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On the Bgds and Ram~caHons of Plants. ~31 

class. We.shall add, that a series of experiments made With 
an apparatus of lar~er dimensions, and executed with more 
care than that empl-oyed by the commissioner% might fur- 
nish results useful to artillery. 

.XXXV. On the Buds and Ram~caHons of Plants ; the 
Birth of these Organs, and the organic Relation between 
the Trunk and tlw Branches: in a Letter fro~a G. L. 
KOELER, M.D.  Professor of  Botany and the Materia 
Medica in the Provisional School of  Medicine at Mentz, 
to 2]/1. VENTENA% Member of  the French National l'a- 
stitute % 

N Y DEAR FRIEND,  

ATURE seems to have thrown an impenetrable veil over 
the develotament of vegetable parts. In vain have botanists 
made efforts to surpnse her; in vain do they watch her ; 
she eludes their efforts, and lau~.hs at their indefatigable 
patience. If  it has been imposs,ble, however, to accom- 
plish by observations this end, which was the object of so 
much care and labour, their researches have still conducted 
them to a multitude of other valuable discoveries, which 
have assisted us in the study of the structure and interior 
¢economy of plants, and have shown to us the causes of 
several ph~enomena before considered as inexplicable. 

The opinions of those who have endeavoured to discover 
in what manner nature develops one vegetable organ from 
another may be ranged into two classes. 

Some ha~e imagined that it is the p~th, which makes its 
way through even-the hardest wood to produce the ramifi- 
cations of-plants, and that it lengthens itself still to form 
the most essential parts of the vegetable body. 

Others, and those the most recent, rejecting this opinion, 
have ascribed to the bal~k and cortical strata what their pre- 
decessors gave as the product of the pith. They have 
thought also that the increase in length and thickness de- 
pends on the same organs. 

Placed between these two opinions, and though each of 
them was supported by great names, yet being unwilling 
jurare in verba magistri, I resolved to ex'am~ne both with- 
oat prejudice, and to give an opinion supported by my 
own observations. I did so ; and discovered that Linmeus 
and Hales, who had maintained the former opinion, were 

* From the Jo~rna~ df Phvsiquc, Ploreal, an 13. 
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~3~ On the Buds and Ra.nddqcatlo~ qf Plant~. 

not fat" from the truth ; that their error was very excusable, 
for they might easily take tbr pith the reproduci~zg orgaz6 
which will be mentioned in the course of this letter, and 
the herbaceous substance' of which has a resemblance tO 
that of this spongy organ. It may be said further in their 
tkvour, that they had not before them the experiments of  
Desfontaines~ Coulomb, Hedwig, Mirbel; and Medieus~ 
and so many other philosophers who have thrown light o f t  

a great number of points hitherto inexplicable in regard to 
the interior c~conomy of vegetables. 

The observations which this study gave me an opportu, 
nity of making, have conducted me to results so unex- 
pected, that I did not think proper at first to trust to my 
own eyes. Convinced without being persuaded, and dis- 
trusting my own senses, especially in an experiment the 
results of which were in open contradiction to what we axe 
taught by the greatest masters, I resolved to snbmit to you 
these observations, and to give them at the same time pub= 
licity, in order to call the attention of the most enhghtenexl 
botanists to the new ph~enomenon which I think I have 
vPerceived. I must, however, say, that it is the ibree of co3a- 

lotion, the desire of instruction, and not a vain spirit of  
controversy so m-worthy of a real naturalist, which induoe 
me to think differently from several celebrated men superior 
to envy, and to whom I readily pay the tribute o[" my gra- 
titude for the benefit I have received from their works. 

Before i give my observations "on the origin of buds, I 
shall first rectify some ideas generally adopted in regard to 
these organs. 

" The name of bud is given in botany to small bodies 
more or less round or ovoid, and covered with seales hol- 
lowed out like a spoon, or with a down more or less thick, 
These organs are tbrmed gradually in the sprin~ season in 
the eyes of the leaves of most trees, shrubs, and plants of  
the dicotyledons, especially in climates where the winters 
are pretty severe. They contain and conceal the rudiments 
destined to be developed the following year into branehesj 
leaves, and flowers. They have received from nature the 
faduhy of resisting cold and humidity : several of them may 
be preserved, like a ~reat many seeds~ during one or more 
years' by remaining l"n a sta~e o f  torpor until the develop- 

m ~1~ ::e't~e' t P :  r pr (:  e p~ ietse de ol:Y fav°lt;  abe ~ei~:~ um Ste~ae~ts ;': 

buds in ge~leral; but it appears to me that they are suited 
properly but to one species, that of most trees and shrubs 
in eounlr~es where the ~inter is pretty severe. 

I shall 
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On the Bz~ds and Ra~n~catlons of  Plant,. ~33 

I shall now explain what, in my opinion, ought to be 
e~omprehended tander the denomination of the buds ofphe-  
negoram plants. I give this name to all the organs of  these 
plants wJdch contain the rudiments or germs of  stems, 
branches, leaves, Jlowers, and even roots : each of  these 
parts separately, o7" several, of  them united; or, in a word~ 
the whole together. This name belongs to them whatever 
be their size ; their number ; that of the different parts of  
which they are composed ; the time of their appearance; 
their property of being preserved ; the.species which pro- 
duces them, and the place of their insertion : modifications 
land peculiarities which depend on the different structure,of 
the i~lants as well as the circumstances under which they 
are placed. 

The definition [ have given seems to me to unite several 
~t,¢antages : it embraces not only the whole of the organs 
together, even in regard to their origin ; it dispenses also 
with the inconvenience of admitting a great number of  ex,- 
eeptions in the uniform progress of nature; exeepfiom 
• vhieh r~o doutht prove that they have not been s'affiejemlv 
examined. It is pretended that shrubs are distinguis'beji 
from bushes or trees by their ramifications not b~ng ~the 
result of buds. This distinction is merely arbitrary~ simae 
these tda~ts realty, produce, them. ; but their boats are very 
~nall, exceedingly thin, desutute o~ dry scales, and aome,. 
times almost entirely concealed till the spring under the 
bark of the branches. 

Admitting the definition I have proposed, it wilJ be ob- 
served that buds differ from each other by a great number 
of characters in the various species of plants. I shall here 
mention only those traits which are indispensably necessary 
to support my definition. 

In the ligneous monocotyledon plants the whole coarse of 
lkfe is contined to the development of the first bud, arising 
t?om the neck of the root or place where it is joined to the 
stem. This bud contain~ the germs of all the organs which 
~tppear above the earth, and the end of its development is 
the term also of the life of the same plant. These plantsj 
however, generally live one, and even several, centuries. 

The propagation of plants by sc~.ons, by bulbs, and by 
other similar organs, which is very common to the herba- 
ceous monocotyledons, is not essentially &fferent from that 
by buds, a s  has been completely proved by M. Mirbet and 
several other botanists. Scions and bulbs are real buds ; 
they are organs which contain the principles of new stems~ 
~a~l~es i te~ves~ flowers~ and roots, Thepart of  the plant 

which 
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~34 On the Buds and Ram~cat{ons of  Plants. 

which produced them, and some modifications in their 
structure, make them, however, be considered as species 
different from every other. 

In the dicotyledon plants and the herbaceous monocot~jle- 
dons the summit of the root bears durin~ the early age of 
the plant a single bud, named then plt[mula. This bud 
differs from that of the monocotyle_don trees, as its deve- 
lopment is ended hefore the death of the individual, and is 
followed b,¢ other buds, in consequence of the development 
of which "the plant families. ]'he monocotyledoa tree.¢ 
produce also secondary buds, but with this difference, that 
these buds are pushed out by the primitive bud itself, and 
that they fade much sooner than that from which they pro- 
ceeded. 

In annual plants the development of all the buds of the 
individual is completed in the space of a year. In the bi- 
ennial plants it is terminated at the end of two years at most. 
Plants witk a vivacious root but annual stem push out every 
year another bud from the neck of the root : from the de- 
veloped parts of this principal bud other buds then issue, 
whiefi make the ramifications of the vegetable appear. 

The buds of  the three sorts of  plants here mentioned are 
not all, or very rarely are, covered with other organs to pro- 
tect the germs against, the intemperance of the weather. 
Here nature, in general, may dispense with them, because 
these buds develop themselves in the course of a very short 
time, and almost always in the best seasons; and the plants, 
or at least the stems, to which they are indebted for their 
birth, perish in the winter, or even sooner. 

in mo~t of  these plant.s, as u,eU as {n bushes and some 
shrubs, the [~uds are small, thin, and pointed, as in the vi- 
burnum~ the rhamnus (buckthorn), the heliotrope, the cor,~ 
~zel tree, the gramineous plants, the arteraisia, &c. 

The ligneous dieoty}edon plants in general push forth~ 
their buds only in spring. ]'heir buds in winter remain in 
a state of inaetion~ and do not open till the return of  
spring. From lhis rule, however, are exchlded all trees and 
bushes called evergreens, a great number of which perpe- 
tually send forth budsn so" that the development of the 
lea~es, branches, and even sometimes the flowers, never 
ceases during the life of these plants. 

In almost all the dicotyledon trees and shrubs of  the cola} 
and temperate climates, the buds are formed in the eyes of 
the leaves, and always before the approach of winter. Bo- 
tanists consider the most exterior folioles of these buds as 
aborted fotiol~s~ beoausc.they are dry and even sometimes 

sonorol~S 
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On the Buds and Ra~n~cat~ons of Plant~. ~3~ 

!sonorous under the fingers. They are eatled scales, on ac- 
count of their usual forrn. These organs are almost always 
fevered ~vlth a resinous matter, which cements them ver~, 
.closely to each other, and which contributes not a little to 
defend the tender germs contained in the buds from the cold 
and moisture of the severe seasons. 

h~ a great number of bushes and shrubs these scales are 
entirely wanting; but their place is supplied in several 
species by a down, which sometimes is pretty thick, and 
w.hieh afford~ sufficient proteet~n to the buds against the 
rtgour of the winter, as in the viburnum and the ptelea. In 
other buds of similar plants the parts still herbaceous and 
tender have neither down, nor scales, nor resinous matter, 
r~or any other kind of covering, and they nevertheless with, 
stand the intemperance of the seasons, unless it be exces- 
sive. Amongthe  latter there are some the folioles of which 
cover each other firmly, as in tile common lilac, the hazle, 
&e. ; and there are some also in which the exterior folioles 
are neither so thick nor so firmly applied to each other as 
to be able to oppose the entrance of humidity, as is the ease 
in the cornel tree. 

The buds of several l~gneous dicotyledon plants remain, 
in regard to their base anda  great part of their body, con- 
cealed during winter under.the bark, and their summit does 
not entirely open a passage for itself till the following 
spring. Here the bark serves as bandages to the tender 
elements of the new ramificationsj as we see in a great 
number of shrubs. 

Nature incloses the buds in several shrubs, as in the ber- 
beris vulgaris, with petioles, very close to each other; it eo- 
~'ers them also on one side by the branch from which they 
have proeeeded~ and on the other by the flat base of the 
prickles. 

In the last place, there are some ligneous dicot!/ledon ve- 
etcl$les the buds of which are concealed and shehered from g . . . . .  

the permelous influence of the weather m a manner as sin- 
gular as wonderful. The buds,- unpro~-ided with scales, but 
covered with a fine and thick downi form themselves under 
the concave base of the supporters of the leaves. Durin~ 
winter these supporters remain in their place in severaa 
plants; bug when the sap ascends, the eye, becoming larger, 
rejects the tutor, of which it has no longer need. Some.. 
times shocks, and other accidents, make them fall earlier : 
in this case, the bud, being still secured by its natural pe- 
|isse, escapes generally the severe cold of winter. 

][ have observed that the supporter in question differs ac- 
cording 
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~S~ On the B'uds and l~a~z~dTcations of  Plants. 

e~rd.i~g to i.t~ ~atuve. In several plants it i~ a real pe¢iote~ 
as in the ser~nga, &c. ; in others it is, as it xvere, an i~tero 
~aediate organ between the &anehes and the petioles, because 
it is not hollowed out iri grooves at its ~pper surface, hut  
enti~e~y round ; because its substance is more ligneous than 
herbaceous, though it ~lls annuatly ; and heea~se i,t form~ 
~ntemalty a canal containing re~l pith, and closed towards 
the base of ~he petiole, so that the pidl does not commu- 
nicate with that of ~he part to wh~,eh this supporter is at- 
tached. Similar s~pporters are fcmnd in the rhus coriaria, 
the acer neg~do, the robinia, &e. 

&bout three years ago t made this obseJ,vafion on the 
~]~t~.rnae ; and | have reason to believe that no ~ne ever 
made it before me, since I in vain consuked on fl~is subject 
all my 'books on botany. I proposed to make a series of  
~searches on this subject ; and, indeed, they convinced me 
that na4nre covers in this manner the buds of se'eeral lig~- 
neous dicotyledons considered hitherto as not bearing any. 
i t  was my retention not to publish my observations untit I 
had sufficiently repeated them, wh,ich .eould not be done 
till I had examined a nmeh greater number c~f vegetable~. 
But a ]4ttle while ago I ~ound in the M~moi,res pour servir 
t'dnato~zie et d la tJhys~olo_~ie kr~g~lales, ~ar M Medicus* 
that th~s eeteb.rated botan~t had made the same observatio~ 
on  plane-trees. I immediately had reeou,rse to other works, 
such as your exee~llent Tableau du Regne F~gFtal, and, 
though ~. found nothir~g in the first v01ume, under the arti- 

pee . "  "y  " p - p y . 
consulted the T~aitg des Mrbre~ et Arb~stes, by Duhamel, 
where, ~nder the artiete Platamts, this great observer makes 
mention of t'he same ph~enomenon, with~n.t pointing out, 
however, whether it was known before ; but as it has been 
k~own .since that time, how comes it that no botanist, in 
¢reati.ng specially of buds, has rectified his definition ac- 
cording to this Observation ? 

IShd/nae furnished me also with an opportunity of  ob- 
~erving several ph~enomena in regard to the birth and deve- 
lopment of  buds, I shall give you an account of  them as 
briefly as possible. 

Atmost all botanists have adored  the opinion, that the 
leaves in the eyes of which the buds shoot ~brth approach, 
towards the end o f  their life, to the ligneous ~tate by tim 

~* Beytrage ~ "  ~d~an~n anatomic und Pd~an~en ~h~iologie~ haft i. p. ~4.. 

inflta~nee 
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On the Buds and Ramifications of Plants. ~37 

influence of the rays of the sun and of the air, and that they 
then no longer afford a free passage to the ascending sap. [t  
is supposed that the fluids stop, and are accumulated a t t h e  
base of these leaves, and that they tbereby give birth to 
cambium, which occasions the ring or swelling there ob- 
served. It is pretended also that this cambium produce~ 
new vessels, which, obeying the impulse they daily receive 
from the ascendin~ sap, become lengthened towards the 
surface of' the bark ,andibrce  themselves to pierce it ; after 
which they give birth to the bud. 

This explanation, though ingenious, appears to me to 
be only a bold hypothesis, supported by facts which have 
not  been examined with sufficient care. Instead of begin- 
ning by an explanation, it would have been better to discover 
first all the facts and all the circumstances by which this 
pheenomenon is accompanied. And still, we shall succeed 
as little in penetrating into rhis operation as we have done 
in re~ard to all the rest, the secret of which nature seems 
to have reserved to herself: the tbrmation of the individuals 
and of their organs will be always inexplicable to us. Na-  
ture, however, thr frona precluding us from researches, ex- 
cites us rather to watch her ; and it is then that, by attend- 
ing with assiduity and without prejudice, we often discover 
facts which form one step towards the truth. It may be 
objected to this explanation, that there are, indeed, buds 
which do not pierce the bark in the eyes of the leaves, and 
that the eye shows itself already at the time when the leaves 
have lost none of their vigour. 

I shall now return to my own observations. In exa- 
minit~g with attention the ligneous dicotyledon plants at 
the different seasons, it will be observed that a body almost 
alu,aTl~ soft, herbaceous, and greele, when it issues from the 
wooc/, enters into the bud destined to develop flowers or a 
branch, and that this body fbrms in reality the centre or 
axis of the bud. The same observation will be made when 
the wood of the branch which thrgws out the bud is already 
formed of several annual zoucso It will bc pcrce!}.ed also 
that this herlaceous body is rarely alone ; that it has, for the 
most part, on each side, and at a very smali distance from 
it, another l'o4y, and sometimes tw ), but of the same sub* 
stance as itself: these laleral herbace~us bodies are smaller 
than it, and never penetrate into the substance of a bud 
which produces branches or flowers: they enter into those 
only of the leaves; that is to say, into those a petiole or 
leaf" of which is destined to develop itself, which we observe 
at the base of a twig iu several shrubs and bushes. "£here 

t . '4 
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~3S On the Buds a~ut Ramificatlo~ o~ PIanle~ 

is sometimes also at the base, and very near the larges~ 
herbaceous body, a similar body, which penetrates with i~ 
into the same bud. Mll these herbaceozls bodies are produced 
each ~eparately in a medullary sheaths and never ill the 
bark, the liber, or the alburnum, nor in the annual zones 
of the wood. They are indeed tlw prolongations of the 
bundles of tubes of the n~edullary sheath*. 

The herbaceous bodies of which I here speak, in passing 
into the wood are not always in a horizontal direction ; i 
mean, that they do not form in all the plants ~bieh I have 
examined a right angle with the medullary sheath : in se-- 
veral trees and shrubs they leave it much lower than the 
place v, here the bud issues from the bark, as is the ease 
in the shumae, plane-tree, willows, gee. 

When  the bark, with the bud~ has been removed, these 
herbaceous prolongations present themselves under different 
tbrms, according to the species to which they belong, the 
age of the branch, the place even where they are, and the 
angle at which they have traversed the wood, This is the 
reason why the figure of their section in the exterior zone 
of the wood varies from the form of a line or stroke to that  
of a point entirely round i sometimes there are sev, eraI ot" 
them united, so that altogetl'(er they form scarcely a single 
line or oblong point. At the place where these herbaceous 
bodies traverse the wood~ the ligneous fibres are separated" 
from each other; and though they press them more or less, 
they still leave them a sufficient passage. This separation 
of  the tubes and fibres of the wood is more apparent in the 
~ones near to the medullary ease, than in those which are 
more distanb and consequently nearer to the bark. 

The thickness of thes~ bodies differs also in the dit~erent 
species of plants. In those the wood of which is hard and 
compact they are smaller, and at the same time less cylin- 
dric than in those the wood of which is light. Thos~ de- 
stined to push forth buds for twigs and flowers have more 
volume than those which produce leaf-buds. 

They do not always remain green : they lose that eolour 
a8 they ehange into wood. But they are found herbaceous, 
and filled with green substance, at least, until the bud ha~ 
expanded into a flower-bud ; and I have observed that they 
are still green and herbaceous, e,en in the twigs "and young 
branches, 4f the wood of the species from which they have 
proceeded he white and light. 

t These vessels are porous tubes, large simple tubes, trachea, and false 
trachea,. See Tra~td d'.4natomie et de Physiologic v~;g~tates, par Brzsseaz~ M@bell 
"col i. l l .4~/ t  ¢t ~o,.f and the same ia D~ct, des 8¢ie~ces Nat~trelles~ vol. ii~ 
# . ~ .  
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On the Buds and Ram~cat}ons of Plants. ~39 

The same prolongations are found in herbaceous plants 
with a ramified stem : for example, in the adult stems of 
the common cabbage, &e., where one may be convinced 
that the branches have no other origin there than that of 
the medullary sheath, and that they issue from real buds. 

It seems to result, from what I have here saidj that the 
reproducing organ of bfids in the dicotyledon plants, is 
©ffeetively and exclusively the case or sheath which contains 
the pith: it is even in the herbaceous monocotyledon 
plants, the spaces between the knots of which fbrm empty 
tubes: nature, to produce branches, has formed ill these 
plants solid knots or articulations~ the structure of which 
ts almost the same as that of the stems of plants the canal- 
of  which contains pith. 

The opinion that the medullary case is the only organ 
which gives rise to buds, and consequently to branches, is 
confirnaed by the observations which I made on the inser- 
tion of old branches even in trunks entirely dry. For this 
purpose I carefully examined the branches of the pine fir 
and prunus spinosa (sloe-tree), shuma% oak, apple-tree, 
&c., and evei'y where I observed the same result. It  
is true, that in the old branches the prolongations are more 
herbaceous, and on that account are difficult to be distin-, 
guished, because the one which has penetrated into the 
principal substance of the bud, from which the branch has 
proeeeded~ has become ligneous : the small lateral ones are 
not even dried, and are still entirely covered and concealed 
both by the base of the branch, and by the annual strata of 
the wood, which had been formed after these prolongations 
had thrown out petioles or leaves. The perpendicular sec- 
tion of a branched trunk always shows, whatever be the 
number of the concentric strata of the ligneous body, that 
the medullary sheath of the branch proceeds from the 
medullary sheath of the trunk ; that the branch never forms 
m the trunk an inverted cone, the summit of which is con- 
cealed by the strata of that part ; and that the branch of a 
tree can never be compared, as has been done, to a plant 
the roots of which are in a ligneous soil. The different an° 
nual strata of a branch never cover each other, in any ease, 
at their respective bases ; and they are never separated from 
those of the trunk. These strata are in immediate com.. 
munication with those of the trunk, in such a manner that 
the strata of the branch seem to have arisen from a pro- 
longation o~f those of the trunk. It is very difficult to di- 
stinguish whether the medullary sheath takes its origin 

from 
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~40 On t ~  Buds and Ram~.ficat~ons of Plant~, 

from that of the trunk, when the medullary canal of that 
part is filled with ligneous strata, which is ihe case in se- 
veral bushes antl shnibs where an it~terior liber is ibrmed 
annually of" the pith, until the canal which contains it has 
altogether disappeared, as in the ash, the oak, sh,,mac~ 
&c. ; but it is principally; in the latter that we may be con- 
vinced that it is never by the medullary ~heath, n~r by the 
interior cambium, that these intero.al zone~ are produced. 

The increase in length of buds and twi~s is ascnbed to 
an erection of the tubes of the iiber, l} ~ the ha~k of a 
young branch be separated as far as the terminal bud in a 
.~oung poplar, for example, and particularly beibre winter, 

r in the tbllowing spring, it will be found that the inner 
bark has never become lengthened. The upper part of a 
branch and a flower-bud is formed only hv ti~e pith, the 
medullary sheath, and the bark. I think'I may conclude 
from this observation, that the increase of the stems or 
trunks, and the ramifications, depends merely oa the 
elongation of the vessels of the medullary sheath. The 
alburm, m, the tubes of which have a direction perfectly 
straight, presents itself at the upper part of a branch under 
the tbrm of separate fibres, which lose themselves at the- 
surface of the medullary sheath. This observation exp!ain~ 
to us also why the zones of the upper part of a branch are 
in number inferior to those of the base. It confirms als~ 
what I have said in regard to the birth of' buds ; for, if we 
examine the bud of a small branch in any tree whatever, 
we shall be convinced that it is the mcdullarv sheath with- 
out exception that composes alone the interior of that 
organ. 

J~xplanat{on of the figures l.elong~ng to the al.ove art{de. 
See Plate III .  

Fig. 1', A. vertical section of a piece of a branch o f  
shumac. 

A, The bark. 
B, Ligneous zone of one year. 
C, The medullary sheath. 
D,  A bud. 
E,  The swelled-up part of the bark at the base of the 

bud. 
F, Herbaceous prolongation of the medullary sheath, 

which has traversed the wood and given birth to the bud. 
G,  "['he pith. 

Fig. ~, 
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On the Buds and Rarn~cat~ons of Plants. 241 

Fig. 2, A similar, cut obliquely at the place where the 
prolongation passes through the wood. 

A, A bud. 
B, The bark. 
C, Ligneous zone of the year. 
D, Herbaceous prolongation of the medullary sheath 

passing through the wood mid entering the bud. 
E, The swelled part of the bark at the ~tdes ot the bud. 
F, The pith. 
G, The medulLary sheath, 
Fig. 3, The same piece seen in profile, to show the 

angle of the section. 
Fi E. 4, Vertical section of a piece of ~humae of two years 

old, bearing a bud. 
A, The bud produced from an herbaceous prolongation 

of the medullary sheath, which prolongation has passed 
through the two ligneous strata. 

Fig. 5, Vertical section of a branched piece of shuma¢, 
A~ The bark. 
B, Ligneous stratum of the second year. 
C, Ligneous stratum of the first year. 
D, Stratum arising from the lignification of the exterior 

part of the pith. 
E, Medullary sheath of a branch. 
F, Medullary sheath of a twig. 
G, Pith. 
H, Prolongation of the medullary sheath, become llg- 

neous, and confbunded with tile wood produced by the  
pith. 

Fig. 6, Vertical section of a branched piece of the pla- 
anus occidentatis. 

dk, Pith. 
B, Medullary sheaths. 
C~ Ligneous stratum of the first year. 
I) ,  Ligneous stratum of the second year. 
E, Lignified prolongations of the medullary sheath. 
Fig. 7, Vertical section of a piece of hazle, bearing a 

twig with false wood, which has only one ligneous zone~ 
and which has arisen from a prolongation of the medullary" 
sheath, which prolongation, in order to produce the bud 
from which the twig resulted, has passed through se~ert 
zones of woodj and at length become ligneous. 

[To be concluded in our next.] 
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