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ABSTRACT
To fuel the research on nectar and nectaries, I propose here an English translation of a seminal 
article published 140 years ago in the Bulletin de la Société Botanique de France, which was one of 
the former titles of the current Botany Letters. The reference of the original publication is: Bonnier, 
G. 1878. “Etude sur l’anatomie et la physiologie des nectaires.” Bulletin de la Société Botanique de 
France 25 (8): 262–271. doi: 10.1080/00378941.1878.10827912. The translated article is preceded 
by an introduction clarifying the scientific context, and followed by a synthesis of subsequent 
and recent studies about nectar and nectaries.

The research about nectaries and nectar

Nectaries are structures that synthesize and secrete 
nectar, an energy-providing solute. In flowering plants 
nectaries play a major role in pollinator attraction 
and reward (hence for plant reproduction), and more 
broadly in vascular plants they are involved in plant–
animal (visitors, pollinators, robbers, herbivores) inter-
actions. Nectaries can be floral or extrafloral (Marazzi, 
Bronstein, and Koptur 2013); they are not found in roots 
(although Balendres et al. (2016, 2017) found root sug-
ary exudates having an impact on biotic interactions in 
the rhizosphere).

Nectar production evolved at least 457 times inde-
pendently in angiosperms, and the evolution of this 
physiological trait is characterized by repeated gains and 
losses (Weber and Keeler 2013). A very diverse array of 
floral nectaries has been described and documented in 
the literature (reviewed in Bernardello 2007 and Schmid 
1988).

As early as in the eighteenth century, nectaries have 
intrigued scholars in natural history, and since then 
research on nectaries and nectar has been very active 
in the fields of histology, chemistry, physics, physiology, 
evo-devo and pollination ecology.

Roy et al. (2017) synthesized the landmarks in the 
study of nectaries and nectar (see their Table 1). Below, 
I add a few more points to their list, based on Bonnier’s 
(1879) doctoral thesis.

•  1717: Sébastien Vaillant (French botanist) named
“mielliers” the floral parts that produce sugary

secretions. In French, “miel” means honey; “miell-
iers” would then mean the structure producing 
honey.

•  1735: Linnaeus coined the term “nectary” to des-
ignate the floral parts secreting nectar.

•  Later on, confusion in defining a nectary prob-
ably originated because of the repeated attempts
to assign a morphological meaning to a secre-
tory structure. Currently, some botanists still call
nectary the accessory organ or appendage of the
flower not only producing but also storing nec-
tar (e.g. a nectar spur is called a nectary in some
publications).

•  1848: Johann Caspary (German botanist) consid-
ered as nectaries every portion of the plant (no
matter its position on the plant) producing sugary
solutes. He introduced the distinction between flo-
ral and extrafloral nectaries.

Who was Gaston Bonnier?

Gaston Bonnier was a French botanist (1853–1922, 
Figure 1 A). In 1879, after graduating in physics, math-
ematics and natural sciences, he was appointed Assistant 
Professor at the Ecole Nationale Supérieure in Paris and 
had a strong influence on teaching natural sciences in 
France. He is mostly famous for his comprehensive 
and informative floras of France (and French regions), 
Switzerland and Belgium. He also worked in the fields 
of systematics, ecology, physiology and phytogeogra-
phy. He was keen on producing books and manuals 
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for teaching botany and natural sciences to pupils and 
students (Bournerias 1990). He was a member of the 
Société Botanique de France for 45 years (1877–1922) 
and was its president twice (Aymonin and Keraudren-
Aymonin 1990).

In 1879, he defended a thesis entitled “Les nectaires, 
étude critique, anatomique et physiologique” [The nec-
taries, a critical, anatomical and physiological study]. 
This was one year after the publication of the article that 
is hereby translated into English.

Why a translation?

The journal Botany Letters wishes to highlight articles 
published (often in French) in the former versions of the 
journal, namely Acta Botanica Gallica (1993–2015) and 
Bulletin de la Société Botanique de France (1854–1992). 
Articles to be translated and re-published are selected 
according to two criteria: they had a major impact on 
specific fields of science at the time they were pub-
lished and/or they can fuel modern research by making 
researchers (re-)discover old, but not obsolete, findings.

This article was communicated by Gaston Bonnier to 
the Société Botanique de France one year after he joined 
the society. At that time, he was still a PhD candidate. 
This translation is published 140 years after the original 
publication (Bonnier 1878), which has been cited six 
times (Google Scholar, September 2017), exclusively by 
non-French researchers. It presents the main ideas devel-
oped in Bonnier’s doctoral thesis (Bonnier 1879), intro-
ducing at the same time the methods and techniques to 
study nectaries, and investigating the physiological and 
ecological roles of nectaries in a systematic framework. 
The doctoral thesis has had a brighter citation track. It 
has been cited 172 times and is a reference in this field 
of research. It addresses the history of the research con-
ducted on the topic, gives lexical precisions, and reports 
observations (Figure 1 B–E), experiments and analyses 
about nectar chemistry and the structure, anatomy, his-
tology, physiology and function of nectaries. The work 
covers numerous angiosperm taxa, and all plant parts 
(except roots) are considered. In addition, the link with 
the pollinators’ behaviour is considered.

My objective is to make this publication accessible to 
the international community of plant researchers (chem-
ists, botanists, physiologists, ecologists, etc.), and to 
arouse new and additional interest in this seminal work. 
It is also interesting from the history of science aspect 
to take some time reading the report of such innovative 
studies that Bonnier conducted at a very early stage of 
his career, at a time when technical options were scarce.

Start of translation [Notes (mostly taxonomic 
updates) are in square brackets]

I have been studying the physiology and anatomy 
of nectaries for several years. I am currently synthe-
sizing this work, and the corresponding manuscript 
will be organised into two parts. First, and based on 

experiments, I will criticize the opinions of several 
authors about the role of nectaries. Second, I will report 
a study about the anatomy and physiology of nectaries. 
Today, before the audience of the Société botanique de 
France, I will present a short summary of the second 
part.

Figure 1.  (a) Portrait of Gaston Bonnier, adapted from Mollier 
(1923), (B–e) Drawings adapted from Bonnier (1879). (B) 
Ranunculus acris, transverse section of a petal showing the 
nectariferous tissue (magnification 80×), (C) Xanthoceras 
sorbifolium, floral diagram, n: nectary, (D) same species, one 
nectary (10×), (e) same species, stomata on the nectariferous 
tissue (220x).



Anatomy of nectaries

One cannot define the morphology of nectaries. By nec-
tary, I mean a part of the plant that is in contact with the 
environment and where sugary solutes accumulate, with 
high proportions of glucose and saccharose.

To analyse these sugars, I generally used cupropotas-
sic tartrate and inversion using acids. In few cases, I used 
polarized light or fermentation.

Having studied the anatomical structure of nectar-
ies in many genera ([footer =] 312), I can give hereby 
a short overview of the various characteristics of these 
structures.

The nectariferous tissue can be more or less differen-
tiated. In case vascular bundles irrigate the nectariferous 
tissue, they can end within it, or extend beyond. The 
organization of xylem and phloem in a vascular bundle 
can be identical or opposite between the nectariferous 
tissue and the organ the bundle stems from.

In some cases, the vascular bundles bend inside the 
nectary, which then corresponds to a spur. A cross-sec-
tion of this organ would then show vascular bundles 
with sets of xylem facing each other. The nectary can be 
made of a single or several appendicular organs.

The epidermis of nectaries and of neighbouring tis-
sues is often different. In nectaries, it is smooth, covered 
with papillae of different shapes, and often with stomata. 
These stomata lack a substomatic chamber, or have a 
reduced substomatic chamber, filled with liquids instead 
of air. The stomata of nectaries are very diverse in shape. 
They can be sunk at the base of a funnel-shaped tissue, 
as in Amygdaleae [belonging in Rosaceae], or on the 
contrary protruding over the epidermis of the prominent 
parts of the nectary, as in many Papilionaceae [= sub-
family Papilionoideae], or more frequently protruding 
among the other cells of the nectary epidermis. In few 
cases, the nectary epidermis is covered with a cuticle.

The parenchyma cells in which the sugary solutes 
accumulate are often smaller than the surrounding 
parenchyma cells. However, the shape and size of these 
two types of cells are sometimes indistinguishable, and 
the presence of sugar is only detected using chemical 
tests. These cells often contain starch grains, crystalloids, 
crystals, and rarely chlorophyll grains. All of these com-
ponents do not characterize the nectary tissue, as they 
can be found in the parenchyma of other plant parts. 
In specific cases, the protoplasm of the nectary cells is 
characterized by a particular refractive power.

Sugary solutes can accumulate in diverse parts of a 
plant:

(1)   In cotyledons. The nectariferous tissue can be 
observed in the embryo (Ricinus).

(2)  In stipules (Vicia, Sambucus, etc.).
(3)  In leaves

(a)   At the base (Apocynum, Vinca, Allamanda, 
etc.);

(b)  In the petiole (Prunus, Passiflora, Cyathea, 
Hemithelia [Hemitelia], etc.);

(c)  In the limb (Hibiscus, Crataegus, etc.);
(d)  In the stipules (Sambucus ebulus).

(4)  In bracts (Plumbago, etc.).
(5)  In sepals:

(a)  At the base (Fritillaria, Genista, etc.);
(b)  On the external side (Malpighia, Hibiscus, 

etc.);
(c)  Sepal spur (Impatiens, Tropaeolum, etc.).

(6)  In petals:
(a)  At the base:

(i)  Vascular bundles oriented as in petals 
(Fritillaria imperialis, etc.);

(ii)  Vascular bundles oriented in an oppo-
site way compared with petals 
(Ranunculus acris, etc.);

(iii)  Many vascular bundles with sets of 
xylem facing each other, petal base 
cone-shaped (Trollius, Helleborus, 
etc.).

(b)   Petal spur (Aconitum, Aquilegia, etc.).
(7)  Between sepals and stamens. Protrusions are 

often vascularized. The vascular bundles of 
the nectary originate from those of a sepal 
or a stamen (Cruciferae [= Brassicaceae], 
Geraniaceae, Xanthoceras, etc.).

(8)  In stamens:
(a)  In the filament (Mirabilis, Stellaria, etc.);
(b)  Filament spur (Corydalis, Asclepias, etc.);
(c)  Appendix of the connective (Viola).
(d)  In the whole stamen (Collinsia, Anemone 

pulsatilla).
(9)  Between stamens and carpels

(a)  Between the shared base of sepals, petals, 
stamens, and carpels (Rosaceae, 
Amygdaleae, etc.);

(b)  Between shared base of petals, stamens, 
and carpels:

(i)  Particular protrusions with very dif-
ferentiated vascular bundles (Vinca, 
Apocynum, etc.);

(ii)  Small protrusions, with vascular bundles 
inconspicuous or absent (Gentianaceae, 
Daphnoïdea [Thymeleaceae], etc.);

(c)  Between stamens and carpels 
(Papilionaceae [= subfamily Papilio-
noideae], Ericineae, etc.).

(10)  In carpels
(a)  At the base. If existing, the vascular bun-

dles are oriented as in the carpel:
(i)  Protrusions opposite the carpels (Borraginaceae, 

Scrophulariaceae [sensu lato]);
(ii)  Protrusions alternate with the carpels 

(Lamiaceae [as it was circumscribed in the 



variable quantities. When the nectary is very 
young, it contains little or no saccharose at all. 
Then this sugar accumulates in variable propor-
tions, reaches a maximum, and decreases when 
the nectary gets older. The peak in saccharose 
production seems to coincide with the secretion 
of sugary solutes, when this secretion occurs.

(2)  Secretion of the overflow of sugary solutes. At 
a particular developmental stage of many nec-
taries, the overflow of sugary solutes can be 
emitted externally. Nectar secretion is a con-
sequence of the water dissolving sugar when 
going through the nectariferous tissue. This 
exudation depends on several factors. I first 
studied how it operates.

Usually the liquid overflow is secreted through the 
stomata of the epidermis. The experimental evi-
dence for this statement was brought in some gen-
era. For instance, I isolated a piece of the nectary of 
Amygdalus persica and removed with a pipette all 
the nectar that was over it. The nectary was then 
placed between the two branches of a small clamp-
ing screw and I examined under a microscope the 
epidermis lit with reflected light. At low magnifica-
tion, I could notice quite well the stomatal craters 
described above. With this experimental setting, 
squeezing the nectary makes droplets of nectar 
drip from each of the small funnels of the epider-
mis. No drop is produced at any other place on the 
epidermis. I made identical observations on many 
nectariferous stomata, either by proceeding as just 
explained, or by artificially inducing the liquid emis-
sion. I will explain below how to proceed in this 
latter case.
Liquid can be secreted between two disjointed cell 
walls without stomata (Helleborus), through the 
thin membranes of the epidermal cells (Fritillaria, 
Ranunculus, etc.), through papillae protruding 
from these membranes (Muscari, Ribes, etc.), 
through [glandular] trichomes or pluricellular hairs 
(Veronica, Malva, etc.), and last, due to the lifting of 
the cuticle and after the middle part of the cell walls 
has turned into mucilage (Ricinus, etc.).
However, in a fairly high number of instances, no 
liquid is secreted at all.
(3)  Variation in the quantity of sugary solutes 

secreted depending on the external conditions. 
Before identifying the different factors that may 
influence the emission of sugary solutes outside 
the plant, I investigated the variation in nectar 
production in natural conditions. I summarize 
here my results.

Measurements were made with calibrated pipettes 
with a cone-shape end. The pipette diameter is 
designed so that all liquid is collected at the extrem-
ity of the pipette by capillarity. Plants were protected 
from insects with tulle stretched over wooden crates. 

pre-molecular era], Verbenaceae [as it was cir-
cumscribed in the pre-molecular era], etc.).

(b)  Carpel spur (Scrophularia);
(c)  At the higher part (Apiaceae, 

Grossulariaceae, etc.);
(d)  In the parenchyma surrounding the edges 

of two neighbouring carpels (Liliaceae 
[sensu lato, as it was circumscribed in the 
pre-molecular era], Amaryllidaceae [sensu 
lato, as it was circumscribed in the 
pre-molecular era], etc.);

(e)  At the base of the style (Asteraceae);
(f)  In the stigma (Populus, Arum, etc.);
(g)  On the outer part of carpels, between the 

vascular bundles and the outer surface 
(Oleaceae, Primulaceae, etc.);

(h)  In the whole ovary (Ilex, Cornus, Viscum, 
etc.).

(11)  At the shared base of all organs (Malvaceae, 
Caltha, Thalictrum, Tulipa, Papaver, Avena, 
etc.), in many instances. The accumulation of 
sugary solutes at the floral base is almost always 
linked with an accumulation of the same sol-
utes in the floral parts as detailed here over.

According to the previous list, it appears that nectar-
ies do not share any morphological feature, even when 
located in the same organ. When the nectaries consist 
of very different tissues, vascular bundles can be linked 
to one organ or another in the neighbouring plants [my 
interpretation: in the closest species]. In this respect, I 
examined 45 genera from the Brassicaceae and 20 spe-
cies from the genus Geranium. The vascular bundle of 
the nectary can originate from the vascular bundle of a 
sepal or a stamen. Alternatively, it can be inserted at the 
exact place between the vascular bundles of the sepal 
and the stamen.

The vascular bundles of the nectaries show even more 
different organizations in closely related genera, such 
as in the Asclepiadaceae [= subfamily Asclepiadoideae 
in Apocynaceae] and Apocynaceae, etc. As a general 
observation, the shape and structure of floral nectaries 
depend on the shape and structure of the neighbouring 
organs. The level of differentiation of the nectary tissue 
seems correlated with the number of constituting cell 
layers on the one hand, and with the quantity of sugary 
solutes being accumulated on the other hand.

The development of nectaries can follow different tra-
jectories. In some instances, only the epidermis is dif-
ferentiated. However, most often the underlying tissue 
is also involved.

Physiology of nectaries

(1)  Variation in the accumulation of sugary solutes 
with nectary age. No matter the nectary age, 
glucose is present in the nectariferous tissue in 



flowers of the same age and from the same species was 
always higher in Scandinavia than in France. It should 
be added that for some species, such as Potentilla tor-
mentilla, no overflow of liquid is secreted by nectaries 
in France, whereas the overflow of nectar is abundant 
in Norway. Therefore, for the same spontaneous species, 
it seems that the volume of nectar secreted increases 
with latitude.

(c)  Variations with altitude
Based on observations made in the Alps (Oisans) and 

in the Eastern Pyrenees in 1872 and 1873, it seems that 
the quantity of secreted nectar regularly increases with 
altitude.

In the following part, I will consider separately each of 
the external conditions that may influence the emission 
of sugary solutes.

Influence of the quantity of water absorbed by the 
plant. Based on the comparison of conspecific individ-
uals whose aerial parts were in saturated air, and under-
ground parts in contact with different quantities of water, 
one can conclude that:

All other things being equal, the quantity of secreted 
nectar increases with the quantity of water absorbed by 
the roots.

Influence of hygrometry. If hygrometry varies experi-
mentally, and after measuring nectar secretion in plants 
whose underground parts are in totally submerged soil, 
one can conclude that:

All other things being equal, the quantity of secreted 
nectar increases with hygrometry.

It is the hygrometric state that influences nectar emis-
sion, rather than the absolute quantity of water vapour 
in the air.

Some plants that do not usually secrete nectar in nat-
ural conditions can artificially become nectariferous if 
their underground parts are placed in water and their 
aerial parts are placed in saturated air (Ruta, Fragaria, 
Tulipa, etc.).

Variation of the quantity of nectar secreted by 
the nectaries with the age of neighbouring organs. I 
measured this variation in floral nectaries at differ-
ent ontogenetic stages of the flower. Floral ages were 
determined based on the dimension of the corolla, the 
state of the anthers, stigmatic papillae, and ovules, the 
presence of pollen tubes in the style, the occurrence of 
fertilization, etc. Measurements made on several spe-
cies show that nectar production is maximal after the 
ovary has achieved its growth, and before the ovules 
are fertilized.

The overflow of sugary solutes is therefore mostly 
secreted during the ontogenetic break, when the flower 
does not develop anymore and before the fruit begins 
to develop.

Influence of the internal forces of the plant on nectar 
secretion. I made the following experiments on several 
species.

Within a single species, measurements were made 
at the same hour of the day on a certain number 
of flowers with identical ages, and the mean of all 
observations was calculated. Flower age was deter-
mined according to the proportion of stamens with 
dehiscing anthers. Hygrometry and temperature in 
the shade and in the sun were also recorded.

(a)  Variations at a single location
In 1878, at Louye (Eure [a department in the North 
of France]), I made three series of observations on 
eight species that showed different types of nectaries. 
Measurements were repeated every two hours for four 
or five consecutive days.

Results were identical for all species during sunny 
days with unchanging weather. Over the day, the volume 
of nectar secreted decreases, reaches its minimum in the 
early afternoon, then it increases. Generally speaking, 
and all other things being equal, the volumes of nectar 
and of the perspired water vary in opposite ways.

Two other series of observations made with diffuse 
light on six other plant species in the garden of the Ecole 
normale supérieure gave identical results.

The minimum of nectar secretion in early afternoon 
can be evidenced by other means. During the last two 
series of observations made at Louye, two hives were 
weighed at the exact times when measurements were 
made on nectaries. The weight of the hives was max-
imal in the afternoon, indicating that the number of 
bees having left the hive to collect nectar was mini-
mal. This is easily understandable if we consider that 
at that time the production of nectar is minimal or 
even absent for some species. In the third series of 
observations, and to try to confirm this interpreta-
tion, we counted every two hours the number of bees 
staying in a hive. This number is maximal during the 
afternoon, at the same time when the hive’s weight is 
also maximal.

As a last way to bring evidence to support this result, 
bees carrying nectar and coming back to the hive in the 
morning and in the afternoon were weighed. The bees 
captured in the afternoon are, on average, lighter than 
the others.

When comparing observations made at the same 
time during several consecutive sunny summer days, 
one notices that the volume of produced nectar gradu-
ally decreases. After a shower and then a sunny day, this 
volume increases tremendously.

(b)  Variations with latitude
I made similar observations at the end of August 

at Domaas (Norway) and at the end of July at Louye 
(Eure) on the same spontaneous species. In both cases, 
day length was similar and measurements were made 
after many sunny days, in order to suppress the influ-
ence of the rain on nectar production. The volume of 
nectar measured at the same hour during the day on 



the nectaries are usually located. The transfer of sugary 
solutes to other organs is accompanied by a modification 
of their chemical nature. The non-assimilable saccha-
rose is converted into assimilable glucose and levulose. 
When the secreted nectar remains in contact with the 
nectary, it can even be reabsorbed, as observed in several 
instances.

The following conclusions are made based on the 
experiments and observations reported above.

Sugary solutes generally accumulate in plants in the 
vicinity of developing organs (leaf, stipule), or of organs 
that will considerably develop later on (ovary).

An overflow of secreted sugary solutes generally indi-
cates that the development of neighbouring organs has 
stopped or has slowed down.

When the secretion of sugary solutes ceases, the sug-
ary portion of the nectar returns into the plant and is 
most likely used by the developing neighbouring parts.

In summary, nectaries can be floral or extrafloral, 
secreting, or not, liquid outside of the plant. In all these 
cases, their function of storing nutrients is in tight rela-
tion with the life of the plant.

Mister Prillieux asks whether nectaries are always 
covered with a cuticle, always have stomata, and whether 
nectar composition varies according to the time of the 
day.

Mister Bonnier answers that nectaries do not always 
have a cuticle, that stomata are often lacking, and that 
when the volume of nectar decreases, its density and 
sugar rate increase.

Subsequent and recent studies about nectar 
and nectaries

Building on the observations and experiments from 
the eighteenth and nineteenth centuries (such as those 
reported in Bonnier [1878]), and thanks to inputs from 
the fields of chemistry, physics, and microscopy, our 
understanding of nectary structure and physiology has 
largely improved. Nectary features (presence/absence, 
structure) are still used in some studies as taxonomi-
cally discriminant traits (see Table 1). In other studies, 
the now well-resolved phylogenetic relationships among 
angiosperms are used as a framework to unravel and 
interpret the evolution of nectary traits at large taxo-
nomic scales (see Table 1). In the last years, the evo-devo 
of nectary development, the regulation of nectar produc-
tion, and the ecological role of nectaries have become 
promising fields of research.

Whilst much progress has been made since Bonnier’s 
article in 1878, it is important to keep in mind that large-
scale (taxonomically speaking) studies and precise and 
accurate observations are often reported in the old lit-
erature and ought not be overlooked.

In identical external conditions of temperature 
and hygrometry, I compared whole plants with roots 
placed in soil submerged with water, with stems cut 
and immersed in water, and dissected nectariferous tis-
sue with its inferior part immersed in water. The time 
required for the nectaries to produce a certain volume 
of liquid was measured in each case.

In these experimental conditions, nectar was 
secreted by all nectaries, even by the dissected nectar-
iferous tissue, but at different speed. The whole plant 
with vessels and roots secreted nectar faster than the 
cut stem [i.e. vessels only, no roots], which in turn was 
faster than the dissected nectariferous tissue taking 
water directly from its inferior part. Hence, osmotic 
pressure in roots and the capillarity of the vascular bun-
dles are not essential for nectar emission, although they 
speed it up.

Variation in the chemical composition of exuded nec-
tar. The secreted liquid can include polysaccharides 
[“gums” in the original version], albuminoids, salts, and 
sometimes mannitol. It always includes water, sucrose, 
and glucose in various proportions. The proportion 
of sugar in nectar varies mostly between 2/100 and 
30/100. Sugar can sometimes be almost absent from 
nectar, or conversely be the most abundant component 
of nectar.

The proportion of water in nectar varies a lot dur-
ing the day. The analyses I conducted showed that it 
is at the lowest level when nectar production is min-
imal, which is not surprising. The nectar secreted 
after some rainy days contains more water than the 
nectar secreted after sunny days. However, water does 
not evaporate proportionally with the decrease in 
hygrometry, because the more concentrated a sugary 
solute is, the less efficient water evaporation is. I pro-
vided evidence for this by comparing the evaporation 
rate of solutions made of different sugars, honey, and 
nectar mixed with water in various proportions. This 
is partly why the non-sugary water secreted by some 
plants (Alchimilla, Solanum, Colocasia, etc.) evapo-
rates much faster than the sugary liquid secreted by 
nectaries.

Reabsorption of sugary liquids in the plant. Reabsorption 
of nectar. After the nectary reaches its full development, 
and while it decays, the sugars accumulated partly return 
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