted in Padua in 1650 even if the two botanists never met.

The system became formal in the eighteenth century. Carl Linnaeus, working through the 1730s, 1740s, and 1750s, developed the binomial system of naming and the hierarchical classification that still underpins botany. Species Plantarum, published in 1753, is the formal starting point of modern botanical nomenclature. A binomial — Rosa canina, for instance — was attached to a particular reference specimen that anchored the name. The English botanist James Edward Smith bought Linnaeus's herbarium in 1784. He founded the Linnean Society of London around it in 1788, and the collection — roughly fourteen thousand sheets — has remained there since.

The principle of type specimens is now formalised in the International Code of Nomenclature for algae, fungi, and plants. The codes set the rules for designating types and for resolving cases where original material is lost or ambiguous. The whole system depends on the existence of well-curated herbaria. Without the physical specimens, the names lose their anchor.

Beyond taxonomy, herbaria served the practical sciences. Apothecaries needed to identify medicinal plants accurately because the wrong leaf or root could harm or kill. University teaching depended on real material. Medical students in Padua, Leiden, Montpellier, and later across Europe learned plant families by handling the institutional collection. Floras — the descriptive accounts of the plants of a region — were anchored in voucher specimens, so that any later botanist could check what an earlier one had meant. The voucher principle has extended into modern ecology, where studies of plant communities are expected to deposit specimens recording exactly which species the authors observed.

Joseph Banks travelled with Captain Cook on the Endeavour voyage from 1768 to 1771. He returned with around thirty thousand plant specimens, including roughly fourteen hundred species new to European science. The collection is now held at the Natural History Museum in London. Banks went on to direct Kew Gardens for several decades, shaping its herbarium and its global network of collectors. The pattern he established — expedition, institutional herbarium, taxonomic publication, network of correspondence — defined botany for the next century.

Personal motives sat alongside the institutional ones. A herbarium was, from the seventeenth century onward, a respectable scholarly pursuit. By the nineteenth, it was a popular hobby. Wealthy collectors built private cabinets that competed with the holdings of national institutions and often passed into them by gift or sale. Naturalists travelling on diplomatic, military, or commercial missions brought back specimens that filled gaps in European knowledge. Local correspondents in every part of the world, often unnamed in the official record, supplied the plant material on which European taxonomy was built.

Amateur motives were various. Parish clergymen kept herbaria for the natural history of their districts. Country doctors maintained them as adjuncts to their medical reading. Schoolteachers used them in lessons. Women, often excluded from formal scientific institutions, made important amateur contributions; botany was unusually open to women as a scholarly pursuit in the nineteenth century, and the result was a generation of skilled collectors whose work is only now being properly catalogued. By the mid-nineteenth century, herbarium-making had become a recognisable middle-class hobby across Britain, France, Germany, and the United States, supported by published guides, pre-printed labels, and commercial presses sold in stationers' shops.

The motives were rarely single. A parish naturalist in nineteenth-century England might keep a herbarium for identification, for teaching, for the memory of summer walks, and as a contribution to a county flora — all at once, and all in the same album.

The herbarium as a form of immortality

A pressed plant outlasts the plant. With reasonable care, a specimen mounted on good paper and kept in a dry, dark cabinet will remain identifiable for centuries. Sheets prepared in the 1530s and 1540s in Bologna are still consulted today. Linnaeus's herbarium, more than two and a half centuries old, is still the reference against which his species are checked.

This durability gives the herbarium a particular relationship with time. A specimen is a fragment of one summer in one meadow, fixed in place. It carries the date of its collection, often the exact day, and the location, sometimes to within a few metres. A sheet from 1782 still bears witness to a plant that grew that year. The witness can be cross-examined. The petals can be counted, the leaves measured, the pollen sampled, the chemistry tested.

The personal traces matter too. A collector's handwriting, the way they pressed certain plants more carefully than others, the marginalia in their albums — these are signs of a life. Many specimens carry small annotations: a Latin synonym crossed out and corrected, a note that the plant was unusual that year, a mention of who was with the collector on the walk. Curators recognise particular collectors' hands the way a librarian recognises a copyist.

A herbarium specimen is also, sometimes, the only record of a plant. Species can vanish from the wild between one century and the next, and the pressed sheet may be the last physical evidence that the plant ever existed. Franklinia alatamaha, the Franklin tree, was collected in Georgia in the 1760s and 1770s by the American botanists John and William Bartram. It has not been seen in the wild since about 1803. Every living Franklin tree today descends from seeds the Bartrams gathered. The wild population is known only from the surviving herbarium specimens. The St Helena olive, Nesiota elliptica, was declared extinct in the wild in 1994; the last cultivated individual died in 2003, and the species now survives only as herbarium specimens and a small set of photographs. Various Hawaiian endemics, particularly in the genus Cyanea, and a number of small island plants elsewhere are known almost entirely through their pressed remains. DNA recovered from some of these specimens has, in recent years, allowed evolutionary relationships to be reconstructed even though no living plant exists.

Climate science has given herbaria a new role. Old specimens record flowering times, leafing times, and fruiting times, each pinned to a date and place. Modern observations of the same species in the same locations can be compared with the historical record, and the comparison shows how seasons have shifted. Work by Richard Primack and colleagues at Boston University, using Henry David Thoreau's herbarium of Concord plants from the 1850s alongside more recent observations, has shown that many spring-flowering plants in New England now bloom around a week to ten days earlier on average than in Thoreau's time. The most-shifted species bloom roughly two weeks earlier. Comparable studies have been done using collections at Kew, in Helsinki, in Beijing, and elsewhere. Phenological data extracted from herbarium sheets has become one of the longest continuous records of biological response to climate change.

The geographical record runs alongside. Specimens from a hundred or two hundred years ago show where species used to grow. Range shifts northward and uphill in response to warming can be tracked by comparing historical sheets with modern surveys. Specimens also carry traces of past pollution. Lichen sheets from industrial Britain record changes in sulphur dioxide tolerance. Plants from the nineteenth-century New England forest carry heavy metal residues that match the historical record of mining and smelting.

The personal herbarium has its own kind of preservation. Emily Dickinson assembled her album in Amherst, Massachusetts, in her teens, and the volume is traditionally dated to the mid-1840s. It contains more than four hundred specimens on sixty-six pages, each plant arranged with care and labelled in a careful hand. It now sits in the Houghton Library at Harvard. The flowers she pressed are still there.

Thoreau's herbarium, also at Harvard, is similar in character if different in purpose. He collected the plants of Concord and the surrounding region between the early 1840s and his death in 1862. The specimens are working material, used for identification, but the album also reads as a record of his attention to one place over two decades. Joseph Hooker's Antarctic specimens from the Erebus voyage of 1839 to 1843, kept at Kew, record a more remote moment: plants from the southern islands collected by a botanist who would go on to lead Kew for twenty years and to correspond closely with Darwin.

The preservation is not absolute. Specimens fade. Paper grows brittle. Insects find their way into cabinets. The worst pests are several species of dermestid beetle, which feed on dried plant tissue and can hollow out a specimen in a few weeks. Cabinets are inspected regularly; suspect material is frozen at low temperatures for several days to kill any infestation. Light damages pigment and paper alike, which is why herbarium rooms have few or no windows and why specimens are stored in folders rather than on open shelves. Digitisation has changed how researchers reach the collections, but the specimen itself remains the original. A pressed plant from 1660 is still a plant from 1660, and no scan can replace it.

The aesthetic appeal of pressed plants

Pressed plants have a look of their own. Pressure and drying flatten the three-dimensional plant into something closer to a drawing made of the plant itself. The result is neither a living specimen nor an illustration of one. It occupies a middle ground with its own visual logic.

Colour is the most immediate quality. Fresh plants are dominated by chlorophyll green, which fades during pressing to olive, brown, or pale grey-green. Chlorophyll is unstable outside the living cell and breaks down quickly under heat, light, and oxygen. Carotenoids and flavonoids — the pigments responsible for yellows, oranges, and many reds — are more stable, and specimens often retain those colours for decades. Blues are the most fragile. Anthocyanins, the pigments responsible for many blue and purple flowers, oxidise and shift toward pink or grey within months to years. Careful pressing — fast drying, low humidity, no light — can hold the blue for longer, but it rarely survives a century in full intensity. The general drift is toward warmer, quieter colours.

Structure is the second quality. Pressing strips away the volume of a plant and reveals its architecture. Leaf venation becomes legible. The arrangement of florets in a composite head shows as a precise pattern. The way a stem branches is laid out flat for inspection. The symmetry of a flower can be read without dissection. A pressed plant is more diagrammatic than the living one. Clarity of form is what makes the specimen useful and what makes it pleasing to look at.

Composition is the third element. A specimen is laid on the paper by a person making choices. The plant may run diagonally, follow the long axis of the sheet, or curve to fit a particular shape. The label sits in a corner. Negative space matters. A well-mounted sheet has a sense of balance that even non-botanists feel. Institutional conventions — root at the bottom, flowering tip toward the top, sufficient space around the specimen for handling — produce a quiet uniformity that lets the plants themselves be the variable element. Where convention is set aside, as in Victorian decorative albums or in oshibana pictures, composition becomes the point.

Imperfection is part of the appeal. Leaves tear. Petals come loose. A pressing pad slips and a stem ends up slightly crooked. These small accidents give individual sheets their character. Old sheets often show repairs — paper tape applied a century after the original mounting, threads added to hold a broken stem — and the repairs themselves accumulate into a kind of patina.

The texture of the whole object adds another layer. Aged paper has a softness that fresh paper does not. Iron-gall ink in old labels has often bled slightly into the fibres, giving the writing a faintly haloed look. The plant material, brittle and matte, sits against the paper in a way that catches raking light. Photographs of herbarium sheets capture only part of this; the physical objects are quieter and stranger.

The aesthetic has had a long afterlife in design. Botanical wallpapers, fabric prints, and tile patterns from the eighteenth century onward drew on the visual vocabulary of pressed and illustrated plants. The Arts and Crafts movement in late nineteenth-century Britain, led by William Morris, treated plant form as the central source of decorative design. Morris's patterns are not literal copies of herbarium sheets, but they share the flattened structural clarity that pressing produces. Liberty's of London built much of its identity on botanical print. The Japanese tradition of oshibana developed independently from the European herbarium and crossed into Western design from the late nineteenth century.

Natural history publishing in the same period drew on the herbarium aesthetic, though indirectly. The hand-coloured plates in works such as Pierre-Joseph Redouté's Les Roses (1817–1824) and Sibthorp and Smith's Flora Graeca (1806–1840) translated the look of careful specimen mounting into lithograph and engraving. Some of the most influential botanical prints of the period were drawn directly from herbarium material rather than from living plants, in part because pressed specimens were available year-round and held still.

Contemporary attention to pressed plants — in interior design, in stationery, in the dark academia aesthetic, in social media images of opened albums and digitised collections — picks up on the same qualities. The look is faded, precise, slightly melancholy, and unmistakably nineteenth-century in tone, even when the specimens are recent. Digitisation projects at Kew, Paris, the New York Botanical Garden, and elsewhere have put millions of images online, and pressed plants now circulate through phone screens and printed homewares as well as in cabinets.

A pressed plant is half thing and half image. It is a real plant, with all the irregularity that implies, and it is also a composed picture, with the discipline that implies. Photographs and prints reach for that combination by other means. The pressed plant reaches it by being both at once.
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Chapter 2: The History of Plant Pressing


[image: ]




Ancient and medieval plant preservation

Plants were preserved long before anyone thought of pressing them onto paper. The methods were practical and the purpose was use. Dried leaves, roots, and bark were stored away in the dry months for winter, hung from rafters, or kept in bags, jars, and boxes for an apothecary, cook, or household to draw on as needed.

Roman writers gave the first systematic accounts of the practice. Pliny the Elder, in his Natural History of around 77 CE, described how to harvest, dry, and store herbs of every kind, and how long each retained its medicinal strength. Some plants, he wrote, kept their potency for a year; others lost it within months. Galen, working in the second century CE, refined the system in his treatises on the powers of simple drugs. He classified plants by warmth, coldness, dryness, and moisture, and gave instructions on shelf life. The Roman pharmacopoeia depended on the slow rhythm of harvest and storage.

The methods were straightforward. Herbs were cut at the right phase of the year, often the day after a dry summer morning. Leaves were stripped from stems, roots scrubbed and split. Drying happened in shaded, airy rooms or under thatched eaves. Once dry, plants were kept in linen bags, sealed jars, or boxes lined with cloth, sometimes packed with absorbent material to keep moisture out. Wax-sealed ceramic vessels were the most secure. Honey was used as a preservative for certain medicinal preparations rather than for whole plants. The aim was to keep the plant usable. Whether the dried sage in one jar could later be compared with sage from another harvest was beside the point.

Funerary contexts have given archaeology some of the oldest identifiable preserved plants. The garlands draped over Tutankhamun's coffin in the fourteenth century BCE, excavated by Howard Carter's team in 1922, included cornflowers, olive leaves, willow, persea, and the petals of Nymphaea, the blue water lily. They had been stitched into linen strips and laid across the king's mummy as the wrappings were closed. When opened more than three thousand years later, the strips were brittle but the species could still be named. Other tomb finds across the New Kingdom — pomegranates dried whole, juniper berries, mandrake fruit — survive in similar condition in the Egyptian Museum in Cairo. Roman burials in Italy and Egypt yielded laurel, myrtle, and rose. Anaerobic conditions in Bronze Age bogs across northern Europe preserved grains, flax, and herb fragments alongside the bodies of those who had been deposited in the same peat. None of these plants was kept for study, but archaeology has read them as evidence.

Outside the Mediterranean, parallel traditions developed in Asia. The Chinese materia medica is one of the oldest continuous bodies of plant knowledge. The Shennong Bencaojing, compiled by perhaps the first century CE from older sources, classified 365 substances, most of them plants, by therapeutic effect. The Tang Bencao, published in 659 CE under imperial sponsorship, was the first government-produced pharmacopoeia in any culture, and a model for many later Chinese herbal works. Indian Ayurvedic texts, from the Sushruta Samhita onward, recorded similar lists. Persian and Arab pharmacopoeias drew on Greek sources but extended them with material from Central Asia, India, and Africa. In all of these traditions the plant itself was rarely kept. The text was the record; the dried plant was the medicine.

The Persian physician Ibn Sina, known in Latin as Avicenna (c. 980–1037), assembled the medical knowledge of his time in the Canon of Medicine, classifying hundreds of plants by therapeutic effect and giving instructions for their storage and use. Translated into Latin in the twelfth century, the Canon became a foundational reference in European universities and remained on the medical curriculum into the seventeenth century. Like Galen before him, Avicenna assumed that the plant would be kept as a usable substance. The detailed pharmacology that flowed from the Islamic world into late medieval Europe was a tradition of words, recipes, and dried substances; the plant as a labelled specimen had not yet been invented.

European monasticism carried the Mediterranean tradition into the medieval centuries. Benedictine houses ran infirmaries with physic gardens attached. The plan of the abbey of St Gall, drawn around 820 CE, marks out separate beds for sixteen medicinal plants beside a physician's house. The plan names each bed: sage, rue, iris, savory, mint, rosemary, lily, climbing bean, costmary, fenugreek, pennyroyal, watercress, cumin, lovage, fennel, and tansy. The beds were arranged in a grid, each one approximately three metres long, set in the courtyard of the monastic infirmary. A physic garden of this kind would have been tended by the infirmarer or his assistants; the plants were cut as needed and brought into the dispensary, where they were dried, powdered, or steeped according to the prescriptions in the house's pharmacopoeia. The same pattern repeated across European monasteries for the next eight hundred years: an enclosed garden of named plants, a dispensary attached, and a written record of which plant treated which complaint.

The Lorsch Pharmacopoeia of the late eighth century, written in a monastery on the Rhine, listed remedies drawn from Roman and Arab sources. Charlemagne's Capitulare de villis, issued around the same period, named the plants that should be grown on royal estates. The plants were grown to be used; their identification rested on written description and personal experience rather than on a preserved reference.

Hildegard of Bingen, in the twelfth century, wrote Physica, a compendium of plant, animal, and mineral remedies based on her own observation and on existing tradition. Like her predecessors, Hildegard worked from gardens and texts. Her plants were drawn and described but not pressed.

The medical school at Salerno, active from perhaps the ninth century, served as the main institutional bridge between Arab and Latin medicine. Constantine the African, working at Monte Cassino in the eleventh century, translated foundational Arabic medical texts — including works on materia medica — into Latin, and the resulting body of literature shaped European pharmacy through the next four centuries. The Antidotarium Nicolai, a compendium of recipes for compound medicines compiled at Salerno around 1100, listed plants by their use in preparations rather than by their botanical features. Salernitan apothecaries weighed dried herbs out of labelled jars and combined them according to recipe; the plant's botanical features were of secondary interest to its medicinal effects.

Storage techniques remained practical. Medieval recipe books from the thirteenth and fourteenth centuries gave detailed instructions for drying, powdering, and preserving plant material in oils, vinegars, wines, and syrups. Wax-sealed jars protected against damp. Cloth bags hung in dry rooms allowed air circulation. Herbalists noted that certain plants kept best as whole dried specimens, others as ground powders, others as extractions in alcohol or fat. The chemistry was empirical and the vocabulary precise.

What was missing from all of this was the idea that the plant itself, kept intact and labelled, could serve as a reference. The pressed plant on a labelled sheet, kept for comparison rather than for use, was a sixteenth-century arrival.

The Renaissance herbalists and their collections

The sixteenth century brought a different relationship to plants. Across northern Europe, scholars trained in medicine and rhetoric began to revisit Dioscorides, Galen, and Theophrastus with the tools of humanist scholarship: better Greek, better Latin, and a new willingness to test ancient authority against direct observation. The result was a wave of large illustrated herbals printed in the new presses, and a parallel growth in the practice of keeping the plants themselves.

The three figures who shaped early sixteenth-century botany in the German-speaking lands are usually grouped together: Otto Brunfels, Hieronymus Bock, and Leonhart Fuchs. Brunfels (1488–1534) was a Carthusian-turned-Lutheran preacher and physician whose Herbarum Vivae Eicones, "Living Pictures of Herbs," appeared in three parts from 1530 to 1536. The text drew on classical sources, but the woodcut illustrations, by Hans Weiditz, depicted plants from observation with an accuracy not seen before in print. Some of Weiditz's original watercolours, on which the woodcuts were based, survive in the herbarium of Felix Platter at Bern, where Platter pasted them alongside dried specimens of the same species.

Bock (1498–1554), a Lutheran preacher and physician working in the Palatinate, took the next step. His Kreutter Buch of 1539 organised plants by physical resemblance rather than alphabetically by name. The book was a turn toward something like classification. Bock travelled, observed, and described plants in his own words. The first edition was unillustrated; the 1546 edition added woodcuts.

Fuchs (1501–1566), a professor of medicine at Tübingen, published De Historia Stirpium in 1542, with around five hundred plants described in alphabetical order. The illustrations, by Heinrich Füllmaurer, Albrecht Meyer, and the woodblock cutter Veit Rudolph Speckle, were extraordinarily clear and remained standard reference images for two centuries. Fuchs's German edition of 1543, the New Kreuterbuch, made the same material available outside the Latin-reading public. His students were among the first to keep their own dried plant collections as a complement to the printed book.

In Italy, the central herbalist of the mid-sixteenth century was Pietro Andrea Mattioli (1501–1577). His Commentarii on Dioscorides, first published in Italian in 1544 and in Latin in 1554, ran to more than thirty editions in his own lifetime and was translated into Czech, German, and French. Mattioli treated Dioscorides as a starting point rather than a final word, adding new plants and correcting old identifications. He corresponded across Europe and exchanged dried specimens with botanists from Venice to Vienna.

The northern European tradition expanded through the second half of the century. Rembert Dodoens (1517–1585), a Flemish physician, published Cruydeboeck in 1554, the most influential Dutch-language herbal of its time. Mathias de l'Obel (1538–1616), trained in Montpellier and active in Antwerp and London, produced Stirpium Adversaria Nova in 1571 with Pierre Pena. Carolus Clusius (Charles de l'Écluse, 1526–1609), who became professor of botany at Leiden in 1593, wrote Rariorum Plantarum Historia in 1601 and introduced many new plants to northern Europe, including the tulip from Ottoman sources. Each of these scholars made or commissioned a personal herbarium.

In England, William Turner (1508–1568) produced A New Herball in three parts between 1551 and 1568, the first significant English-language work to draw on the new continental scholarship. John Gerard (1545–1612), apothecary and superintendent of the College of Physicians garden in London, published his Herball in 1597. Gerard's text borrowed heavily from Dodoens, and the woodcuts were largely reused from continental editions. The book was a commercial success and shaped English popular knowledge of plants for a century.

Conrad Gesner (1516–1565), based in Zurich, attempted a more ambitious project. His Historia Plantarum, planned as a comprehensive systematic treatment of all known plants, remained unfinished at his death from plague during the Zurich outbreak of 1565. He had been working on the book for more than two decades. His surviving notes show that he intended to organise plants by morphological features rather than alphabetically or by medicinal use, a structural choice that anticipated Cesalpino's De Plantis by nearly twenty years. The drawings and manuscript notes passed through Caspar Bauhin's hands and were eventually published as Opera Botanica by Christoph Jakob Trew between 1751 and 1771. Gesner kept a large herbarium and corresponded with botanists from Lyon to Vienna; some of his exchanges with Aldrovandi and Mattioli survive.

The relationship between published herbal and personal herbarium was close. A herbalist working on a printed book used a private dried collection as raw material: specimens to consult, specimens to send to other scholars for confirmation, specimens to compare with classical descriptions. Many of the species illustrated in Fuchs's De Historia Stirpium or Mattioli's Commentarii were drawn from pressed material in the author's own cabinet. The herbarium was the working ground of the printed book.

By the end of the sixteenth century, the herbalist's library and the herbalist's herbarium had become equally standard. A serious botanist owned a copy of Dioscorides, a copy of the major modern herbals, and a personal collection of dried plants. The next century would expand and formalise the practice.

Luca Ghini and the invention of the modern herbarium (1544)

The figure most often credited with the invention of the modern herbarium is Luca Ghini, an Italian physician and teacher who never published a book. The lack of his own publications has made his role harder to trace, but the testimony of his pupils and the survival of his correspondence make the outline clear.

Ghini was born around 1490 in Croara, near Imola in the Romagna. He studied at Bologna, took his medical degree there, and joined the university faculty in the 1520s. In 1534 he was appointed to a new chair, the lectura simplicium, devoted to the teaching of medicinal plants. The post is sometimes described as the first dedicated chair of botany in Europe. Botany at this stage was not yet a separate discipline; it was a branch of medicine, concerned with the identification and properties of the herbs used in pharmacy.

Accounts from his pupils sketch what the teaching looked like in practice. Lectures combined a reading of Dioscorides or Theophrastus with the presentation of the actual plant, brought into the lecture room from the garden or pulled from a hortus siccus when the season was wrong for a fresh specimen. Field trips into the countryside around Bologna and, later, the hills above Pisa were a regular part of the course; students were expected to identify plants in situ, collect them, and bring them back for drying and pasting. Aldrovandi recorded in his autobiographical writings that Ghini led students into the Apennines on multi-day excursions. The method linked text, garden, dried specimen, and field observation into a single training programme, and the herbarium was the part of that programme that could be carried away and kept.

Ghini taught at Bologna for nearly two decades. The dried plants used in his classes were called collectively a hortus siccus, literally a "dry garden," a term that remained in use for what later generations would call a herbarium.

In 1543 or 1544, Cosimo I de' Medici, Grand Duke of Tuscany, invited Ghini to Pisa to establish a giardino dei semplici, a garden of medicinal plants attached to the university. Ghini accepted, moved to Pisa, and founded what is generally counted as the first university botanical garden in Europe, though Padua disputes the priority with its own garden, founded in 1545. Both are typically dated to the same moment in the history of botany. Ghini directed the Pisa garden until 1554, when he returned to Bologna; he died there in 1556.

The teaching methods Ghini developed at Bologna and Pisa shaped a generation of botanists. His pupils included Andrea Cesalpino, who would later produce the first systematic classification of plants by morphology; Ulisse Aldrovandi, whose own herbarium and museum became one of the foundational natural history collections of Europe; Luigi Anguillara, who took the chair of simples at Padua; Bartolomeo Maranta, who succeeded Ghini at Pisa and wrote on medicinal plants; and the English physician William Turner, who carried the new methods back to Cambridge.

Ghini's own herbarium has not survived. References to it in letters describe pressed plants kept in bound volumes, glued to the page rather than mounted with straps. He sent dried specimens to correspondents, including Mattioli in northern Italy and Conrad Gesner in Zurich. The correspondence ran in both directions. Ghini sent plants that helped Mattioli identify species he had described only from text; Mattioli, in turn, sent specimens of Italian and German plants that Ghini did not have. Letters from Gesner to Ghini show the same pattern: requests for specimens, returns of duplicates, queries about identifications. The herbarium, in this period, was not only a teaching tool but a medium of exchange. A dried plant could travel by post in a way a living one could not.

The claim that Ghini "invented" the herbarium needs to be qualified. The Cibo herbarium, made by the dilettante artist Gherardo Cibo in the early 1530s, predates Ghini's documented teaching of the method by perhaps a decade, and other Italian collections of similar date may also be older. Ghini's role is better described as systematic rather than originary: he made the practice teachable, placed it inside the medical curriculum, and sent his pupils out with it.

The date 1544 is a convenient marker rather than a precise one. The Pisa garden, the publication of Mattioli's Commentarii, and the years in which Ghini's most influential pupils were finishing their studies all converged in the mid-1540s. The students Ghini trained carried the method outward across Italy and northward into German lands and England. The collections they built, several of which still exist, are the practical legacy of his teaching.

The golden age of herbarium creation (16th–18th centuries)

The two and a half centuries between Ghini's death in 1556 and Linnaeus's in 1778 saw the herbarium grow from a practice known to a few Italian physicians into a global infrastructure of scholarship. The change was gradual and uneven, but its broad shape is clear: through the late sixteenth century the method spread across European universities; through the seventeenth century private collectors and natural history cabinets expanded the scale; and through the eighteenth century the herbarium became a central tool of the systematic classification of life.

In the late sixteenth century the practice moved north. Felix Platter (1536–1614), a Swiss physician at Basel, kept a large herbarium incorporating drawings by Hans Weiditz alongside dried specimens. Caspar Bauhin (1560–1624) and his elder brother Jean Bauhin (1541–1612) built collections that became the working material for some of the most ambitious botanical compilations of the next half-century. Caspar's Pinax Theatri Botanici, published in 1623, listed roughly six thousand plant names and synonyms; it depended throughout on his herbarium for identification and on his network of correspondents for material.

In England, John Tradescant the Elder (c. 1570–1638) and his son, John the Younger (1608–1662), gardeners to the Earl of Salisbury and then to King Charles I, gathered plants and other curiosities at their Lambeth house, popularly known as the Ark. Their collection passed to Elias Ashmole and formed the founding holding of the Ashmolean Museum at Oxford in 1683. John Ray (1627–1705), the Cambridge naturalist, used his own herbarium and those of his correspondents to write Historia Plantarum, published in three volumes between 1686 and 1704. Ray's classification, based on observable structural characters rather than on alphabetical order or medicinal use, was the most influential pre-Linnaean system in English botany.

In France, Joseph Pitton de Tournefort (1656–1708) built a working herbarium at the Jardin du Roi in Paris, the institution that would later become the Muséum National d'Histoire Naturelle. His Institutiones Rei Herbariae, published in 1700, proposed a system of classification by flower structure that became the European standard until Linnaeus replaced it. Tournefort travelled in the eastern Mediterranean, collecting specimens that still survive in Paris. Bernard de Jussieu (1699–1777) developed his own system in the garden at the Trianon, arranging plants by family in a way visitors could read directly off the beds. He published almost nothing, but the system he taught was written up by his nephew Antoine-Laurent de Jussieu (1748–1836) and appeared in 1789 as Genera Plantarum. The book established the natural system of plant families that, with refinements, is still in use. Antoine-Laurent's herbarium at the Muséum National d'Histoire Naturelle in Paris is the working backbone of his system, with around twenty thousand specimens arranged by family in the order he proposed.

The seventeenth century also saw a rapid growth in private collecting. The cabinet of curiosities, that distinctly early-modern combination of natural history, ethnography, and antiquities, made room for herbaria alongside shells, stuffed birds, and minerals. Hans Sloane (1660–1753), physician and president of the Royal Society, built a collection that came to dominate the field. He travelled to Jamaica in 1687, returning with around eight hundred plant specimens that became the basis of his two-volume Natural History of Jamaica (1707, 1725). He bought James Petiver's collection in 1718 and continued to acquire material until his death. His herbarium, bound in two hundred and sixty-five large volumes, was the most extensive of its time. On his death he bequeathed the collection to the nation; it became the founding holding of the British Museum, opened in 1759, and the plant material was eventually transferred to what is now the Natural History Museum.

The eighteenth century brought the herbarium to its mature form. Linnaeus, born in Sweden in 1707, studied at Uppsala and Leiden, and built his own working herbarium throughout his career. He developed the binomial system over the 1730s and 1740s and published Species Plantarum in 1753, fixing the modern starting point for plant nomenclature. His collection, kept in horizontal cabinets at his country house at Hammarby, contained roughly fourteen thousand specimens.

Linnaeus did not collect most of these plants himself. The expansion of the collection — and of European knowledge of plants more generally — depended on his students, the so-called Linnaean apostles. Around seventeen of them travelled on collecting expeditions, often paying with their lives. Pehr Kalm went to North America from 1748 to 1751. Daniel Solander, with Joseph Banks, joined Cook's Endeavour voyage from 1768 to 1771 and brought back the largest single addition to European botany since the sixteenth century. Anders Sparrman travelled to South Africa and joined Cook's second voyage. Carl Peter Thunberg reached Japan in 1775, the only European with significant access to Japanese plants in that period. The apostles' specimens flowed back to Linnaeus at Uppsala, where many were incorporated into his herbarium; the rest went to institutional collections.

The pattern Linnaeus and Banks established defined the late eighteenth century. National institutions — the Jardin du Roi in Paris, the Royal Botanic Gardens at Kew under Banks's direction from the early 1770s, the British Museum, the Imperial collections in Vienna — supported expeditions, received the specimens, and incorporated them into reference collections. Private and institutional holdings overlapped: Banks's herbarium at his Soho Square house in London worked as a national resource long before its formal transfer to the British Museum. By 1800 the herbarium was the standard physical archive of the discipline; almost every active botanist in Europe maintained one, and almost every major European institution housed several.

Famous early herbarium collections

A few specific collections from the first two centuries of herbarium-making still exist, and their survival has shaped what is known about the practice in its early years.

The Cibo herbarium is among the oldest. Gherardo Cibo (1512–1600), a member of a noble Genoese family and an enthusiastic if unsystematic naturalist, began pressing plants in the early 1530s. Most of his surviving work is at the Biblioteca Angelica in Rome, in volumes containing both dried specimens and watercolour illustrations of the same plants. The pairing makes Cibo's herbarium unusual; in most early collections the pressed plant stands alone. Cibo was an amateur in the proper sense — no academic position, no publications — but his collection is the earliest large pressed-plant assemblage that survives in coherent form.

The herbarium of Ulisse Aldrovandi (1522–1605) is held at the University of Bologna, in the research building of the orto botanico, where the original sixteenth-century volumes are still consulted alongside modern reference material. Aldrovandi, one of Ghini's earliest pupils, began the collection around 1551 and continued it until his death. The sixteen folio volumes contain approximately five thousand specimens, glued to thick rag paper and arranged according to organisational schemes that shifted as Aldrovandi's classifications evolved. The handwriting on the labels is small and dense, mostly Latin and occasionally Italian, with cross-references to printed sources written in the margins. Some sheets carry pencil corrections in a later hand, evidence of subsequent scholars working through the collection. The volumes have survived four and a half centuries of use, including a serious fire at the Palazzo Pubblico in the eighteenth century, and remain in good enough condition that individual specimens can still be examined for taxonomic purposes. A few of the sheets retain visible colour in the petals; most have faded to brown and green tones that flatten the plant against the page.
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