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A SYSTEM

OF

PHYSIOLOGICAL BOTANY.

BOOK 1V.

OF THE PHENOMENA OF VEGETABLE
LIFE:

FROM the analysis of the vegetable structure
whether external or internal, and of the primary
and constituent principles of which the vegetable
is composed, or to which it may be reduced, as
exhibited in the several books of the preceding
volume, the transition to the subject of the func-
tions of the vegetable organs is both natural and
easy. It cannot however be said, that the subject
is atself of easy investigation, embracing as it does
tl.» phenomena, both physical and chemical, of the
whole of the process of vegetation, from the period
VOL. II, : B



2 GERMINATION OF THE SEED. CHAP. I.

of the first and incipient symptoms of the agency
of the vital principle as displayed in the evolution
of the seed, till that of its ultimate and complete
extinction as denoted by the death of the plant.

Division The subject therefore ‘necessarily involves the se-

J-‘chﬂ’““b‘ veral following topics, which shall each constitute
the ground of a separate chapter :—Germination ;
nutriment; digestion ; growth and developement of
parts ; anomalies of ifég‘etéb’le dévelopéﬁiérit‘; sexu-
ality of vegetables; impregnation of the vegetable
germe; changes consequent upon impregnation ;
propagation and dispersion of the species; causes
limiting the dispersion of the species ; evidence and
character of vegetable vitality ; casualties affecting
or destroying the vitality of vegetables.

CHAPTER I

- GERMINATION OF THE SEED.

All plants  GERMINATION s that ‘act of operation of the
fhom sced, Vegetative principle by which the ‘embryo is ex-
tricated from its envelopes, and converted into a
plant.” This is universally thé first part of the
process of végetation. For it may be régarded as
an indubitable fact, that “all' plants spring originally
from seed; the doctrine of equivocal generation
“being now most completely exploded, and an ad-
ditional proof adduced of the uniformity of the



SECT. I. . ' CONDITIONS.. =

operations of nature. But seeds will not germinate
at random, and in all circumstances whatever.
They will germinate only under certain conditions,
and till such conditions take place the vital prin-
eiple lies dormant in' the substance of the seed.
But when a seed is placed in the soil, orin cir-
cumstances otherwise favourable to vegetation, the
vital principle is immediately stimulated into action,

producing a variety of combinations, and effecting

a gradual change in the parts of the seed. 'The
radicle is converted into a root; the plumelet int6
a trunk or stem with its leaves and branches; and
a new plant is formed capable of extracting from
the soil or atmosphere the food necessary to its
growth and developement.

What then are the conditions necessary to ger-
mination ? What are the changes produced during
the process? And by what means are the changes
effected ? These inquiries shall form respectively the
subject of the three following sections.

SECTION 1.

Condztwm necessary to Germination.

THE conditions necessary to germination relate
either to the internal state of the seed itself, or to
the circumstances in which it is placed, with re-
gard to surrounding substances.

B2
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GERMINATION OF THE SEED. CHAP, I.

SUBSECTION 1.

Maturity of the Seed.—The first condition ne-
cessary to germination is, that the seed must have
reached maturity. Unripe seeds seldom germinate,
because their parts are not yet prepared to form
the chemical combinations on which germination
depends. There are some seeds, however, whose
germination is said to commence in the very seed-
vessel, even before the fruit is ripe, and while it is
yet attached to the parent plant. Such are those
of the Tangekolli of Adanson, and Agave wivipara
of East Florida,* as well as of the Cyamus Ne-
lumbo, of Dr. Smith,4 or sacred Bean of India;
to which may be added the seeds of the common
Garden Radish, whose germination I have often
found to be completely effected in the pod, at least
in the case of plants that had been allowed to re-
main after the usual period of gathering. Peas
have been, also, known to germinate even when
gathered and committed to the soil, in a green and
soft state;} and I have known a Lemon seed to
send out a radicle an inch and a half long, and a
plumelet visible to the naked eye, before it was yet
extricated from the fruit. But these are examples
of rare occurrence ; though it is sometimes neces-
sary to sow or plant the seed almost as soon as it

* Barton’s Elements, p. 58. 1 Exotic Botany, No. 7.
¢ Seneb. Phys, Veg. vol.iii. p, 377. .



SECT. I. CONDITIONS.

is fully ripe, as in the case of the Coffee-bean;
which will not germinate unless it is sown within
five or six weeks after it has been gathered.

But most seeds if guarded from external injury
will retain their germinating faculty for a period of
many years. This has been proved by the experi-
ment of sowing seeds that have been long so kept ;
as well as by the deep ploughing up of fields that
have been long left without cultivation. A field
that was thus ploughed up near Dunkeld, in Scot-
land, after a period of forty years’ rest, yielded a
considerable blade of Black Oats without sowing.
It could have been only by the plough’s bringing
up to the surface, seeds that had been formerly toa
deeply lodged for germination.

SUBSECTION 11,

Ezclusion of Light—~The second condition is,
that the seed sown must be defended from the
action of the rays of light. This has no doubt
been long known to be a necessary condition of
germination, if we regard the practice of the har-
rowing or raking in of the grains or seeds sown by
the farmer or gardener as being founded upon it.
But it does not seem to have engaged the notice
of men of science, or to have been proved by direct

and intentional experiment till lately. The first Exper;-

direct experiments that were instituted on this sub-
ject, are those of Ingenhoutz,* who found that

* Exper. sur. la Veg. vol. ii. |

&
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GERMINATION OF THE SEED. CHAP. 1.

seeds germinate faster in the shade than in the sun,
and hence concluded that light is prejudicial to ger-
mination.  Senebier,* who afterwards repeated the
experiments of Ingenhoutz with the same result,
drew from thém also the same conclusion.

‘But it remained to be determined whether the
prejudicial effect’ was' to be attributed merely to
the light, or partly to the heat accompanying it.
From the experiments of Ingenhoutz and Senebier,
the injury appeared to be occasioned by the light
only ; because the comparative experiments in the
shade and in the sun, were made at equal tempera-
tures as indicated by the thermometer. With this
conclusion, however, though apparently legitimate,
M. Saussure professes to be dissatisfied, because the
thermometer placed even under the recipient is,
in his opinion, incapable of indicating the actual
degree of the heat of the solar rays impinging on
the surface of ‘the seeds, which he believes to' be
carried to a very great height, though still escaping
our instruments . of observation. -But -this mode of
reasoning is, to say the least of it, still. more in=
consequential than the former ; because it is setting
up a mere probability from which nothing can be
inferred, in opposition to a direct fact, from which
something surely should be inferred.. It may 'in-
deed be true, that the degrce of heat impinging on
the surface of the seed is so great as to impede its
germination ; but as no direct proof can be adduced
m support of the opinion, we must just rest satis

¢ Mem. Phys, Chim. vol. #i- p. 341.



SECT. 1. CONDITIONS, = 0 &

fied with the indications of our: instruments,-till
such time as other instruments shall -be invented
capable of detecting their errors; and:with the pre-
vious conclusion, till such time as'some positive fact
shall be opposed to the experiments from which it
is deduced, {90

SUBSECTION III.

Action of Heat.—A third condition necessary
to germination is the access'of heat. No seed has
ever been known to germinate at or below the
freezing point. Hence seeds do not’ germinate in
winter, even though lodged in their proper soil,
But the'vital principle is not necessarily destroyed
in consequence of this exposure; for the seed will
germinate still, on the return. of spring, when the
ground has been again thawed, and the temperature
raised to the proper degree. ' But this degree varies Different
conside‘rably‘ in' different 'species of " seeds, ‘as"is sﬁf’;‘,’i dit-
obvious from observing the times 'of ‘their germi pf;‘:fl;ee?'
nation, 'whether in the’same or in different cli-
mates. Forif seeds which natufally sow themselvés,
germinate, in different climates;‘at‘ihe same pe_riod-,
or in ‘the same climate, at different periods ; the
temperature necessary to their germination must of
consequence be different.” 'Now ‘these cases' are
constantly occurring and presen‘ting ‘themselves to
our notice; and- havé also beeén made the subject
of ‘particular observation. " Adanson " found " that
seeds which will germinate in the space of twelve

2



GERMINATION OF THE SEED. CHAP. I.

hours in an ordinary degree of heat, may be made
to germinate in the space of three hours by ex-
posing them to a greater degree of heat ; and that
seeds transported from the climate of Paris to that
of Senegal, have their periods of germination ac-
celerated from one to three days.* Upon the same
principle, seeds transported from a warmer to a
colder climate, have their period of germination
protracted till the temperature of the latter is
raised to that of the former. This is well exem-
plified in the case of our green-house and hot-house
plants, from which it is also obvious that the tem-
"perature must not be raised beyond a certain degree,
otherwise the vital principle is totally destroyed.

SUBSECTION 1vV.

Access of Moisture.—A fourth condition ne-
cessary to germination is the access of moisture.
Seeds will not germinate if they are kept perfectly
dry. Water, therefore, or some liquid equivalent

From rain to 1it, 1s essential to germination. Hence rain is

or artificial

watering.

always acceptable to the farmer or gardener, imme.
diately after he has sown his seeds ; and if no rain
falls, recourse must be had, if possible, to artificial
watering. But the quantity of water applied is
not a matter of indifference. There may be too
little, or there may be too much. If there is too
little, the seed dies for want of moisture; if there

% Familles des Plantes, vol. i. p. 84.
A
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is too much, it then rots. The case is not the
same, however, with all seeds. Some can bear but
little moisture, though others will germinate even
when partially immersed ; as was proved by an
experiment of Du Hamel’s, at least in the case of
Peas, which he placed merely upon a piece of wet
sponge, so as to immerse them by nearly the one
half, and which germinated as if placed in the soil.
But this was found to be the most they could bear ;

for when totally immersed in the water they rotted.*
There are some seeds, however, that will germinate Submer-
even when wholly submersed. The seeds of Aqua- e
tics must of necessity germinate under water ; and
Peas have been also known to do so under certain
conditions.

SUBSECTION V.

Access of Atmospheric Air.—A fifth condition No germi-
necessary to germination, is the access of atmos- .
pheric air. Seeds will not germinate if placed in
a wacuum. Ray introduced some grains of Lettuce
seed into the receiver of an air-pump, which he
then exhausted. The seeds did not germinate.

But they germinated upon the re-admission of the
air, which is thus proved by consequence to be ne-
cessary to their germination.

The experiments of Homberg do indeed seem
to militate somewhat against this conclusion. They
are recorded in the Memoirs of the French Aca-

* Phys. des Arb. liv. ii. chap. viii. + Phil. Trans. No. xiii.
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deinyf"for the year 1669; and the inference deduced
from them' is, that seeds in gencral do not germi-
nate if deprived of atmospheric air; but that Cress-
seed, Lettuce-seed, and a few others will germinate
even in the vacuum of an air pump. But the same
experiments, when ' afterwards repeated by Boyle,
Muschenbrock, and Boerhaave, with a much better
apparatus, ‘did not confirm the latter part of the
result. - On the contrary, they tended all to
that no seed germinates in the vacuum of an' air-
pump; and thatin the cases of germination men-
tioned by Homberg, the vacuum must have beew
very imperfect.

The same experiments were again repeated by
Saussure the younger,* who says that the seeds of
Peas gave indications of germination in vacuo in
the course of four days, but never effected any de.
velopement of their parts beyond the first appear-
ance of the radicle. But is this a sufficient proof
that germination had been really begun? Perhaps
it might have been nothing more than merely the
effect of the water with which the Peas were moist-
ened, distending their parts; and perhaps ‘we
should conclude upon the whole, that in a ' perfeet
vacuum no seed will germinate; but that in the
most perfect vacuum hitherto formed by human art
some seeds may germinate.

Such were the discoveries of phytologists con-
cerning the ageney of ‘atmospherie air in the pro-

# Saus. sur la Veg.'chap. i, seet. i.
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cess of “germination, at 2 period when the study of
mechanieal  pneumatics’ ‘was but ‘yet in its infaney.
Tt was not yet foreseen that chemistry, ‘]énding its
aid to the developement ‘of the causes of the phe-
nomena ‘of vegetable life, was to elucidate by means
of pneumatical discovery, the mysteries of germi,
nation. ' But this has proved to be the fact. The
discovery of the several gases, and of their various
chemical properties, has contributed more than all
other circumstances put together, to explain: and
clucidate the phenomena of vegetation. The first By
experiments on this obscure but intcresting subject Af}fjfﬁ'
are those ‘of Scheele; who discovered soon after and others.
" the introductien  of pueumatic  chemistry, that
Beans did not germinate in any kind of gas'in-
: differently ; ‘but that oxygene gas is necessary to
the process.  Achard afterwards proved that no
seed will germinate in nitrogene gas, or carbonie
acid gas, or hydrogene gas, except when mised
with ‘a certain proportion of oxygene gas; and
hence concluded that oxygene gas is necessary to
the germination of all seeds, and the only con-
_stituent part of the atmospheric air which is ab-
solutely necessary. »
The experiments of M. Achard were afterwards Who fin¢
repeated and confirmed by a number of other S

gene is the.
chemists, particularly Cruickshank and Saussure, 804
ag,em in
who found that seeds will not only not germmate gefmmk
on.
in nitrogene.gas, but will die if put into it even

after germination has been begun, at least if the
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radicle only is developed.* Senebier found also
that sceds will not germinate in an artificial atmos.
phere that does not contain at least one eighth part
of its bulk of oxygene; but that the most favour- ‘
able proportion is when it contains one fourth
part.{ It has been ascertained, however, that seeds
will germinate even in an atmosphere of pure
oxygeue, though not so readily as when presented
in-a state of mixture or combination with other
gases. It cannot indeed be necessary that the
oxygene consumed in germination should be pre-
sented to the seed in an uncombined state; as is
obvious from the natural agency of the atmospheric
air, as well as from direct experiment. Humboldt
found that the process of germination is accelerated
by means of previously steeping the seed in water
impregnated with oxymuriatic acid.} Cress-seed
treated in this manner germinated in the space of
three hours, though its ordinary period of germi-
nation is not less than thirty-two hours. The ex-
periment was afterwards repeated by Saussure, with
a similar result ; and may be regarded as perfectly
correct. Thus it is known that this acid parts very
readily with its oxygene. The cause, then, of the
rapid germination of the Cress-seed is obvious ; and
the proof that the oxygene does not require to be

* Saussure sur la Veg.
1+ Mem. sur I’Influ, de I'Air, Nich. Journ. 1801.
1 Journ. de Phys. xlvii. p. 63,
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presented to the germinating seed in an uncom-
bined state, incontrovertible.

In all cases of germination, however, the pre- And al-

sence of oxygene is necessary. For even of those r;z;;"
seeds that germinate in water, the germination takes
place only in cousequence of the oxygene which the
water contains in an uncombined state. Saussure
introduced into a recipient placed over mercury,
a quantity of boiling water, into which, when it
was cooled down to a proper temperature, he in-
troduced also some grains of Peas, together with
a few seeds of Alisma Plantago, and Polygonum
amphibium. They exhibited no symptoms of ger-
mination when the quantity of water introduced
was not more than seven or eight times the weight
of the grains. But when the weight of the water
was an hundred or two hundred times more than
that of the grains, they then germinated; and the
radicle was developed in proportion to the quantity
of water employed. The solution of the pheno-
menon is as follows :—the boiling had not yet de-
prived the water of the whole of the oxygenec it
had originally contained in an uncombined state ;
and it required but to be presented in sufficient
abundance to effect the germination of the seed.*

But the period necessary to complete the pro- Period of
cess of germination is not the same in all seeds, . s
even when all the necessary conditions have been
furnished. Some species require a shorter, and

* Saussure, sur la Veg. chap. i. sect. i.
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others a longet period.. The  Grasses are among
the number of those plants whose sceds arc of the
most rapid germination ; then perhaps  cruciform
plants; then  leguminous  plants; -then labiate
plants 5 then umbelliferous plants; and in. the
last order rosaceous plants, whose seeds germinate
the slowest.  The following table indicates the pe-
riods, of the germination of a considerable variety
of seeds as observed by Adanson.*

Days. Days.
Wheat, Millet seed.... 1 (9)8... R szt oo
Spinave Beans, MuStard 3 POYSIME U0  e b s
Léettuce, Anise seed, . Cabbage oo . oiiaee 10
Melon, Cucumber, } 3 Hyssop ..o . sesie vt o sns 30
Cress-seed. Parsleys. code o st «. 400150
Radish, Beet-root . Almond, Chesnut, Peach 1 year
Barley. ... .. S '7 Rose, Hawthorn, Filbert 2 yrs.

SECTION II.

Physical Phenomena.

WHEN a seed is committed to the soil under the
conditions that have been just specified, it begins,
for the most part, soon after to inhale or imbibe
air and moisture, and to expand and augment, in
volume. This is uniformly the first symptom of
incipient germination, though not always an in-
fallible symptom ; because the seed may swell with

. * Fam. des Plant. tom. i, . -



SEET. II. ‘PHYSICAL PHENOMENA. 15

meisture merely by being soaked in water, though

the vital principle should be 'totally extinct.. But Evolution
thie first infallible symptom of germination is to be Sifcfl‘f =
deduced from the prolongation of the radicle be-

yond the extent to which it would attain merely

in cofisequence of soaking. In the latter case the
atigmentation of the radicle is limited by 'the
extent and capacity of its envelopes, or by the
quantity of moisture necessary to its saturation;

or by causes inducing incipient putrefaction. But

in the former case its augmentation is circumscribed

by no such limits: for it not only: -assumes a

swoln and distended appearance in eonsequence of

the absorption of moisture ; but acquires an addi-

tional and progressive increase in the actual assi-
milation of nutriment, bursting through its proper
integuments, and directing its -extremity down-
wards into the soil. (Pl IX. Fig. 1 and 2.)

The next step in the process -of germination is Of the co-
the evolution of the cotyledon or cotyledons, unless o
the seed is altogether acotyledonous; or the coty-
ledons hypogean. (Pi. IX. Fig. 2.)

The next step, in the case of seeds furnished Of the
with cotyledons, is that of the extrication of the g aiiu
plumelet, or first real leaf, from within or from
between the cotyledon or cotyledons, and its ex-
pansion in the open air. (Pl IX. Fig. 8 and 4.)

The last and concluding step is the developement And stem.
of the rudimeunts of a stem, if the species is fur-
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nished with a stem, and the plant is complete.
(Pl. IX. Fig. 3 and 4.)

The above general remarks are founded on ‘the
evidence of the following particular observations.
In a season the most favourable to vegetation,
Malpighi sowed some seeds of the Gourd. At the
end of the first day the seeds were considerably
swoln, and the envelopes so much moistened that
a fluid oozed out of them when pressed with the
finger. A hole was also discoverable in the enve-
lopes at the summit of the seed, through which the
moisture seemed to be conveyed to the cotyledons,
that had already begun to assume the form of se-
minal leaves. At the end of the second day the
interior membrane seemed to be somewhat torn,
and the plantiet somewhat extended; exhibiting on
a transverse section taken about the middle, longi-
tudinal fibres and trachez, as well as utricles, bark,
and pith. The radicle was also distinetly visible.
At the end of the third day the exterior membrane
had become brownish, and its utricles more dis-
tended ; the radicle had burst its integuments;
and the plumelet had begun to expand. At the
end of the fourth day the plantlet had perceptibly
augmented in size. The radicle was covered with
protuberances from which the lateral branches were
to issue ; and the interior cuvelope was somewhat
shrivelled, but still covering the seminal and other
leaves, in which the nerves were now perceptible.
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At the end of the sixth day -the leaves of the
plumelet had - escaped from' the seed, though still
contagined. within - the cotyledons, being soft but
perceptibly covered with hairs. At the end of ‘the
ninth,day the, plantiet had wholly escaped from its
integuments, though the plumelet was still enve:
loped in.the seminal leaves, yellowish in its’ ap-
pearance, but gradually assuming a tinge of green:
At length its 'extrication was effected, and the ra-
dicle converted into a root, and the rudiments of
a stem developed ; and on the twentieth day the
plant was complete.* :

In the course of the summer Ledermuller sowed
some grains of Rye in a good soil. At the end of
an hour the embryo was perceptibly swollen, and a
protuberance distinguishable from which the radicle
was to issue. At the end of the second hour the
radicle was discernible. At the end of twenty:
four hours the embryo had escaped from its inte-
guments. . On the second day the fibres of the
root had augmented, but the leaves had not ap-
peared. . On the fourth day the first leaf (which
means, as I should think, the cotyledonous sheath
of Gertner) began to appear above ground; its
colour was red. - On. the fifth day it had grown to
the length of an inch, and its colour was now green;
and on the sixth day the second leaf appeared.

In both of the above cases the first visible effect
was the swelling of the seed in consequence of the
# Anat, Plant. Pars altera.

VOL. IL ¢
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absorption of moisture. But it was not yet pre-
cisely ascertained by what particular medium the
moisture had entered ; whether by the whole of the
surface of the envelopes, or only by a particular point,
The latter part of the alternative was soon ren-
dered the most probable.

Mr. Gleichen, having steeped some peas in water
for the space of twenty-four hours, observed that
when they were pressed between the fingers the
water issued from the scar. It seemed therefore
likely that it had also entered by the scar, and in
order to ascertain the fact he covered the scar of a
few seeds with wax, and then put them in water.
But the result was that they did not absorb so
much moisture in several days, as they had ab-
sorbed without the varnish in so ‘many hours. He
observed also that peas with the scar varnished did
not germinate. It followed therefore that water
penetrates the seed chiefly by the scar. A slight
degree of doubt, however, seems to have been at-
tached to this conclusion in consequence of some
experiments of Senebier, who in repeating those
of Gleichen found that seeds did not refuse to
germinate, even when the scar was luted. But as
he acknowledges at the same ‘time that he was
notquite certain whether his lute was water-tight,
it is to be presumed that Gleichen’s experiments
‘were correct.

The moisture then necessary to germination pe-
netrates the seed chiefly by the scar; but partly

&
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also, no doubt, by the foramen, where it exists, and
partly by the surface of the envelopes.

But how is the moisture, which is absorbed at
the scar or otherwise, transmitted to the plantlet,
the radicle of which exhibits the first certain
symptoms of germination? Does it enter the plant-
let immediately ? or is it conveyed to it through
the medium of some particular channel ? It was
early suspected that the moisture destined to give
developement to the plantlet first passes through
the medium of the cotyledons. This opinion was
founded upon the apparent adaptation of the co-
tyledons for the purpose both of absorbing and
transmitting moisture, in consequence of their soft
and fleshy texture, and of the vessels dispersed
throughout their substance, which, after uniting at
last into one bundle, are incorporated into the very
body of the plantlet, and ‘are by Grew regarded
as the seminal root.* They are sometimes visible
even before germination has taken place; but par-
ticularly after it has made some progress. On the
surface of the transverse section of the lobes of the
Bean, after it has been well soaked in water, or
after its germination has been begun, they appear
in the form of small spots or specks; and on the
surface of the longitudinal section, or even on the
natural and inner surface of the lobes, their va-
rious ramifications may. be traced, fewer as they
approach their point of union with the radicle, and

* Anpat. of Plants, book i. sect. 24.
< 2
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branching out into minuter divisions as they recede
from it. (

Itpasses  But it remained to be proved by experiment that

:;’;o:ﬁ?le. the above are the vessels through which moisture

@ is conveyed to the plantlet. It was thought that
the fact might be ascertained by means of moisten-
ing the germinating seed with a coloured fluid,
which was accordingly done by Gleichen, Bonnet,
and Senebier, who found as the result of their re-
spective experiments, that the fluid had tinged the
vessels of the lobes.* This was a presumptive
evidence of their use, but was not quite decisive;
for it was still possible that the fluid might have
entered by the radicle, and then passed into the
lobes. But when Bonnet moistened only part of
the cotyledons with a coloured fluid, he found the
plantlet tinged also. The fact seemed now satis-
factorily ascertained; but other expedients were
also adopted with a view to prove or confirm it.
The cotyledons were cut off altogether, and the
plantlet thus committed to the soil. = This experi-
ment had been made indeed by Malpighi at a much
earlier period, though not with the same view.}
But the result was the same in both cases. The
plant perished. under the experiment. It perished
even when the cotyledons were cut off after ger-
wination had made some progress ; or if it did not
absolutely perish it remained stunted and dwarfish.

*_ Sencb. Phys. Veg. vol. iii. p. 363.
+ Anat, Plant, Pars altera, p. 18.
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But it had been also observed that seeds which
have lost their cotyledons by means of the depre-
dations of insects' do not germinate ; and that ve-
getation also ceases if the plant is too soon deprived
of its cotyledons or seminal leaves, even after the -
radicle has become a perfect root.* - It follows
therefore that the nutriment necessary to the de-
velopement of the plantlet either.Griginally exists
.i’l_l, or intermediately ' passes through, the coty-
ledons. ”

But if the nutriment destined to the support of First to
the plantlet passes through the cotyledons, to what e
part of the plantlet is: it first conveyed ? This is
to be ascertained. by tracing the fibres dispersed
throughout the lobes, to their point of union and

\junction with the plantlet, which according to the
most accurate dissection is the upper extremity of
the radicle.4+ The nutriment therefore destined
to the support of the plantlet first enters the radicle,
and is afterwards conducted to the plumelet. Eller,
indeed, has maintained that there are vessels in the
seed passing immediately from the cotyledons to
the plumelet. 'But later anatomists have not been
able to discover them. Even the patient and in-
defatigable Hedwig could find no traces of any
such vessels, It is to be presumed therefore that
they do not exist. But a still stronger ground of
presumption is that, in the phenomena of the ger-

* Seneb. Phys. Veg. p. 373.
+ Grew's Anat. of Plants, book. i. sect, 23,
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mination of the seed, the radicle is always un-
folded the first, and the plumelet only in a sub-
sequent stage of the process.* ' It follows therefore
that the plumelet derives its nourishment from the
radicle, as the radicle from the cotyledons.

But this is by no means the most singular cir-
cumstance relative to the developement of ‘the parts
in question. The constant and unerring uniformity
with which the radicle and plumelet respectively
exert themselves to gain the position and situation

- best suited to the future developement of their

Invinci-

bly.

parts, is a phenomenon exhibiting more that is
calculated to excite the admiration of the phy-
tologist.

If a seed or nut of any kind is placed in the
proper soil, with the apex of the radicle pointing
downwards, the radicle as it elongates will descend
in a perpendicular direetion, and fix itself in the
earth ; and the plumelet issuing from the opposite
extremity of the seed, will assume a vertical di-
rection and ascend into the air. This is the natural
order of the developement of the seminal germe;
and from the relative situation of its respective
parts, the mode of its developement does not seem
to be at all surprising. But the circumstance ex-
citing our surprise is that the radicle and plumelet
will still continue to effect their developement in
the same manner, however differently the seed may
have been deposited in the soil: for if its posi-

* Grew's Anats of Plants, book i. sect, 37.
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tion. shall accidentally happen to have been in-
verted, so as that the radicle shall be above and
the plumelet beneath, the former will then bend
itself down till it gets a hold of the soil ; and the
latter will, in like manner, bend itself upwards till
it reaches the air. And no human art has ever
been able to make them assume contrary direc-
tions, or to convert the one into the other, as the
root and branch of the vegetating plant may he
afterwards converted. Du Hamel, whom no phy-
tologist has surpassed in the invention of expedients
to unmask or to control the operations of the ve.
getative principle, instituted a variety of experi-
ments with a view to effect this conversion, but
failed in them all. He first placed an acorn be:
tween two wet sponges suspended from the ceiling
of his room, so as that the radicle was uppermost
and the plumelet undermast. The result however
was that the radicle after bursting its integuments
assumed a downward direction, and the plumelet
in its turn an upward direction, till each had
gained its natural position. He then filled a tube
with earth, and planted also an acorn im it, in an
inverted position. But the radicle and plumelet
had no sooner escaped from their envelopes than
they began to assume their natural direction as
before. He then filled: another tube with earth,
of a diameter so small, that an acorn, when placed
in it, touched the sides of the tube. It was planted
in its natural position, and allowed to remain se

23
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till the radicle appeared. The tube was thenin-
verted and the radicle immediately began to bend
itself downwards. The tube was again inverted,
and the radicle resumed its original direction.*
How ac-«  Such is ‘the invincible tendency of the radicle
e {I;"{’he to fix itself in the soil, and of the plumelet to: es-
;;';,‘lfﬁo_ cape into the air. How is'.this tendency to be
giss,  accounted for? A great mdny conjectures have
been offered in reply to the inquiry, but without
having 'done much to clucidate the subject. « Some
have attributed the phenomenon to the excess of
the specific gravity of the juices of the radicle be-
yond that of the juices of the plumelet, which in
their progress upwards were supposed to be reduced
by elaboration to a light vapour. But this is not
known to be the fact, or rather it is known not to
be the fact, and consequently forms no ground of
argument.  Others have attributed it to the re-
spective action of the sun and earth; the former
attracting the leaves and stem, and the latter at-
tracting the root. But it bappens rather unfortu-
nately for this conjecture, that the phenomenon is
exaetly the same, even when sceds arc made to ger-
minate in the dark. Du Hamel made the’ experi-
ment in a dark room ; and obtained the same result
as in the light.” The influence of the sun was then
transferred to that of the air, which was thought to
have some  peculiar attraction for the plumelet,
which the earth had not. ' But the attraction of thg

* Phys. des Arb, liv. ii, chap. vi.
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air was just as .mYsterious as that of the suny and
the subject as much in want of elucidation as
before, i

Dr. Darwin has, however, endeavoured to account By Dare
win.

for the phenomenon chiefly upon the principle now
specified. Supposing the radicle to be' naturally
stimulated by moisture, and the cotyledons and
plumelet by air, the difficulty is, as he thinks, easily
solved ; each being thus elongated in the direction
in which 4t is most excited.* This hypothesis is
no doubt sufficiently ingenious ; but is by no means
to be regarded as a satisfactory solution of the dif-
ficulty.  For at this rate all cotyledons ought to rise
abave ground, which all cotyledons do not. ~And
all seeds ought to germinate either in the earth or
water ; though many of them will germinate in
neither; but on trunks or stumps of trees, and
even on the surface of the bare and flinty rock,
The radicle ought also to elongate itself in a ver.
tical direction, if it could be but lodged in the
lower surface of an insulated mass of mould, so as
to have the moisture of the mass and grand ex-
citing cause of its elongation placed above it. Now
this must inevitably have happened in one or other
of Du Hamel’s repeated inversions, and yet the
result was always the same; the radicle having
uniformly bent itself downwards in the direction of
the surface of the earth.

* Phytologia, sect. ix,
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Mr. Knight has also more recently attempted to
account for the descent of the radicle upon the old
but revived principle of gravitation ; strengthened,
as he no doubt thinks, by the result of the follow-
ing experiments. Beans which were made to ger-
minate, after being fastened in all positions to the
circumference of an upright and revolving wheel,
that performed 150 revolutions in a minute, uni-
formly directed the radicle outwards from the
eentre, and the plumelet inwards to the centre.
Beans that were so fastened to a horizontal and
revolving wheel, protruded their radicles obliquely
outwards and downwards; and their plumelets
obliquely inwards and upwards. 'These effects Mr.
Knight regards as resulting from the centrifugal
influence of the wheel’s motion counteracting that
of gravitation, which is consequently in his opinion,
in the natural situation of the seed, the cause of
the radicle’s descent.* But if gravitation acts so
very powerfully upon the radicle, why will it not
condescend to exert its inflaence upon the plumelet
also, which, if not so heavy as the radicle, is at
least specifically heaver than atmospheric air? And
why does it make an exception in favour even of
some radicles. The radicle of the seeds of the
Missletoe, though adhering merely to the under
surface of a bough and originally protruding itself,
as it must sometimes unquestionably do, in the
direction of the earth’s surface, will yet in oppo-

* Nichol, Journ. vol. xiv. p. 410,
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sition to the power of gravitation, bend itself up-
wards till it reaches the bough, and insinuate itself
into the very substance of the bark above it? Till
these questions can be satisfactorily answered they
must be regarded as presenting an insurmountable
obstacle to the adoption of Mr. Knight's hypothesis.

If T were to offer a conjecture in addition to the ﬁsg:’i:ﬁ«llc_
many that have been already offered, I should say tive prin-
that the invincible tendency of the radicle to fix et
itself in the earth or other proper soil; and of the
plumelet to ascend into the air, arises from a power
inherent in the vegetable subject, analogous to what
we call instinct in the animal subject, infallibly
directing it to the situation best suited to the ac-
quisition of nutriment and consequent develope-
ment of its parts. And upon this hypothesis we
include all varieties of plants whatever, parasitical
as well as others; for let them attach themselves to
whatever substance they will, to them it still affords
a fit and proper soil.

SECTION III.

Chemical Phenomena.

THE chemical phenomena of germination con- Aseflcct-
sist chiefly in the changes that arc ecffected in the Eﬁt’;}e’j‘:ﬂ,
nutriment destined for the support and develope-
ment of the embryo till it is converted into a plant.

It was already shown that this nutriment either
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passes through the cotyledons, or is contained in
them ; because the embryo dies when they are pre-
maturely cut off. =~ But the farinaceous substance of
the cotyledons, at least in exalbuminous seeds, is a
proof that they themselves contain the nutriment.
They are to be regarded therefore as repositories of
the food destined for the support of the embryo in
its germinating state.  And if the seed is furnished
with a distinct and separate albumen, then is the
albumen to be regarded as the repository of food,
and the cotyledon or cotyledons as its channel of
conveyance. But the food thus contained in the
albumen or cotyledons is not yet fitted far the
immediate nourishment of the embryo. Some pre-
vious preparation is necessary ; some change must
be effected in its properties.  And this change is
effected by the intervention of chemical agency. -
It has been shown in the foregoing section that a
seed is no sooner placed in the earth than it begins
to imbibe moisture.. ~Bit the moisture thus im-

bibed is__igyméﬁﬁly absorbed by the cotyledons or

. albumen, which it readily penetrates, and on which

it immediately begins to operate a chemical change,
dissolving part of their farina, or mixing with their
oily particles and forming a sort of emulsive juice;
the consequence of which change is a slight degree
of fermentation, induced, perhaps, by the mixture of
the starch and gluten of the cotyledous in the water
which they have absorbed, and indicated by the
extraction of a quantity of carbonit acid gas as well

6
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as by the smell and taste of the seed.* This is the
commencement of the process of germination,
which takes place even though no oxygene gas is
present.4- But if no oxygene gas is present, then
the process stops ;  which shows that the agency of
oxygene gas is indispensable to germination.

209

Accordingly, when oxygene gas is present it is Of inhal-

gradually inhaled by the seed ; and the farina of the
cotyledons is found to have changed its savour.
Sometimes it becomes acid,} but generally sweet,
resembling the taste of sugar; and is consequently
converted into sugar or some substance analogous to
it.  This'is a further proof that a degree of fermen-
tation has been induced ; because the result is pre-
cisely the same in the process of the fermentation of
Barley when converted into malt, as known by the
name of the saccharine fermentation; in which
oxygene gas is absorbed, heat and carbonic acid
evolved, and a tendency to germination indicated
by the shooting of the radicle. = The effect of
oxygene therefore in the process is that of convert-
ing the farina of the albumen or cotyledons into a
mild and saccharine food, fit for the nourishment of
the infaut plant.

But in what manner does the oxygene operate,
and on what principles of the seed does it act?
Does it act merely as a stimulant to principles which

* Sench. Phys. Veg. vol. iii. p. 408.
4 Thomson’s Chemistry, vol. iv. p. 374,
7 Saussure sur la Veget.

ed oxy-
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the seed already contains ; or, does it form a com-
bination with the substance of the seed, and
identify itself with the germinating embryo? Or,
does it abstract from the seed any particular princi-
ple of its composition, and so effect the change that
follows ¢ The suppositions contained in these ques-
tions have each had their defenders and opponents ;
though there is now, as I believe, but one opinion
on the subject.

Humboldt thought that the oxygene acts merely
as a stimulant ; and his opinion was founded upon
the fact that seeds germinate faster, as it appeared, in
pure oxygene gas than in common air ; but particu-
larly when stceped in water impregnated with oxy-
muriatic acid, according to his own discovery. But
this conclusion, though sufficiently plausible at first
sight, is by no means sufficiently warranted by the
premises. In pursuit of facts, however, to esta-
blish and confirm it, Humboldt was fortunate
enough to stumble upon discoveries of some im-
portance. He found that seéds brought both from
the East and West Indies, which had constantly re-
fused to germinate at Vienna, germinated very
readily when treated with oxymuriatic acid, even
after having been kept for a period of from twenty
to thirty years. This fact seemed extremely
favourable to his opinion, and contributed no doubt
to give it a considerable currency at the time, which
on some part of the Continent perhaps it still re-
tains, as we find his conclusion to have been adopt-
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ed, and his language re-echoed, by Professor Will-
denow of Berlin, without seeming to know any
thing of the facts and experiments by which it has
been disproved.* :

M. Rollo was of opinion that the oxygene con- Rollo.
sumed in the process of germination is in part
absorbed by the grain, and assimilated to its sub-
stance ; and in part employed along with the carbon
of the seed to form carbonic acid. His opinion
was founded on the following fact which he had
observed in watching the process of the germination
of some grains of Barley confined in an artificial
atmosphere. When the seeds were made to germi-
nate in pure oxygene gas, the oxygene gradually
disappeared,and its place was found to be occupied by
carbonic acid gas.4 The above conclusion seemed
to follow almost necessarily from the premises;
but as the phenomena had not yet been subjected
to any particular analysis, it could only be regarded
in the light of a conjecture. IRON!

In this stage of inquiry Saussure the younger, Saussure
baving directed his attention to the subject, per- ;:,unge,
ceived that the only means of ascertaining the fact
was that of comparing the quantity of oxygene gas
consumed with the quantity entering into the com-
position of ‘carbonic ‘acid gas evolved during the
process. If the quantity of the former proved to
be greater than that of the latter, it was to be

“# Princ. of Bot. Engl. Trans. p. 257.
% -Annal. du Chim, vel. xxv. p. 37.
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inferred that a portion of oxygene gas had been
actually assimilated to the 'substance of the seed.
But if the two quantities proved to be constantly
equal, then it was to be inferred that the oxygene
gas had not been assimilated to'the substance of
the seed, but only employed for the purpose of
abstracting from it part of its carbon in the forma-
tion:of carbonic acid gas.*

It was obvious that the ascertaining of the respee-
tive quantitics must have given much clucidation to
the subject; and the difficulty of ascertaining them
seemed not to be great.  Lavoisier had discovered
that oxygene in combining with carbon by conbus-
tion undergoes no perceptible alteration of volume,
and that 100 cubic inches of carbonic acid gas con-
tain 98 cubic inches of oxygene gas. But the result
of combination from germinating seeds must be
precisely the same as from combustion; it was
easy therefore to ascertain the quantity of oxygene
extricated along with the carbonic acid. Aeccord-
ingly M. Saussure instituted a set of experiments
to ascertain the proportion between the quantity
of oxygene inhaled and the quantity evolved in
the carbonic acid. The grains or seeds employed
were those of Peas, Beans, Barley, Lettuce, and
Cress, and the issue was as follows: In an at-
mosphere of 100 cubic inches of common air,
known to contain about 21 cubic inches of oxygene,
and 79 of nitrogen, when a number of these seeds

* Sur. la Veget. chap. i. sect. ii.
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were made togerminate, it was found that if 14
cubic inches of carbonic acid gas were ferined
during the process, seven cubic inches of oxygene
gas rémained uncombined in" the atmosphere; and
if seveni cubie inches of carbon acid gas were formed’
during the process, then 14 cubic inches of oxygene
gas remainéd uncombined in the recciver. From
which it followed, undeniably, that the quantity of
c¢arbonie acid gas that was evolved during the process
of germination was preciscly equal to the quantity that
had been absorbed during the same process. 'There Whose
was consequently no actual fixation of oxygene in 25;?:;,;34
the seed ; and the oxygene it had inhaled was em-
ployed solely for the purpose of diminishing the
quantity of its carbon. The change then effected
in the farina of the albumen or cotylédons, by which
it is converted into a nutriment fit for the infant
plant, consists in diminishing the proportibn of its
carbon, and in augmenting, by consequence, that of
its oxygene and hydrogene principles which the
seed is also known to possess.*

It had been ascertained that seeds may be made Germina-
to germmate in an atmosphere of pure oxygene gas H ;,lo,?e f,‘x,.
and from the experiments of M. Humboldt it ap- &
peared that their germination is thus sooner effected
than in an atmosphere of common air. But Saussure,
in repeating some comparative experiments on this
subject, did not find any difference in the respective
“periods of germination. The only perceptible dif-

* Saussure sur la Vegetation, ch‘{p. i. sect. iii,

YOL. I1. D
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ference was in the comparative lengths of the radi-
cles; the radicles of such as had been made to
germinate in pure oxygene gas having made less
progress in the same period of time than the
radicles of such as had been made to germinate in
atmospheric air.

This may be accounted for in two ways; the

ponol car oxygene in its pure state might have abstracted too

detrimen-
tal,

Dose of
oxygene

Rnecessary.

great a quantity of carbon from the seed; or the
carbonic gas evolved in too great abundance might
have been prejudicial to the developement of the
infant plant. For it has been found that carbonic
acid gas is not useful to vegetables in general, ex-
cept in proportion as they can decompose it; and
seeds before the developement of the plumelet do
not seem capable of effecting that decomposition ;
and in short it seems that the application of car-
bonic acid, in almost any proportion, retards rather
than accelerates the commencement of germina-
tion.*

It was further remarked, by Saussure, that dif-
ferent species of seeds require different doses of
oxygene to excite germination. The quantity con-
sumed by the seeds of Beans and Lettuce, before
the commencement of germination, seemed to be
equal, and was estimated at the 100dth part of their
weight. But the quantity consumed before that period
by grains of Wheat, Barley, and Purslain, which
seemed also to be equal, was only about the 1000dth

* Saussure sur la Vegetation, chap. i. sect. iii.
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part of their weight. The carbon lost at the same
time is only about the one third part of these quanti-
ties ; and the oxygene gas consumed is in proportion
to the weight of the seeds, not in proportion to their
size or number.

But it has been said that seeds will germinate Experi-

ments in

even in mediums deprived of oxygene; and the mediums

germination of seeds placed in water, or in the va-

It is plain, however, from the experiments already
related, that the germination of the seeds so situated
was effected merely in consequence of the uncom-
bined oxygene yet remaining in the water, or of
the oxygene remaining in the receiver that was not
yet completely exhausted. These alleged proofs
therefore are of no value. But Huber and Sencbier
give an account of experiments in which grains are
said to have germinated in atmospheres even of
pure nitrogene and hydrogene gas.* Carbonic acid
gas was also evolved during the process as in.other
cases of germination ; and it was asked, whence is
the oxygene derived necessary to the formation of
the carbonic acid ? Senebier accounts for it upon the
principles of the decomposition of the water con-
tained in the sced ; which he seems to be extremely

deprived
of oxy-

cuum of an air pump, has been adduced as a proof. gene:

lanxious to establish.  But Saussure, who being Unsuc-

isomewhat sceptical on the subject was induced to
repeat the experiments that had given the above
result, or to institute others of a similar nature, has
* Senebier, Phys. Veget. vol. iii. p. 388.
D2

cessful.
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proved in the most satisfactory maunner that no
seeds will germinate in an atmosphere of pure nitro-
gene or hydrogene gas ; and that the seeming ex-
ceptions to the rule may be all accounted for from
the action of the uncombined oxygene contained in
the water in which the seed had been placed or
previously steeped. For so far are seeds from ger-
minating in an atmosphere of nitrogene gas that,
even after germination has been begun and the
radicle developed, they will die if put into it, at
least unless the leaves of the plantlet have been
developed also. The seeds of Pcas, Water-cress,
and of Polygonum amphibiwm, when put into an
atmosphere of nitrogene gas in this state, all died
without any further developement of parts.* Seéds
immersed in water do indeed evolve a portion of
carbonie acid, of carburetted hydrogene, and of nitro-
gene. But these are elements which separate from
the substance of the seed during fermentation, and
are observed only when it is found to be in a state
of putrefaction. If seeds are placed in a small
quantity of water and confined in hydrogene gas,
the volume of their atmosphere is considerably
diminished, and the remainder is carbonic oxide.
But this also is the effect of putrcfaction. The car-
bonic acid which they form of their own substance
is decomposed by the hydrogene with the assistance
of the caloric disengaged in fermentation. Water
is thus formed, and the carbonic acid, deprived of

* Saussure sur Ja Vegetation, chap. vi. sect. i.
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part of its oxygene, is converted into carbonic
oxide.*  The phenomena therefore observed by
Huber and Sencbier were not the result of germina-
tion, but of putrefaction ; and there is no proof of
the decomposition of the water contained in the
seed during the progress of germination, because
there is no hydrbgene or oxygene evolved during
that process.

There were other grounds, however, on which Decompo-
the decomposition of water was supposed to be ef- R
fected during the germination of the seed. M. Rollo
had observed that many seeds during the process
of germination are converted from a mucilage into
a sort of sugar ; but finding that this effect never took
place in mediums deprived of oxygene, and knowing
that sugar contains more oxygene than mucilage,
he concluded that oxygene was in this case either
abstracted from the atmosphere, or obtained from
the decomposition of the water with which the seed
was surrounded. It could not be abstracted from
the atmosphere of the seed, because the quantity of
oxygene in the atmosphere of the germinating seed
remains the same; it was therefore of necessity
obtained from the decomposition of water with
which the seed was surrounded.{-

But the same effect will follow if we suppose, Doubtful.
with Saussure, that the carbon of the seed is dimi-

* Saussure sur la Vegetation, chap. vi. sect. iy.
+ Annal. de Chim. vol. xxv. p, 44,
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nished ; which will also agree better with the actual
phenomena of germination. It must be confessed,
however, that this explanation is still liable to some
objection ; because it has been found that any given.
weight of seeds dried after germination countain
more carbon than the same weight of seeds dried
before germination. But. by the indefatigable in-
dustry and profound investigations of M. Saussure,
this objection has been obviated also.

If a'seed of any kind whatever, dried as much
as possible, is weighed and made to germinate by

the aid of water in a close vessel, and if after ger-

mination it is taken and dried again, it will be found
to have lost in weight even beyond the allowance
for carbon which it must have lost, and mucilage
which it may have lost, during the process. This is
the fact according to the rcpeated experiments of
Saussure.* To what cause is it to be attributed ?
Saussure attributes it to a diminishing of the water
formerly existing in the sced in a fixed state.

A quantity of Peas which had been gathered for
some years, and placed for some weeks in a stove
heated to 20° of Reaumur, were found to weigh
200 grains. They were then made to germinate in
a large vessel placed over mercury, containing about
five times their weight of water with an atmosphere
of common air. When the process of germination was
completed, 45 cubic inches of carbonic acid gas were
found to have been formed in the receiver, which, ac.

* Sur. la Veg. chap. i. sect. iii.
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cording to the calculation of Lavoisier, contain 0'85
parts of a grain of carbon. The water which was
now evaporated, left as a residue 0'75 parts of a
grain of mucilage and extract; and the seeds, which
were again dried, evolved dufing the process a
quantity of carbon in the form of carbonic acid
very nearly equal to the quantity lost in germina-
tion. The seeds therefore ought to have weighed
200 — 085 4 2 — 0'75 = 197°5 grains ; but their
actual weight was only 189 grains. Now besides
the principles already mentioned they could have
lost only water, and their loss in that respect
amounted to 85 grains. It remained, however, to
be determined whether the loss was occasioned by
means of the process of fermentation, or by that of
the drying of the seeds; and the result of the in-
quiry was that it was occasioned by the latter: be-
cause when the process of vegetation was allowed
to proceed to double, or even triple the time, the
loss of weight remained the same; but when the
period of drying was prolonged the loss of weight
was more considerable.

Seeds, then, daring the process of drying after
germination, lose under the modification of water
part of their oxygene and hydrogene, which in ef-
fect augments the proportion of their carbon, Tt
follows therefore of necessity, that any given weight
of seeds dried after germination contains more car-
bon than the same weight of seeds dried before
germination. But the direct agency of oxygene is

39
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still the same both in germination and putrefaction
—namely, the abstraction of carbon. The results
are indeed different. But their difference is easily
accounted for ; because in the latter case the seed
loses a considerable quantity of water, or of hydro-
gene and oxygene, which in the former case it
retains ; and hence the proportion of its carbon is
of necessity augmented.

Such are the phenomena, phys1cal or chemlcal

observable in the germination of the seed; airand

moisture are absorbed from the soil or atmosphere
by the scar, foramen, or envelopes. Their agency is
immediately exerted on the farina of the albumen
or cotyledons ; and a food is thus prepared for the
nourishment of the tender embryo, to which it
passes through the medium of the vessels of ‘the
cotyledons, or, as they have been also denominated,
the seminal root. The radicle gives the first indi-
cations of life, expanding and bursting its integu-
ments, and at length fixing itself in the soil : ‘the
plumelet next unfolds its parts, developing the ru-
diments of leaf, branch, and trunk: and finally
the seminal leaves decay and drop off; and the
embryo has been converted into a plant capable of
abstracting immediately from the soil or atmosphere
the nourishment neeessary to its future growth.
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CHAPTER 1L

OF ‘THE FOOD ‘OF THE VEGETATING PLANT,

Ir the embryo when converted into a plant and Derived
- At 3 from the

fixed in the soil is now capable of abstracting from earth and
the earth or atmosphere the nutriment necessary to ;th"e‘:’:
its growth and developement, the next object of
the phytologist’s inquiry will be that of ascertaining
the substances which it actually abstracts, or the
food of the vegetating plant,

What then are the component principles of the
soil and atmosphere ? The investigations and dis-
coveries of modern chemists have done much to
elucidate this dark and intricate subject. Soil, in
general, may be regarded as consisting of earths,
water, vegetable mould, decayed animal substances,
salts, ores, alkalies, gases, perhaps in a proportion
corresponding to the order in which they are now
enumerated ; which is at any rate the fact with re-
gard to the three first, though theirrelative propor-
tions are by no means uniform. The atmosphere has
been also found to consist of at least four species of
elastic matter—nitrogene, oxygene, carbonic acid
gas, and vapour ; together with a multitude of mi-
nute particles detached from the solid bodies occu-
pying the surface of the earth, and wafted upon
the winds. The two former ingredients exist in

2
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the proportion of about four to one; carbonic acid
gas in the proportion of about one part in 100;
and vapour in a proportion still less.* Such then
are the component principles of the soil and at-
mosphiere, and sources of vegetable nourishment.
But the whole of the ingredients of the soil and
atmosphere are not taken up indiscriminately by
the plant and converted into vegetable food, be-
cause plants do not thrive indiscriminately in all
varieties of soil. Part only of the ingredients are
selected, and in certain proportions; as is evident
from the analysis of the vegetable substance given
in the foregoing book, in which it was found that
carbon, hydrogene, oxygene, and nitrogene, are the
principal ingredients of plants; while the other in-
gredients contained in them occur but in very small
proportions. It does not, however, follow that these
ingredients enter the plant in an uncombined and
insulated state, because they do not always so exist
in the soil and atmosphere; it follows only that
they are inhaled or absorbed by the vegetating
plant under one modification or another. The plant
then does not select such principles as are the most
abundant in the soil and atmosphere; nor in the
proportions in which they exist ; nor in an uncom-
bined and insulated state. But what are the sub-
stances actually selected ; in what state are they
taken up; and in what proportions? In order to
give arrangement and elucidation to the subject, I

* De Luc on Evaporation.
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shall consider it under the six following heads
Water, Gases, Vegetable Extracts, Salts, Earths,
Manures.

SECTION 1.

Water.

43

As water is necessary to the commencement of Absorbed

3 i B b
vegetation so also is it necessary to 1ts progress. rqe.

Plants will not continuc to vegetate unless their
roots are supplied with water; and if they are kept
long without it the leaves will droop and become
flaceid, and assume a withered appearance. Now
this is evidently owing to the loss of water. For if
the roots are again well supplied with water the
‘weight of the plant is increased, and its freshness
restored. But many plants will grow, and thrive,
and effect the developement of all their parts, if the
root is merely immersed in water, though not fixed
in the soil. Lilies, Hyacinths, and a variety of
plants with bulbous roots, may be so reared, and are
often to be met with so vegetating; and ‘many
plants will also vegetate though wholly immersed.
Most of the marine plants are of this description.
It can scarcely be doubted therefore that water
serves for the purpose of a vegetable aliment.

But if plants cannot be made to vegetate without
water; and if they will vegetate, some, when partly
immersed without the assistance of soil ; and some

4
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even when totally immersed so as that ne other
food seems to have access to them; does it not
Thought follow that water is the sole food of plants, the soil
to be the : 5 .
sole food being merely the basis on which they rest; and
of plants. the receptacle of their food > This opinion has had
many advocates; and the arguments and experi-
ments adduced in support of it were at one time.
thought to have completely established its truth.
It was indeed the prevailing opinion of the seven-
teenth century, and was embraced by several phi-
losophers even of the cighteenth century; but its
ablest and most zealous advocates were Van Hel-
mont, Boyle, Du Hamel, and Bonnet, who con-
tended that water, by virtue of the vital energy of
the plant, was sufficient to form all the different
substances contained in vegetables. 7
The opi- Van Helmont planted a Willow weighing 501b.
tenanced 10 an earthen vessel containing a known quantity
:Zritgec:t,: of earth which had been previously dried in an
f{‘"c]"n::m) oven. He moistened it with distilled water, or
with rain water, and took care to prevent any ac-
cession of other earth. At the end of five years
the plant was taken up and weighed. Its weight,
together with that of all its leaves, was 169+1b.
and the weight of the carth, only two ounces less
than at first, giving an accession of 1194+1b., which
is to be accounted for only from the water with
which the earth was moistened. Hence it was con-
cluded that water is the sole food of plants; the

two ounces of earth lost being regarded as bearing
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too small a proportion to the increased weight of
the willow to deserve any notice in the calcu-
lation.*

Boyle dried a quantity of earth in an oven, which Boyle,

after having weighed he put into an earthen pot.
He then sowed some Gourd seed in the earth and
watered it with spring or rain water. A plant was
ultimately produced that weighed three pounds;
and in a subsequent experiment, a plant that
weighed four pounds; and yet the weight of the
earth, when dried and weighed again, was not per-
ceptibly diminished. This seemed to give weight
to the foregoing conclusion.

Du Hamel placed some bulbous roots merely in DaHamel,
moss or wet sponges, and they vegetated; and ZZ?,BO“'
Beans and Peas when so treated even flourished
and produced fruit.{ Bonnet in repeating the ex-
periments of Du Hamel had the same result; and
in trying its operation upon vines, found that they
produced excellent grapes. Nothing further seemed
necessary to determine the point at issue; and it
was accordingly believed that water is the sole food
of plants, and that the other substances which they
may contain are formed merely from the water, by
virtue of the vital energy of the plant.

But though these experiments have the appear-
ance of being somewhat decisive, yet there are
others by the same experimenters which are not
quite so favourable to the opinion they were in-

* Phys. des Arb, liv. v. chap. i. + Ibid.
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tended to support. Du Hamel reared in the above
manner plants of the Horse-chesnut and Almond
to some considerable size, and an Oak till it was
eight years old.* And though he informs us that
they died at last only from neglect of watering ;
yet it seems extremely doubtful whether they
would have continued to vegetate much longer
even if they had been watered ever so regularly:
for he admits in the first place that they made less
and less progress every year; and in the second
place, that their roots were found to be in a very
bad state.

But if they had even continued to vegetate, still
the experiments were insufficient to decide the
point in question. Their insufficiency was first
pointed out by Bergman in 1773, who showed from
the experiments of Margraff, that in one pound of
rain water there is contained one grain of earth.
Earth, therefore, must have been absorbed along
with the water; so that even the boasted experi-
ment of Van Helmont, on which so much stress had
been laid, amounted to nothing. For the rain-
water cmployed in the experiment must have con-
tained in it as much earth as could have been well
expected to exist in the willow at the end of five
years. And if not, then it is easy to point out
an additional source of supply : for it has been
shown by Hales and others, that unglazed earthen
vessels when placed in the earth, will readily ab-

* Phys. des Arb. liv. v. chap. i. t Opusc. vol. v. p. 92.



SECT. I, WATER. A7

sorb moisture ;* so that, according to Mr. Kirwan’s
remark, the earthen vessel in which the willow
was planted must have absorbed moisture from the
surrounding soil, impregnated with whatever sub-
stances the earth contained. The access of earth
therefore is accounted for without the joint efforts
of the water and vital energy of the plant, and no
satisfactory proof alleged of the similar formation of
other substances. '

The subject was afterwards investigated by Has- Inference
senfratz, who saw the insufficiency of the foregoing ?,igﬁf:f-
proofs, and objected to them because no account ;V:ﬁ;]'cs
was given of the proportions of carbon at the com- Z‘}[;lﬁ’&‘:‘ ’
mencement and termination of the respective ex-
periments. Did not the carbon of the plant in-
crease also as well as its other ingredients? And
yet the carbon could not be supposed to be formed
from the water. To clear up this point he analyzed
the bulbs of the Hyacinth and of several other
plants, together with a number of Kidney-beans,
and Cress-seeds, with a view to discover the quan-
tity of carbon they contained, and consequently
by calculation the quantity contained in any given
weight of similar bulbs or seeds. He then made
a number of each to vegetate in pure water, some
within doors, and others in the open air, having
first ascertained their weight. They germinated,
grew up, and flowered; but produced no seed.

They were afterwards gathered, leaves and all, and

* Veg. Stat. vol. i. p. 5.
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subjected to a chemical analysis, the result of which
was, that the carbom contained in each was some-
what less than the quantity which existed in the
bulb or seed from which the plant had sprung.*
From this singular and unexpected result Hassen-
fratz concluded, as he was no doubt well entitled,
that water is not the sole food of plants ; because
plants vegetating in pure water receive no accession
of carbon, without which they cannot produce
perfect seeds.
Dedveed  But although this conclusion is certainly right,
f,r:(;zsc;,:z: yet the premises from which it is deduced are as
wmises;  certainly wrong; and yet they seem to have been
admitted by some. phytological inquirers: who were
no doubt well qualified to Judge of their value.
But at this rate we must believe that Du HameVl’s
Oak of eight years old, and Van Helmont's Willow
that was increased in weight by upwards of 1001b.,
contained no more carbon, even including all the
leaves that fell annually, than the original acorn
or original plant; and we must believe that the
seeds of aquatics contain as much carbon as the
plants they produce, together with all their seeds,
which is an absurdity. Senebier saw the impossi-
bility of admitting the premises, and rejected them ;
Which  but Saussure put them again to the test of ex-
;‘g‘;ﬁi;‘je periment. Having gathered some plants of the
Mentha piperita, he found that 100 parts in weight
of the green vegetable substance were reduced by

* Annal. de Chim, vol. xiii. p, 178«
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drying to 40.29, which were found by experiment

to contain 10.96 of charcoal. He then took a
number of plants of the same species, and placed

them by the roots in bottles filled with distilled
water ; exposing them to the sun on the outside of

a window, but sheltering them from the rain:
After ten weeks of vegetation the 100 parts of

mint weighed in their green state to 216 parts,
which were reduced by drying to 62. They had
augmented therefore in dried vegetable matter
21.71 parts; but they had angmented also in their
quantity of carbon: for the 62 parts of dried
vegetable substance furnished 15.78 of charcoal.*

A similar result was obtained from a similar expe- Thnugh
riment upon Beans, from which we may infer the bhs‘:::-thc
accuracy of Saussure, and the consequent inaccuracy $¢ €
of Hassenfratz, who was no doubt misled by some
circumstance not taken into the account. Perhaps

the plants on which he made his experiments were

not sufficiently exposed to the light of the sun;

so that if he corrected one error he committed also
another. While we maintain, therefore, that water

is not the sole food of plants, and is not convertible

into the whole of the ingredients of the vegetable
substance, even with the aid of the vital energy; -

we must at the same time admit that plants, though
vegetating merely in water, do yet augment the

quantity of their carbon.
% Sur la Veg. chap. ii. sect. v.

VOL. II, ) 4
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SECTION IIL
Gases.

WhHEY it was found that water is insufficient to
constitute the sole food of plants, recourse was next
had to the assistance of the atmospheric air; and
it was believed that the vital energy of the plant
is at least capable of furnishing all the different in-
gredients of the vegetable substance, by means of
decomposing and combining, in different ways, at-
mospheric air and water. But as this extravagant
conjecture is founded on no proof;, it is conse-
quently of no value. It must be confessed, however,

Atmos- ~ that atmospheric ‘air is indispensably ‘necessary to
Eﬁ‘(ﬁ?‘;’:‘if the health and vigour of ‘the plant, as‘may be seen
Zae‘:;‘t’i:)‘;‘:e' by looking at the different aspects of plants exposed
to a free circulation of air, and plants deprived of
it: the former are vigorous and luxuriant; the
latter weak and stunted. It may be seen also by
means of experiment even upon a small scale.” If
a plant is placed under a glass to which no new
supply of air has access, it soon begins to languish,
and at length withers and dies ; but particularly if
it is placed under the exhausted receiver of ‘an” air-
pump; as might indeed be expected from the
failure of the germination of the'seed in similar
circumstances. According to the experiments of
Saussure, plants of Peas, though completely deve-
loped and furnished with their leaves, died in the
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space of three days, when put into. the exhausted
receiver of .an air-pump whether in the shade or the
sun.  But plants with thick and succulent leaves
seem capable of supporting vegetation iz vacuo,: at
least if “exposed to the sun. A plant of the Cactus
Opuntia lived more than a -month in this state

without ' showing: any: symptoms, of decay, except

that the epidermis seemed dry, which again recos
vered its freshness, however, in the atmospheric
air.¥ And  though plants, with thin leaves genc-
rally died~under the experiment, yet there were
exceptions even among them. - A plant of the Po-
lygonum Persicaria lived for six months. in the
wacuum of an air-pump; and was at the end of the
experiment -as fresh and vigorous. as at the be-

ginning, with the exception of two or three leaves

near the root, which were withered. The same was
the case also with plants of the Epilobium molle,
Epilobium hirsutum, Lythrum Salicaria, and Tnula
dysenterica. They were placed in the light, but not
so as to receive the direct rays of the sun; to which
when they were exposed they withered, even though
the rays were but feeble. )

It has been: said indeed that roses w111 remain
longer fresh in vacuo than in common air, But
this is a mistake. In the latter case the petals, no
doubt, fall sooner; but this is merely the natural
effect of vegetation; and not a symptom of .decom-

~ position or decay, as is proved from the inspection
* Sur la Veg. chap. vi. sect, v.
E2
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of the petals even after they have fallen, in their
still exhaling an agreeable though faint odour. But
in the former case, though the petals remain longer
attached to the plant, and retain their form and
colour, and appear to be fresh and fragrant; yet
when you put them to the test, they are found to
exhale a strong and fetid odour, the sure symptom
of inward putrefaction.*

But although we admit the great utility of at-
mospheric air, and even its absolute necessity to
the support of vegetable life, we must not attribute
to it more than is due, and conclude without proof
that air, together with water, forms the whole of
vegetable aliment. And yet in support of this
doctrine it has been said that many plants do
evidently effect the developement of their parts,
without the aid of any other nourishment beyond
that ‘of air, rains, and dews; and the Mosses and
Lichens, and some other tribes of plants have been
quoted as affording examples.-

It must be admitted no doubt that plants of slow
growth and tenacious of life, such as many of the
Mosses, and some of the succulent plants, do in-
deed effect the developement of their parts, without
the aid of any other nourishment beyond what they
derive from the atmosphere. But plants of rapid
growth, such as annuals, can never effect that de-
velopement without the aid of nourishment derived
from the soil. Saussure tried the experiment upon

* Saus. sur la Veg. chap. vi. sect. v.
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Beans, Peas, and Cresses, by placing them in horse-
hair, or in pure sand, and moistening them with
distilled water. They grew indeed, and some of
them even flowered, but never produced perfect
seeds.* And Giobert and Hassenfratz, who had
made similar experiments, had also similar results.
It is plain therefore that some essential principle
of nourishment was wanting, which is furnished
by the soil; and that atmospheric air and water
are not the only principles constituting the food of
plants,

But as in germination so also in the progress of Or at least
vegetation, it is part only of the component prin- :‘(’,ﬁ;‘,’f p:
ciple of the atmospheric air that are adapted to the ent parts-
purposes of vegetable nutrition, and selected by
the plant as a food. Let us take them in the order

of their reversed proportions.

SUBSECTION 1.

Carbonic acid gas.—In the process of the ger-
mination of the seed, the effect of the application
of carbonic acid gas was found to be altogether
prejudicial. But in the process of subsequent ve- Beneficial
& . . . to vegeta-
getation its application has been found, on the con- iion i the
trary, to be extremely beneficial. Plants will not *™
indeed vegetate in an atmosphere of pure carbonic
acid, as was first ascertained by Dr. Priestley, who
found that sprigs of mint growing in water, and

* Sur la'Veg, chap. viii. sect. i.
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placed over wort in a state of fermentation, gene-
rally became quite dead in the space of a day, and
did not even recover when: put into an atmosphere
of common: air.* i :

But' Dr. Percival, of Manchester, observed that
a plant of Mint, immersed in ‘water by the root and
exposed to a current of atmospheric air mixed with
carbonic acid gas, was more vigorous and luxuriant
than a plant of the 'same species similarly situated
and exposed to a current of pure atmospheric air.{

Improving upon this hint, Saussurc made some
experiments with a view to determine the dose of
carbonic acid gas which, being mixed with atmos-
pheric air, 'is ‘the most favourable to vegetation.
Having made some Peas to germinate in water till
they acquired the height of four inches and weighed
about twenty grains, he then placed a number of
them in glasses filled with water by threes, so as
that the roots only were immersed, and introduced
them into receivers filled with different mixtures
of common air and carbonic acid gas. - They were
situated so as to receive the direct rays of the sun,
moderated ‘when too intense. The mean augmen-
tation iinweight of such as were placed in pure
atmospheric . air, andexposed during ‘ten days to
the ‘sun, was'eight grains to. cach plant! +Such as
‘were exposed to the sun, in an atmosphere-of ‘pure
carbonic acid gas, faded and. withered away without
any further developement. '“In an atmosphere con-

¢ Priestley on Air, vol. i. p. 36, + Manch. Trans. vol. ii,
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taining three-fourths, or two-thirds of its volume of
carbonic acid gas, they withered also; but inan
atmosphere containing only .one half of its volume
of carbonic acid they lived seven days.- And in an
atmosphere containing but one fourth of its volume
of the same gas, they lived ten days and augmented
their weight by five grains. Lastly, the mean aug-
mentation in_weight of such as were placed in an
atmosphere of common air, containing one-twelfth
part of carbonic acid gas, was eleven grains. This
experiment was repeated frequently, and was found
to yield .a- uniform_result; the plants always suc-
ceeding better than in pure atmospheric air. Car-
bonic acid gas, . therefore, is of great utility to, the
growth of plants vegetating in the sun, as applied
to the leaves and branches ; and whatever increases
the: proportion of this gas in their atmosphere, at
least within a given degree, forwards vegetation.*

But the result was not the.same when the plant But pre-
was placed in the shade; the smallest dose of car—‘}f?,‘,c:i‘,lem
bonic acid gas, in addition to that of theatmospheric "¢
air, being then prejudicial to vegetation. This
appears from the following experiments: Plants
kept in the shade, and placed in an atmosphere con-
taining one-fourth of its volume of carbonic acid
gas, died on the sixth day ; and when the atmos-
phere contained only one-twelfth of its volume of
this gas, they lived indeed ten days, but weighed
only three grains; while those in pure atmospheric

* Sur la Veg. chap. ii. sect. v.
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air weighed five grains. Carbenic acid gas, there-
fore, as applied to the leaves and branches of plants,
is prejudicial to their vegetation in the shade, if
administered in a proportion beyond that in which
it exists in atmospheric air.

But it is also beneficial to the growth of the
plant when applied to the root. This Saussure as-
certained by experiment also. Two boards pierced
with a number of holes were made to float in two
vessels filled, one with distilled water, and the
other with water impregnated with carbonic acid
gas. On cach of these boards was placed a number
of Peas that had been lately made to germinate in
distilled water. Their radicles at the commence-
ment of the experiment were two lines and a half
long. At the end of ten days the roots in contact
with the distilled water were longer by five inches,
than those in contact with the acidulated water;
and the stalks and leaves were developed in the
same proportion. But at the end of a mgnth the
plants vegetating in the acidulated water had ac-
quired the same dimensions as the others, and at
the end of six wecks had considerably surpassed
them. Tt follows, therefore, that carbonic acid gas
as applied to the roots of plants is also beneficial
to their growth, at least in the more advanced
stages of vegetation, i |
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SUBSECTION II.

Oxygene.—As oxygene is essential to the com-
mencement and progress of germination; so also
it is essential to the progress of vegetation. This
is clearly proved by the following experiments of
Saussure : Having pulled up some young plants of
the Horse-chesnut, furnished with their leaves and
weighing about 460 grains, he introduced their roots,
which were nearly a foot in length, into receivers
of about sixty cubic inches in capacity, and luted
the base of the stem to the neck of the receiver.
Into one of the receivers, each of which contained
a quantity of distilled water, he introduced twenty-
eight cubic inches of nitrogene which was in con-
tact with the upper part of the root, while the
under part was immersed in the water. Into
another he introduced an equal quantity of hy-
drogene; and into a third an equal quantity of

carbonic acid. The plant whose root was in con- Its bene-

tact with the carbonic acid-died in the course of

ficial in-
fluence as

eight days : the others lived a fortnight, but had lf;Pl‘ed b

not diminished the volume of their atmosphere.
But plants which were placed at the same time in
a similar apparatus, furnished with atmospheric air,
gave a very different result ; for at the end of three
weeks when the experiment was stopped, they were
_atill\frq:sh and vigorous, and the volume of their at-
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mosphere was diminished.* It is obvious, then,
that the presence of oxygene is beneficial to the
growth of the vegetable, at least as applied to the
root; because that is the only principle which had
access to the root in the last experiment, which
had not access to it in the former.

But oxygene is beneficial to vegetation as applied
also to the other parts of the plant as well as to the
root. Branches of woody plants taken in: the
spring, immediately before the expansion of the
bud, and enclosed in receivers filled with common
air, together ‘with a small quantity of water to
supply them with moisture, developed their leaves
as if attached to the parent plant. And this de-
velopement was effected solely by means: of the
oxygene contained in the receiver ;. for in mediums
deprived of oxygene no developement took place.:
The presence of oxygene therefore is necessary to
the developement of the leaves. .

But it is necessary also to the developement of
the flower and fruit. - The flower-bud will not ex-
pand if confined in an atmosphere deprived: of
oxygene ; nor will the fruit ripen. Flower-buds
confined in an atmosphere of pure nitrogene faded
without expanding. - A bunch of unripe Grapes
introduced into a globe of glass which was luted
by its orifice to the bough, and exposed to the sun,
ripened . without effecting any material alteration

* Sur la Veg. chap. iii. sect. vi, + Ibid. sect. viti.'| 7,
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in its atmosphere.  But when a bunch was placed
in the same circumstance, with the addition of a
quantity of lime, the atmosphere was contaminated,
and the Grapes did not ripen.* Oxygene therefore
is essential to the developement of the veO‘etatmg
plant.
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But how is this beneficial effect operated? Is Howef-

the oxygene actually inhaled into the body o of |
the plant and converted into a vegetable food; or
is its operation merely external? Oxygene is ac-
tually inhaled, at least under certain circumstances.
Saussure having suspended a plant of the Cactus
Opuntia, after sun-set, in a receiver containing
forty-eight cubic inches of atmospheric air deprived
of its carbonic acid, -but of which six cubic inches
were displaced by the leaves, found early next
morning, after making the necessary corrections
relative to change of temperature and pressure,
that the atmosphere of the plant had diminished in
volume four cubic inches. The remaining air when
examined contained but %% of oxygene, though
before the introduction of the Cactus it had con-
tained %% of the same gas. It follows, therefore,
that the diminution of quantity had affected the
oxygene only. But the oxygene did not exist in
the atmosphere of the plant under any combination
whatever ; for the application of lime water gave
no indications of the presence of carbonic acid.
The oxygene of the atmosphere, therefore, must

* Sur la Veg. chap. iii. sect. ix,
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have been abstracted by the leaves of the Cactus.
From which it also follows that the lcaves of vege-
tating plants do actually inhale oxygene, at least in
course of the night.

Similar experiments on vegetating plants gave
similar results, but the quantity of oxygene ab-
stracted was not always in the same proportion. In
the present case it was very considerable, amounting
to three-fourths of the volume of the leaves, while
in other cases it was often not more than one-half
of their volume.

SUBSECTION III.

Nitrogene—Though nitrogene gas constitutes
by far the greater part of the mass of atmospheric
air, it does not seem capable of affording nutriment
to plants; for as seeds will not germinate in it,
so neither will plants vegetate. It was regarded,
however, as constituting a vegetable food by some
of the earlier pneumatic chemists, particularly by
Priestley, who found, as it seems, that some sprigs
of Mint on which he had made the experiment
vegetated better in phlogisticated air than in either
dephlogisticated or common air;* and henece he
inferred that phlogisticated air, the nitrogene of
modern chemists, serves as a vegetable food.4+ In
this opinion he was followed by Ingenhoutz,}

* Priestley on Air, vol. iv. p. 327. + Ibid. vol. v. p. 13.
3 Exper. sur les Veg. vol. ii. p. 146.
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whose experiments appear to have given a similar
result; contradicted, however, by the result of the
experiments of Senebier, Woodhouse, and Saussure,
on the same subject.

Branches of Populus nigra and Saliv . alba,
whose leaf-buds were just ready to open, were in-
troduced by Saussure into an atmospherc of ni-
trogene both in the shade and sun. They effected
no farther developement of parts, but were found
to be in a state of putrefaction after a period of five
days; but in an atmosphere of common air they
readily effected their developement, and continued
to vegetate for many wecks. Roses and Lilies ga-
thered two or three hours before their expansion,
and treated in the same manner, gave similar
results.

6L

It must be admitted, however, that many plants Though

will continue to vegetate for a time in an atmosphere
of nitrogene gas, when their leaves have been pre-
viously developed ; but they are such plants only
as present a great extent of surface, and consume
but little oxygene in the shade. A plant of the
Cactus Opuntia, nourished with water and placed
in an atmosphere of nitrogene gas exposed to the
influence of the sun, was found capable of sup-
porting vegetation for the space of three weeks;
but it was greatly injured by the experiment, and
in the shade it lived only five days. A plant of
the Sedum telephium when treated in the above

* Sur la Veg. chap. vi. sect, ii,
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manner gave a similar result; and yet these plants
vegetated to an indefinite time in an atmosphere of
cominon air. £ .

From the above experiments it seems to follow
that nitrogené gas, at least in its pure state, is un-
favourable  to vegetation ; but particularly in the
shade. And yet there are some plants, such as the
Vinca minor, Lythrum Salicaria, Inula dysenterica,
Epilobium  hirsutum, and Polygonum Persicaria,
that seem to succeed equally well in an atmosphere
of nitrogene gas as in an atmosphere of common
air. ‘A plant of the Lythrum Salicaria, sclected
for the purpose of experiment, was put into a re-
ceiver containing sixty-five cubic inches of nitrogene
gas, of which it displaced about one-eighth of a
cubic inch. It had its roots immersed in about an
ounce of water, and was exposed to the rays of the
sun, when it grew and became so luxuriant that it

" was more than once necessary to remove it into a

larger receiver. But this luxuriance of growth
seems incompatible with the previous conclusion.
At the end of two months however, when'the ex-
periment was stopped, the receiver was found to
contain the same quantity of nitrogene gas as at
the beginning. The plant could have derived no
nutriment, therefore, from its atmosphere. But
this was the case also in all of .the preceding ex-
amples. There was no diminution in the original
quantity of nitrogenc introduced into the receiver.
It follows therefore that nitrogene gas, at least in
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its pure state, is not only incapable of 'aﬂ'drding a
vegetable aliment, but is not éven inhaled. into the
plant. - But nitrogene is found in almost all vege-
tables, particularly in the wood, in extract, and in
their green parts. Whence then is their nitrogene
derived ? From the extractive principle of vegetable
mould.

SUBSECTION 1V.

Hydrogene Gas.—A plant of the Epilobium
hirsutum, which was confined by Priestley in a
receiver filled with inflammable air or hydrogene,
consumed one-third of its atmosphere and was still
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green.* - Hence Prlestley inferred that it serves as Thought

a vegetable food, and constitutes even the true and

by Priest=
ley to be a

proper pabulum of the plant. But the experiments } Tl

of later phytologists do not at all countenance this
opinion. Saussure introduced a plant of the Zy-
thrum Salicaria into a receiver containing sixty
cubic inches of hydrogene gas, and exposed it to
the sun. Its vegetation was perhaps somewhat
more vigorous than that of plants confined in an
atmosphere of nitrogene ; but it had abstracted
no nourishment from its atmosphere, nor effected
any material change upon it. For at the end of
five weeks of experiment, when its asmosphere was
fired by the electric spark along with the proper
quantity of oxygene, the result was the formation

* Priestley on Air, vol. iv. p, 323,
; 5
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of water. The volume of its atmosphere was in-
deed diminished during the period of its vegetations
but this is to be accounted for by another cause, as
will appear in.the course of tracing the progress of
vegetation*

But foand  Qur conclusion thercfore must be that hydrogene

to be un- , ¥
favourable 15 unfavourable to vegetation, and does not serve as

wio” the food of plants. But hydrogene is contained
in plants as is evident from their analysis; and if
they refuse it when presented to them in a gaseous
state, in what state do they then acquire it? To this
question it is sufficient for the present to reply, that
if plants do not acquire their hydrogene in the state
of gas, they may at least acquire it in the state of
water, which is indisputably a vegetable food, and
of which bydrogene constitutes one of the com-
ponent parts.

SUBSECTION V.

Carbonic Oxide.—When plants were confined

by Saussure in atmospheres of carbonie oxide, they
g?efi?‘:: requi'red nearly the same condition to support ve-
getation, getation, and exhibited nearly the same pheno-
mena as in nitrogene. Such as were deprived of

their green parts died in the course of a few days.

The vegetation of Peas whose leaves were com-
pletely developed was languid in the sun, and did

not succeed at all in the shade. The Epilobium

* Sur la Veg. chap. vi. sect. 4.
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hirsutum, ZLythrum Salicaria, and Polygonum
Persicaria, vegetated indeed as in commen air:
but at the end of six weeks of experiment, they
had neither decomposed the oxide constituting
their atmosphere, nor diminished its quantity.* It
cannot, therefore, be regarded as favourable to ve-
getation,

SECTION III.

p Vegetable Extract.

WheN it was found that atmospheric air and
water are not even conjointly capable of furnishing
the whole of the aliment nccessary to the develope-
ment of the plant, it was then alleged that, with
the exception of water, all substances constituting
a vegetable food must at least be administered to
the plant in a gaseous state. But this also is a con-
jecture unsupported by proof; for even with re-
gard to such plants as grow upon the barren rock,
or in pure sand, it cannot be said that they receive
no nourishment whatever besides water, except in a
gaseous state. Many of the particles of decayed
animal and vegetable substances which float in the
atmosphere and attach themselves to the leaves,
must be supposed to enter the plant in solution
with the moisture which the leaves imbibe ; and
so also similar substances contained in the soil must

* Sur la Veg. chap. vi. sect. iii.
VOL. II F

65



66 FOOD OF THE VEGETATING PLANT. CHAP. I,

be supposed to enter it by the root: but these sub-
stances may certainly - contain vegetable nourish-
ment ; and they will perhaps be found to be taken
up by the plant in proportion to their degree of
solubility in water and to the quantity in which
they exist in the soil. Now one of the most im-
portant of these substances is vegetable extract.
Asacom- When plants have attained to the maturity of
ponent - . 5 Ay -
partof  their species, the principles of decay begin gradually
vegetable {0 operate upon them, till they at length die and are
converted into the dust from which they sprang, thus
resembling the animal to whom they afford support.
The substance to which they are finally converted
has been denominated vegetable mould. And this,
as might be expected, constitutes a considerable
proportion of the soil. The chance then is, that it
. is again converted into vegetable nourishment, and
Issoluble again enters the plant. But it cannot wholly enter

= D
e ben. the plant because it is not wholly soluble in water.

ﬁ?“'i’é&"‘b]e Part of it, however, is soluble and consequently

bogcs capable of being absorbed by the root, and that is the
substance which has been denominated extract.

Saussure filled a large vessel with pure mould of

turf, and moistened 1it-with distilled or rain water

till it was saturated. At the end of.five days, when

it was subjected to the action of the press, 10,000

parts in weight of the expressed and filtered fluid

yielded by evaporation to dryness 26 parts of extract.

In asimilar experiment upon the mould of a kitchen-

garden which had been manured with dung, 10,000
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parts of fluid yielded 10 of extract. = And in a simi-
lar experiment upon mould taken from a well cul-
tivated corn-field, 10,000 parts of fluid yielded four
parts ‘of extract.¥*  Such was the result in these
particular cases. :

But the quantity of extract that may be separated
from pure mould formed by nature upon the sur-
face of the globe is not in general very consider-
able. After 12 decoctions, all that could be separated
from mould of this sort was about 41 of its weight ;
and yet this seems to be more than sufficient for the
purposes of vegetation : for a mould containing this
quantity was found by experiment to be less fertile,
at least for Peas and Beans, than a mould that con-
tained only one half or two thirds the quantity.{-

But if the quantity of extract must not be too
much, neither must it be too little. ~Plants that
were put to vegetate in mould deprived of its ex-
tract, as far as repeated decoctions could deprive it,
were found to be much less vigorous and luxuriant
than plants vegetating in mould not deprived of its
extract: and yet the only perceptible difference
between them is, that the former can imbibe and
retain a much greater quantity of water than the
latter.} : '

From this last experiment, as well as from the Consti

great proportion in which it exists in the living
plant, it evidently follows that extract constitutes a

* Sur la Veg. chap. v. sect. ii. + Ibid. 1 Tbid.
F2
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vegetable food. But extract contains nitrogene ;
for it yields by distillation a fluid impregnated with
ammonia. The difficulty, therefore, of accounting
for the introduction of nitrogene into the vegetating
plant, as well as for its existence in the mature
vegetable substance, is done away ; for although
the plant refuses it when presented in a gaseous
state, it is plain that it must admit it along with the
extract.

But it seems also probable that a small quantity
of carbonic acid gas enters the plant along with the
extractive principle, as it is known to contain this
gas also. The mould analysed by Saussure was
quite dry before the commencement of the experis
ment, and the water employed to moisten it cons
tained no carbonic acid. But the solution contained
some; for when it was mixed with lime-water,
carbonate of line was precipitated, though not in
a quantity much exceeding that of its’ precipitation
by spring-water in general. 100 cubic inches of
the solution yielded by experiment an air con-
taining two cubic inches of carbonic acid gas. This
is no doubt a small proportion: but it appears
from a variety of considerations, that the quantity
of this gas taken up by the roots of plants is not
great ; consequently they do not require a great sup-
ply from the soil. )



SECT. IV. SALTS.

SECTION 1V.

Salts.

Mosr plants are found by analysis to contain a
certain proportion of salts—such as nitrate, muriate,
and sulphate of potass or soda—as has been already
shown. How do plants acquire them? In the
carlier periods of phytological investigation, when
every effect was attributed to the agency of the
vital principle as exerted upon the air and water
which the plant inhales or absorbs, it was thought
that the salts contained in vegetables are formed in
the process of vegetation : but this is also one of
those extravagant conjectures of which further re-
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search has exposed the absurdity. The salts which Absorbed

in the soil. It is most likely therefore that the root
absorbs them in solution with the water by which
the plant is nourished. It is at least certain tHat
plants may be made to take up by the roots a con-
siderable proportion of salts in a state of artificial
solution. M. Saussure prepared 10 different solutions,
consisting each of 40 cubicinches of distilled water,
together with 12 grains of the peculiar salt or other
substance on which the experiment of absorption was
to be made. The first solution contained muriate of
potass ; the second, muriate of soda; the third,
muriate of lime; the fourth, sulphate of soda; the

. . lu.
have becn detected in vegetables are known to exist tion,
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fifth, muriate of ammonia ; the sixth, acetate of lime ;

the seventh, sulphate of copper ; the eighth, crystal-
lized sugar; the tenth, vegetable extract. Plants
of Polygonum Persicaria and Bidens cannabina
were then immersed in’each of these solutions with
the following result :—In the solutions of muriate of
potass, muriate of soda, sulphate of soda, nitrate of
lime, and extract, the former species vegetated in
the shade for five weeks, developing their parts;
but in the other solutions they died in the course
of a few days. The latter species succeeded or failed
in nearly the same way. It was afterwards found
that a portion of the salts had been taken up along
with the water by which they were held in solution ;
and if we suppose the quantity contained in each of
the solutions to be divided into 100 parts, the ratio
of their absorption may be shown as follows :—In
consuming one half of the water assigned to the ex-
periment, plants of the Polygonum had absorbed 14
parts of muriate of potass, 13 of muriate of soda,four of
nitrate of lime, 14 of sulphate of soda, 12 of muriate
of ammonia, eight of acetate of lime, 47 of sulphate of
copper, nine of gum, 27 of sugar, and five of extract.
Plants of the Bidens had absorbed the several salts in

portions not very different.¥ = But without minutely

regarding proportions, the fact is thus clearly ascer-
tained that plants are capable of taking up salts by
the root, at least when presented to them in a state
of artificial solation ; and if so, there is then reason to

* Surla Veg, chap, viii. sect. i,
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presume that salts are also taken up by the roots of
plants vegetating even in their natural habitats.

But if salts are thus taken up by the root of the Whether
vegetating plant, does it appear that they are taken <"
up as a food ? Some plants, it must be confessed, are
injured by the application of salts, as is evident from
the experiments of Saussure; but others are as
evidently benefited by it. Trefoil and Lucern have
their growth much accelerated by the application of
sulphate of lime, though many other plants are not
at all influenced by its action. The Parietaria
Nettle, and Borge, will not thrive except in such
soils as contain nitrate of lime or nitrate of potass :
and plants inhabiting the sea coast, as was observed
by Du Hamel, will not thrive in .a soil that does
not contain muriate of soda.

It has been thought, however, that the salts are
not actually taken up by the root, though converted
to purposes of utility by acting as astringents or
corrosives in stopping up the orifices of the vessels
of the plant, and preventing the admission of too
much water: but it is to be recollected that the
salts in question are found /by analysis in the very
substance of the plant, and must consequently have
entered in solution. It has been also thought that
salts are favourable to vegetation only in proportion
as they hasten the putrefaction of vegetable sub-
stances contained in the soil, or attract the humidity

“of the atmosphere: But sulphate of lime is. not
deliquescent ; and if its action consist ‘merely in
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accelerating putrefaction, why is its beneficial effect
confined but to a small number of plants ?

Lastly, some writers have contended that the
salts which are found in vegetables are merely ac-
cidental in their occurrence, and not necessary to the
health or perfection of the individual ; because they
are found to exist in but a very small proportion,
both in the soil and plant: but as there are many
species in which some salts are to be met with con-
stantly and uniformly, at least if they have vegetated
in a soil in which they are found to thrive, we can
scarcely regard their occurrence as being merely ac-
cidental, or as producing no beneficial effect upon
the plant. But the proportion of salts lodged in
the soil is not so small as is generally believed.
Re-agents do not indeed detect a great quantity in
general ; but that is because the alkaline salts of
mould, like the alkaline salts of vegetables, are to
be discovered chiefly in the remains of combustion ;
and because the ashes of the greater part of vege-
table moulds do not readily part with their salts in
boiling water. This difficulty of solution is thought
by Saussure to be owing to a semivitrifaction that
takes place in the mould when the ashes are
abundant. An hundred parts of mould furnished by
combustion 50 parts of ashes which did not give
out their salts to boiling water. But 100 parts only
of dried extract from the same mould yielded only
14 parts of ashes; and 100 parts of the ashes
formed with boiling water a ley which contained
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25 parts composed of potass in an uncombined
state, and of alkaline .sulphates ~and ~muriates ;
and yet, upon further analysis, it was found that the
water had not extracted more than one half of the
salts which the ashes contained. The soil, thercfore,
contains an abundant supply of salts for all the
purposes of vegetation. It may even in some cases
coutain too much ; for it is to be recollected
that saline substances are beneficial to vegetation
only when applied in very small quantities. If they
are administered in great abundance they destroy
the plant.

And the argument against their utility that has
been drawn from the small proportion in which
they are found to exist in the plant itself, is al-
together inadmissible; because it is very well
known that some particular ingredient may be
essential to the composition of a body, and yet con-
stitate but a very small proportion of its mass.
Atmospheric air contains only about one part in the
100th of carbonic acid; and yet no one will venture
to affirm that carbonic acid gas is merely an adven-
titious and accidental element existing by chance in
the air of the atmosphere, and not an essential

ingredient in its composition. Phosphate of lime:

constitutes but a very small proportion of animal
bodies, perhaps not one part in 500; and yet no
one doubts that it is essential to the composition of
the bones, . But the same salt is found in the ashes

»
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of all vegetables;* and who will say that it is not
essential to their perfection ?

SECTION V.
Earths.

As most plants have been found by analysis to
contain a portion of alkaline or earthy salts, so most
plants have been found to contain also a portion of
earths: and as the two substances are.so nearly
related, and so foreign in their character to vege-
table substances in general, the same inquiry has
consequently been made with regard to their origin.
Whence are the earths derived that have been found
to exist in plants?

It seems to have been the opinion of Lampadius
that the earths contained in planté are merely the
effect of vegetation, and altogether independant of
the soil in which they grow: and extravagant as
the opinion is, it has been made to assume the sem-
blance of resting upon experiment. Lampadius
prepared, in his garden, five small beds of four feet
square in surface by one in depth; each bed con-

sisted of a pure earth mixed with eight pounds of -

cow-dung. The earths were alumine, silica, lime,
magnesia, and garden mould. They were sown
with Rye, and the produce of each was separately

* Saus, sur la Veg. chap. viii. sect.iv.
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reduced to ashes. But the same principles were
found in them all; amongst which was a portion of
silica ;—whence Lampadius concluded that the silica
found in plants is merely the result of vegetation,
having no relation whatever to the soil in which the
plants grow. ;

But this conclusion was by much too hasty, and
has been since shown to be most palpably erroneous ;
because Lampadius does not take into the calcula-
tion, the constitutent principles of the cow-dung
with which his earths were mixed, the very sub-
stance from which his plants must have derived the
greater part of .their nourishment. If this precau-
tion had been taken, his conclusion must have been
very different : for it has heen ascertained by Ruc-
kert that dung does actually contain a portion of
silica ;* “which in the case of cow-dung will appear
the less surprising if it is only recollected that the
plants which cows principally feed on do themselves
contain a portion: of silica. To the cow-dung,
therefore, with which . the different earths were
manured, the origin of silica may be traced. It was
thus of necessity found in them all, though not
perhaps in an equal proportion.

75

Saussure, in adverting to the experiment of The opi-

Lampadius, exposes indeed the absurdity of his
conclusion ; but deduces from it another which is
perhaps equally exceptionable—namely, that plants
growing in calcareous and granitic sand, mixed with

* Sur. la Veget. chap, ix. sect, iii,

nion ab-
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the same manure or mould, will produce equalt
quantities of ashes. But this supposes manures to
have the same action upon all soils, which is surely
not the fact: and if there be any manure thiat acts
on a calcarcous soil, without acting at all on a grani-
tic soil, then the quantity of ashes will be altered
in the former case, from that very circumstance;
because the plant is now nourished not only by the
manure that was committed to the soil, but from
the original soil itself, in its state of combination
with the manure.

The earths, then, that are contained in vegetables
are derived chiefly from the soil: but in what
peculiar state of combination do they enter the
vessels of the plant? The state most likely to faci-
litate their absorption is that of their solution in
water, in which all the earths hitherto found in
plants are known to be in a slight degree soluble.

Lime is soluble in water with the aid of a little
carbonic acid, in the proportion of about 1 part
of its weight; but it is also soluble even without
the aid of the acid,* and the solution is known by
the name of lime-water. Clay is soluble in water
by means of the mineral acids; and also, though
very sparingly, in pure water, from which even the
filtre cannot abstract it.-f Silica is soluble in water
by means of carbonate of potass, as is evident from
Black’s analysis of the waters of Geyser in Iceland.
It is soluble also in pure water according to the

* Scneb. Phys. Veg. vol. iii. p. 17, + Ibid.



SECT. V. EARTHS.

analysis of Klaproth; and in that state of division
in which it is precipitated from its solution in fixed
alkalies, it is perfectly soluble in 1000 parts of
water.* Magnesia is soluble in water by means of
the mineral acids, and even in pure water, in very
small quantities ; requiring about 2000 times its
weight to hold it in solution.

All the earths, then, found in plants are less or
more soluble in water. And if it be said that the
proportion in which they are soluble is so very small
that it scarcely deserves to be taken into the account,
it is to be recollected that the quantity of water
absorbed by the plant is great, while that of the
earth necessary to its health is but little, so that it
may easily be acquired in the progress of vegetation,

Such is the manner in which their absorption
seems practicable: but the following experiments
afford a presumption that they are actually absorbed
by the root. Woodward took three plants of Spear-
mint, one of which he made to vegetate in distilled
or pure water ; another in river water ; and a third, in
water mixed with mould. At the commencement
of 'the experiment the first plant weighed 114
grains ; at the end of the experiment it weighed
155 grains, being augmented by 41 grains. The
water expended was 8803 grains, and the increase
as 1214 -}. At the cominencement of the ex-
periment, the second plant weighed 28 grains, at
the end 54 grains, being augmented by 26 grains.

* Kirwan’s Miner. vol. i. p. 10.
1
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The water expended was 2493 grains, and the in-
crease as 1:95 . At the commencement of the
experiment the third plant weighed 92 grains, at
the end 370 grains, being augmented by 284 grains.
The water expended was 14950 grains, and the
increase as 1 : 52 + .* :

From the greater proportional augmentation of
the plant to which the mould had access, we may
infer the beneficial effect of the earths as applied to-
the root, and perhaps the absorption of a part; par-
ticularly as it is known that the proportion of earths
contained in the ashes of vegetables depends’ upon
the nature of the soil in which they grow. The
ashes of leaves of the Rhododendron ferrugineum,
growing on Mount Jura, a calcareous  mountain,
yielded 43-25 parts of earthy carbenate, ‘and only
0:75 of silica. DBut the ashes of -leaves of the same
plant, growing on Mount Breven, a granitic moun-
tain, yielded two parts of silica, and only 1675 of
earthy carbonate. ,

It is probable, however, that plants are not in-
debted merely to the soil for the earthy particles
which they may contain. They may acquire them
partly from the atmosphere. Margray has ‘shewn
that rain water contains silica in the proportion of a
grain to a pound; which, if it should not reach the
root, may possibly be absorbed along with the water
that adheres to the leaves.

But although the earths are thus to be regarded

% Phil. Trans. vol. xxi. p- 200, Saus. sur la Veg. chap. ix, sect. iii.
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as constituting a small proportion of vegetable food, Whether
they are not of themselves sufficient to support the ™™™
plant, even with the assistance of water. Giobert
mixed together lime, alumine, silica, and magnesia,

in such proportions as are generally to be met with

in fertile soils, and moistened them with water.
Several different grains were then sown in this
artificial soil, which germinated indeed, but did not
thrive; and perished when the nourishment of the
cotyledons was exhausted. It is plain,-therefore,

that the earths, though beneficial to the growth of

some vegetables, and perhaps necessary to the
health of others, are by no means capable of afford-

ing any considerable degree of nourishment to the

plant.

SECTION VI.

Manures.

As the object of the preceding sections has been
that of exhibiting a brief view of the different species
of vegetable food, whethier it be regarded as derived
from the soil or the atmosphere ; so the object of the
present section will be that of showing how the food
necessary to the support of the vegetating plant may
be supplied when defective, or restored when ex-
hausted : but this unavoidably involves the subject
of manures, or artificial preparations of 'vegetable
food, so important to the advancement of agriculture,
and consequent interest of mankind.

4
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What im-  With regard to the food of plants derived from
PH%% the atmosphere, the supply is pretty regular; at least,
in as far as the gases are concerned; for they are
not found to vary materially in their proportions on
any part of the surface of the globe: but the
quantity of moisture contained in the atmosphere is
coutinually varying, so that in the same season you
have not always the same quantity, though in the
course of the year the deficieney is perhaps made
up. From the atmosphere, therefore, thére is a re-
gular supply of vegetable food kept up by nature
for the support of vegetable life, independent of the
aid of man: and if human aid were even wanted,

it does not appear that it could be of much avail.
But this is by no means the case with regard to
Composi- soils ; for if soils are less regular in their composi-
e, s‘;ﬁﬁf“ tion, they are at least more within the reach of
human management. We have already seen the
materials of which soils are composed: but what
are the proportions of the materials in soils best
suited for culture? According to the analysis of
Bergman, the soil best suited for culture contains
four parts of clay, three of sand, two of calcareous
carth, and one of magnesia: and, according to the
' analysis of Fourcroy and Hassenbratz, 9216 parts
of fertile soil contained 305 parts of carbon, together
with 279 parts of oil; of which, according to the
ealculations of Lavoisier, 220 parts may be regarded
as carbon : so that the whole of the carbon contained
in the soil in question may be estimated at about
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525 parts, exclusive of the roots of vegetable—or to
about . of its weight. :

Mr. Young observed that equal weights of differ-
ent soils, when dried and reduced to powder, yielded
by distillation quantities of air somewhat corre-
sponding to the ratio of their values. The air was a
mixture of fixed and inflammable airs, procceding
probably from decomposition of the water; but
partly, I should presume, from its capacity of ab-
stracting a portion of air from the atmosphere, which
the soil at least is capable of doing.

The following is the analysis of a fertile soil, as
occurring in the neighbourhood of Bristel. In 400
grains, there were of

M teradioe . b oas oeniel il s vlige
Silicious sand. . ... ... 000240

Vegetable fibre............... 5
- eXtract. Lo ivaian it 8
Alamine: 2@t o sisdz g4 «s 48
Magnesia....... VAG M B g
Oxide ofiron ;. o vevvevuivene 14
Calcareous earth.......... ... .80
0SS L SR L SR, i "6
Potalrpria i, o0 .. .. 400%*

But Mr. Kirwan has shown in his Geological
Essays, that the fertility of a soil depends in a great

# Agricultural Magazine, April, 1808.
VOL. 11. \ G
7 \LIDIE Lig;
/; OF THE  PL)

81

Fertility
dependant
upon tena-
<ty,



82 FOOD OF THE VEGETATING PLANT. CHAP. II.

measure upon its capacity for retaining water: and
if so, soils containing the same ingredients must be
also equally fertile, all other circumstances being
the same ; though itis plain that their actual fertility
will depend ultimately upon the quantity of rain
that falls, because the quantity suited to a wet soil
cannot be the same that is suited to a dry soil. And
hence it often happens that the ingredients of the
soil do not correspond to the character of the cli-
mate. Silica exists in the soil under the modification
of sand, and alumine under the modification of clay.
But the one or the other is often to be met with in
excess or defect. Soils in which the sand prepon-
derates retain the least moisture; and soils in which
the clay preponderates retain the most: the former
are dry soils; the latter are wet soils. But it may
happen that neither of them is sufficiently favour-
able to culture; in which case their peculiar defect
or excess must be supplied or retrenched before they
can be brought to a state of fertility.

Poororex-  But soils in a state of culture, though consisting

hausted <. g 2 ;

soils ame- Originally of the due proportion of ingredients, may

liorated,  yet become exhausted of the principle of fertility by
means of too frequent cropping, whether by repeti-
tion or rotation of the same, or of different crops.
And in this case, it should be the object of the
phytologist, as well as of the practical cultivator, to
ascertain by what means fertility is to be restored to
an exhausted soil; or communicated to a new one.

Bydrain-  In the breaking up of new soils, if the ground has
ing, par- :
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been wet or marshy,as is frequently the case, it is often ing, burne
sufficient to prepare it merely by means of draining "®

off the superfluous and stagnant water, and of paring

and burning the turf upon the surface. This mode of
preparation is at present much practised throughout
England, but particularly in Yorkshire and Lincoln-

shire, as being the best suited to the character of

the soil of these counties that remains to be taken

into cultivation.

If the soil has been exhausted by too frequent a
repetition of the same crop, it often’ happens that a
change of crop will answer the purpose of the culti-
vator; for although a soil may be exhausted for
one sort of grain, it does not necessarily follow that
it is also exhausted for another. And accordingly,
the practice of the farmer is to sow his crops in ro-
tation, having in the same field a crop, perhaps, of
wheat, barley, beans, and tares in succession ; each
species selecting in its turn some peculiar nutriment,
or requiring, perhaps, a smaller supply than the crop
that has preceded it. But even upon the plan of
rotation, the soil becomes at length exhausted, and
the cultivator obliged to have recourse to other means
of restoring its fertility.

In this case, an interval of repose is considerably Repose,
efficacious, as may be seen from the increased ferti- f‘;“e’,‘,’;;‘,‘;gg’
lity of fields that have not been ploughed up for
many years, such as those used for pasture ; or even
from that of the walks and paths in gardens when
they are again broken up.  Hence also the practice

G2 :
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of fallowing, and of trenching or deep ploughing,
which must have nearly the same effect.

If any one asks how the fertility of a soil is
restored by the means now stated, it will be suffi-
cient for the object of the present section to reply
that, in the case of draining, the amelioration is
effected by means of its carrying off all such super-
fluous moisture as may be lodged in the soil, which is
well known to be prejudicial to plants not naturally
aquatics, as well as by rendering the soil mere firm
and compact. = In the case of burning, the ameliora-
tion is effected by means of the decomposition of
the vegetable substances contained in the turf, and
subjected to the action of the fire, which disperses
pert also of the superfluous moisture, but leaves a
residue of ashes favourable to future vegetation. In
the case of the rotation of crops, the fertility is not
so much restored as more completely developed and
brought into action ; because the soil, though ex-
hausted for one species of grain, is vet found to be
sufficiently fertile for another, the food necessary to
each being different, or required in less abundance.
In the case of the repose of the soil, the restored
fertility may be owing to the decay of wvegetable
substances that are not now carried off in the annual
crop, but left to augment the proportion of vegetable
mould ; or te the accumulation 'of fertilizing parti-
cles conveyed to the soil by rains; or te the con-
tinued abstraction of oxygen from the atmosphere.
In the case of fallows, it is owing undoubtedly to the
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action of the atmospheric air upon the soil, whether
in rendering it more friable, or in hastening the
putrefaction of noxious plants ; or, it is owing to the
abstraction and accumulation of oxygene. In the
case of trenching, it is owing to the increased facility
with which the roots can now penetrate to the pro-
per depth ; and in the case of deep ploughing, it is
owing, as it would appear, to the same cause.

But it often happens that the soil can no longer By the ap-
be ameliorated by any of the foregoing means, and fn;c:f,l,z?of
in this case there must be a direct and actual appli-
tion made to it of such substances as are fitted to
restore its fertility. And hence the indispensable
‘necessity of manures, which consist chiefly of ani- g
mal and vegetable remains that are buried and
finally ' decomposed in the soil, from which they
are afterwards absorbed by the root of the plant, in
a state of solution.

But as carbon is the principal ingredient furnished
by manures as contributing to the nourishment of
the plant, and is not itself soluble in water, nor even
disengaged by fermentation in a state of purity;
under what state of chemical combination is its
solution effected ? Is it effected in the state of char-
coal? It has been thought, indeed, that carbon in
the state of charcoal is soluble in water; because
water from a dunghill, when evaporated, constantly
leaves a residuum of charcoal, as was! first ascertained
by the experiments of Hassenfratz. But there seem
to be reasons for doubting the legitimacy -of the

9

ol
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conclusion that has been drawn from it; for Sene-
bier found that plants whose roots were immersed in
water took .up less of the fluid in proportion as it
was mixed with water from a dunghill.* Perhaps
then the charcoal of water from a dunghill is held
merely in suspension, and enters the plant under
some other modification.

But if carbon is not soluble in water in the state
of charcoal, in what other state is it soluble? It is
soluble in the state of carbonic acid gas. But is
this the state in which it actually enters the root?

Opinionof On this subject phytologists have been somewhat

enebier.

divided in opinion. Senebier endeavours to prove
that carbonic acid gas, dissolved in water, supplies the
roots of plants with almost all their carbon, and
founds his arguments upon the following facts :—
In the first place it is known that carbonic acid gas
is soluble in water; in the second place it is known
to be contained in the soil, and generated by the
fermentation of the materials composing manures ;-
and in the next place it is known to be beneficial
to vegetation when applied artificially to the roots,
at least in a certain degree. This is evident from
the following experiment of Ruckert, as well as from
several experiments of Saussure’s, previously related.
Ruckert planted two beans in pots of equal dimen-
sions,filled with garden mould ; the one was moist-
ened with distilled water, and the other with water
impregnated with carbonic acid gas. But the latter
# Phys. Veg. vol. iii, p 154, 4 Ibid. vol. iii. p. 55,
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appeared above ground nine days sooner than the
former, and produced 25 beans; while the former
produced only 15. Now the result of this experi-
ment, as’ well as the preceding facts, is evidently
favourable to the presumption of Senebier, and shows
that if carbonic acid is not the state in which carbon
enters the plant, it is at least a state preparatory to
it; and there are other circumstances tending to
corroborate the opinion, resulting from the analysis
of the ascending sap of plants. The tears of the
Vine, when analysed by Senebier, yiclded a portion
of carbonic acid and earth;* and as the ascending
sap could not be supposed to have yet undergone
much alteration, the carbonic acid, like the earth,
was probably taken up from the soil.

87

.But this opinion, which seems to be so firmly contro-

established upon the basis of experiment, Hassen-

ments which he had instituted with an express view
to the investigation of this subject, plants which
were raised in water impregnated with carbonic acid
differed in no respect from such as grew in pure
water, and contained no carbon that did not pre-
viously exist in the sced. Now if this were- the
fact, it would be decisive of the point in question.
But it is plain from the experiments of Saussure, as
related in a preceding section, that Hassenfratz
must have been mistaken both with regard to the
utility of carbonic acid gas as furnishing a vegetable
* Seneb, Phys. Veg. vol. iii. p. 55.

verted by
Hassen-

fratz strenuously controverts. According to experi- fratz.
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aliment, and with regard to the augmentation of
carbon in the plant. The opinion of Senebier, there-
fore, may still be correct.

It must be acknowlédged, however, that the subject
is not yet altogether satisfactorily cleared up; and
that carbon may certainly enter the plant in some
state different from that, either of charcoal in'solution,
or of earbonic acid gas.  Is not the carbonic acid of
the soil decomposeid before entering the plant?  This
is a conjecture of Dr. Thomson’s, founded upon the
following facts :—The green oxide of iron is capable
of decomposing carbonic acid ; and many soils con-
tain that oxide. Mbost soils indeed contain iron,
cither in the state of the brown or green oxide, and
it has been found that oils convert the brown oxide
into green.® Bat dung and rich soils contain a
quantity of oily substance. One effect of manures,
therefore, may be that of reducing the brown oxide
of iron to the green, thus rcandering it capable of
decomposing carbonic acid gas, so as to prepare it
for some new combination, ‘in which it may serve as
an aliment for plants. All this, however, is but a
conjecture ; and it is more probable that the earbonic
acid of the soil enters the root in combination with
some other substance, and is afterwards decomposed
within the plant itself.

* Thomson’s Chemistry, vol. iv. p. 394.



CHAPTER III.

OF THE PROCESS OF NUTRITION.

Ix the foregoing chapter I have enumerated’ the
substances constitating the principal food of plants,
as deducible from the observations and experiments
of the best phytological chemists. But this enu-
meration serves only as a step to conduct us to
further inquiries. For it is necessary to know not
only in what the food of plants consists, but also by
what means that food, whether lodged in the soil or
wafted through the atmosphere, is taken up by the
plant, conveyed to its different parts, and elaborated
so as to prepare it for final assimilation.  The inves-
tigation of these topics shall form the subject of the
several follov{'ing sections.

v

SECTION 1.

Intro-susception.

As plants have no organ analagous to the mouth Effected
of animals enabling them to take up the nourish- gﬁ,ﬂ;"of
ment necessary to their support, by what means do ::1‘; _ePide"
they effect the intro-susception of their food? 'In
our anatomical analysis of the vegetable structure,
it was found that the whole of the parts of the plant,

the root, stem, branches, leaves, flower, and fruit,
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are covered with an epidermis, or fine and transpa-
rent pellicle, which has been described by some
phytologists as being of so close and compact a
texture that the eye, aided even by the best micro-
scopes, is unable to discover in it the slightest vestige
of pores or apertures. Hedwig and Decandolle
have, however, detected pores in the epidermis of
the leaves of many plants, and they may readily be
detected by any one who will be at the trouble of
employing the same means. It does not appear
that any pores have been yet detected in the epider-
mis of the root ; though we must not on that account
conclude that it is not porous. We must even, on
the contrary, admit that it is furnished also with
pores, as well as the epidermis of the leaf; because
the whole of the nourishment which the plant de-
rives from the soil must of necessity pass through it.

But if the pores of the epidermis are so very fine
as either to elude the sight, or to be discoverable
only by the application of the highest magnifying
powers, they can be permeable only to fluids; and
if so, then the food of the plant can be taken up
only by absorption or inhalation, as the chyle into
the animal lacteals, or the air into the lungs. The
former term will be applied to the intro-susception
of non-elastic fluids ; the latter, to that of gaseous
fluids.

Of the fact of the absorption of non-¢lastic fluids
by the epidermis of plants any one may easily
satisfy himself, merely by immersing in water a plant
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of almost any species of moss that has been some
time gathered, or long exposed to drought, so as to
have had its leaves shrivelled up. The moisture
will immediately begin to ooze through the epider-
mis, and the plant to resume its original form and
verdure.

But has any of the moisture thus absorbed passed By the
through the root? If the bulb of a hyacinth is e
placed on the orifice of a glass bottle filled with
water, so as that the radicles only shall be immersed,
the water is imperceptibly exhausted, and the plant
grows: the moisture must consequently have passed
through the root. The following experiment of
Hales proves not only the fact, but also the extra-
ordinary energy of the absorbent power of the root.
Having laid bare the root of a pear tree half an inch
in diameter, and luted to it a tube of glass, one
inch in diameter and eight inches long, to which
was luted also another tube a quarter of an inch in
diameter and 18 inches long, he filled both with
water, and immersed the extremity in a cistern of
mercury. The result was, that the absorption of
water by the root was so rapid that the mercury
rose eight inches in the space of six minutes.*

But moisture is absorbed also by the leaves as Bytheleat.
well ‘as root. Du Hamel cut off several branches
from several trees of different species, and covered
the surface of the section with mastic. The conse-
quence was that the branches soon began to exhibit

* Veg. Stat. Exper, xxi.
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a faded and sickly appearance. Some of them were
then removed to damp situations, and others to dry
situations, to know what the effect of such removal
might be. The former gave indications of recovery,
the latter of continued decay.* It is plain, there-
fore, that in the former case moisture must have been
absorbed from the atmosphere by means of the
epidermis of the leaf, or at least of the branch.
Mariotte cut off from a tree a branch terminating in
two boughs, which he suspended upon the edge of a
vessel filled with water, so as that the one was
within and the other without the. vessel. The
former preserved its verdure for several days, but the
latter began almost immediately to wither.

But the most complete set of experiments upon
the absorbent power of leaves which has hitherto
appeared is that of M. Bonnet, of Geneva. Satisfied
that leaves are furnished with absorbent organs for
the purpose of the intro-susception of moisture,
as deducible from the experiments of Hales and
Guettard, his object was that of ascertaining whether
the absorbent power of both surfaces was alike.
With this view he filled several vessels with water,
on the top of which he placed a number of leaves,
some having the upper, and others the under surface
applied to the water, so as that they only floated in
it but were not immersed. If the leaf retained its
verdure longest with its upper surface applied to the
water, the absorbing power of the upper surface was

* Phy. des Arb, liv. ii. chap. iii.
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to be regarded as the greatest ; but if it retained its
verdure longest with the under surface applied to
the water, then the absorbing power of the under
surface was to be regarded as the greatest. = The
experiment was made in the spring and autumn, the
temperature being between five and ten of Reaumur,
and the leaves employed being such as were fully
expanded. The result was as follows :—

Out of fourteen herbs of different genera selected On the de-

for the purpose of experiment, the leaves of six—the f::f’ e
Avum maculatum, Kidney Bean, :Sun-flower, Cab- berbs.
bage, Spinach, and small Mallow—were indifferent
to the mode in which they were applied to the water,
and were found to retain their verdure equally long
whether moistened by the upper or under surface.
The rest—the Plantain, white Mullein, great Mallow,
the Nettle, Cockscomb, purple-leaved Amaranth,
~ Marvel of Peru, and Balm—vere not indifferent to
the mode in which they were applied to the water,
but retained their verdure longest when moistened
by the upper surface.

The following are the most remarkable examples
of the relative capacity of their different surfaces :—

The leaf of the Nettle when moistened by the upper
surface lived two months, but when moistened by
the under surface only three weeks. The leaf of
the Amaranth when moistened by the upper surface
lived ‘three months, and when moistened by the
under surface only seven or eight days. The lcaf
of the Mullein when moistened by the upper surface
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lived five weeks, and when moistened by the under
surface only five days. A leaflet of the French
Bean absorbed also a sufficient quantity of moisture
to nourish another leaflet that was still attached to
_ the same footstalk, though not touching the water.

On thede- -~ Out of sixteen trees or shrubs of different genera

1‘::?::1 of selected for the purpose of experiment, the leaves of

o only two, the Lilac and Aspen, retained their ver-
dure equally long by whatever surface they were
moistened. But the leaves of the rest—the Vine,
Pear, Cherry, Prune, Apricot, Walunut, Mulberry,
Oak, Hazel, Rose, &c.—retained it longest when
moistened by the under surface. The following are
the most remarkable examples of relative capacity :
—The leaves of the white Mulberry when moistened
by the under surface retained their verdure for
nearly six months, but when moistened by the
upper surface they retained it for only five or six
days. The leaves of the Vine, Poplar, and Walnut
faded almost as soon when moistened by the upper
surface, as when left without water altogether. The
leaves of the Hazel and Rose when moistened by
the under surface absorbed a sufficient quantity of
moisture to nourish also other leaves on the same
branch, though not touching the water.*

Such was the result of the experiments of M
Bonnet; and the only thing to be regretted is that
he has not always been sufficiently accurate in spe-
cifying, beyond the chance of mistake, the plant on

* Recherches sur les Usages des Feuilles.
4
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which his experiments were made; which are on
this account the less satisfactory, as well as the less
valuable.  And hence it is now impracticable to as-
certain what particular species of Mallow are in-
tended by the Great and Little Mallows ; or what
particular species of Poplar it is that differs so much
in its capacity of absorption from the Populus tre-
mula or Aspen. But the inference deducible from
the whole, and deduced accordingly by Bonnet, is
that the leaves of herbs absorb moisture chiefly by
the upper surface, and the leaves of trees chiefly by
the under surface. .

But what is the cause of this direct opposition
between the absorbing surface of the leaf of the herb
and of the tree? The immediate cause must be,
that there exists a greater number of absorbents in
the upper surface of the one, and in the under sur-
face of the other. But what is the cause in the
economy of the vegetable subject, or state of sur-
rounding bodies, that requires this a%rangement?

Du Hamel thought the lower surface of the leaf
of the tree was endowed with the greater capacity
of absorbing moisture, chiefly for the purpose of
catching the ascending dews and exhalations that
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must necessarily come into contact with it as they

rise, but which might possibly still escape if ab-
sorbable only by the upper surface, as being now
considerably rarefied, as well as more rapid in their
ascent ;* presuming, as it appears, that absorption

*. Phys. des Arbres, liv. ii. chap. iii.
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by the upper surface is all that is necessary to herbs,
being but low in stature, and near the surface of the
earth, where the dews and exhalations are yet so
much condensed and so slow of ascent, that absorp-
tion by the under surface of the leaf would but
drench and destroy them. 'There may possibly be
some truth in this conjecture, though it rests on a
foundation rather too slight to be much trusted to;
as the same mode of argumentation would have
suited a reversed order of the absorbing capacity of
surfaces, if viewed with regard to the rains that
descend from the atmosphere.

But as the foregoing experiments upon leaves
were made on such only as were detached from the
plant, it may be said that they are not well caleu-
lated to become the ground of any general conclu-
sion, and that they do not represent to us the actual
phenomena of vegetation. To the actual phenomena
of vegetation thercfore let us now appeal, in as far at
least as they are applicable to the present subject.
They will be found fully to confirm the fact of the
absorption of moisture by the leaf. If, after a long
drought, a fog happens to take place before any rain
falls, so as to moisten the surface of the leaves, the
plant begins to revive and to resume its verdure long
before any moisture can have penetrated to the root.
Hence it follows incontestably that moisture has been
absorbed by the lcaf: because it is impossible ‘to
account-for the change that has been effected, except
by such absorption. But the efficacy of rains them-
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selves and of artificial waterings may be accounted
for upon the same principle ; for they have not
always penetrated to the root when they are found
to have given freshness to the plant; and indeed
many plants will thrive merely by having their
leaves kept moist, though no water should reach the
root at all. The same thing might be said of the
immersed Fuci, many of which being totally des-
titute of root, and constituting merely a sort of
frond or leaf, absorb the nourishment necessary to
their support by the whole of their surface. The
moisture then entering the plant as a food is taken
up by means of the absorbent pores of the epi-
dermis, not only of the root and leaf, but often, as
it is to be believed, of the other parts of the plant
also, at least when they are in a soft and succulent
state. -

But by what means do the gaseous fluids enter Elastlc

the plant?  From what has been already ascertained 1
concerning the vegetable structure, it follows un-
avoidably that the gases which may be inhaled as
a food must enter the plant in a manner similar to
that of moisture, that is, they must also pass
through the pores of the epidermis. Perhaps the
pores by which moisture is absorbed are fitted also
for the inhalation of air; but this cannot be re-
garded as altogether certain; if it is not rather
- altogether certain that each of the two fluids enters
the plant by a peculiar set of pores.

Bennet has shown that most leaves absorb mois-

VOL. II H
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ture better by the one surface than the other: and
it is known that some surfaces do actually repel it;
as may be seen in the case of Cabbage-leaves in
the time of rains and dews, when the drops roll
along the upper surface without wetting it, or lodge
in its folds and hollows like globules of quicksilver, .
conglomerated together without being absorbed.
This is the case also with all such plants as are
covered with bloom. It i1s probable therefore that
all such surfaces as repel moisture are fitted rather
for the inhalation of air which they have long been
regarded as capable of effecting; and in times in
which it was fashionable to look for analogies
between the plant and animal in every thing what-
ever, leaves were even regarded as being the lungs
of plants. The notion seems to have arisen as
follows: Grew thought he had discovered in the
leaves a number of little bags or bladders filled
with air : the air was supposed to have entered by in-
halation; and the bags or bladders were supposed to
be analogous in their office to the cells of the lungs:
of animals. This was at the time a sufficiently
plausible conjecture, but was not enough to prove
that leaves are lungs. Accordingly it became ne-
cessary to look out for some further arguments in
defence of the doctrine, and one of the first that
was discovered was that of the experiment of M,
Papin, who, with a view to ascertain the point in
question, introduced into the receiver of an air-
pump an entire plant, root, stem, and leaf. The
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consequence was that it very soon died. He then
introduced a plant by the root and stem only,
while the leaves were still exposed to the influence
of the air. But in this case the plant lived mueh
longer than in the former, and warranted him, as
he thought, to conclude that leaves are the lungs
of plants. It is plain, however, that this conclusion
was by much too hasty; because the life of the
plant might have been protracted merely by the
absorption of the 'moisture of the atmosphere
through the medium of the leaf, and not by the
inhalation of any gaseous principle. And before
venturing upon such a conclusion; the experiment
should have been also reversed, to show the result
of enclosing the leaves only in the receiver, and of
leaving out the stem and root: and if it had even
been proved that atmospheric air is actually inhaled
by the leaf and indispensable to the health of the
plant, still it would have been necessary to show
that it is again expired also, in order to make good
the analogy of leaves to lungs.

Another argument in support of the doctrine
was deduced from Du Hamel's experiment of

besmearing the surface of the leaf with oil, in

consequence of which treatment it soon died,
owing, as it appeared, to the exclusion of air.*
But this argument is also insufficient to establish
the fact, and is here introduced, together with that
of M. Papin, not merely for the purpose of show-
* Phys. des Arb. liv. ii. chap. iii.
H 2
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ing its inadequacy, or of making it appear that
there is any absurdity in the doctrine it was in-
tended to support; but rather that the doctrine,
though founded in truth, could not have been satis-
factorily proved by any experiments that were prac-
ticable at the time.

El;ei{in- It is to the modern improvements in pneumatic
alation .~ .

proved by chemistry, and to them alone, that we are indebted
pheumatos

Pheama " for our knowledge of the real functions of the

;fé’:t‘.i' leaves of plants; from which it is proved indispu-
tably, that the leaves not only contain air, but do
actually inhale it. It was the opinion of Priestley
that they inhale it chiefly by the upper surface.
Has this been confirmed? And it has been
shown by Saussure that their inbaling power de-
pends entirely upon the organization. A bough
of the Cactus Opuntia, when placed, as it was de-
tached from the plant, in an atmosphere of common
air, inhaled in the course of a night four cubic
inches of oxygene; but when it was placed in a
similar atmosphere after being cut to pieces and
pounded in a mortar so as to destroy the organiza-
tion of its parts, no inhalation took place. The
inhalation of air, therefore, is no doubt effected by
the pores of the epidermis of the leaf.

It has been a question, however, among phytolo-
gists, whether it is not also effected by the epidermis
of the other parts of the plant. We can scarcely
suppose it to be effected by the dry and indurated
epidermis of the bark of aged trunks, of which
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the original organization is obliterated; nor by that
of the larger and more aged branches. But it has
been thought there are even some of the soft and
succulent parts of the plant by which it cannot be
effected, because no pores are visible in their epi-
dermis. M. Decandolle found no pores in the
epidermis of fleshy fruits, such as Pears, Peaches,
and Gooseberries ; nor in that of roots, or scales of
bulbs; nor in any part not exposed to the influence
of air and light. It is known, however, that fruits
will not ripen, and that roots will not thrive, if
wholly deprived of air; and hence it is probable
that they inhale it by their epidermis, though the
pores by which it enters should not be visible. In
the root, indeed, it may possibly enter in combi-
nation with the moisture of the soil ; but in the
othér parts of the plant it enters no doubt in the
state of gas. Herbs, therefore, and the soft parts
of woody plants, absorb moisture and inhale gases
from the soil or atmosphere by means of the pores
of their epidermis, and thus the plant effects the
intro-susception of its food,

SECTION II.
Ascent of the Sap.

IN tracing out the means by which the plant
effects the intro-susception of its food, it was found
to be chiefly that of absorption by the root. But
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the fluids existing in the soil when absorbed by
the root, are designated by the appellation of sap
or lymph; which, before it can be rendered sub-
servient to the purposes of vegetable nutrition, must
either be intermediately conveyed to some viscus
proper to give it claboration, or immediately dis-
tributed throughout the whole body of the plant.
The object, therefore, of the present section will be
that of tracing out the progress of its distribution
or ascent.

A very simple experiment will be sufficient to
show that the sap is in motion in one direction or
other, at least at occasional periods. If the branch,
or trunk, or even root of a tree, is laid open
or fractured in the course of spring, whether
by intentional incision or accidental wound, the
sap will immediately begin to flow, and will, in
some cases, continue to be copiously discharged
perbaps for several days, or at least till the wound is
cicatrized ; and if the wound is again opened the
sap will flow afresh, This is what is usually de-
nominated the bleeding of plants, and is well
exemplified in the Vine, Birch, Maple, and Walnaut,
as affording a most copious discharge.

But what is the most to be wondered at in the case

-of the bleeding of plants, is that the most copious

discharge does not seem to injure the individual in
any material degree. Du Hamel sclected several
strong and healthy Vines as the subject of experi-
ment, some of which were trimmed in the usnal
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way, and others made to bleed copiously ; but the
latter were afterwards as vigorous and productive as
the former. The American Maple will also con-
tinue to yield its usual quantity of sap in the spring
for many years; though it requires now and then
an interval of rest.

The plant .always bleeds most freely about the Which is
time of the opening of the bud ; for in proportion
as the leaves expand the sap flows less copiously,
and when they are fully expanded it entirely ceases.

But this suspension is only temporary, for the plant

‘may be made to bleed again in the end of the
autumn, at least under certain conditions. If an
incision is now made into the body of the tree

after the occurrence of ashort but sharp frost, when

the heat of the sun or mildness of the air begins to
produce a thaw, the sap will again flow. It will

flow even where the tree has been but partially
thatved, which sometimes happens on the south

side of a tree, when the heat of the sun is strong

and the wind northerly. At the seasons now speci-

fied, therefore, the sap is evidently in motion; but

the plant will not bleed at any other season of the

year. Are we to conclude, therefore, that the Though
motion of the sap is at such other season wholly ;}1’3;2’;"‘1,
suspended ; or that it only flows with diminished 3“'[:’:]"1y
velocity ? It has been the opinion of some phyto- suspended.
logists, indeed, that the motion of the sap is wholly
suspended during the winter. But though the

great cold of winter, as well as the great heat of
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summer, is by no means so favourable to vegetation
as the milder though more changeable temperature
of spring and autumn, yet it does not wholly
suspend the movement of the sap. = Palms may be
made to bleed at any scason of the year. And al-
though this is not the case with plants in general,
yet there is proof sufficient that the colds of winter
do not, even in this climate, entirely prevent the
sap from flowing. Buds exhibit a gradual develop-
ment of parts throughout the whole of the winter,
as may be seen by dissecting them at different
periods.  So also do roots. Evergreens retain their
leaves ; and many of them, such as the Arbutus,
Laurustinus, and the beantiful tribe of the Mosses,
protrude also their blossoms, even in spite of the
rigour of the season. But all this could not pos-
sibly be accomplished if the motion of the sap were
wholly suspended.

The sap then is in perpetual motion with a more
accelerated or more diminished velocity throughout
the whole of the year: but still there is no decided
indication, exhibited in the mere circumstance of
the plant’s bleeding, of the direction in which the
sap is moving at the time; for the result might be
the same whether it was passing from the root to the
branches, or from the branches to the root. But as
the great influx of the sap is effected by means of
the pores of the epidermis of the root, it follows
that its motion must, at least in the first place, be
that of ascent ; and such is its direction at the sca-
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son of the plant’s bleeding, as may be proved by the
following experiment :—If the bore or incision that
has been made in the trunk is minutely inspected

while the plant yet bleeds, the sap will be found to i

issue almost wholly from the inferior side. If
several bores are made in the same trunk one above
another, the sap will begin to flow first from the
lower bore, and ‘then from those above it. If a
branch of a Vine be lopped, the sap will issue copi-
ously from the section terminating the part that
remains yet attached to the plant; but not from the
section terminating the part that has been lopped
off. This proves indubitably that the direction of
the sap’s motion, during the season of the plant’s
bleeding, is that of ascent.

But if the sap flows so copiously during the sea- Itsvelo-

son of bleeding, it follows that it must ascend with
a very considerable force; which force has accord-
ingly been made the subject of calculation. To the
stem of a Vine cut off about two feet and a half
from the ground, Hales fixed a mercurial gaugc
which he luted with mastic; the gauge was in the
form of a syphon, so contrived that the mercury
might be made to rise in proportion to the pressure
of the ascending sap. The mercury rose accord-
ingly, and reached, as its maximum, to a height of
38 inches.* DBut this was equivalent to a column
of water of the height of 43 feet 31 inches; demon.-
strating a force in the motion of the sap that, without
*Veg, Stat. Exper.
1

city.
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the evidence of experiment, would have seemed
altogether ineredible.
The sap then in ascending from the lower to the

: upper extremity of the plant is propelled with a

Channel
of ascent.

According
to Mal-
pighi.

very considerable force, at least in the bleeding
scason. But is the ascending sap propelled indis-
criminately throughout the whole of the tubular
apparatus, or is it confined, in its course, to any
particular channel ¢ Before the anatomy of plants
had been studied with much accuracy, there was
a considerable diversity of opinion on the subject.
Some thought it ascended by the bark; others
thought it ascended by the bark, woed, and pith,
indiseriminately ; and others thought it ascended
between the bark and wood.

The first opinion was maintained and ‘supported
by Malpighi; who seems to have taken it for
granted that the sap ascends by the bark, merely
because the fibres of the bark (which he describes
under the appellation of fibre lignee, sew wasa
tubulosa)* had been found to be tubular, and
hience permeable to fluids: but this is a very lame
argument indeed; for although the bark is of
a vascular texture and permeable to fluids, yet
this is no proof that the sap in its natural eourse
ascends through it, because the vesscls contained
m it may possibly be destined for purposes very
different from that of the transmission of the
sap. But it was said that when a horizontal in-

Aunat. Plant, v.

6
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cision is made in the bark, a fluid is found to exude
from the lower lip, and that consequently the sap
ascends by it. But in order to make this argument
good, the fluid must first be proved to be sap, or at
least to afford the presumptive evidence of continu-
ing to flow for a considerable length of time; as it
is known that the vessels of plants will empty
themselves at both ends when cut horizontally, as
any one may see merely by cutting in two the stem
of any species of Spurge ; so that the mere exuda-
tion of a fluid from the lower lip, is no proof that
it proceeds from the ascending sap since the vessels
might thus empty themselves if they but contained
even a fluid descending.

It was further contended that old Willows and
several other sorts of trees will still continue to
vegetate even when the whole of .the woody part of
the trunk is decayed, and nothing but bark remain-
ing. But this is not exactly the fact; for in the
case alluded to, there will always be found to be
more or less of wood immediately under the bark;
so that the ascent of the sap through the channel of
the bark is by no means established.

The second opinion does not scem to have been
entertained by any very distinguished phytologists
~—namely, that of its ascending between the bark
and wood ; but it scems to have been entertained
by those who held it, because much juice is found
there ; because the wood is formed there; and be«
cause the graft takes effect there,

107
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Grew has shown this opinion to be altogether er-
roneous, and has substituted a third in its place—
namely, that the sap ascends by the bark, wood, and
pith indiscriminately.* * It ascends by the pith, as
he says, during the first year of the plant’s growth,
and during the first year only ; because the pith is
always found succulent during that time, whether in
the sprout from a seed, or sucker from a root, or
scion from a branch ; but dry ever after. And it
ascends by the wood and bark, because upon cutting
a branch a liquid issues from both either spontane-
ously or by pressure. But we must not too hastily
conclude that any particular part of the plant serves
as the channel of the sap’s ascent, merely because
it has been found to be moist, or to give out a liquid
by pressure;; for one might just as well say, because
the soil of a meadow situated by the banks of a
river contains a great deal of moisture, that it is
therefore the channel of the descent of the water as
well as the bed of the river itself. The sap is no
doubt conveyed to all the parts of the plant, and is
consequently to be found in them all under one
modification or another, but still its ascent 1s con-
fined to a peculiar channel. Let us try to ascertain
by experiment what that channel is.

If a tree is to be subjected to the operation of
bleeding, there will be no notable discharge of sap
unless the bore or incision penetrates beyond the
bark ; and if “the operation is performed on the

* Veg. of Trunks, chap. i.
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trunk of the Poplar-tree, there will be no notable
discharge till it penctrates almost to the centre.®
These facts afford a strong presumption that the sap
does not ascend by the bark; but the following ex-
periments afford an indubitable proof.

Du Hamel stript several trees of their bark en-
tirely, which continued, notwithstanding, to live
for many years, protruding new leaves and new
branches as before.{- Mr. Knight stript the trunk of
a number of young Crab-trees of a ring of bark
balf an inch in breadth, but the leaves were pro-
truded, and the branches elongated, as if the
operation had not been performed.} It is evi-

100

Experi-
ments of

Du Hamel

and

Knight,

dent, thercfore, that, the sap does not ascend by the .

bark.
But it is equally evident that it does not ascend
by the pith, at least after the first year; for then,

even upon Grew’s own supposition, it becomes either

juiceless or wholly extinct: and even during the
first year it is not absolutely necessary, if at all
subservient to the ascent of the sap, as is proved
by an experiment of Mr. Knight’s. Having contrived
to abstract from some annual shoots a portion of
their pith, so as to interrupt its continuity, but not
otherwise materially to injure the fabric of the
shoot, he found that the growth of the shoots
which had been made the subject of experiment
was not at all affected by it.

* Lxper. par Coulomb, + Phys. des Arb. liv. v. chap. ii.
1 Phil. Trans. 1801.
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The sap then ascends neither by the bark nor
pith, but by the wood only. . But the whele mass
» of the wood throughout is not equally well adapted
for the purpose of conveying it. The interior and
central part, or part that has acquired its last de-
gree of solidity, does not in general afford it a pas-
sage. This is proved by what is called the girdling
of trees, which consists in making a circular gap
or incision quite round the stem, and to the depth
of twa or three inches, so as to cut through both
the bark and alburnum. The operation is very
gencrally performed by the American farmer on
trees whose further growth might be prejudicial to
his crap, but which he does not yet find it conve-
nient to cut down: and indeed there are but few
trees that will long survive the operation, particu-
larly if performed early in the spring.* An Oak-tree
on which Mr. Knight bad performed the operation
with a view to the very object in question, namely,
that of ascertaining the channel of the sap’s ascent,
exhibited not the slightest mark of vegertation in
the spring following.4- The sap then does not
ascend through the channel of the matured wood.
But if the sap ascends neither through the chan-
nel of the bark, nor pith, nor matured wood ;
through what other channel does it actually ascend?
The only remaining channel through which it can
possibly ascend is that of the alburnum. But
though the object of our inquiry has been thus so

* Barton's Elem. of Bot. p. 155. + Phil. Trans, 1803.
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far obtained, another inquiry remains yet to be in-
stitated. In passing through the channel of the Vessls
. through

alburnum, does the sap ascend promiseuously by ;. 5%
the whole of the tubes composing it, or is it con-32wcends, -
fined in its passage to any peculiar set ?

The earliest conjectures recorded on this subJect
are those of Grew and Malpighi, who, though they
maintained that the sap ascends chiefly by the
bark, did not yet deny that it ascends also partly
by the alburnum or wood: but their opinions deo
not at all coincide with regard to the peculiar set
of vessels through which the sap ascends the al-
burnum. Malpighi thought it ascended through According
the channel of the tubes formed by the woody anf Mal-
fibre, which he describes under the appellation of Pighi-
JSistule lignee ;* regarding the trachee, which he
represents as constituting also part of the wood,
as being confined merely to the function of con-
ducting air. But Grew thought it ascended the
alburnum only through the channel of the tra-
chez, 4 which he represents as being numerous
both in the stem and root, and capable of conduct-
ing not only air but sap. Such were the primitive
conjectures entertained on this subject, at a time
when phytological inquiry was but yet in its in-

* Sunt autem he fistule ejusdem nature cum exarstis cor-
ticem compingentibus, et comsimilem admittunt succum qui ex
naturz legibus sursum pellitur. Anat. Plant. xi.

4 In the wood the sap ascendeth only by the air vessels. Veg.
of Trunks, chap. i.
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fancy ; and as the obscurity as well as importance
of the subject demanded, so it gave origin to fur-
ther investigations.

It occurred to succeedmg phytologists that the
progress of the sap, and the vessels through which
it passes, might be traced or ascertained by means
of making plants to vegetate in coloured infusions ;
and accordingly plants were made so to vegetate.
The earliest experiments on the subject seem to be
those of Magnol, instituted about the beginning of
the cighteenth century, though it does not appear
that his object was any thing beyond that of merely
demonstrating the ascent of the sap to the very
summit of the plant. The colouring matter he
made use of was the juice of Phytolacca; and .
when the extremity of a stem of the Tuberose was
moistened in an infusion of this juice, it was found
to mount up to the summit and to give a red colour
to the flower. M. De la Baisse, improving upon
this hint, instituted a number of experiments, with
the same juice, upon a great varicty of diffcreat
plants, and found that the infusion always left
behind it some evident traces of its ascent in the
form of longitudinal streaks or threads. Iu the
root, it was found that the smaller divisions were
always tinged more deeply, and the larger divisions
more faintly ; the tinge being also deeper as it ap-
proached the centre. In stems of the Peach and
Elm, of from three to four feet in length, the
coloured tubes were traced to the extremity of the
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branches pervading the wood only, but not the
pith or bark, the tinge being always deepest at the
origin of ‘the leaf and branch. But in the im-
mersed portion of the stem, the bark was tinged
where the epidermis was wanting; and in branches
of the Fig-trec, the medullary sheath, or sheath sur-
rounding the pith, was tinged also.  On inspecting
the surface of a transverse section of a branch of
the Lime-tree that had been made the subject of
experiment, the wood was found to be variegated
with alternate zones of white and red; but there
was no colouring in the bark or pith.

In herbaceous plants the case was nearly the
same, the streaks being found only in the bundles
of woody fibre, though in some examples the upper
part of the plant had assumed a reddish tinge, even
where no traces of fibre were perceptible. In the
leaves the infusion was found to have passed
through two different sets of vessels, the one large
and longitudinal, the other undulating and twisted ;
the former abounding chiefly in the under surface,
and the latter in the upper surface. In repeating
the experiment of Magnol, M. De la Baisse was
completely “successful ; and in extending it to a
species of Antirrhinum, the infusion was found to
have tinged not only the corolla, but also all the
other parts of the fructification.

113

Bonnet instituted a set of similar experiments Bonnet.

on this subject also, in which he used for colouring
matter, ink, and. tincture of  Madder-root. The
VOL. IL e
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central part of the root was, asin the foregoing
experiments, tinged the deepest; but the wood of
a branch of the Apricot was tinged the deepest
towards the circumference, the pith and bark being
unaltered ; and in a case in which the branch was
stripped of a ring of bark, the wood was tinged as
before. On the surface of a transverse section of
a bud three black spots were distinguishable, indi-
cating the ascent of the coloured fluid ; and when
the experiment was made upon the stalk of French
Beans the tincture was found to have ascended only
by the bundles of woody fibre.

Du Hamel, in pursuit of the same object, mixed
a quantity of powdered Madder-root with the earth
in which a plant vegetated, hoping he might thus
succeed in detecting and tracing out the sap vessels,
in the same manner as he had succeeded in colour-
ing the bones of some animals by means of mixing
Madder-root with their food. But the experiment
failed. He then adopted the plan of Bonnet,
namely, that of steeping the extremity of a branch
or stem in a coloured fluid. The fluid he used was
ink ; and the subject of experiment branches of
the Fig, Elder, Honeysuckle, and Filbert. In ex-
amining some branches of the two former after
being steeped for several days, the part immersed
was found to be black throughout, but the upper
part was tinged only in the wood, which: was co-
loured for the length of a foot, but more faintly
and vartially in proportion to the height. The pith

6
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indeed exhibited some traces of ink, but the bark
and buds none. In some other examples the ex-
ternal layers of the wood only were tinged.  In
the Honeysuckle the deepest’ shade was about the
middle of the woody layers; and in the Filbert
there was also observed a coloured circle surround-
ing the pith; but none in the pith itself, nor in the
bark.

Such were the experiments of the earlier phyto-
logists with a view to discover the vessels conduct-
ing the sap in its ascent, which, though they do not
exactly determine the point in question, do yet very
much circumseribe the limits of inquiry, showing
that it ascends through the vessels of the longitu-
dinal fibre composing the alburnum of woody
plants, ‘and through the vessels of the several
bundles of longitudinal fibre constituting the woody
part of herbaceous plants. " But it has been already

-shown that the vessels composing the woody fibre
are not all of the same species.  There are simple
tubes, porous tubes, spiral tubes, mixed tubes, and
interrupted tubes. Through which of these, there-
fore, does the sap pass in its ascent ?

The best reply to this inquiry has been furnished Mirbeland
by Mr. Knight and M. Mirbel, whose experiments Kaiohs
on the subjeet are considerably more luminous than
the preceding. Mr. Knight prepared some annual
shoots of the Apple and Horse-chesnut, by means
of circular incisions, so as to leave detached rings
of bark with insulated leaves remaining on the

12
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stem. He then placed them in coloured infusions
obtained by macerating the skins of very black
grapes in water; and on examining the transverse
section at the end of the experiment, it was found
that the infusion had ascended by the wood beyond
his incisions, and also into the insulated leaves; but
had not coloured the pith nor bark, nor the sap
between the bark and wood.* From the above
experiment Mr. Knight concludes that the sap as-
cends through what are called the commen tubes
of the wood and alburnum, at least till it reaches
the leaves. This is no doubt the fact, though still
it is but vaguely stated. M. Mirbel is somewhat
more explicit. From a variety of experiments
made by immersing branches of the Elder in co-
loured infusions, he finds himself entitled to con-
clude that the sap ascends through the medium of
what he calls the small tubes; because they only
were found to be coloured with the infusion, while
the large tubes were not ; and because in the bleed-
ing season they are found to contain a limpid juice,
which the large tubes do not.

Thus the sap is conveyed to the summit of the
alburnum. But Mr. Knight's next object was to
trace the vessels by which it is conveyed into the
leaf. The Apple-tree and Horse-chesnut were still
his subjects of experiment. In the former the
leaves are attached to the plant by three strong
fibres, or rather bundles of tubes, one in the middle

* Phil. Trans. 1801.
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of the leafstalk, and one on each side. In the
latter they are attached by means of several such
bundles. Now the coloured fluid was found in each
case to have passed through the centre of the se-
veral bundles, and threugh the centre only, tinging
the tubes throughout almost the whole length of

the leaf.stalk. In tracing their direction from the .

leaf-stalk upwards, they were found to extend to
the extremity of the leaves; and in tracing their
direction from the leaf-stalk downwards, they were
found to penetrate the bark and alburnum, the
tubes of which they join, descending obliquely
till they reach the pith which they surround.*
From their position Mr. Knight calls them central
tubes, thus distinguishing them from the common
tubes of the wood and alburnum, and from the
spiral tubes with which they were every were ac-
companied as appendages; as well as from a set

of other tubes which surrounded them, but were

not coloured, and which he designates by the ap-
pellation of external tubes.
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The experiment was now transferred to the Flower

flower-stalk and fruit-stalk, ‘which was done by
placing branches of the Apple, Pear, and Vine,
furnished with flowers not yet expanded, in a de-
coction ‘of Logwood. The central vessels were
rendered apparent as in the leaf-stalk. ' When the
fruit of the two former was fully formed, the ex-
periment was then made upon ‘the fruit-stalk, in
* Phil. Trans, 1805.

and fruit.
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which the central vessels were detected as before ;
but the colouring matter was found to-have pene-
trated into the fruit also, diverging round the core,
approaching again in the eye of the fruit, and ter-
minating at last in the stamens. It was by means
of a prolongation of the central vessels, which did
not however appear to be accompanied by the spiral
tubes beyond the fruit-stalk.

Such then are the parts of the plant through
which the sap ascends, and the vessels by which it
is conveyed. Entering by the pores of the epi-
dermis, it is received into the longitudinal vessels
of the root by which it is condueted to the collar.
Thence it is conveyed by the longitudinal vessels
of the alburnum, the small tubes of Mirbel, and
common tubes of Knight, to the base of the leaf-
stalk and peduncle; from which it is further trans-
mitted by the central vessels of Knight to the ex-
tremity of the leaves, flower, and fruit. It isto be
regretted, however, that Mr. Knight’s description
of the central vessels is not altogether so explicit
as could be wished. In trying to illustrate the
subject by synonym, he says indeed, that his cen-
tral vessels are M. Mirbel’s tubular tissue.* But
this unhappily tends to obscure rather than to elu-
cidate the subject. For M. Mirbel’s tubular tissue
consists of not less than five or six different species,
large tubes, small tubes, simple tubes, porous tubes,
spiral tubes, and mixed tubes. But to which of

* Phil. Trans. 1807.
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them do the central vessels correspond? If we
regard their respective functions they can corres-
pond only to the small tubes, as it is by them alone,
according to M. Mirbel, that the sap ascends.

And yet after all the elucidation that has been Funciion

thrown on the subject, the function of the spiral ?al?.’,i:f,“

tubes is as much involved in obscurity as ever. ‘g‘g;’;v‘;g
Grew, who, together with Malpighi, regarded them and Ma]-
ongmally as being destined to the transmission of "

air, is known to have retracted his opinion, or at

least to have very much modified it; so that, instead

of regarding them as being solely air-vessels, he
afterwards regarded them as being also sap-vessels,

and as being even the sole sap-vessels of the wood

or alburnum. But this opinion is evidently con-
tradicted by the fact that no trachez are to be found

in the wood or alburnum, except in the annual

shoot immediately surrounding the pith; for they

are not generated in the succeeding and annual
layers by which the stem and trunk are augmented

in width, and are obliterated by age in the vicinity

even of the pith itself. It is impossible, therefore,

. that they should be the channel of the sap’s as-

cent through the wood or alburnum of an aged
trunk. :

And yet this opinion seems to have been adopted According
even by Dr. Smith, upon the authority as it appears }233{,‘:'"’
of Dr. Darwin and Mr. Knight, whom he repre- and Smith.
sents as having proved in the most satisfactory

manner that the spiral vessels are the channel
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through which the sap ascends.*. That this was
the conclusion deduced: from Dr. Darwin’s expe-
riment, there is no-doubt. ' But it does not appear
that Mr. Knight has deduced any such conclusion
from any experiments of his own; but certainly
not inasmuch as regards the ascent of the sap
through the alburnum, in which he denies the ex-
istence of the spiral tubes altogether, except as
already stated. = And although his central tubes,
which conduct the sap through the leaf and leaf-
stalk of woody plants, as well as through the stem
of herbaceous plants, are accompanied with spiral
tubes as appendages ; yet these spiral appendages
are represented as conveying no fluid. How then
Dr. Smith came to regard it as Mr. Knight’s opi-
nion that the sap ascends through the ehannel of
the spiral tubes, it is not easy to say, except from
Mr. Knight’s occasional obscurity and perplexity
of expression, if not of thought, that so often
embarrass the reader, even in his most luminous

papers.
Whichthe -~ But what is the office of the spiral tubes where
ﬁ%ﬁi’;’;{_ they are certainly known to exist? The opinion of
nion- - Grew and Malpighi, as it is the most ancient, is
perhaps also the most correct: at least we may
fairly regard Grew's reformed opinion in this light;
namely, that they transmit not only air but sap.
It is indeed the opinion of Knight that they are
altogether incapable of transmitting moisture : but

» introduction, p- 49,
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this can refer only to their uncoiled state, in which
they do not form a tube, but merely a loosely spiral
line; for in the coiled up state in which they
exist in the living vegetable and in which the spires

are united, they form a perfect. tube, which we

cannot regard as incapable of transmitting moisture
without some proof. On the contrary it seems to
have been ascertained that they do contain mois-
ture. Hedwig, who examined with great care, and
with a view to the very point in question, the stem
of the Cucurbita Pepo, and Momordica Elate-
rium, in which the spiral tubes are comparatively
large, affirms that the juices may be seen issuing
from their orifices, if the horizontal section is in-
spected immediately after the stem: is divided.*
Scnebier gives a similar account of their appearance
in the stem of the Sagus farinifera, which he
had chosen for the subject of his observations.}
And Hedwig appears to have succeeded even in
inspecting them by means of steeping a portion of
the stem in coloured infusions; and also in mea-
suring their diameter, which he estimates at about
the 4+ of a line. In these observations there
may certainly have been error; but from the known
accuracy of the observers we are warranted in re-
garding them as correct ; and consequently in con-
eluding that the trachez or spiral tubes, where they
exist, do also conduct sap. 3

But still there remains a question to be asked

* Fund. Hist. Nat. Musc. p. 55, + Pbys. Veg. vol. i.'p. 107.
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intimately connected with the sap’s ascent. Do
the vessels conducting the sap communicate with
one another by inosculation or otherwise, so as that
a portion of their contents may be conveyed in a
lateral direction, and consequently to any part of
the plant; or do they form distinct channels
throughout the whole of their extent, having no
sort of communication with any other set of tubes,
or with one another? .

Each of the two opinions implied in the question
has had its advocates and defenders. At the head
of those embracing the former we find Malpighi ;
and at the head of those embracing the latter we
find Grew; who, in speaking of what he calls the
succiferous and air vessels of the bark and wood
of the root, describes them as being no where in-
osculated or twisted one about another, but only
tangent or collateral.* This was regarded as a proof
that the vessels of plants do not communicate la-
terally, so as to distribute their sap in all directions,
but are destined merely to the nourishment of a
particular part. It was also urged in support of
the same opinion, that if a tree is planted so as to
have cultivated ground on the one side, and uncul-
tivated ground on the other, the roots and branches
will be the most vigorous and the most luxuriant
on the cultivated side; and that if a tree having
two or more principal branches, with the same
number of principal roots, has one of the roots

* Anatomy of Roots, Part II. chap. iii. and iv
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cut off, the branch corresponding to it will be con-
siderably affected by the loss.

But a very little reflection will serve to show that Proved.
the above premises are by no means sufficient to .
Jjustify the conclusion that has been drawn from
them: for although the trachex as they exist in
the living plant are not twisted one about another,
but only tangent or collateral, yet the longitudinal
film of which they are composed is itself perfo-
rated with pores, or interrupted with meshes, as
may be seen by inspecting those of the leaf-stalk
of the Artichoke; so that it is very possible they
may be occasionally tangent, where the pores or
meshes shall meet. And the degeneration of the
root or branch in the cases above stated is just.
what would bave taken place, upon the supposition
that a lateral communication exists: for if by
default of nutriment in the direct line, any root
or branch is supposed to be nourished merely by
means of the sap that may be transmitted to it
through the lateral apertures, its growth will of
necessity be less luxuriant, because its supply is
now rendered both more scanty and more difficult
of access. So that we have in this argument a
refutation of the very doctrine it was meant to sup--
port ; for if the root or branch thus treated does
not absolutely die, it is a proof that lateral commu-
nication must exist.

But the existence of a lateral communication
between the vessels conducting the sap has been
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also further elucidated by means of direct expe-
riment. Du Hamel having selected a tree for the
purpose of experiment, made two incisions at dif-
ferent heights and on opposite sides of the trunk,
each penetrating to the centre. He then elosed up
the gaps with a mixture of wax and turpentine, in-
order to prevent the action of the air from inter-
fering in the result ; and found accordingly that the
tree continued to vegetate as before the experiment.
Hales took two branches of equal size, in one of
which he made four incisions, answering to the
four cardinal points, and each penetrating to the
centre ; in the other he made no incision. He
then put the extremities of both into water, and
found that the branch that was cut with incisions
absorbed moisture as copiously as the one that was
not so cut. Knight has also shown that a branch
will still continue to live though the tubes leading
directly to it are cut in the trunk.* From all which
it follows that the sap, though flowing the most eo-
piously in the direct line of ascent, is at the same
time also diffused in a transverse direction. But
this seems to have been acknowledged even by
Grew himself; in spite of all he has advanced in
support of acontrary opinion: for he says that
the sap vessels of the bark being the first year ad-
Jacent to the pith, do all that time transfuse part
of their sap into it, and so keep it always succu-
lent ;- which, whether we regard as being the fact
* Phil. Trans. ‘1801, + Veg. of Trunks, chap. i.
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or not, is at any rate admitting a species of la-
teral communication.

SECTION IIL 7

Causes of the Sap’s Ascent.

From the evidence exhibited in the foregoing
section the ascent of the sap is demonstrated, and
the channel of its distribution ascertained. But
what is the cause of that ascent ; or by what power
is the sap propelled ?

The great and almost impenctrable obscurity in
which this subject is unavoidably involved has oc-
casioned much diversity of opinion among phyto-

125

logists.  Grew states two hypotheses which he Hypothe-

y ; y sis of
seems to have entertained at different periods, Grew.

though it is not quite certain to which of them he
finally gave the preference. In one of them he
attributes the ascent of the sap to its volatile nature
and magnetic tendency, aided by the agency of
fermentation.* But this hypothesis is by much
too fanciful to bear the test of serious investigation.
In the other he attributes the entrance and first
stage of the sap’s ascent to the agency of capillary
attraction, and accounts for its progress as follows :
The portion of the tube that is now swelled with
sap, being surrounded with the vesicule -of the

* Aunat. of Veg, chap. iii.
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Parenchyma, swelled also with sap, which they
have taken up by suction or filtration, is conse-
quently so compressed, that the sap therein is
forced upwards a second stage, and so on till it
reaches the summit of the plant.* But if the
vesiculee of the Parenchyma receive their moisture
only by suction or filtration, it is plain that there
is a stage of ascent beyond which they cannot be
thus moistened, and cannot consequently act any
longer upon the longitudinal tubes. The supposed
cause, therefore, is inadequate to the production of
the effect.

Malpighi was of opinion that the sap ascends by
means of the contraction and dilatation of the air
contained in the air-vessels. This supposition is
perhaps somewhat more plausible than either of
Grew’s ; but in order to render the cause efficient,
it was necessary that the tubes should be furnished
with valves, which were accordingly suppdsed;'f-
but of which the existence has been totally dis-
proved by succeeding phytologists. If the stem or
branch of a plant is cut transversely in the bleed-
ing season, it will bleed a little from above, as well
as from below : and if the stem of any species of

* Veg. of Trunks, chap. i. :

t Subintrans itaque humor, sursum ascendit et quasi suspen-
ditur ; singula namque portio, qua invicem fibrarum frustula
unif, cum parum interius emineat, valvulz vices supplet, et ita
minima qualibet guttula, veluti per funem, seu per gradus, ad
ingens deducitur fastigium. Anpat. Plant. vol, v.
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spurge is cut in two, @ milky juice will exude from
both sections, in almost any season of the year.
Also if a plant is inverted, the stem will become a
root, and the root a stem and branches, the sap
ascending equally well in a contrary direction
through the same vessels; as may readily be proved
by planting a willow twig in an inverted position.
But these facts are totally incompatible with the
existence of valves; and the opinion of Malpighi
proved consequently to be groundless.

The next hypothesis is that of M. De la Hire, Of De
who seems to have attempted to account for the I
phenomenon by combining together the theories
of Grew and Malpighi. Believing that the ab-
sorption of the sap was occasioned by the spongy
parenchyma which envelopes the longitudinal tubes,
he tried to illustrate the subject by means of the
experiment of making water to ascend in coarse
paper, which it did readily to the height of six
inches, and by particular management even to the
height of eighteen inches. But in order to com-
plete the theory, valves were also found to be ne-
cessary, and were accordingly summoned to its aid.
The sap which was thus absorbed by the root was
supposed to ascend through the woody fibre, by
the force of suction, to a certain height, that is, tillt
it got above the first set of valves, which prevented
its return backwards ; when it was again supposed
to be attracted as before, till it got to the second
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set-of valves, and so on till it got to the top of the

plant.
This theory was afterwards adopted by Borelli,

‘who endeavoured to render it more perfect by

bringing to its aid the influence of the condensation
and rarification of the air and juices of the plant
as a cause of the sap’s ascent. And on this prin-
ciple he endeavoured also to account for the greater
force of vegetation in the spring and autumn ; be-
cause the changes of the atmosphere are then the
most frequent under a moderate temperature ; while
in the summer and winter the changes of the at-
mosphere are but few, and the air and juices either
too much rarified or too much condensed, so that
the movement of the sap is thus at least prejudi-

cially retarded, if not perhaps wholly suspended.

But as this theory, with all its additional modifica-
tions, is still but a combination of the theories of

‘Grew and Malpighi, it cannot be regarded as af-

fording a satisfactory solution of the phenomenon
of the sap’s ascent.
With this impression upon his mind, and with

- the best qualifications for the undertaking, Du

Hamel directed his efforts to the solution of the

difficulty, by endeavouring to account for the phe-

nomena from the agency of heat, and chiefly on

the following grounds: * Because the sap begins to

flow more copiously as the warmth of spring re-
* Phys. des Arb. liv. v, chap. ii.
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turns ; because the sap is sometimes found to flow
on the south side of a tree before it flows on the
north side, that is, on the side exposed to the in-
fluence of the sun’s heat sooner than on the side
deprived of it; because plants may be made to
vegetate even in the winter, by means of forcing
them in a hot-house; and because plants raised
in a hot-house produce their fruit earlier than such
as vegetate in the open air.

There can be no doubt of the great utility of
heat in forwarding the progress of vegetation; but
it will not therefore follow that the motion and
ascent of the sap are to be attributed to its agency.
On the contrary, it is very well known that if the
temperature exceeds a certain degree, it becomes
then prejudicial both to the ascent of the sap and
alse to the growth of the plant. Hales found that
the sap flows less rapidly at. mid-day than in the
morning ; * and every body knows that vegetation
is less luxuriant at mid-summer than in the spring.
So also in the case of forcing it happens but too
often that the produce of the hot-house is totally
destroyed by the unskilful application of heat ; and
if heat is actually the cause of the sap’s ascent,
how comes it that the degree necessary to produce
the effect is so very variable even in the same cli-
mate. For there are many plants, such as the
Arbutus, Laurus Tinus, and the Mosses, that will
.continue not only to vegetate, but to protrude their

* Veg. Stat. Exper, 36.

VOL, II. K
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blossoms and mature their fruit, even in the midst
of winter, when the temperature is at the lowest:
And in the case of submarine plants the temperature
can never be very high; so that although heat does
no doubt facilitate the ascent of the sap by its ten-
dency to make the vessels expand, yet it cannot be
regarded as the efficient cause; since the sap is
proved to be in motion cven throughout the whole
of the winter. Du Hamel endeavours, however,
to strengthen the operation of heat by means of
the influence of humidity, as being also powerful
in promoting the ascent of the sap, whether as re-
lative to the season of the ycar or time of the day.
The influence of the humidity of the atmosphere
cannot be conceived to operate as a propelling cause,
though it may easily be conceived to operate as
affording a facility to the ascent of the sap in one
way or other; which under certain’circumstances
is capable of most extraordinary acceleration, but
particularly in that state of the atmosphere which
forebodes or precedes a storm. In such a state a
stalk of Wheat was observed by Du Hamel to grow
three inches in three days; a stalk of Barley six
inches ; and a shoot of a Vine almost two feet; but
this is a state that occurs but seldom, and cannot be
of much service in the general propulsion of the sap.

On this intricate but important subject Linneus
appears to have embraced the opinion of Du
Hamel, or an opinion very nearly allied to it; but
does not scem to have strengthened it by any new
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accession of argument; so that none of the hitherto
alleged causes can be regarded as adequate to the
production of the effect. .

Perhaps the only cause that has ever been sug- Saussure.
gested as appearing to be at all adequate to the
production of the effect, is that alleged by M.
Saassure. According to Saussure the cause of the
sap’s ascent is to be found in a peculiar species of
irritability inherent in the sap vessels themselves,
and dependant upon vegetable life; in consequence
of which they are rendered capable of a certain
degree of contraction, according as the internal
surface is affected by the application of stimuli, as
well as of subsequent dilatation according as the
action of the stimulus subsides; thus admitting
and propelling the sap by alternate dilatation and
contraction. In order to give elucidation to the
subject let the tube be supposed to consist of an in-
definite number of hollow cylinders united one to
another, and let the sap be supposed to enter the
first eylinder by suction, or by capillary attraction,
or by any other adequate means; then the first
cylinder being excited by the stimulus of the sap,
begins gradually to contract, and to propel the con-
tained fluid into the cylinder immediately above it.
But the cylinder immediately above it, when acted
on in the same manner, is affected in the same
manner ; and thus the fluid is propelled from cy-
linder to cylinder till it reaches the summit of the
plant. So also when the first cylinder has dis-

K 2 7
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charged its contents into the second, and is no
longer acted wpon by the stimulus of the sap, it
begins again to be dilated to its original capacity,
and prepared for the introsusception of a new
portion of fluid. Thus a supply is eonstantly kept
up, and the sap continues to flow.

The above is: by far the simplest as well as most
satisfactory of all theories accounting for the ascent
of the sap. But Mr. Knight has presented us with
another which, whatever may be its real value, merits
at least our particular notice, as coming from an
author who stands: deservedly high in the list of
phytological. writers. This theory rests upon the
principle of the contraction and dilatation, not ef
the sap vessels themselves, as in the theory of Saus-
sure, but of what Mr. Knight denominates the
silver grain, assisted perhaps by heat and humidity,
expanding or condensing the fluids. The appella-
tion of the silver grain seems to be synonymous
with, that of the medullary rays already explained.
On the transverse section of the trunk of woody
plants, particularly the Oak, they appear in: the
form of the radii of a circle extending from the
pith. to the bark, and on the longitudinal cleft or
fissure of the trunk of most trees, but particularly
the Elm ; they appear in the form of fragments of
thin and vertical lamina or plates, interlacing the
ascending tubes in a transverse direction, and: touch-
ing them at short intervals, so as to form with them
a sort of irregular wicker work, or to exhibit the

7
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resemblance of a sort of web. Such then being
the close and complicated union of the plates and
longitudinal tubes, the propulsion of the sap in
the latter may be easily accounted for, as it is
thought, by means of the alternate contractation and
dilatation of the former, if we will but allow them
to be susceptible to change of temperature ; which
susceptibility is proved, as it is also thought, from
the following facts :—On the surface of an oaken
plank that was exposed to the influence of the sun’s
rays, the transverse layers were observed to be so
considerably affected by change of temperature as
to suggest a belief that organs which were still so
restless, now that the tree was dead, could not have

been formed to be altogether idle while it was

alive. Accordingly on the surface of the trunk of
an Oak deprived of part of its bark, the longitu-
dinal clefts and fissures which were perceptible
during the day were found to close during the night.
But in the act of dilating they must press unavoidably
on the longitudinal tubes, and consequently propel
the sap; while in the act of contracting they again
allow the tubes to expand and take in a new supply.
This, as I think, is the substance of the theory.*
But in drawing this grand and sweeping counclu-
sion, it should have been recollected that change of

temperature cannot act upon the transverse layers.

of a tree that is covered with its bark in the same
manner as it acts upon those of a tree that is stripped
* Phil, Trans. 1801,
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of its bark, or upon those of a plank; and if it were
even found to act equally upon both, still its action
would be but of little avail. = For according to what
law is the machinery of the plates to be contracted
and dilated, so as to give impulse to the sap? Ac-
cording to the alternate succession of heat and
humidity. But this is by much too precarious an
alternation to account for the constant, and often
rapid, propulsion of the sap, especially at the season
of bleeding. For there may be too long a conti-
nuance of heat, or there may be too long a con-
tinuance of humidity ; and what is to become of
the plant during this interval of alternatien? If
we are to regard it as happening only once in the
space of four and twenty hours, as in the case of
the Oak, it can never be of much efficacy in aiding
the propulsion of the sap. But if we should even
grant more, and admit the alternate contraction and
dilatation of the vessels to be as frequent as you
please, still their effect would be extremely doubt-
ful, owing to a want of unity or co-operation in
the action of different plates, or of different portions
of the same plate. If heat, like humidity, entered
the plant by the root, and proceeded gradually up-
wards like the ascending sap, perhaps it might be
somewhat efficacious in carrying a portion of sap
along with it: but as this is not the case, and as
the roots of plants are but little -affected by change
of temperature, while the trunk and upper parts
may be affected considerably, it can scarcely be
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supposed that the action' of the-plates will be uni-
form throughout the whole plant ; or rather, it must
be supposed that it will often be directly in oppo-
sition to that which is necessary to the propulsion
of the sap. But admitting that the sap is pro-
pelled by the agency of the plates in question, and
admitting that it has been thus raised to the ex-
tremity of the woody part of the plant, how are
we to account for its ascent in such parts as are
yet higher—the leaf-stalk and leaf, the flower-
stalk and flower; as well as in the herb also, and
in the lofty Palm, in which no such plates exist?
Here it will be necessary to introduce the agency
of a new causé to complete the work that has been
thus begun, and of a new set of machinery to
supply the deficiency or absence of the machinery
that has been already invented. In short the theory
of Mr. Knight is beset with so many difficulties, and
the agency of the alleged cause so totally inadequate
to the production of the effect to be accomplished,
that of all theories on the subject it is perhaps the
least satisfactory,

SECTION IV.

Elaboration of the Sup.

THE moisture of the soil is no sooner absorbed Com-
into the plant than it begins to undergo a change. e vo
This is proved by the experiment of making a bore °* *™

or incision in the trunk of a tree durjng the season
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of bleeding; the sap that issues from the wound
possesses  properties very different from the ‘mere
moisture of the soil, as is indicated by means of
chemical analysis, and sometimes also by means
of a peculiar taste or flavour, as in the case of the
Birch-tree. Hence the sap has already undergone
a certain degree of elaboration ; cither in passing
through the glands of the cellular tissue, which it
reaches through the medium of a lateral commu-
nication, or in mingling with the juices contained
in the cells, and thus carrying off a portion of them ;
in the same manner, we may suppose, that water by
filtering through a mineral vein becomes impreg-
nated with the mineral through which it passes.

But this primary and incipient stage of the
process of elaboration must always of necessity
remain a mystery to the phytologist, as being
wholly effected 'in the interior of the plant, and
consequently beyond the reach of observation.
All he can do, therefore, is to trace out its future
progress, and to watch its succeeding changes, in
which the rationalé of the process of elaboration
may be more evident.

The next, and indeed the principal, part of the
process of the ‘elaboration of the sap is operated

the leaf by 1, the leaf : for the sap no sooner reaches the leaf

perspira-
tion,

than part of it is immediately carried off by means of
perspiration, perceptible or imperceptible ; effecting
a change in the proportion of its component parts,
and by consequence a change in its propertics.
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Imperceptible perspiration is an excretion of sap Impercep-
thrown off by the Epidermis of the leaf or other s
tender parts of the plant, in consequence of the
healthy action of the vegetable organs.. It is not
discoverable by the external senses, as the name
indeed implies, but is legitimately inferred from
the following fact:—If the branch of a tree is lopped,
and the section of the part lopped off covered with
mastick, the branch will be found in the course of
a few days to have lost in weight. This was ori- .
ginally an experiment of Mariotte’s, and the loss in
weight is to be accounted for only on the principle
of the perspiration of the sap escaping through the
pores of the epidermis. This conclusion may per-
haps be regarded as not altogether satisfactory, as
being founded on an experiment made only on a
lopped-off branch. But the same conclusion fol-
lows from experiments on the living plant :—Hales
reared a Sun-flower in a pot of earth till it grew to
the height of three feet and a bhalf; he then covered
the mouth of the pot with a plate of lead, which
he cemented so as to prevent all evaporation from
the earth contained in it. In this plate he fixed
two tubes, the one nine inches in length and of but
small diameter, left open to serve as a medium of
communication with the external air; the other two
inches in length and one in diameter, for the pur-
pose of introducing a supply of water; but kept
always shut except at the time of watering. The
holes of the bottom of the pot were also shut, and

.
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the pot and plant weighed for fiftcen successive
days in the months of July and August ; hence he
ascertained, not only the fact of transpiration by
the leaves, from a comparison of the supply and
waste ; but also the quantity of moisture transpired
in a given time, by subtracting from the total waste
the amount of evaporation from the pot. In a dry
and hot day it transpired the most, and in a damp
and wet day it transpired the least; the mean rate
of transpiration being 11b. 40z.—17 times more in
proportion than that of the human body. In a hot
and dry night without dew it transpired 3oz.; in
a dewy night it did not transpire at all; and in a
rainy night, or night of much dew, its weight was
increased by 3oz.

Hales suspected that the quantity transplred was
in proportion to the extent of the surface of the
leaves, which he regarded as the principal organs
of transpiration; and ascertained also the relative
proportion of the capacity of the leaves for trans-
piration as compared to the capacity of the root
for absorption. The surface of the leaves and stem
of the plant which was the subject of cxperiment
was found to be equal to about 5616 square inches;
and the surface of the root of the same plant, or
rather, as I believe, of a plant of nearly the same
size, was found to be about 2286 square inches, the
latter being to the former in the proportion of two
to five; from which it follows that the absorbing
power of the root is greater than the transpiring
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_power of the leaves, in the proportion of five to two.
Similar experiments were also made upon some
species of cabbage, whose mean transpiration was
found to be 11b. 30z. per-day ; and on some species
of evergreens, which were found, however, to tran-
spire less than other plants. The same is the case
also with succulent plants, which transpire but little
in proportion to their mass, and which as they
become more firm transpire less. It is known,
however, that they absorb a great deal of moisture,
though they give it out thus sparingly ; which we
cannot but regard as a wise institution in nature for
the purpose of resisting the great droughts to which
they are generally exposed, inhabiting, as they do for
the most part, the sandy desert or the sunny rock.

Along with his own experiments Hales relates

also some others that were made by Mr. Millar,
of Chelsea ; the result of which was that, other cir-
cumstances being the same, transpiration is in pro-
portion to the transpiring surfaces; and is affected
by the temperature of the air, sunshine, or drought
promoting it, and cold and wet diminishing or
. suppressing it entirely. It is also greatest from
six o'clock in the morning till noon, and is least
during the night. But when transpiration becomes
too abundant owing to excess of heat or drought,
the plant immediately suffers and begins to lan-
guish ; and hence the leaves droop during the day,
though they are again revived during the night.
For the same or for a similar reason, transpiration

2
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has been found also to increase as the heat of
summer advances ; being more abundant in July
than in June, and still more in August than in
either of the preceding months, from which last
period it begins again to decrease.

But the most remarkable instance of rapid tran-
spiration yet observed is that which is related by
Guettard, who found that a small sprig of the
Corneil-tree or Cornelian Cherry, Cornus mascula,
transpired in the coursc of a day 1oz. 8% drams,
a quantity almost double its own weight, He found
also in general that branches deprived of their
leaves afford but little transpired matter, and that
branches furnished with their leaves afford a great
deal; it follows, therefore, of necessity that the
leaves, as Hales suspected, are the principal organs
of transpiration. 1

The substance thus transpired by the plant may
be obtained by enclosing a bough in a glass vessel
of proper dimensions luted to the branch. Its pro-
perties have not yet been very minutely investi-
gated ; Hales and Guettard could discover in it
nothing different from common water except that in
some cases it had the odour of the plant; but Du
Hamel found that it became sooner putrid than water.

Such then are the facts that have been ascertained
with regard to the imperceptible perspiration of

‘plants, from which it unavoidably follows that the

sap undergoes a very considerable modification in
its passage through the leaf. But it often under-
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goes also a farther modification in consequence of
what may be called perceptible perspiration, which
is am exudation of sap too gross or too abundant
to be dissipated immediately, and which hence ac-
cumulates on the surface of the leaf. It is very
generally to be met with in the course of the
summer on the leaves of the Maple, Poplar, and
- Lime-tree ; but particularly on the surface exposed
to the sun, which it sometimes wholly covers. Its
physieal as well as chemical qualities are very dif-
ferent in different species of plants; so that it is
not always merely an exudation of sap, but of
sap in a high state of claboration, or mingled
with the peculiar juices or secretions of the plant.
Sometimes it is a clear and watery fluid conglo-
merating into large drops, such as are said to have
been observed by Mr. Millar, of Chelsea, exuding

from the leaves of the Musa arbor, or Plantain-

tree ; and such as are sometimes to be seen in hot
and calm weather, exuding from the leaves of the
Poplar, or Willow, and trickling down in such
abundance as to resemble a slight shower. This
Phenomenon was observed by Dr. Smith under a
grove of Willows, in Italy,* and is said to occur
sometimes even in England.-{ Somectimes it is
glutinous, as on the leaf of the Lime-tree; some-
times it is waxy, as on the leaves of Rosemary ;
sometimes it is saccharine, as on the Orange leaf,
according to the account of M. De la Hire, as re-
; * Lectures at R. Inst. + Introd. p. 188.
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lated by Du Hamel; who having observed under
some Orange-trees a saccharine substance some-
what resembling Manna, found upon further inves-
tigation that it had fallen from the leaves.* Some-

times 1t 1s resinous, ‘as on the leaves of the Cistus

creticus, from which the resin known by the name
of Labdanum is obtained, by means of beating it
gently with leathern thongs to which the exudation
adheres ;- as also on the leaves of the Populus
dilatata, or Lombardy Poplar, the exudation from
which Ovid in his metamorphosing flights regards as
the tears of Phaeton’s sisters, whom he transforms,
as it is supposed, into this species of «Poplar.}
Their tears were now gum.§ The leaves of Frax-

inella or Dictamnus albus are also said to be often

covered with a sort of resinous substance. And
after a hot day, if the air is calm, the plant is even
found to be surrounded with a resinous atmosphere,
which may be set on fire by the application-of the
flame of a candle. This, as I think, was the dis-
covery of a daughter of the celebrated Linnzus.
The cause of this excess of perspiration has’
not yet been altogether satisfactorily ascertained ;
though it seems to be merely an effort and insti-
tution of nature to throw off all such redundant

* Phys. des Arb. vol. i. p. 180. 1 Voyage de Fournefort.
1 Smith’s Introd. p. 189.

§ Inde fluunt lachrymz, stillataque sole rigescunt

De ramis electra novis; qua lucidus amnis

Excipit, et nuribus mittit gestanda Latinis. Ovid. Met. ii. 370.
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juices as may have been absorbed, or secretions as
may have been formed, beyond what are necessary
_to the due nourishment or composition of the plant,
or beyond what the plant is capable of assimilating
at the time. Hence the watery exudation is per-

haps nothing more than a redundancy of the fluid

thrown off by imperceptible perspiration, and the
waxy and resinous exudations nothing more than
a redundancy of secreted juices; all which may be
still perfectly consistent with a healthy state of the
plant. But there are cases in which the exudation
i1s to be regarded as an indication of disease, par-
ticularly in that of the exudation known by the
name of Honey-dew, a sweet and  viscid substance
covering the leaves like a varnish, and sometimes
occasioning their decay, Such at least seems to be
the fact with regard to the honey-dew of the Hop,
which, according to the observations of Linneus,
is the consequence of the attacks of the caterpillar
of the ghost moth injuring the root. And such
seems also to be the fact with regard to the honey-
dew of the Beech-tree, which Dr. Smith regards
as the consequence of an unfavourable wind.* But
whether the honey-dew of the Oak is to be re-
garded as an indication of disease I cannot say, as
I have often met with it on trees and leaves that
seemed perfectly healthy. The sap then in the
progress of its ascent from the extremity of the
root to the extremity of the leaf undergoes a con-

* Introduction, p. 189,
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siderable change, first in its mixing with the juices
already contained in the plant, and then in its
throwing off a portion at the leaf. Perhaps it is
also forther affected by means of the gases entering
into the root along with' the moisture of the soil,
but certainly, by means of the gases inhaled into
the leaf; the action and elaboration of which I
shall now proceed to elucidate. ‘

SECTION V.

Elaboration of Carbonic Acid.

»

Carbonic ~ T'HE utility of carbonic acid gas as a vegetable
;‘ﬁi:’aéﬁsby food has been alréady shown iu the preceding
g:fﬁl:;fthe chapter, in which plants were found not only to
day. absorb it by the root along with the moisture of
the soil; but also to inhale it by the leaves, at

Jeast when vegetating in the sun or during the day.

But how is the elaboration of this gas effected? Is

it assimilated to the vegetable substance imme-

diately upon entering the plant, or is its assimilation

effected by mcans of intermediate steps? The gas

thus inhaled or absorbed is not assimilated imme-
diately, or at least not wholly: for it is known

Evohed that plants do also evolve carbonic acid gas when
f,,l;{,',’g ra vegetating in the shade, or during the night. The
" circumstance that led to’ this discovery was as fol-

lows :—About the year 1771, Priestley in his experi-

ments on air found that a cabbage leaf which was
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placed under a glass vessel filled with common air
for the space of one night only, had so affected its
atmosphere by next morning that a candle would
not burn in it, and yet the leaf showed no symps
toms of putrefaction.* This fact he did not at the
time attempt to account for ; so that it was not yet
known whether the ¢hange produced in the atmos-
phere of the leaf was oecasioned by the abstraction
of any constituent part, or by the addition of any
extraneous ‘substance. The trué cause was after-
wards ascertained by Saussure : into a receiver con=
taining only atmospherie air, Saussure introduced
some plants of Vicia Feaba, and placed the appa-
ratus in the shade; but at the end of six days
wheun the experiment was stopped, the atmosphere
of the receiver was found by the application of
lime water to contain -t of carbonic acid. Inte
another receiver containing also atmospherie air he
introduced at the same time several other plants of
the same species, together with a small quantity of
lime, and placed the receiver over lime water,
leaving the apparatas in the shade. At the end of
the six days of experiment the atmosphere of the
receiver contained 3 of carbonic acid, though a
great deal must have been abstracted also by the
lime ; but in both these experiments the exeess of
carbonic acid gas found in the atmosphere of the
plants, could have been derived only from the
plants themselves. Plants, then, vegetating in ¢on-
* Priestley on Ait, vol. i p. 51.
VOL. 11, ] L
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fined atmospheres evolve carbonic acid gas in the
shade, or during the night; and the vitiated state
of their atmospheres after experiment is owing to
that evolution.

Process of - But in this alternate inhalation and extrication

i;:;!abora‘ of carbonic acid, is any part of it assimilated to the
plant? or is the quantity extricated always equal
to the -quantity inhaled? From the continual in-
crease of the carbon of the vegetating plant, the
assimilation of carbonic acid is unquestionable;
and the supply inhaled by the leaves indispensable
to vegetation.  For if the carbonic acid that is
evolved in the night is withdrawn from the artificial
atmosphere as soon as it is formed, the leaves
wither and the plant dies. Into a receiver con-
taining atmospheric air deprived of its carbonic
acid, in which a Pea had been made to vegetate,
Saussure introduced a small quantity of lime,
placing the receiver over lime water, and exposing
the apparatus to the sun. On the second day the
atmosphere of the plant had diminished in volume.
On the third day the lower leaves began to fade;
and on the fifth or sixth day the stem was com-
pletely stript of its leaves; the atmosphere when
examined was found to be vitiated, containing
only 18 of oxygene. But there had been an ab-
sorption of carbonic acid by the lime, and conse-
quently a formation of that acid, the component
parts of which - could have been derived. only
from the plant. The elaboration of carbonic acid

.



SECT. V. ELABORATION OF CARBONIC ACID.

gas, therefore, is essential to vegetation in the
sun. -

But plants which were made to vegetate at the
same time in receivers filled with common air with-
out lime had effected no change in their atmosphere
either in purity or volume; this seems to contradict
the necessity of the elaboration of carbonic acid.
But the process. was here imperceptible only because
the plant again inhaled the gas in the same pro-
portion in which it had previously evolved it, or
formed it with the surrounding oxygene.

It should be added, however, that the action of
lime water did not produce the same destructive
effect upon the leaves of succulent plants, such as
the Cactus, when treated as above; which, owing
to their very thick parenchyma and less porous
epidermis, thus seem to retain more obetmatelv the
carbonic acid which they form.

But the result of such experiments as were con-
ducted in the shade was very different; for so far
were plants thus exposed from showing any symp-
toms of langour or decay when placed under re-
ceivers containing lime and lime water, that their
growth was even more vigorous than that of others
which were placed under receivers containing only
common air. The mean augmentation of each’
plant in the receiver containing lime was seven
grains in the space of six days; and the proportion
of carbonic acid remaining after the experi-
ment 3 ; while the mean augmentation in the

L2
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fecciver without lime was only five grains in the
same space of time, though it appeared by the
application of lime water that the proportion of
carbonic acid remaining after the experiment was
+%- Saussure explains the phenomenon thus:
the great quantity of carbonic gas evolved by plants
in the shade is prejudicial to their vegetation at
least in confined atmospheres; but a partial priva-
tion of the gas thus produced is beneficial to their
vegetation.*

The foregoing experiments were made upon
plants vegetating in pure water ; but Saussure made
some experiments also on plants vegetating in the
earth, by means of enclosing part of a bough in a
large globe of glass. The results obtained were
upon the whole similar to the former; but in the
ease of the decay of the leaves by their exposure
to tlie sun and to the action of lime, the cffect was
produced more slowly. It should be recollected,
however, that the cases are not precisely similar;
for though the plants were in both cases equally
deprived of the external action of carbonic acid gas
upon their leaves ; yet there was a supply of that
gas communicated to the plant from the oil in the
one case that could not have been eommunicated to
it in the other. :

The elaboration of carbonic acid then in plants
exposed to the sun is unquestionable : but in what
state is it actually assimilated to the plant? Is it

* Sur. la Veg, chap. i
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assimilated in the state in which it is inhaled? or
is it previously decomposed ? It had been observed
by Ingenhoutz that the leaves of plants, if placed
in water and exposed to the action of the sun’s rays,
will evolve a quantity of oxygene gas. It was af-
terwards ascertained by Senebier that this process
takes place only when the leaves are fresh and the
water impregnated with carbonic acid. For when
the water was deprived of its carbonic acid by
boiling, or in the course of experiment, there was
no more oxygene evolved. Bat when the water
was again impregnated with carbonic acid, the
extrication of oxygene recommenced as before ; the
conclusion, therefore, is obvious and the pheno-
menon satisfactorily accounted for. The carbonic
acid gas contained in the water is abstracted and
inhaled by the leaf, and immediately decomposed ;
the carbon being assimilated to the substance of the
plant, and the oxygene evolved.

Such was the important discovery of Senebier,
affording an undoubted proof of the decomposition
of carbonic acid. But the effects of that decompo-
sition had not yet been analysed ; nor was it yet
ascertained whether the quantity of oxygene evolved
was more or less than the quantity contained in
the composition of the carbonic acid, or equal to it.
The solution of the question was reserved for Saus-
sure, who after a variety of experiments obtained
the most satisfactory results.

In an artificial atmosphere composed of common

149
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air and carbonic acid gas the eudiometer indicated
%% of oxygene; and lime water 7. of carbonic
acid gas. Into the receiver containing this at-
mosphere there’ were introduced several plants
of the Vinca minor; the apparatus was exposed
during six days to the direct rays of the sun, from
five o'clock in the morning till eleven. On the
seventh day the plants were taken out; they had
undergone no alteration, nor had their atmosphere
sustained any perceptible change of volume. DBut
the lime water gave no longer any indication of the
presence of carbonic acid gas, and the eudiometer
indicated 245 parts in the hundred of oxygene.
The capacity of the receiver was 290 cubic inches;
it contained, therefore, before the experiment 211-92
inches of nitrogene, 5633 of oxygene, and 2175
of carbonic acid. But after the experiment it was
found to contain 21895 cubic inches of nitrogene,

_and 71-05 of oxygene, which were the whole of its

contents ; ‘the carbonic acid gas had disappeared.
The plant then had decomposed or elaborated 213
cubic inches of carbonic acid gas. Now, if in the
process of decomposition the whole of the oxygene-
had been disengaged, there would have been also a
quantity of oxygene produced equal in volume to
the carbonic acid that had disappeared ; but the
quantity of oxygene disengaged was only 144 cubic
inches, The plants then had assimilated seven
cubic inches of oxygene in decomposing the car-
bonic acid; and had at the same time produced
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seven cubic inches of nitrogene. ' Several plants
of the same species were made to vegetate in a
similar apparatus, at the same time and in the same
exposure, in ~-f)ure atmospheric air. Their atmos-
phere was not altered either in purity or volume,
but their carbon instead of augmenting had rather
diminished ; whilst the carbon of the others, as
was found by comparative analysis had augmented
very considerably. Experiments of the same Of which
g 3 also they
kind were made upon Mentha aquatica, Lythrum assmilate
Salicaria, Pinus gemevensis, and Cactus Opuntia ;* P*™
and the results were always similar, from which it
follows also that plants decomposing carbonic acid
gas assimilate at least a part of the oxygene which
1t contains.
Such are the several results obtained from expe-
riments, concerning the accuracy of which there
can be no doubt. The decomposition of carbonic
acid gas takes place only during the light of day,
though Saussure has made it also probable that
plants decompose a part of the carbonic acid gas
which they form with the surrounding oxygene
even in the dark. But of this there does not yet
exist any satisfactory proof; how the light acts is
not certainly known. But the effect is operated
chiefly by means of the leaves and other green parts
of vegetables, that is, chiefly by the parenchyma;
the wood, roots, petals, and leaves that have lost
their green colour not being found to exhale oxy-
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gene gas. It may be observed, however, that the
green colour is not an absolutely essential character
of the parts decomposing carbonic acid; because
the leaves of a peculiar variety of the Atriplexr
hortensis, in which all the green parts change to
red, do still exhale oxygene gas. But all leaves
have net the same facility in decomposing carbonie
acid; a plant of Lythrum Salicaria has been known
to decompese in one day seven or eight times its
volume, while many other plants cannot decom-
pose the one-fifth or even the one-tenth of that
quantity; though in general it may be observed
that the leaves and other green parts of the plant
decompose it in proportion to their surface, and not
in proportion to their volume. But how is the
formation of nitrogene to be accounted for, which
1s always found to be extricated along with the
oxygene thus evolved by the leaves? The subject
1s yet enveloped in much obscurity, as well as the
means of giving it the elucidation to be desired ;
but perhaps it is abstracted from the interior of the
leaf through the medium of the evolved oxygene
for which it is known to have an affinity,
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SECTION VI.

Elaboration of Oxygene.

I~ treating of the utility of the gases as a vege-
table food it has been already shown that the leaves
of plants abstract oxygene from confined atmos-
pheres, at least when placed in the shade, though
they de not inhale all the oxygene that disappears;
but it has been further proved from experiment,
that.the leaves of plants do also evolve a gas in the
sun.  This phenomenon was first observed by
Bonnet, who gave indeed a wrong explanation of it
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beliving it to be the extrication of the air that might %‘:;"“ by

have entered the plant along with the sap, or be-

lieving it to come directly from the water. His

method was to expose the leaves to the sun, in an
inverted glass vessel filled with water; air bubbles
began immediately- to disengage themselves from

the surface of the leaves, and to ascend to the sum-

mit of the water.

The next experiments on this subject are those of S!_xd g
riestiey,

Priestley, who discovered that the leaves of plants
in a state of vegetation have the property of ameli-
orating vitiated air. On the 17th of August 1771,
. he put a sprig of Mint into a quantity of atmo-
spheric air in which a candle had burnt out, and
found after confining it till the 27th of the same
month, that the air was again amecliorated and ca-

net,
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pable of supporting combustion: another candle
burned in it perfectly well.* The experiment suc-
ceeded also with sprigs of Balm, and with plants of
Groundsel and Spinach, and the process seemed to
depend on the vegetating state of the plant; for
when detached leaves only were introduced, they did
not ameliorate the air, though they were yet per-
fectly fresh. The ameliorating of a quantity of
vitiated air by means of confining a sprig of Winter
Savoury in it for five or six days was ascertained
also by the application of the cudiometer. Equal
measures of the confined atmosphere and nitrous
gas occupied a space equal only to 1°275. Hence:
the vitiated air was evidently ameliorated by the
plant. It does not, however, appear that Priestley
had yet discovered the rationale of the above ame-
lioration, whether it was by abstraction or extrica-

Who finds tion ; but he discovered some years afterwards that

it to be
pure or
dephlogis-
ticated air.

plants, when placed in water and exposed to the
light of the sun, give out what was then called pure
or dephlogisticated air. In the course of his ex-
periments on the growth of plants in water impreg-
nated with fixed air, he had observed air-bubbles
issuing spontaneously from the stalks and roots of
several plants growing in water that was not so im-
pregnated ; believing that the air thus extracted had
percolated through the plant, he thought he had
now discovered the clue that was to lcad him infal-
libly to the ascertaining of the fact of the ameliora-
* On Air, vol.i. p. 50,
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tion or contamination of the air of the atmosphere
effected by the vegetating plant.  For if this air was
purer than that of the atmosphere, then it seemed
to afford a proof that the phlogiston of the atmos-
pheric air had been retained by the plant as its true
food, and the pure part liberated, agreeable to the
hypothesis by which he supposed phlogiston to be
the pabulum of plants.

In order, therefore, to ascertain the fact he plung-
ed into water a number of phials containing sprigs
of Mint, so as that the air discharged might be re-
tained in them, the bottoms being a little elevated.:
The sprigs thus placed continued to vegetate and also
to evolve air, so that in the course of a few days he
procured an ounce measure of it, which proved to
be so pure that when mixed with equal measures of
nitrous gas the mixture occupied but the space of
one measure. In repeating the experiment he
found that many of his phials became lined with a
green vegetable matter, Conferva minima, which also
gave out bubbles of pure air when exposed to the
light of the sun, but never except in such exposure.

From the above experiments, made in the month
of June 1788, Priestley inferred that the air of the
atmosphere is ameliorated through the process of
vegetation, and purged of the impurities with which
it is loaded by the putrefaction of vegetable and
animal substances, the noxious part being assimi-
lated to the substance of the plant, and the remain-
jng part evolved pure ; so that the atmosphere even
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of bogs and marshes is purified, and rendered at
least less insalubrious by means of the plants that
grow in them, such as the Conferve and Ducks
meat, which last thrives, as he says, better in in-
flammable than even in dephlogisticated air.
g;g:‘;’s’ Whatever may be the legitimacy of this conclu-
i):‘cé:zd.by sion, upon th.e whole th.e facts from which 1(’: 15
hourz; drawn prove incontrovertibly that plants vegetating
in the sun exhale an air purer than that of the at-
mosphere. DBut the air thus exhaled was afterwards
ascertained by Ingenhoutz to be pure oxygene gas;
Whichis plants then in the process of vegetation inhale
EIZ};?;;dthe oxygene gas in the shade or during the night, and

;“jgl‘:;da"d exhale it in the light of the sun or during the day.

g;"ing the But the detail and rationale of the different processes

P remained yet to be inquired into, as also, whether
any part of the oxygene inhaled was assimilated to
the plant; or whether plants evolve in the day
exactly what they inhale in the night. .

Experi- It was at first supposed that plants assimilate the
ments of

Saussure. whole, or at least the greater part, of the oxygene
they inhale in the night ; but this opinion was soon
found to be erroneous, as will appear from the ex-
periments of Saussure, whose view of the whole
process of the influence of oxygene on the vegetat-
ing plant is so full and satisfactory as to leave but
little unexplained ; of which view the following is an
abstract :—a Cactus of six cubic inches in ‘volume,
which had inhaled during the night four cubic
inches of oxygene, was exposed on the following
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morning to the action of the sun’s light in a receiver
containing 48 cubic inches of atmospheric air de-
prived of its carbonic acid. In the succeeding
evening its atmosphere was found to be augmented

by 4°4 cubic inches, but without any accession of °

carbonic acid ; 274 parts in the hundred being
oxygene, as indicated by the eudiometer, and the
remainder being nitrogene. Before the experiment
the receiver contained 10°1 cubic inches of oxygene,
and 37-9 of nitrogene ; after the experiment it con-
tained 14:28 of oxygene, and 381 of nitrogene.
The amount of the difference, then, or the quantity
of gas extricated was 4-18 cubic inches of oxygene,
and 0°2 of nitrogene. The experiment was con-
tinued with the same plant during seven successive
days and nights. In the course of the second night
the quantity of oxygene inhaled was equal to 3%
cubic inches ; and in the course of the following day
the quantity of gas evolved was equal to four cubic
inches of oxygene, and } cubic inch of nitrogene.
In short it was found during the seven days of ex-

periment, that the quantity of oxygene alternately

inhaled and evolved, during the night and day, was
always diminishing ; and the quantity of nitrogene
extricated, always increasing ; the quantity of oxy-
gene inhaled upon the whole being 213 cubic inches,
and the quantity of gas evolved upon the whole
being 29} cubic inches, of which 234 were oxygene
and 64 nitrogene.

- Saussure varied the experiment upon the extrica-
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tion of oxygene gas, by means of immersing a plant
in distilled water during the day, which had been
placed under a receiver filled with atmospheric air
deprived of its carbonic acid during the night. The
general result was the same as in the foregoing ex-
periment ; but owing to the constrained and un-
natural situation of the plant the process did not go
on so rapidly, and the oxygene given out was con-
taminated by a considerable quantity of nitrogene.
Leaves sa- - When the leaves were kept constantly in the’
turated ) “ g :
with oxy- shade and in a confined atmosphere, without being
ENC- at all exposed to the light of day, they continued to
inhale oxygene slowly till they were saturated ;
when they refused to inhale any more. The quantity
necessary to their saturation was about 1 their
volume ; and the time necessary to complete the
Still con- process from 36 to 40 hours. But still they con-
e e tinued to act upon the surrounding oxygene, with
o ‘which and with’ the carbon they contained they
formed carbonic acid, consuming about ;. the oxy-
gene they consumed by inhalation, but not thus
altering the volume of their atmosphere. But
when they were again exposed to the sun, they
evolved, in the space of seven or eight hours, a much
greater quantity of oxygene than. when they were
confined in the receiver only for one night. Six
cubic inches of the Cactus Opuntia which by re-
maining 30 successive hours under a receiver in the
dark had inhaled 7} cubic inches, while in the
course of one night it inhaled only four; evolved
1
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during the succeeding day, when exposed to the
light of the sun, 74 cubic inches also.
1 ) 1 is The guan-
The quai.ltlty of oxygene, the.refore, which is ol 5.8
exhaled during the day is proportional and nearly nately in-
L B8 J . haled and
equal to the quantity inhaled during the night, or eyicated

during the time of the plant’s confinement in the 2;3:?
shade up to its saturation. The former quantity is
generally indeed somewhat more than the latter,
which Saussure regards as being probably owing
to the decomposition of water in the plant. But
whatever may be the true explication of this par-
ticular phenomenon, it is evident that no permanent
assimilation of oxygene is effected in the alternate
process of its inhalation and extrication by the
leaves, so as to increase materially the quantity of
dried vegetable substance.
Bat as plants vegetating/ in the shade and in con- Eﬁfzﬁw
fined atmospheres become so soon saturated with onlyin
4 counfined
oxygene and refuse to absorb more, one might be .
apt to conclude that plants vegetating even in the *hee™
open air, if situated in the shade, must become
saturated with it also, and refuse to absorb more
when placed in an artificial atmosphere. This,
however, is not the fact. Saussure tried the ex-
periment repeatedly, and found that plants confined
in an artificial atmosphere, after having been ex-
posed to the open air in the shade, always inhaled
oxygene as in other cases; so that by frequently
changing their exposure from the nataral to the artifi-

cial atmosphere and the contrary, they were capable
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of being made to inhale an unlimited quantity of
oxygene many times the size of their own volumes.

What is the cause of this apparent anomaly ?
Why are not leaves which are made to vegetate in
the dark, saturated with oxygene in the open air as
well as in confined atmospheres ? and why does their
alternate exposition in the receiver and in the open
air give them the property of inhaling an unlimited
quantity, The truth is, that the inhalation of this
unlimited quantity is a mere deception, produced by
the action of the atmospheric air upon the carbonic
acid contained in the leaves. The air of the atmos-
phere has a chemical affinity for carbonic acid gas,
as has been already shown upon the authority of
Bertholet,* and abstracts, by consequence, a portion
of it from the leaf which it thus prepares for com.
mencing anew the process of inhalation; so that
however long the alternate change of exposition
may be continued, there is no accumulation of car-
bonie acid or of oxygene.

But the inhalation of oxygene seems to depend
npon the structure and organization of the leaf; for
Saussure found with regard to the Cactus what
Senebier found with regard to other leaves—that
when they were cut into pieces and pounded in a
mortar, so as to destroy their organization, and then
placed under a receiver filled with common air, no
inhalation took place ; though they formed carbonic
acid gas, by the combination of the carbon which

* Mem. de I'Inst. Nat. tom. iii.
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they contained with the oxygene of their atmos-
phere; the juice of the plant was coagulated.
Hence the oxygene inhaled by the leaf of the vege-
tating plant seems also to form carbonic acid gas
with the carbon which the leaf already contains;
and in this state it probably remains in the paren-
chyma, till exposed to the action of light.  There is
not indeed any direct proof that this is the fact; but
there is no other supposition that will. explain the
phenomena of the process so well.

But if the oxygene inhaled by the plant is thus Affinityby
converted into carbonic acid, and condensed in the ;;};::ne o
parenchyma, by what affinity is it retained? It™®nd
cannot be extricated by placing the plant in the
vacuum of an air pump. -Six cubic inches of a
Cactus which had inhaled during one night four
cubic inches of oxygene, gave out in the vacuum
of an air pump only one cubic inch of air contain-
ing not more than 12 of oxygene gas. A heat,
without light, sufficiently moderate not to destroy
the vegetable, produced no better effect. It is re-
tained therefore by an affinity too strong to be over-
come by such means. It is overcome, however, by
means of the action of the sun’s light, as is demon-
strated by the clearest evidence; but how the light
acts is not known.
~ The property then which plants possess of in-
haling and evolving oxygene in the night and day
is analogous, and seems to be subordinate, to that by
which they decompose carbonic acid. The green
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parts which effect the decomposition of the latter
effect also the alternate inhalation and extrication of
the former ; which two operations seem to be the
cause, the one of the other. When a leaf is put
into the shade immediately after having been ex-
posed to the light of the sun, it contains no carbonic
acid gas, because that gas has been decomposed by
the light ; but the oxygene of the atmospheric air
which now peunetrates and traverses the leaves, is
seized in its passage by the carbon of the plant.
And hence carbonic acid gas is again formed, which
loses its elasticity by its union with the water of
vegetation ; and which undergoes also a compression
by means of the vegetable structure, bounded how-
ever by certain limits, since plants which absorb the
most do not absorb more than 1 of their volume.
They are now therefore saturated, and evolve by con-
sequence carbonic acid gas; but the action of the
oxygene is in both cases the same—namely, that of
forming carbonic acid with the carbon of the plant.
Before saturation the carbonic acid is condensed in
the plant; but after saturation it is evolved, because
the plant can, contain no more, Hence it follows
also that leaves do not immediately assimilate the
oxygene of the atmosphere which they inhale during
the night, unless they then decompose part of the
carbonic acid which is thus formed, and of which
experiment affords no proof. There can be no con-
clusion drawn from the phenomena produced in the
dark, in atmospheres, deprived of oxygene; because
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in this case vegetation is altogether suspended. The
plant soon discovers a tendency to putrefaction,
furnishing from its own substance, and 1n conse-
quence of its décomposition, the two elements of

carbonic acid gas.

The foregoing results which were obtained from Condi-
tions of

experiments on Cactus Opuntia are equally appli- guccessful
cable to the leaves of other plants, though net in so f;‘e":‘";n
perceptible a- degree. But the iniore succulent any the leaves.
leaf is the better it is fitted for expériment; because
succulent leaves contain a great quantity of green
herbaceous matter within a small voluthe; while the

leaves of most other plants are so thin and fine, and

their surface so much extended that the experiment

is not only more difficult but the result less striking.
According to Saussure, the following conditions dre
necessary in order to ensure success in expériment :

—the leaves must be perfectly sourid and fresh, and

they must displace from about the ;i to ;%; part of

their volume of the dir contained in the receiver, for if

they displace less, the effect is not suﬂici.ent]y peét-
ceptible, and if more, there is too little oxygene

left. When the apparatus is placed in the sun, the

leaves must not touch the sideés of the receiver,

which is then so hot as to disorganizé the structure

of the plant. : ’

But although the quantity of oxygene extricated
in the day is proportional to the quantity inhaled in
the night, yet the specific quantity inhaled is very
different in the leaves of different plants. The leaves

M2
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of succulent plants consume less than most others,
but they retain it also more obstinately—that is, they
give out less carbonic acid—perhaps because they
present fewer points of contact to the surrounding
air, and are furnished with fewer pores in their
epidermis ; hence they lose but little of their Ca{rbon,
even when vegetating in the open air, and can live
for a long time under the privation of that part of
their nourishment: and hence also their peculiar
aptitude to the different sorts of soil in which they
naturally grow—sand, clay, or the barren rock, as
in the case of Sedum, Saxifraga, Sempervivum.

Plants inhabiting marshes consume less oxygene
than other herbaceous plants, which proceeds no
doubt from an institution in nature fitting them for
the situation in which they vegetate, and in which
they are deprived of the free access of oxygene,
owing to the vapours that surround them ; hence the
herbaceous plants of the mountain, where the supply
of oxygene is but little, are often to be found in the
marshes of the plain.

The leaves of ever-greens consume also but little
oxygene gas, and are consequently found to thrive
in a barren soil, and in a rarefied atmosphere ; as in
the case of Pinus, Juniperus, and Rhododendron.

But plants which shed their leaves in the winter
contain in general the most oxygene, and lose, by
consequence, the most carbon ; and hence they are
not to be met with in such lofty situations as hierba-
ceous plants.
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The general conclusion to be drawn from these
observations is, that the quantity of oxygene con-
sumed by the leaves is relative to the situation in
which the plant naturally vegetates ; and that plants
vegetating in a barren soil, or in a rarefied at-
mosphere, or in a marshy situation, consume, in the
same circumstances, less oxygene than such as vege-
tate in a fertile soil with an abundant supply of
atmospheric air.

But in saying that any quantity of oxygene was
consumed, it is not meant that it was all inhaled by
the plant ; the greater part of it was often employed
in the formation of carbonic acid gas in the at-
mosphere of the recciver: for it does not appear
that the actual inhalation of oxygene had in any
instance perceptibly exceéeded the volume of the
leaves. It was for the most part less.

Such then is the detail and rationale of the alternate
processes of the inhalation and extrication of oxygene
by the leaves of the vegetating plant. Doany of the
other parts of the plant perform similar functions?

165

If a sound and fresh root deprived of its stem is On the

put into a receiver filled with atmospheric air and
placed over mercury, it inhales indeed a small porl
tion of oxygene and hence diminishes the volume
of its atmosphere, but it consumes, and seems also
to inhale a much larger portion ; while the oxygene
that thus disappears is employed in the formation of

carbonic acid with carbon, which it abstracts from-

the root. If the root is immediately removed into
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another receiver, no futher change is produced in
the volume of its atmosphere; and consequently no
further inhalation of oxygene. But if it is allowed
to remain some time in the open air it inhales
oxygene as before. But the quantity of oxygene thus
inhaled is always inferior to the volume of the root.
A Radish, which consumed in the space of 24 hours,
a quantity of oxygene equal to its own volume, in-
haled one-fourth part. But a Carrot, which con-
sumed in the same space of time, a quantity equal
to its own volume, inhaled only i part. And a
Potatoe, which consumed only 0:04 of its own
voelume, inhaled only 0-08.

This regular inhalation of a quantity less than the
root,with the faculty of inhaling oxygene anew after
a short exposure to the open air, seems to prove
that the root does not immediately assimilate the
oxygene which it inhales, but converts it into car-
bonic acid gas, which the atmospheric air again ab-
stracts. Thus the action of oxygene on the root,
whether in the sun or shade, resembles its action
upon leaves vegetating in the shade ; though in the
former case, the inhalation is less perceptible.
Roots therefore do not evolve oxygene at. all.

Baut if the experiment is made upon roots to
which the stem is still attached, the result is very
different, at least if the root only is confined in the
receiver, while the stem and leaves are left exposed
to the open air. For, in this case, the root seems to
inhale more than, its volume of oxygene gas ; though
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the pas thus inhialed is not yeét assimilited to the
vegetable, but is givén out to the atmosphére by
the leaves. Hence also, if an éntiré plant-—root,
stem, and branch, is introddcéd into the receiver,
30 as that the root shall be itimerséd in the water
by the extremity only, and in contact, for the most
part, with the atmospheré of the receiver, the
oxygene of this atmosphere is not diminished ;’ be-
cause the portion which is abstracted by the root is
restored again by the leaves.” The oxygene inhaled
by the root, then, is not again evolved by it, nor im-
mediately assimilated to the vegetable substance;
but is conducted to the leaves in the state of car-
bonic acid, and there elaborated, or given out to the

atmosphere.

167

If the branch of a woody plant, taken and lopped On the

off in the spring immediately before the expansion
of the buds, is inclosed in a receiver filled with com-
mon air together with a small guantity of water to
supply it with nourishment, it will develope its
leaves as if vegetating in the open air. But it will
not effect this developement if it is placed in a
receiver filled with nitrogene or hydrogene gas; in
which it will, on the contrary, seon exhibit symp-
toms of putrefaction, by giving out a quantity of
nitrogene and carbonic acid gas. The developement
then, in the former case, must consequently have
been effected by means of the inhalation of oxygere,
which it thus appears that the stem and branches
are capable of effecting, even though stripped of

branch.
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their leaves ; for they are then found to vitiate com-
mon atmospheric air, whether in the sun or shade,
without changing the volume of their atmosphere;
replacing the oxygene which they consume by an
equal quantity of carbonic acid, and by consequence
not assimilating it immediately. Branches of Saliz
alba, Populus nigra, and Quercus Robur consumed
in the space of 24 hours, in the spring and summer,
at 15° of Reamur, a quantity of oxygene, equal to
more than half their volume ; while branches of the
Apple and Pear consumed, in equal circumstances,

two or three times their volume.

The oxygen which the stem and branches inhale
in the shade they give out again in the sun, in pro-
portion to the quantity of green vegetable substance
contained in their bark; by means of which they
perhaps assimilate a.small quantity of oxygene in
decomposing the carbonic acid which they form
with that of their atmosphere, though the effect is
not perceptible. ;

But if a portion of the stem remains in the re-
ceiver whilst the root remains in the soil, and the
leaves in the open ir, then the oxygene gas which
the stem consumes is not replaced by -an equal
quantity of carbonic acid: because the carbonic
acid, after being formed, follows the course of the

‘branch, and is decomposed by the leaves in the open

air. Into a glass tube, containing 63 ‘cubic inches
of atmospheric air, Saussure introduced the extremity
of the branch of an Apple tree, stripped of its leaves,

<
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but still attached to the stem, which he luted to the
neck of the tube. The tube was then placed over
mercury. Two hours after sun-set the mercury rose
one and a half line within the tube, corresponding
to about half the volume of the branch. On the
following morning the mercury was found to have de-
scended a little ; and about two hours after the rising
of the sun it was as at the commencement of the ex-
periment. The air contained 3 of carbonic acid,
and 2. of oxygene. The branch had then consumed
in the space of 24 hours more than five times its vo-

lume of oxygene, which it had replaced by scarcely
three times its volume of carbonic acid. Now
the disproportion between the quantity of oxygene
and carbonic acid remaining, was evidently owing to
the circumstances of the latter’s being carried off to
the leaves by means of the branch.—But there was
formed also in the tube a very considerable quantity
of nitrogene, for the volume of its contained at-
mosphere was not changed, which Saussure accounts
for as follows :—As the branch inhales the oxygene
of its atmosphere a vacuum is formed in the tube, in
consequence of which the external atmospheric air
penetrates the porous substance of the branch, and
insinuates itself into the atmosphere within; the
oxygene of this new atmosphere is absorbed by the
branch, and its nitrogene left behind: and hence
the proportion of nitrogene in the atmosphere of the
tube is of necessity augmented.

If this experiment is made with water instead of

1
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atmospheric air, and the water placed over mercury,
then the phenomenon occurs by which Hales was
deceived into the opinion that plants inhale air dur-
ing the day and give it out during the night.
Whilst the water is rapidly absorbed by the branch,
owing to the more copious perspiration of the leaves
during the day, the air is yet prevented from rushing
in'by means of this very perspiration, although a
vacuum may be formed in the tube. The mercury
then ascends. But at night when the perspiration
and consequent absorption is but small, there is no
cause to counteract the intrusion of the atmospherie
air; the mercury again descends, and gives rise to
the appareuntly alternate inhalation and extrication
of air by day and by night, as understood by Hales.
But it 1s thus obvious, that the phenomenon is to
be ascribed to the nature of the apparatus.

The action and influence of oxygene are equally
conspicuous in the developement of the flower as in
the other parts of the plant. The flower-bud will
not expand if confined in an atmosphere of pure
nitrogene, and will fade much sooner than in an
atmosphere of common air. But in a confined at-
mosphere of common air, if placed in the shade, al-
though it does not alter the volume of its atmosphere,
at least in a perceptible degree, yet it replaces the
oxygene it absorbs by nearly an equal quantity of
nitrogene; and in this respect the flower differs
from the other parts of vegetables,” which when ve.
getating in the dark give out but little nitrogene,
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and consequently diminish for the most part the
volume of their atmosphere. Some flowers of Li-
lium album, which were introduced into a receiver
filled with common air, and placed over mercury in
the shade, consumed in the space of 24 hours a
quantity of oxygene equal to 1°1 of their own
volume, of which they inhaled 0°15, replacing it by
0°15 of nitrogene. In a similar experiment on a
Rose it was found to have consumed 1'8 of its own
volume, inhaling 0°43 parts of oxygene, and giving
out at the same time 0°43 parts of nitrogene. There
seems then to be some ground for the commonly
received opinion of the unwholesomeness of sleeping
in an apartment which may happen to contain a
great many flowers; for the nitrogene which they
give out will no doubt have some effect upon
the atmosphere of the apartment, if there is not a
free circulation of air in it, though the consequences
said to result from this circumstance have certamly
been much exaggerated.

171

The action and influence of oxygene are in like On the

manner essential to the maturity of the fruit.
Saussure introduced a bunch of grapes, not yet ripe,
into a globe of glass, which he luted by its orifice to
the beugh and exposed to the rays of the sun; the
buunch ripened without having effected any material
alteration in its atmosphere, except that it contained
rather more oxygene than at first, But when a bunch
was placed in the same circumstances, with the ad-
dition of a quantity of lime, the atmosphere was

fruit,
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contaminated, and the grapes did not ripen: hence
we may infer, that the claboration of oxygene is ne-
cessary to the maturity of the fruit.

From the whole then of the foregoing experi-
ment, as relative to the action and influence of
oxygene on the plant, and the contrary, the follow-
ing is the sum of the results.

The green parts of plants, but especially the
leaves, when exposed in atmospheric air to the suc-
cessive influence of the light and shade, inhale and
evolve alternately a portion of oxygene gas mixed

‘with carbonic acid. But the oygene is not imme-

diately assimilated to the vegetable substance; it is
first converted into carbonic acid by means of com-
bining with the carbon of the plant, which withers
if this process is prevented by the application of
lime or potass. The leaves of aquatics, succulent
plants, and ever-greens consume, in equal circum-
stances, less oxygene than the leaves of other plants.

The roots, wood, and petals, and in short all parts
not green, with the cxception of some coloured
leaves, do not effect the successive and alternate in-
halation and extrication of ongene; they inhale it
indeed, though they do not again give it out, or as-
similate it immediately, but convey it under the
form of carbonic acid to the leaves, where it is
decomposed.

Oxygene is indeed assimilated to the plant, but
not directly, and only by means of the decomposi-
tion of carbonic acid; when part of it, though in a
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very small proportionl, is retained also and assimi-
lated along with the carbon.

Hence the most obvious influence of oxygene, as
applied to the leaves, is that of forming carbonic
acid gas, and thus presenting to the plant elements
which it may assimilate; and perhaps the carbon
of the extractive juices absorbed even by the root
is not assimilated to the plant till it is converted by
means of oxygene into carbonic acid.

But as an atmosphere composed of nitrogene and
carbonic acid gas only is not favourable to vegetation,
it is probable that oxygene performs also some other
function beyond that of merely presenting to the
plant, under the modification of: carbonic acid, ele-
ments which it may assimilate. It may effect also
~ the disengagement of caloric by its union with the
carbon of the vegetable, which is the necessary re-
sult of such union. .

But oxygene is also beneficial to the plant from Influence
its action on the soil; for when the extractive juices Zf,‘l’f}{fm
contained in the soil have become exhausted, the.
oxygene of the atmosphere, by penetrating into the
earth and abstracting from it a portion of its carbon,
forms a new extract to replace the first. Ience we
may account for a number of facts observed by the
earlier phytologists, but not well explained. Du
Hamel remarked that the lateral roots of plants are
always the more vigorous the nearer they are to the
surface, ;* but it now appears that they are the

* Phys. des Arbres, liv, i. chap. v.
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most vigorous at the surface because they have there
the easiest access to the oxygené¢ of the atmosphere,
or to the extract which it may form. It was ob-
served also by the same phytologist that perpen-
dicular roots do not thrive so well, other circum-
stances being the same, in a stiff and wet soil as ina
friable and dry soil ; while plants with slender and
divided roots thrive equally well in both: but this
is no doubt owing to the obstacles that present
themselves to the passage of the oxygene in the for-
mer case, on account of the greater depth and
smaller surface of the root. It was further observed,
that roots which penetrate into dung or into pipes
conducting water divide into immense numbers of
fibres, and form what is called the fox-tail root ; but
it is because they cannot continue to vegetate, ex-
cept by increasing their points of contact, with the
small quantity of oxygene found in such mediuins.
Lastly, it was observed that plants whose roots are
suddenly overflowed with water remaining after-
wards stagnant, suffer sooner than if the accident
had happened by means of a continued current. [t
is because in the former case the oxygene contained
in the water is soon exhausted, while in the latter
it is not exhausted at all.

And hence also we may account for the pheno-
menon exhibited by plants vegetating in distilled
‘water under a receiver filled with atmospheric air,
which having no proper soil to supply the root with
nourishment, effect the developement of their parts



SECT. VI, ELABORATION OF OXYGENE.

only at the expence of their own proper substance;
the interior of the stem, or a portion of the root, or
the lower leaves decaying and giving up their ex-
tractive juices to the other parts.

Thus it appears that oxygene gas, or that consti-
tuent part of the atmospheric air which has been
found to be indispensable to the life of animals is
also indispensable to the life of vegetables; on both
which accounts it seems to have well merited. the
appellation of vital air, by which it was at one time
designated. But although the presence and action
of oxygene is absolutely necessary to the process of
vegetation, plants do not thrive so well in an at-
mosphere of pure oxygene, as in an atmosphere of
pure or common air. This was proved by an ex-
periment of Saussure’s, who having introduced some
plants of Pisum sativum that were but just issuing
from the seed into a receiver containing pure
oxygene gas, found that in the space of six days
they had acquired only half the weight of such as
were introduced at the same time into a receiver
containing common air. From whence it follows
that oxygene, though the principal agent in the
process of vegetation is not yet the only agent ne-
cessary to the health and growth of the plant, and
that the proportion of the constituent parts of the
atmospheric air is just what it ought to be, as well
for the purposes of vegetable as of animal life ; being
at once an indication both of the wisdom and good-
ness of Him by whom it was established.
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SECTION VIL
Decomposition of Water.

ALTHOUGH the opinion was proved to be ground-
less, by which water had been supposed to be con-
vertible into all the ‘different ingredients entering
into the composition of the vegetable substance by
means ofithe action of the vital energy of the plant;
yet when water was ultimately proved to be a chemi-
cal compound, it was by no means absurd to suppose
that plants may possess the power of decomposing
part, at least, of what they absorb by the root, and
thus acquire the hydrogene as well as a portion of
the oxygene which, by analysis, they are found to
contain. This opinion was accordingly pretty gene-
rally adopted, but was not yet proved by any direct
experiment. - Senebier pointed out several pheno-
mena from which he thought it was to be inferred,
but particularly that of the germination of some
seeds moistened merely with water, and so situated
as to have no apparent contact with oxygene. But
to this it was objected by Saussure that the seeds in
question might have germinated in consequence of
the action of the air contained in the water, inde-
pendent of that of its component principles.

The decomposition of water was inferred also by
Ingenhoutz, from the amelioration of an atmosphere
of common air into which he had introduced some
succulent plants vegetating in pure water; but the
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degree of amelioration is not stated; and on this
account Saussure is of opinion that no conclusion
should be founded on the fact, as he had never ob-
served any example in which a plant deprived of the
contact of carbonic acid had augmented the quantity
of oxygene contained in its atmosphere by a quantity
exceeding that of its own volume, which he regards
as being too little to establish the above conclusion.

It was next ascertained that plants vegetating in From in-
pure water augment their weight, at least in a green fil;?ai,c“m
state, even though confined in an atmosphere of
oxygene, or of common air deprived of i.s carbonic
acid. This was thought 1o be a fact of great im-
portance, but it does not yet prove the decomposi-
tion of water by the plant, nor the fixation of its
oxygene, or hydrogene ; because the augmentation
in weight may have been occasioned by the mere
introduction of the water into the sap vessels, or cel-
lular tissue: and hence the question can be deter-
mined only by the evidence of the augmentation of
_ the solid substance of the vegetable in a dried state.

The first experiments that were instituted with a Experi-
view to this object are those of Saussure ; his method ‘sn;;;i;’ef,
was as follows :—Having gathered a number of plants
of the same species, as nearly alike as possible in all
circumstances likely to be affected by the experiment,
he dried part of themn to the temperature of the at-
mosphere, and ascertained their weight ; the rest he
made to vegetate in pure water, and in an at-
mosphere of pure oxygene, for a given period of time,

VOL. IIL N



178

PROCESS OF NUTRITION. CHAP. III,

at the end of which he dried them as before, and
ascertained their weight also, which it was thus only
necessary to compare with the weight of the former
in order to know whether the plants had increased
in solid vegetable substance or not. But after many
experiments on a variety of plants, the result always
was, that plants when made to vegetate in pure water
only, and in an atmosphere of pure oxygene, or of
common air deprived of its carbonic acid, scarcely
added any thing at all to their weight in a dried
state; or if they did, the quantity was too small to
be appreciated. Particularly he made the experi-
ment on three plants of the Lysimachia vulgaris,
which he introduced into a receiver containing 250
cubic inches of common air deprived of its carbonic
acid, the roots were immersed in about one cubic
inch of distilled water, and the plants weighed in
their green state 1207 grains, displacing half a cubic
inch of their atmosphere ; three other plants of the
same species and weight when green, were found
to weigh when dried to a certain degree of the
thermometer and hygrometer 381 grains: at’the
end of eight days the plants which had been con-
fined in the receiver were taken out; they had in-
creased considerably in length and were in a per-
fectly sound state, but had made no perceptible
change upon the atmosphere in which they vege-
tated either in purity or volume. They now
weighed in their green state 141 grains, but when
dried to the proper degree 404 grains : they had thus
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augmented their solid vegetable substance by some-
what more than two grains, which could have been
acquired only by the assimilation of the oxygene and
hydrogene of the water, which they had consequently
decomposed. But when the experiment was pro-
longed to double or treble the time, the weight of
the dried vegetable substance of the plants was not
farther augmented ; for which reason, added to that
of the small amount of their augmentation, Saussure
did not regard the proof from these experiments as
being altogether complete, and began to suspect that
the oxygene and hydrogene of the plant cannot,
perhaps, be assimilated by the plant in any consi-
derable degree, unless the augmentation of its carbon
is effected in the same proportion.

The next thing to be done, therefore, was to place
his plants in a mixture of common air and carbonic
acid gas, that they might have the privilege of assi-
milating carbon at the same time; the results were
now more perceptible and more decided, the solid
vegetable substance of the plant was evidently in-

creased in a greater proportion than could have
“arisen from the mere presence of carbonic acid.
Seven plants of the Vinca minor, vegetating in pure
water in a receiver filled with common air and car-
bonic acid gas, assimilated in the space of six days
the carbon contained in 21%¢ cubic inches, or a
quantity equal to 42 grains; they assimilated at the
same time seven cubic inches of oxygene, but as

N 2
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that was replaced by an equal quantity of nitrogene,
it goes for nothing in the weight of the plants, .
Before the experiment they weighed in  their
green state 1683 grains, which were ascertained to be
equal to 51 grains of dried vegetable matter; but
after the experiment the quantity of dried vegetable
matter was equal to 01 grains. There was conse-
quently an augmentation of weight of 10 graius, of
which 42 only can be attributed to the formation of
Whoin- carbon ; hence it follows most evidently, that there
fers also & s
thedecom- 1ad been a decomposition of the water, and an assi-
1";’:::':“ of milation of its component parts, by mecans of which
58 grains were added to the weight of the plant.
The decomposition then, and fixation of water by
the vegetating plant is thus, according to Saussure,
legitimately inferred ; but it does not appear that
plants do in any case decompose water directly—
that is, by appropriating its hydrogene and at the
same time disengaging its oxygene in the form of
gas, which is extricated only by the decomposition
of carbonic acid. Plants vegetating in nitrogenc
gas and exposed to the alternate influence of night
and day, do, indecd, extricate a quantity of oxygene
equal to many times their volume; but this is be-
cause being deprived of the contact of that gas in
the first period of experiment, they form of their
own substance a supply of carbonic acid gas, which
they afterwards decompose: and hence the origin
of the oxygene found in their atmosphere.  They
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do not, however, by a similar exposure augment
the volume of oxygene when confined in an at-
mosphere of oxygene gas, or of common air deprived
of its carbonic acid, because the carboni¢ acid which
they now form is the result of the combination. of
their carbon only with the oxygene that surrounds
them, and not the entire produce of their own sub-
stance: hence it is only in such atmospheres that
the experimenter can form any judgment coneerning
the direct decomposition of water by the plant.
Succulent plants form indeed an exception with
regard to the augmentation of the volume of oxygene
when vegetating in an atmosphere of common air
deprived of its carbonic acid, but afford no proof of
the direct decomposition of water. Into a receiver
containing 423 cubic inches of atmospheric air pre-
viously deprived of its carbonic acid, a leaf or articu-
lation of the Cactus Opuntia was introduced, so as
that part of it was immersed in a glass containing dis-
tilled water, which was to serve as its nourishment ;
at the end of 31 days, when the experiment was
stopped, the leaf was still sound and vigorous ; it had
even formed roots of an inch in length, and aug-
mented its atmosphere 31 cubic inches. The eudio-
meter indicated the presence of 25 parts in the
hundred of oxygene, and the application of lime
water showed that it contained no carbonic acid ;
hence the leaf had extricated in the space of 'a
month 3} times its volume of oxygene, which could
be attributed to no other cause but that of the de-
1

\
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composition of water. Still, however, there is no
proof that this decomposition was direct ; but rather
there is reason to suppose that the leaf formed in
the sun carbonic acid gas from its own substance,
and that the oxygene was extricated by the decom-
position of this gas: for in the progress of a similar
experiment, when a vessel filled with potass was
suspended in the receiver, the formation of oxygene
was stopped ; it is plain, therefore, that carbonic acid
gas was forming, and that the oxygene which ap-
peared was produced from its decomposition.

SECTION VIII,

Descent of the Proper Juice.

gy WHEN the sap has been duly claborated in the

blood of leaf by means of the several processes that have just

animals,

been described, it now assumes the appellation of
the Cambium, or Proper Juice of the plant. In this
ultimate state of elaboration it is found chiefly in
the bark, or rather between the bark and wood, and
may .very often be distinguished by a pecuhar
colour, being sometimes white, as in the several
species of Spurge, and sometimes yellow, as in
Celandine. It is said to be the principal seat of the
medical virtues of plants; and was regarded by
Malpighi as being to the plant what the blood is to
the animal body—the immediate principleof nourish-
ment, and grand support of life ; which opinions he
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endeavours to establish by the following analogies :—
if the blood escapes from the vessels of the animal
body, it forms neither flesh nor bone, but tumors; if
the proper juices of the plant are extravasated, they
form neither bark nor wood, buta lump of gum,
resin, or inspissated juice. The disruption of the
blood vessels and consequent loss of blood, injures
and often proves fatal to the animal. The extra-
vasation of the proper juice injures and often proves
fatal to vegetables, unless the evil is prevented by
the skill and management of the gardener. What-
ever may be the value of these remarks as tending
to establish the analogy in question, it cannot be
doubted that the cambium or proper juice consti-
tutes at least the grand principle of vegetable
organization ; generating and developing in succes-
sion the several organs of the plant, or furnishing
the vital principle with the immediate materials of
assimilation.
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But how is the proper juice, which is thus so in- And dis-

dispensable to the process of vegetation, conveyed
to the several parts or organs of the plant? As the
sap in its ascent to the summit of the leaf is con-
ducted by an appropriate set of vessels, so also 1s
the proper juice in its descent to the extremity of
the root. One of the earliest and most satisfactory
experiments on this subject, at least as far as regards
the return of the proper juice through the leaf and
Jeaf-stalk, is that of Dr. Darwin, which was con-
ducted as follows :—A stalk of the Euphorbia helis-

tribution
through«
out the
plant.
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copia, furnished with its leaves and seed-vessels,
was placed in a decoction of Madder-root, so as that
the lower portion of the stem and two of the in-
ferior leaves were immersed in it. After remaining
so for several days the colour of the decoction was’
distinctly discerned passing along the midrib of each
leaf. On the upper side of the leaf many of the
ramifications, going from the midrib towards the
circumference, were observed to be tinged with red ;
but on the under side there was observed a system
of branching vessels, originated in the extremities
of the leaf and carrying not a red but a pale milky
fluid, which after uniting in two sets, one on each
sidé the midrib, descended along with it into the
leaf-stalk. These were the vessels returning the
elaborated sap.* The vessels observable on the up-
per surface Darwin calls arteries, and those on the
under surface he calls veins ; ; the propriety of which
appellations is questionable, though the discovery of
the different sets of vessels conducting the sap and
proper juiceis important; because it points out the
intention of the peculiar structure of the leaf as dis-
coverable in the skeleton, which has been already
described as consisting of two, or, as in the case of
the Orange-leaf, of three layers of net-work.

To this may be added the more recent discoveries
of Mr. Knight who in his experiments, instituted
with a view to ascertain the course of the sap, de-
tected in the leaf-stalk, not only the vessels which

* Phytologia, sect, iv.
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he calls central tubes through which the coloured
infusion ascended, together with their appendages,
the spiral tubes ; but also another set of vessels sur-
rounding the central tubes, which he distinguishes
by the appellation of external tubes, and which ap-
peared to be conveying in one direction or other a
fluid that was not coloured, but that proved upon
further investigation to be the descending proper
Jjuice: 'In tracing them upwards they were found to
extend to the summit of the leaf; and in tracing
them downwards they were found to extend to the
base of the leaf-stalk, and to penetrate even into the
inner bark. According to Mr. Knight, then, there

are three sets of vessels in leaves, the central tubes, -

the spiral tubes, and the external tubes. And yet Sit

J. E. Smith* represents him as meaning to speak of

two sets of vessels only, admitting that his language
seems to imply three, but cautioning the reader
against falling into the mistake.

But whatever Mr. Knight's meaning may have
been, he positively speaks of and specifies three
distinct sets of vessels, the central, the spiral, and
the external, as is plain from the circumstance of
his trying to ascertain the respective functions of
each. The first, he says, conducts the ascending
sap from the tubes of the alburnum to the leaf-stalk
and leaf; the second does not seem to conduct any
fluid ; the third contains the proper juice and con-

* Introduction, p. 51.
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ducts it in its descent from the summit of the leaf
down to the base of the foot-stalk.*

“But by what means is the proper juice conducted
from the base of the leaf-stalk to the extremity of
the root? This was the chief object of the inquiry
of the earlier phytologists who had not yet begun to
trace its progress in the leaf and leaf-stalk ; but who
were acquainted with facts indicating at least the
descent of a fluid in the trunk. If the stem, or
branch, or even root of a woody plant is encircled
by a strong ligature, a tumor is formed immediately
above the ligature, but no tumor is formed below
it.4- Hence they inferred the descent of a fluid
that was now stopped ; but this descending fluid was
proved also to be the Cambium or proper juice. If
a branch of any tree abounding in a conspicuous
proper juice, such as the Fig or Fir-tree, is cut
transversely in two, the proper juice will flow much
more copiously from the upper portion next the
leaves than from the under portion next the trunk,
even though their positions should be inverted. If
trees are stripped wholly of their bark, they will
often form new productions from the leaf down-
wards, but none or scarcely any from the root up-
wards. Du Hamiel stript 60 trees of their bark in
the course of the spring, laying them bare from the
upper extrewmity of the sap and branches to the
root ; the experiment provea indeed fatal to them,
as they all died in the course of three or four years.

* Phil. Trans. 1806. 4 Phys. des Arb. liv. v, chap. ii.
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But many of them had made new productions both
of wood and bark from the buds downwards, ex-
tending in some cases to the length of a foot ; though
\ very few of them had made any new productions
from the root upwards. Ience it is that the
proper juice not only descends from the extremity
of the leaf to the extremity of the root, but gene-
rates also in its descent new and additional parts.
But although the above experiments prove in
general the descent of the proper juice, yet they do
not decide in particular by what peculiar channel it
descends—that is, whether by the bark or wood.
It was the opinion of Du Hamel that it descends According
through the channel of the bark, in favour of which IH":;:
there is indeed an original presumption in the fact
of its being always found in the greatest abundance
in the bark when analysed; or of its flowing the
most copiously from it when -cut; as well as a
direct and positive proof in the result of the follow-
ing experiments :—In the time of the flowing of the
sap Du Hamel stripped the trunk of a Cherry-tree of
a ring of bark, and covered the wound with a piece
of canvass to let nothing escape, wrapping it up at
the same time with an additional covering of straw
to prevent its becoming dry: the result was that
the upper lip yielded a most copious exudation of
gum, while the lower lip yielded none ; but the tree
did not long survive the experiment. The proper
juice then descends through the channel of the bark,
and cannot be made to descend through the medium
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of any other channel. But although such experi-
ments as the ‘foregoing do generally prove fatal to
the life of the plant on account of the interruption
of the channel of the - descent of the proper juice,
and consequent privation of nutriment; yet there
are some plants to which the experiment even com-
municates a temporary and preternatural fertility.
If a ring of bark is detached in the spriag from the

“trunk of an Olive-tree, it will produce that year a

double quantity both of blossoms and of fruit,
though it will soon afterwards die ;* but the pheno-
menon is easily accounted for. The preternatural
fertility of the plant is owing to the unusual accu-
mulation of proper juice in the leaves and branches,
in consequence of the interruption of the descent
of the proper juice; and the subsequent death of
the plant is owing to the privation of nutriment
sustained by the root, in consequence of the same
cause.

But Hales did not admit the bark to be the chan-
nel of the descent of the proper juice, alleging in sup-
port of his objections the evidence of the following
experiment:—Having stripped atrunk of its bark,
so as to leave a number of insulated rings still re-
maining, of which some were furnished with buds,
and some not, the trunk still lived, and the buds
protruded both leaves and branches ; the lower lips
of such rings as were furnished with buds producing
tamors, and the lips of such as were without buds

* La Nature Devoilée.
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producing none. Hence lie inferred that the bark
cannot be the channel of the descent of the sap
or proper juice, since the.plant still lived in spite
even of the abstraction of several circular portions.
But if some plants are so very tenacious of life as to
survive even the violent operation of girdling, it will
not appear surprising if some plants should survive
also the gentler operation of a partial barking. For
in this case the proper juice may find a partial and
temporary channel even in the alburnum where it is
naturally of a very loose texture, and not too much in-
durated by exposure to air; and as the sap ascends,
at any rate by the alburnum, there is no difficulty in
accounting for the developement of the buds in the
above experiment. For wherevera bud is formed the
ascending juice will find its way to it, from which the
elaborated sap' or proper juice will again descend
by the bark, its natural channel, at least till it meets
with some interruption ; where it will form tumors
as in the above case. And if no tumors were formed
on the lower lips of the rings without buds, it is
because there was no particular determination of sap
towards such rings on the very account of their want
of buds, and consequently no room for the process
of elaboration and return of proper juice. This was
accordingly Du Iamel's reply, and subsequent ex-
periment has shown it to be correct ; for the experi-
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ments of Mr. Knight on this subject are, if possible, According

more convincing than even those of Du Hamel.
From the trunks of a number of young Crab-trees

to Knighi.
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Mr. Knight detached a ring of bark of half an
inch in breadth. The sap rose in them, and the
portion of the trunk above the ring augmented as
in other subjects that were not so treated, while the
portion below the ring scarcely augmented at all.
The upper lips of the wounds made counsiderable
advances downwards, while the lower lips made
scarcely any advances upwards; but if a bud was
protruded under the ring, and the shoot arising
from it allowed to remain, then the portion of the
trunk below that bud began immediately to aug-
ment in size, while the portion between the bud and
incision remained nearly as before. When two
circular incisions were made in the trunk so as to
leave a ring of bark between them with a leaf
growing from it, the portion above the leaf died,
while the portion below the leaf lived; and when
the upper part of a branch was stripped of its leaves
the bark withered as far as it was stript. Whence
it is evident that the sap which has been elaborated
in the leaves and converted into proper juice, de-
scends as air through the channel of the bark, or
rather between the bark and alburnum to the ex-
tremity of the root, effecting the developement of
new and additional parts.*

But not only is the bark thus ascertained to be
the channel of the descent of the proper juice, after
entering the trunk; the peculiar vessels through
which it immediately passes, have been ascertained

* Phil. Trans. 1803,
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also. In the language of Mr. Knight they are
merely a continuation of the external tubes already
noticed, which after quitting the base of the foot-
stalk he describes as not only penetrating the inner
bark, but descending along with it and conducting
the proper juice to the very extremity of the root.
In the language of, M. Mirbel they are the large or
rather simple tubes so abundant in the bark of
woody plants, though not altogether confined to it;
and so well adapted by the width of their diameter
to afford a passage to the proper juice.

SECTION IX.

Causes of Descent.

TuE proper juice then, or sap elaborated in the
leaf, descends by the returning vessels of the leaf-
stalk, and by the longitudinal vessels of the inmer
bark, the large tubes of Mirbel and external tubes
of Knight, down to the extremity of the root.
What is the cause of its descent? It appears” that According
the descent of the proper juice was regarded by the Lﬁrﬁf‘;
carlier phytologists as resulting from the agency ‘g}'sﬁ?k"
of gravitation, owing perhaps more to the readiness
with which the conjecture suggests itself than to
the satisfaction which it gives. But the insufficiency
of this cause was clearly pointed out by Du Hamel,
who observed in"his experiments with ligatures that
the tumor was always formed on the side next to

4
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the leaves, even when the branch was bent down
whether by nature or art, so as to point to, the
earth,* in which case the power propelling i the
proper juice is acting not only in opposition to that
of gravitation, but with such force as to overcome
it.  This is an unanswerable argument; and yet it
seems to have bee¢n altogether overlooked, or at
least undervalued in its importance by Mr. Knight,
who has more recently investigated the subjeet of
the descent of the proper juice; but without
having been able to offer any thing that can be at
all regarded as satisfactory. He endeavours, how-
ever, to account for the effect by ascribing it to the
Jjoint operation of the four following causes :—gra-
vitation, capillary attraction, the waving motion of
of the tree, and the structure of the conducting
vessels; but, like charity among the virtues, the
greatest of these is gravitation.

Gravitation—A vertical shoot of a Vine was
forcibly bent down in nearly & perpendicular di-
rection, and its succulent extreinity introduced into
a pot as a layer, without wounding the stem or
depriving it of any of its leaves. Two circular
incisions were made in the bark of the inverted
part and the intervening portion of bark was stript
off. But there was more wood formed at the lip
now uppermost, than at the lip opposite to.it;
which in the opinion of Mr. Knight was owing to
the force of gravitation, since the result would have

* Phys. des Arb. iiv.iv. chap. v
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been quite the contrary if the shoot had been al-
lowed to remain in its natural position. This con-
clusion seems at first sight to be plausible enough;
but was afterwards acknowledged even by Mr.
Knight himself to be rather too hastily drawn; as
it occurred to him upon further reflection that the
proper juice which in other cases would have gene-
rated the greatest quantity of wood at the lip now
undermost, was, in the present case, employed in
the formation of roots. 'But although the argument
drawn from the above fact is thus rendered invalid,
the opinion of the efficacy of gravitation is by no
means given up by Mr. Knight, as is evident from
a subsequent  attempt to account for the descent of
the radicle upon the same principle as stated in a
foregoing chapter.
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Capillary attraction~This though enumerated Capillary

by Mr. Knight as a cause of the descent of the
proper juice, is not much insisted on. And indeed
it is plain from the known laws by which this
species of attraction is regulated, that it could be
but of little avail in operating the alleged effect;

if indeed, it is at all applicable to the case in~

question.

attraction.

The waving motion of the plant.—Part of the Waying

stem of a number of young seedling Apple-trees

was bound. by means of stakes and bandages of

hay, so as to prevent all motion from the action of

winds to the height of three feet. The upper part

of the stem which was kept in motion by the winds
YOL. 1L o

motion of
the plant,
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increased in size very considerably ; but the under
part which remained motionless increased very.
little. A plant which was compelled to move in a
circle was found to have the greatest diameter of its
trunk in the direction of its motion. Hence Mr.
Knight inferred that the motion communieated to
plants by the action of the winds facilitates the
descent of the proper juice and consequently growth
of the plant; and that plants deprived of that
motion do not thrive sa well, as in the case of
trees nailed to walls. It seems probable, however,
that the small degree of augmentation in the under
part of the stem of the seedling Apple-trees was
as much owing to its exclusion from air and light,
as to its want of motion ; as in the case of what is
termed the etiolation of plants, exemplified in the
slender stem of potatoes that may happen to pro-
trude their shoots in cellars. or other dark places:
And trecs nailed to walls are often as healthy as
standards, particularly Vines.

To the waving motion of the plant Mr. Knight

also attributes the facility with which plants adapt

themselves to the habitats in which they grow. In
lofty and exposed habitats they will increase most
near the root, owing to the accelerated descent of
the proper juice ; they will send out many lateral
branches' and diminish gradually towards the top ;
they will be low and sturdy. In groves and vallies
where they are crowded and less exposed they will
extend in length without extending proportionally
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in breadth, owing to the retarded descent. of the
proper juice from want of motion. But this re-
mark though founded on the general aspect of plants
affecting the habitats in question is not without its
exeeptions. For the Pine though inhabiting the
most lofty mountains is still a lofty tree ; and the
Oak though inhabiting the recesses of the grove may
still, even in respect of diameter, be the monarch
of the wood. In aged subjects the descent of the
proper juice, or at least the augmentation of the
plant is sometimes promoted by means of paring
off the lifeless part of the bark, owing, as Mr.
Kaight thinks to the increased plianey or flexibility
which is thus communicated to the stem ; and the
excision of any decayed part is always of benefit to
the plant. But the operations in question will com-
municate but little flexibility to a stiff and aged
trunk where the mass of wood has become already
firm and indurated; so that the good effect pro-
duced is perhaps more properly ascribed to the
facility which"is thus given merely to the access
of air. ‘
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Structure of the vessels.—Mr. Knight is of Structure

opinion that the vessels of the bark are better fitted
by their conformation to. convey the proper juice
towards the root than in any other direction, which
opinion he founds upon the following experiment :
~Four strong shoots of a Vine were selected and
converted into layers; and were in the end of the
autumn disengaged from their parent stock, at the
o 2

of the
vessels.
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distance of five inches from the layer corresponding
to the length of wood left on the opposite side.
'The buds on each end were by previous manage-
ment made to stand at equal distances from the
root, and an inch of wood was left at each end
beyond the buds. If Mr. Knight's hypothesis
was true it was to be expected that the proper juice
would be impelled less forcibly towards the extre-
mities that had originally formed the summit of
the shoots than towards the opposite extremities,
beyond which it was presumed that new wood
might even be formed. The result was as follows :
—At the proper and natural extremities the wood
above the buds became dry and lifeless, while the
wood below increased as usual. DBut at the in-
verted extremities the result was also inverted, new
wood being accumulated above the buds, and even
numerous roots protruded, while no sensible aug-
mentation took place between them. Inverted
cuttings of Gooseberries and Currants were also
made the subject of experiment; the former not
succeeding at all; but the latter succeeding for the
most part, and exhibiting phenomena similar to that
of the inverted ends of the layers, with the ex-
ception of thewr not emitting roots. Whence Mr.
Koight concludes that the vessels of the bark
through which the proper juice descends are better
adapted by their structure to trausinit their contents

towards the original root, than in any other direc-

tion; by which means the motion of the returning
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fluid in the pendant branches of the Weeping
Willow, and other such plants, is enabled to coun-
teract the power of gravitation, though not wholly
to destroy it;-as its agency is still discernible in
the pliancy and feebleness of the pendant shoot,
and in the occasional success of inverted cuttings.
This is certainly as complete a jumble as could
well have been made if it had even been attempted
on purpose ; and a notable example of the unphi-
losophical practice of multiplying causes without
necessity.  First we are told of the paramount

influence of gravitation, and then we are introduced

to a cause which is capable of counteracting it, if
the branch happens to be pendant. And what is
this transcendant cause that overcomes even the
agency of gravitation? It is the supposed existence
of valves in the tubes of the bark; an opinion en-
tertained with regard to the sap vessels, at least by
some of the earlier phytologists, but long ago ex-
ploded, as has been already seen upon the almost
uniform evidence of the success of inverted cuttings
of the Willow and Poplar. But the same argu-
ments are applicable to the tubes of the bark, in
which if valves even existed they could seldom be
of any use, as the motion of the proper juice is
almost always downwards. Would not Mr. Knight
have found a cause better calculated to account for
the phenomenon of the inverted layer in the force
of habit, on which he lays so much stress, in a
variety of other cases? as for example in that of
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the susceptibility of the plant to the action of heat
as necessary to the protrusion of the bud, accord-
ing to the temperaturé in which it has formerly
been kept. And should it not have been also re-
collected that the phenomenon might have been
owing merely to the difficulty attending the ad-
mission of the proper juice into any vessels capable
of conveying it in the inverted direction? there
being no set of vessels leading from the bud di-
rectly upwards, as there are vessels leading from it
directly downwards, in the original position of the
shoot. So that the entrance of the proper juice
could be effected only by lateral communication,
which in this case the structure of the vessels may
very possibly not admit of.

Such are the causes assigned by Mr. Knight
for the descent of the proper juice. They are each
perhaps of some efficacy ; and yet even when taken
altogether they are not adequate to the production
of the effect. The greatest stress is laid upon gra-
vitation ; but its agency is obviously over-rated, as
is evident from the case of the pendant shoot; and
if gravitation is so very efficacious in facilitating
the descent of the proper juice, how comes its
influence to be suspended in the case of the ascend-
ing sap. The action of the Silver grain will
scarcely be sufficient to overcome it; and if it
should be said that the sap ascends through the
tubes of the alburnum by means of the agency of the
vital prineiple, why may not the same vital principle

]
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conduct also the proper juice through the returning

vessels of the bark. In short if; with Saussure, we

admit the existence of a contracting power in the
former case sufficient to propel the sap from ring to
ring, it will be absolutely necessary to admit it also
inthe latter. Thus weassign a cause adequate to the
production of the effect, and avoid at the same
time the transgression of that most fundamental
principle of all sound philosophy which forbids us
to multiply causes without necessity.

CHAPTER 1V.

PROCESS OF VEGETABLE DEVELOPEMENT,

WHEN the sap has been elaborated in the leaf, and Different

converted into proper juice, it is now finally prepared

tn different
classes of

for immediate assimilation, and for the production Pt

of such parts and organs as are peculiar to the
species, or necessary to the perfection of the in.
dividual. The next object of our inquiry, therefore,
will be that of tracing out the order of the deve-
lopement of the several parts, together with the
peculiar mode of operation adopted by the vital

principle.  But this mode of operation is not -

exactly the same in herbaceous and annual plants,
as in woody and perennial plants. In the former,
‘the process of developement comprides as it were
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but one act of the vital principle, the parts being
all unfolded in immediate succession and without
any perceptible interruption till the plant is com-
plete.  In the latter, the process is carried on by
gradual and definite stages easily cognizable to the
senses, commencing with the approach of spring,
and terminating with the approach of winter;
during which, the functions of the vital principle
seem to be altogether suspended, till it is aroused
again into action by the warmth of the succeeding
spring. The illustration of the latter, however,
involves also that of the former; because the growth
of the first year exemplifies at the same time the
growth of annuals, while the growth of succeeding
years exemplifies whatever is peculiar to perennials,

SECTION I
Elementary Organs.

Ir the embryo, on its escape from the seed and
conversion into a plant, is taken and minutely in-
spected, it will be found to consist of a root, plume-
let, and incipient stem, which have been developed
i consecutive order ; and if the plant is taken and
dissected at this period of its growth it will be found
to be composed merely of an epidermis enveloping
a soft and pulpy substance, that forms the mass of
the individual ; or it may be furnished also with a
central and longitudinal fibre; or with bundles of
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longitudinal fibres giving tenacity to the whole.
These parts have been developed no doubt by means Formed
of the agency of the vital principle operating on ;;‘;p‘;f 8
the proper juice ; but what have been the several i
steps of operation ?

Some phytologists have attempted to account for VVhlch

has been

the formation of the above parts by supposing the supposed
proper juice to conmsist of multitudes of organie ;‘}c(‘,’r‘f;;;‘m
fibres, which being united together by the vege- fibres.
table gluten constitute the cellular and tubular
tissue, and thus form the mass of the plant. But this
supposition leaves us just where we were before,
For if it were even proved to be the fact, the next
question would be, how are the organic fibres
themselves formed? But as it is an assumption
founded on no proof, it merits of course no fur-
ther consideration. Perhaps no satisfactory expli-
cation of the phenomenon has yet been offered,
though M. Mirbel, in the want of all plausible con-
Jecture, submits the following:—He supposes the Or to be
proper juice to be at first converted into a fine mem- f,?::.::,h
brane, which he calls the membranous tissue, from ;":l:‘s‘t:l';‘_'
which the cellular tissue of the pulp is afterwards sue.
formed, by means of the foldings and doublings of
the original membrane, so as to present an hexa-
gonal appearance similar to that of the cells of the
Bee.  The tabular tissue he supposes to be in like From
manner formed out of the cellular tissue, by means mbes“a;’f
of such openings and perforations as may be acei- /' ar

: ) : generated.
dentally effected in the tissue itself, from the
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bursting of the vertical partitions of the cells, the
tubes having no existence till the membrane is
lacerated.*
| But if the tubes are generated in the manner
here supposed, that is by the accidental bursting
of the partitions of the cells, it will be difficult to
account for the known regularity with which they
“are formed. The only circumstance giving plausi-
bility to the conjecture is that of the occasional
occurrence of a transverse membrane interrupting
the continuity of the small tubes, which M. Mirbel
The sup- regards as a proof of their cellular origin. But
2:;1“;;‘“}. allowing this to be a sufficient proof of the truth
difficulties. of the supposition, which few will be disposed to
admit ; how 1is the formation of the trache to be
accounted for, which retain no traces of a cellular
origin, and are besides twisted spirally throughout
the whole of their extent? They cannot be sup-
posed to be merely the result of the accidental
bursting of the cells of the pulp; because thereis
too much of regularity both in their form and dis-
tribution to be the result of aceident.” If M. Mirbel
had even contended that the cells burst open in a
regular and determinate manner, and thus give to
the tube its spiral or vertical direction, his hypo-
thesis: would still have been clogged with difficul-
ties ; but on the position he assumes the difficulties
are doubled. The most that can be said for it is,
that it is perhaps not impossible; but it canpot

* Traite &’ Anal. et de Phys. Veget. liv. &
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certainly be said to be founded on any known
facts.

It is much more likely, however, that the rudi-
ments of all the different parts of the plant do
already exist in the embryo in such specific order
of arrangement as shall best fit them for future
developement, hy the intro-susception of new and
additional particles, than that the vital principle
should first manufacture a membrane which it then
converts into cells, which are afterwards partially
and accidentally converted into tubes, and the plant
so patched up. For if this were the fact; there
would be no such thing as saying what species of
plant any particular seed might produce when com-
mitted to the soil.

The only portion of the infant plant now re- Formation
maining is the epidermis, which although it is in ﬁﬁrﬁ,‘f,e Ve
some casés to be regarded as a composite organ, in
consequence of its consisting of more than one
layer ; yet as it cannot in the incipient stages of
vegetation be divided into distinct layers, it may
with sufficient propriety be introduced into the pre-
sent section. How then is the epidermis generated,
in which the body of the infant plant is invested
as in a sheath ? ‘ A

The pellicle constituting the vegetable epidermis According
has generally been regarded as a membrane essen- ;(,’,dG Mol
tially distinct from the parts which it covers, and as Pighi
generated with a view to the discharge of some par-
ticular function. Some phytologists, however, have
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viewed it in a light altogether different, and have
regarded it as being merely the effect of accident,
and nothing more than a scurf formed on the ex-
terior and pulply surfuce of the parenchyma indu-
rated by the action of the air. This was the opinion
of Grew and Malpighi, which, though it does not
'seem to have ever met with any very general recep-
tion, has been, however, revived of late by M.

According Mirbel ; who, professing to be dissatisfied with the

to Mirbel.

analogy that has generally been thought to exist
between the epidermis of the animal and vegetable,
contends that the latter is nothing more than the indu-
rated surface of the parenchyma, from which it differs
only in such circumstances as are occasioned by posi-
tion. Ifitis more or less transparent—if it is tougher
and firmer in its texture than the parenchyma or
any of its parts, it is only because it is constantly
exposed to the influence of light and air, and to the
contact ‘of such bodies as float in the atmosphere;
but it is not to be regarded as coustituting a distinct
organ or membrane, or as exhibiting any proof of
its being analogous to the epidermis of animals.*
Such is the substance of M. Mirbel’s opinion, to
which he is aware that objections may still be
urged. For it may be said, if this is the true origin
of the epidermis, how comes it to separate so easily
from the interior parts in' the spring? To this ob-
jection M. Mirbel furnishes the following reply—
namely, that its facility of detachment is owing to the
¥ Traité d’Anat. et de 'bys. Veg. tom. i. p. 87.
2
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disorganization occasioned in the epidermis by means
of itsexposed position, which has even the effectof ulti-
wately detaching it from the plant altogether, as may
be seen in the instances in which it bursts and exfo-
liates when it is not able to expand in proportion to
theinternal parts. And thus M. Mirbel presumes he
has established his position. But this is by no
means the most formidable objection to which his
hypothesis is liable; for if it be true that the epider-
mis is nothing more than the pellicle formed on the
external surface of the parenchyma, indurated by the
action of the air, then it will follow that an epider-
mis can never be completely formed till such time
as it has been exposed to that action. But it is
known that the epidermis exists in a state of com-
plete perfection in cases where it could not possibly
have been affected by the external air. If you take
a rose-bud, or bud of any other flower, before it ex-
pands, and strip it of its external covering, you will
find that the petals and other inclosed parts of the
fructification are as completely furnished with their
epidermis as any other parts of the plant, and yet
. they bave never been exposed to the action of the
air. . The same may be said of the epidermis of the
seed while yet in the seed vessel, or of the root, or
of the paper birch, which still continues to form
and to detach itself, though defended from the
action of the air by the exterior layers. In herbs
and in the annual parts of woody plants, such as the
iga\ies and flowers, the epidermis never detaches

205
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itself at all ; which circumstance M. Mirbel adduces
as an additional argument in favour of his hypothe-
sis, though to me it seems an argument against it.
For if the air produces such violent effects upon the
trunk and branches of woody plants, why should it
not produce similar effects upon other plants, or upon
other parts of the same plant ? and why is the epi-
dermis of the leaf and fruit incapable of being again
regenerated if accidentally destroyed ? Till a satis-
factory answer can be given to these questions it is
impossible to admit the hypothesis of M. Mirbel.
But so far is the action of the external air from
being the cause and origin of the epidermis, that it
is even detrimental to its formation. For the repro-
duction of a part that has been destroyed, in cases
capable of reproduction, is always more easily
effected 1f the wound is covered closely up.  And
hence it is extremely improbable that the epidermis
is merely a modification of the external surface of
the parenchyma cffected by the influence and action
of the air; if rather it is not evidently an organ
formed by the agency of the vital principle, even
while the plant is yet in embryo, for the very pur-
pose of protecting it from injury when it shall have
becn exposed to the air in the process of vegetation.
Its growth or developement is accordingly found to
keep pace with that of the plant which it invests as a
sheath, extending in all its dimensions and accom-
modating itself with wonderful facility to the ex-
pansion of the interior parts ; as may be seen in large
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trees, and fraits of rapid growth. Its expansion,
however, is circumseribed by certain bounds or
limits which it cannot pass; for when vegetation is
too rapid, or when the parts have become indurated
with age, it refuses or is unable to expand further,
and consequently cracks, as in the bark of aged trees,
or in Melons of luxuriant growth ; the fissure being
for the most part perpendicular, though sometimes,
as in the Cherry-tree, horizontal. It is also much
more capable of expansion in some trees than others,
and remains longer smooth; and where it does not
expand freely it is thought to retard in some degree

the developement of the interior parts, as in the case’

of the Cherry-tree, the epidermis of ‘which the gar-
dener is often obliged to lay open by a longitudinal
incision, in order to facilitate the growth of the
plant.

With regard to the disavowed analogy between
the animal and vegetable epidermis, it is of no con«
sequence to the above argument whether it holds
good or not. But there are several respects in
which an analogy between the two cuticles is suffi<
ciently striking : they are both capable of great ex-
pansion in the growth of the subject; they are both
easily regenerated when injured (with the exeeptions
already stated), and seemingly in the same manner
they are both subject, in certain cases, to a constant
decay and repair ; and they both protect from injury
the parts enclosed.
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SECTION 1L
Composite Organs.

THE elucidation of the developement of the Com.
posite Organs involves the discussion of the two
following topics :—the formation of the annual plant,
and of the original shoot of the perennial ; and the
formation of the subsequent layers that are annually
added to the perennial.

SUBSECTION I.

Annuals and Annual Shoots.—1If a perennial of a
year’s growth is taken up in the beginning of winter
when the leaves, which are only temporary organs,
have fallen, it will be found to consist of a root and
trunk, surmounted by one or more buds. The root
is the radicle expanded into the form peculiar to the
species, but the trunk and buds bave been generated
in the process of vegetation. Let the root or trunk be
now taken and cut into two by means of a transverse
section, and it will be found to consist already of
bark, wood, and pith. The pith is spongy and succu-
lent, being an assemblage of hexagonal cells filled
with a limpid juice. The wood is tender and brittle,
being an assemblage of longitudinal tubes, or fibres,

forming in the aggregate a eylinder or circular layer

that invests the pith. The bark is soft and flexible,
being also an assemblage of tubes that form in their
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aggregate a cylinder or circular layer closely invest-

ing the wood. If the root or trunk of an annual is
taken and treated in the same manner, it will be
found to consist of an epidermis, pulp, and inter-
spersed fibre. Here then is the termination of the
growth of the annual, and of the first stage of the
growth of the perennial: how have their several
parts or organs been formed ?

As the pith seems only a modification of the ori-
ginal pulp, the same hypothesis that accounts for the
formation of the one will account also for the forma-
tion of the other, at least in ay far as they are found to
consist of cellular tissue; the cells and membrane
composing them being in both cases alike, though
somewhat modified by situation. If the cells of the
pith are the largest, it is perhaps because being lodged
in the centre they are there the farthest removed from
the compression and action of the air: and if the cells
of the exterior pulp are the smallest, it is perhaps be-
cause being situated towards the circumference they
are there the most exposed to the influence of the
same causes. But their character is also affected by
the character of the juices they contain; the pulp
containing a resinous juice, as being mingled from its
position with the proper juice of the plant ; and the
pith containing a watery juice, as having more com-
munication with the ascending sap. Hence the pith
and pulp, or parenchyma, are ultimately converted
into organs essentially distinct from one another;

Formation
of the pith.

though phytologists have been much puzzled to Function,

assign to each its respective functions.
VOL, II. P
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In the earlier ages of phytological inquiry, or
rather in ages in which phytological opinions were
formed without inquiry, one of the vulgar errors of
the time scems to have been an opinion by which
the function of the pith was supposed to be that of
generating the stone of fruit, and by which it was
thought that a tree deprived of its pith would pro-
duce fruit without a stone.®  But this opinion is by
much too absurd to merit a serious refutation.
Another early opinion, exhibiting however indica-
tions of legitimate inquiry, is that by which the pith
was regarded as being analogous to the heart and
brain of animals, - as related by Malpighi; who did
not himself adopt it, but believed the pith to be
like the cellular tissue, the viscera in which the sap
is elaborated for the nourishment of the plant, and

Magnol, for the protusion of future buds.¥ Magnol thought

DuHa-

mel,

Linnzus.

that it produces the fiower and fruit, but not the
wood. Du Hamel regarded it as being merely an
extension of the pulp or cellular tissue, without
being destined to perform any important function in
the process of vegetation.§ But Linnzus was of
opinion that it produces even the wood ; regarding it
not only as the source of vegetable nourishment,

* Phys. des Arb. liv. i chap. iii.

+ Medullz usus olim insignis cordi et cerebro analogus crede-
batur, Anat. Plant, 13.

} Concoquitur itaque in horizontalibus utriculis, et medulla
ipsa succus, ut futuris et proxime erupturis gemmis, et tenellis
foliis praesto sit, Anat. Plant. 13.

§ Phys. des Arb. liv. i. chap. iii.
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but as being also to the vegetable what the brain
and spinal marrow are to animals; the ‘source and
seat of life. 1In these opinions there may be some-
thing of truth, but they have all the common fault
of ascribing to the pith either too little or too
much.

Mr. Lindsay, of Jamaica, suggested a new opinion Lindsay,
on the subject, regarding it as being the seat of the
irritability of the leaves of the Mimosa, and Sir J.
E. Smith says he can see nothing to invalidate the
arguments on which this opinion is founded. Plenk Plenk,artd
in his Physiologia Plantarum, and Mr. Knight in Knight,
one of his papers published in the Philosophical
Transactions, regard it as destined by nature to be a
reservoir of moisture to supply the leaves when ex-
hausted by excess of perspiration ; which opinion
Sir J. E. Smith combats, contending that the cause
assigned is wholly inadequate to the effect, as the
moisture of the pith would in many cases be insuf-
ficient to supply one hour’s perspiration of a single
leaf, and as it is not found to be affected even when
the leaves are flaccid by drought. The objections
thus alleged are fatal to Mr. Knight’s hypothesis,
which is regarded however as deriving considerable
support from the phenomena of the roots of some.
of the Grasses, as from that of Phleum pratense,
which in moist situations has a fibrous root,. while
in dry situations it has a bulbous root, the interier
of which is moist and spongy like the pith of the -
young shoot. But this, instead of proving the pith

P2
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to be a reservoir of moisture, proves rather the capa-
city inherent in plants of adapting themselves to
their situation, by means of an extraordinary exer-
tion of their vital energies.

Sir J. E.Smith professes to hold an intermediate
opinion between that of Du Hamel, who ascribes to it
no peculiar function at all, and that of Linnzeus, who
ascribes to it almost every thing important in vege-
tation—regarding it not as a source of nourishment,
but as a reservoir of vital cnergy or life, analogous
to the spinal marrow and nerves in animals, which
do not mnourish the individual, but give life and
vigour to the whole by being diffused throughout
the whole of its parts.* But in thus adopting the
golden mean, through which, while he guardsagainst
ascribing to it too much, he avoids also at the same
time the opposite extreme of ascribing to it too little,
and steers equally clear both of Charybdis and Scylla,
there does not seem to have been much gained in
the present instance. The analogy between the
pith of vegetables and spinal marrow of animals is
not very well made out: if the spinal marrow is
injured the parts are immediately paralyzed, and if
it is broken the animal dies; but Mr. Kunight has
shown that a portion of the pith may be abstracted
from the shoot so as to ecffect a disruption of con-
tinuity without occasioning any material injury to
the plant. It should be recollected, however, in
justice to the phytology of ancient Greece, that this

# Introduction, p. 40.
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experiment had been performed, and the result as-
certained, even in the time of Theophrastus.* The
pith cannot therefore be regarded as correspond-
ing to the spinal marrow of animals, in any thing at
all essential.

Hence it appears that the peculiar function of the
pith has not yet been altogether satisfactorily ascer-
tained ; and the difficulty of ascertaining it has been
thought to be increased from the circumstance of its
seeming to be only of a temporary use in the pro-
cess of vegetation, by its disappearing altogether in
the aged trunk. But although it is thus only tem-
porary as relative to the body of the trunk, yet it
is by no means temporary as relative to the process
of vegetation ; the central part of the aged trunk
being now no longer in a vegetating state, and the
pith being always present in one shape or other in the
annual plant, or in the new additions that are an-
nually made to perennials. The pith then is essential
to vegetation in all its stages : and from the analogy
of its structure to that of the pulp or parenchyma
which is known to be an organ of elaboration, as in
the leaf, the function of the pith is most probably
that of giving some peculiar elaboration to the sap,
according to the hypothesis of Malpighi; which
seems to me to be the best founded of all the fore-
going, with the exception of that part of it by

* ‘H e pirrpe, piyps vovos Eimpov‘wilm éu @leipss, & 6ov Js Pleipsi. Tiegs

>
Quraw ésrion, 7o, E. :
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which the pith is supposed to be also peculiarly
destined to give origin to the future buds,

Originand  The next topic of inquiry is that of the genera—-

ﬁ"f'i’{,‘";“"“ tion of the layer of wood in our example of woody

v or Plants, or of the parts analogous to wood in the case

i"W“e of herbaceous plants ; a topic that has been hitherto

but little attended to. Phytologists have indeed of-

fered many conjectures concerning the origin of the

annual layer that is added to perennials; but they do

not seem to have taken up the subject at the proper

point. They have generally made their observations

on trees of considerable age and magnitude, and have

contended, some that thewood is formed from the pith,

others that it is formed from the bark, and others

that it is formed from the alburnum of the former

year; thus evading the subject of the formation of

the original layer altogether, which is the foundation

of all the rest, and the most essential step in the

-process of vegetation ; though it is a step concern-

ing which there can be but little said that is at all

satisfactory.  If we suppose the rudiments of all

the different parts to exist already in the embryo,

then we have only to account for their developement

by means of the intro-susception and assimilation

of sap and proper juice; but if we suppose them

to be generated in the course of vegetation, then the

difficulty of the case is augmented : and at the best

we can only state the result of operations that have

been so long continued as to present an effect cog-
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nizable to the sense of - sight, though the detail of
the process is often so very minute as to escape even
the nicest observation. All, then, that can be said on
the subject is merely that the tubes, however formed,
do, by virtue of the agency of the vital principle
operating on the proper juice, always make their
appearance at last in an uniform and determinate
manner, according to the tribe or species to which
the plant belongs, uniting and coalescing so as to
form either a circular layer investing the pith, as in
woody plants; or a number of divergent layers in-
tersecting the pith, as in some herbaceous plants;
or bundles of longitudinal and woody fibre inter-
spersed throughout the pith, as in others; though
in some of the less perfect plants no longitudinal
fibres are at all discernible, and consequently
no part analogous to wood.
~ Inthe same manner we may account for the form- And bark.
ation of the layer of bark, either by supposing
that it is merely the developement of some original
elements existing in the embryo, or that it is gene-
rated by means of the agency of the vital principle-
in the process of vegetation and out of the proper
juice, so as to form an exterior layer distinct in its
character and properties, and separate ‘or easily
separable from the wood or interior part of the
plant.

Such is a slight sketch of the process of the de-
velopement of the elementary and composite organs
of annuals, or of perennials of a year’s growth.
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SUBSECTION 1II.

Formation  Perennials, and their Annual Layers—If a pe-
of the lay- T 3 e
ers of the Tennial is taken at the end of the second year and
;Zg‘r’:'d dissected as in the example of the first year, it will
be found to have increased in height by the addition
of a perpendicular shoot consisting of bark, woed,
and pith, as in the shoot of the former year; and in
diameter by the addition of a new layer of wood, and
of bark generated between the wood and bark of the
former year, and covering the criginal cone of wood,
like the paper that covers a sugar-loaf: this is the
fact of the mode of augmentation about which phy-
tologists have not differed, though they have differed
widely with regard to the origin of the additional
layer by which the trunk is increased in diameter.
According  Malpighi was of opinion that the new layer of
;‘;,?ﬁf,' " wood is formed from the liber of the former year;
Grew.  the layer of liber being by degrees assimilated to the
woody substance, and ultimately converted into
a layer of wood, which attaches itself to the layer
that was previously formed.* But the defect of this
hypothesis is, that it does not account for the forma-
tion of the new layer of liber itself. Grew was of
opinion that a new ring of sap vessels is first gene-
rated on the inner furface of the liber of the former
year, which is gradually converted into a new layer
of liber that ultimately splits into twe portions,

¥* Anat. Plant. 11,
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taking contrary directions ; the outer portion extend-
ing towards the circumference of the plant, and
forming the new layer of bark ; and the inner por-
tion receding towards the centre and forming the
new layer of wood. This hypothesis is preferable to
Malpighi’s, inasmuch as it accounts for the new layer
both of wood and bark ; and perhaps no hypothesis
whatever is more conformable to fact. Hales was of
opinion that the new layer of wood is formed from
the layer of the preceding year, both by means of the
dilatation of the horizontal vessels of the former layer,
and also of the extension of the longitudinal tubes.
The opinion was founded upon the phenomena of a
tumor that seemed evidently formed from the wood ;
whence he inférred that the new layer is also formed
from the wood. But as it could never have been
deemed logical from the phenomena of the diseased
action of a part to infer the mode of procedure in
the sound action of the whole, the hypothesis does
not appear to have met with many advocates. Lin- According
nzus thought the new layer of wood was formed :?aef;;_n'
from the pith, which is absurd, because the opinion
goes to the inversion of the very order in which the
layer is formed, the new layer being always exterior
to the old one. But according to the most general
opinion, the layer was thought to be formed from a
substance oozing out of the wood or bark—first, a
limpid fluid, then a viscid pulp, and then a thin
layer attaching itself to the former; the substance -
thus exuding from the wood or bark was generally
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regarded as being merely an extravasated mucilage,
which was somehow or other converted into wood
and bark: but Du Hamel regarded it as being
already an organized substance, consisting of both
cellular and tubular tissue, which he designated by
the appellation of the Cambium, or Proper Juice.
This opinion seems to have been entertained also by
Grew, though it does not appear to rest on any very
convincing evidence ; the fact, however, of its exu-
dation was evident, though it was not yet ascertained
whether it exuded from the wood or from bark of
the former year; and whether the new layer, when
formed, separated into two, as Grew had conjectured.
This inquiry was undertaken by Du Hamel,* whose
experiments on the subject arc indeed most lumi-
nous, and are, though seldom quoted, an anticipation
of almost every thing that has been done. by the
most distinguished of our modern phytologists.

In order to ascertain whether the new layer of
wood is formed from the former layer of wood or of
bark, his first experiment was that of a graft par
Pecusson ;4 which is done by means of detaching a
portion of bark from the trunk of a tree and supply-
ing its place exactly by means of a portion of bark
detached from the trunk of another tree, that shall
contain a bud. In this way he grafted the Peach on
the Prune tree, because the appearance of the wood
which they respectively form is so very different that
it could easily be ascertained whether the new layer

# Phys. des Arb. liv. iv. chap. iii. 1 Ibid. chap. 4.
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was produced from the stock or from the graft.
Accordingly at the end of four or five months after

the time of grafting the tree was cut down, and as

the season of the flowing of the sap was past, a por-
tion of the trunk including the graft was now boiled

to make it part more ecasily with its bark; in the
stripping off of which there was found to be formed
under the graft a thin plate of the wood of the Peach,
united to the Prune by its sides, but not by its
inner surface, although it had been applied to the
stock as closely as possible : hence Du Hamel con- From the
cluded that the new layer of wood is formed from the :f;‘egf;:c
bark, and not from the wood of the preceding year. year.
The same experiment was repeated with the same
result upon the*®Willow and Poplar; when it was
also found that if a portion of wood is left on the
graft it dies, and the new wood formed by the
bark is exterior to it. 'The above conclusion, there-
fore, is perfectly legitimate, which Du Hamel also
strengthens by the following experiment :—Having
detached a cylinder of bark from its trunk, and
covered the wood below it with a thin plate of tin-
foil, he then replaced the bark as befere, reducing
the case to the following di]em}na; if the new layer

of wood was formed from the old layer of wood, then

it was plain that the new layer would be deposited
within the tin-foil ; and if it was formed from the
bark, it was also equally plain that it would be de-
posited without the tin-foil : the result accordingly

* was, that a new layer of wood was deposited between
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the bark and tin-foil, but none between the tin-foil
and the interior layer. This experiment was com-
pletely decisive of the point in question; and yet
there is an experiment of Dr. Hope’s on the same
subject, which is, if possible, still more convincing :—
Having made a longitudinal incision in the trunk of
a Willow of three or four years old so as to penetrate
through the bark, he laid bare a portion of the stem
by slipping the bark to the one side, which was,
however, still attached to the stem at the upper and
lower extremities of the decorticated part; the de-
tached portion of bark was then bent into the form
of a hollow cylinder, by uniting its edges as closely
as possible, and the whole well secured from the
action of the atmosphere.* The plant was then
allowed to remain undisturbed for several years,
when the result of dissection was, that new layers
of wood were generated within the lateral cylinder
of bark, while the decorticated portion of the stem re-
mained unaugmented; the portionsabove and below
being augmented, as in other ordinary cases of vege-
tation. It is evident, therefore, that the additional
layer by which the plant increases in diameter is
generated from the bark.

But it was not yet accurately ascertained whether
the newly formed layer of wood was merely in-
durated liber, as was the opinion of Malpighi; or a
production  formed from it, as was the opinion of
Grew. This Du Hamel thought he might ascertain.

* Smith’s Introduction, p. 35.
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by means of passing through the bark of a trec
several small threads of silver in a horizontal di-
rection, soas to penetrate the liber.* If the liber was
converted into wood, the threads, it was to be pre-
sumed, would be found ultimately imbedded in
the wood ; and if it was not converted into wood,
they would be found still in the bark. Accordingly
when a trunk which had been so treated was at the
end of several years opened up and inspected, the
threads were found to be deeply imbedded in wood :
it is plain, therefore, that the new layer of wood
forms originally a layer of /liber, according to the
common acceptation of the term. But to try also
the value of Grew’s conjecture with regard to the
separation of the liber into two parts, the one ex-
panding towards the circumference and forming
new bark, and the other condensing towards the
centre, and forming new wood, Du Hamel varied
the above experiment so as that some of the threads
were passed through the outer part of the bark, near
the epidermis; others through the inner part of it,
near the liber; others through the liber itself; and
others between the liber and wood. At the end of
several years, when the trunk was opened up and
inspected, the threads that were originally placed in
the outer bark and near the epidermis were now
covered only with a thin and decayed crust, which
broke readily into pieces; those that were originally
placed in the outer bark, but near the liber, were
* Phys. des Arbres, liv. iv. chap. iii.
7
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now among the external cortical layers; those that
were originally passed through the liber were now
imbedded in wood; and those that were orginally
passed between thc liber and wood were still more
deeply imbedded. The conjecture of Grew, there-
fore, 1s confirmed, at least in substance. TFor either
the layer that is formed separates into two distinet
portions, the one tending towards the circumference
and forming bark, and the other tending towards
the centre and forming wood ; or, two distinct layers
are originally generated receding in opposite di-
rections, and forming respectively wood and bark:
which last part of the alternative is the most likely
to be the fact; because we can scarcely refer two
substances so distinct in their character and proper-
ties as the wood and bark, precisely to the same
origin.
g*;:lg}gm-» But although the above experiments are correct
generation and convincing, beyond all controversy, as far as
;’,‘:;:he they go, yet they do not include the whole of the
Juiee;  case; for the annual layer, which seems thus to be
formed merely from the bark, is in fact formed only
from ‘the proper juice descending from the leaf
through the tubes of the liber. The bark then is not
to be regarded as the generating cause of the new
layer, but merely as the medium of the transmission
of the materials from which it is formed. For the
proof of this most important fact we are chiefly
indebted to the well-known expetiments of Mr,

Knight, by which he has thrown the highest degree
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of elucidation on one of the most obscure and intri-

cate processes of the vegetable economy, in having
shown that the sap 1s elaborated, so to render it fit As elabe-
for the formation of new parts, in the leaf only. If {ﬁf‘i‘e;’},
a leaf or branch of the vine is grafted even on the ‘
fruit-stalk or tendril, the graft will still succeed ;*

but if the upper part of a branch.is stripped of its

leaves the bark will wither as far it is stripped ; and

if a portion of bark furnished with a leaf is insulated

by means of detaching a ring of bark above and below

it, the wood of the insulated portion that is above

the leaf is not augmented :< this shows evidently -
that the leaf gives the elaboration necessary to the
formation of new parts, and that without the agency

of the leaf no new part is generated.

There seems indeed to be an exception to this Oreven
law in one of Mr. Knight’s own experiments, in i
which he found that when the fruit-stalk was grafted
on the leaf-stalk, the graft succeeded also; and in:
which case the wood was deposited on the external
- sides of his central vessels, having oozed, no doubt,
from the external tubes by which the proper juice
descends. Now this seems to prove that the parts
of the flower are capable of generating wood as well
as the leaf: but it should be recollected that flowers
in general are furnished with a calyx, which is cer-
tainly very nearly allied to the leaf, and that some
parts of the flower are even convertible into leaves ;

* Phil. Trans. 1803. + + Ibid. 1801.
o
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as may be seen in the case of the common Cherry
when the blossom becomes double, the stamens
being converted into petals, and the pistil not un-
frequently into a leaf. A similar phenomenon may
be sometimes observed also in the fruit of the Pear-
trec. In the summer of 1809, I observed in the
garden of Rendlesham Parsonage two Pears, of
nearly the size of the rest on the same tree, having
each several leaves growing out of it, with the
insertion about half way between the base and
apex of the fruit: I do not know what particular
variety of Pear it was, but it was a large and dusky-
coloured winter Pear, perhaps the winter rousselet.
The same thing may be also observed in the fruit of
the Medlar; and hence the success of Mr. Knight's
graft of the fruit-stalk on the leaf-stalk is the less
surprising. The fact then is that the new layer
Andde- 15 formed not absolutely from the bark, as the
scending oy periments of Du Hamel might seem to indicate,

EE‘EEEE‘?;;’S' but from the proper juice descending through the
7 returning vessels of the leaf, leaf-stalk, and inner
bark, from the summit to the lower extremity of

the plant; in tracing which vessels Mr. Knight
thought he could even discover two distinct sets, one

for forming the new layer of wood, and another for
forming the new layer of liber. This is a very nice
distinction indeed, and a fact, if it is the fact, diffi-

cult to ascertain. It is certain, however, that either

two layers are originally generated ; or that the ori-
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ginal layer separates into two parts, as Grew sup-
posed ; because the bark is augmented by a new
layer as well as the wood.

225

Such is the final result of the experiments of Peculiar

notions of

Du Hamel, Hope, and Knight. And yet Mr. Knighe.

Knight, who has done so much to elucidate the
subject, entertains at the same time some minor
opinions that are altogether incompatible with his
general theory. “He is of opinion that the new
bark, as well as the leaf, possesses also the power of
preparing proper juice and of generating new wood;
because it was observed that a small quantity of
wood was generated even at the lower extremity of
an insulated portion of bark on which there was
neither bud nor leaf.*  But is it not possible to
account for this small production from the quantity
of proper juice that might exist in the bark at the
time 1t was left in its insulated state? He is also of
opinion that the wood or alburnum already formed
extends itself laterally without any radicles as he
calls them, descending from the leaves and shoots
above ; because trees of different species, when
grafted on one another, preserve their wood distinct
in quality immediately above and below the graft.
But if the wood extends itself laterally, why did it
not so extend itself above his insulated leaf, where
we are told it made no augmentation? And is it not
also possible that the proper juice may receive its
final degree of modification in the bark itself?

¥ Phil. Trans. 1803.
VOL. II1. Q@
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This 1s much more likely to be the case than that
the alburnum should extend itself laterally, which
is contrary to the experiments of Du Hamel, and
also to the scope of Mr. Knight’s general con-
clusion ; namely, that the sap after being exposed
to the action of the light in the leaves, and con-
verted into proper juice, is again carried back by
the returning vessels of the leaf and leaf-stalk to
the bark, by which it is conveyed throughout the
whole extent of the plant, to add new matter and
to compose the different organs for the succeeding
year.* :

Augment-  Such then is the mode of the augmentation of

::,lco;;é\ing the plant in the second year of its growth. It ex-

years:  tends in width by a new layer of wood and of
bark insinuated between the wood and bark of the
former year; and in height by the addition of a
pefpendicular shoot or of branches, generated as
in the shoot of the first year. But if the plant is
taken and dissected at the end of the third year, it
will be found to have augmented in the same
manner ; and so also at the end of the succeeding
year as long as it shall continue to live; so that the
outermost layer of bark, and innermost layer of
wood, must have been originally tangent in the first
year of the plant’s growth; the second layer of
bark, and second layer of wood, in the second
year; and so on in the order of succession till you
come to the layer of the present year, which will

* Phil. Trans. 1805.
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in like manner divide into two portions, the outer
forming one or more layers of bark, and,the inner
forming one or more layers of wood. And hence
the origin of the concentric layers of wood and of
bark of which the trunk was found to be composed
in treating of the anatomy or internal structure of the
plant; where it was shown that the layers of wood
are by no means regularly developed, being often
thicker on the one side of the stem than on the
_other, and often also more in number ; owing, as it
appeared, to a superabundance of sap flowing from
a large root, or to a large branch, or to sudden
changes of temperature. And even where the in-
dividual layers are of equal thickness throughout,
they are not always equal in thickness to one
another ; owing no doubt to the age and vigour
of the plant; for the larger the diameter of the
tree, the thinner the layer, even if the same quan-
tity of wood should be formed. But the layers of
wood are always thicker than the layers of bark ;
though the bark of sickly trees is thicker in pro-
portion to the wood than that of healthy trees.
But how are the different layers united together so
as to form but one body in the aggregate? Malpighi
thought the layers of liber, as formed by the lon-
gitudinal tubes, are united or cemented together By
means of a plate of cellular tissue interposed be-
tween them. In the formation of the layers it is
true that tubes and utricles are always conjoined,
Q2

227



228 PROCESS OF DEVELOPEMENT. CHAP. 1V.

the former being apparently united together by
the latter. But it does not appear that an inter-
vening layer of cellular tissue is always to be found
distinct. There are some plants, however, which do
exhibit the layer in question distinctly enough ac-
cording to the description of Malpighi. Between
every two layers of the bark of the Fir-tree, thereis a
thin layer of a substance evidently different in tex-
ture, which might have been the ground of Mal-
pight’s remark.  And even in the body of the
trunk there is alternately a layer of wood that is
hard and white, and a layer that is brown and re-
sinous, from which the resinons drops exude when
the trunk is cut.
ff?rg\l:l:i‘i)-n But how' are we to account for the formation of
vergent  the divergent layers, which Du Hamel erroneously
L“g,g’fngﬁo supposed to proceed from the pith ? If Do Hamel
DuHamel, had but happened to attend to the phenomena re-
lative to the point in question, which some of his
own experiments were the best calculated to exhibit,
he would readily have found the true solution of
the difficulty. This, however, has been furnished
by Mr. Knight, who, in tracing the result of the
operation of budding, observed that theé wood
formed under the bark of the inserted bud unites
indeed confusedly with the stock, though still pos-
sessing the character and properties of the wood
from which it was taken, and exhibiting divergent
layers of new formation which originate evidently
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in the bark, and terminate at the line of union
between the graft and stock.* Also, if a portion
of the stem of a tree is decorticated so as to leave
the surface of the alburnum exposed to the air for
any considerable length of time, there is no farther
vegetation on that part of the alburnum. But if
the wound is not very large it will again close up,
first by means of the production of a new bark
issuing from the edges, and gradually narrowing
the extent of the wound; and then by the pro-
duction of new layers of wood formed under the
bark as before. The new wood will not indeed
unite with the portion of alburnum that had been
exposed to the air ; but it will exhibit on a horizontal
section, the same traces of divergent layers as
before, extendfng from the bark in which they
originate to the lifeless surface of the old wood
within. It is evident, therefore, that the divergent
layers are formed, not from the pith, but from the

Whose
opinion is
erroneous.

proper juice descending through the channel of the

bark, and are synchronous in their formation with
that of the concentric layers through which they
pass.

It seems indeed impossible that the divergent
layers should be an extension of the pith, at least
beyond the first or second year of the plant’s
growth, whether on account of .the gradual indu-
ration of the wood, or of its own natyral diminu-
tion. For as the trunk increases in size the pith

* Phil. Trans. 1803, :
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grladua]ly diminishes in diameter, till it is at length
totally obliterated, and its place supplied with
wood, as in the case of the aged trunk; existing
only in the smaller branches, or in the annual
shoot.

Conver- But how is the formation of the wood to be

;’3{: ?;t:,he accounted for, that now occupies the place of the

wood.  pith? In the chapter on the anatomy of the plant
it was observed that the pith of the young shoot is
surrounded by a set of longitudinal tubes, forming
in the aggregate a cylinder, in which it is invested
as in a sheath, which M. Mirbel designates by the
appellation of the Tubular sheath ; but which I
have thought to be better designated by the ap-
pellation of the Medullary sheath; inasmuch as
the latter term suggests the use of the organ in
question, which the former term does not. But
by whatever appellation it may be designated, it
appears that the tubes of which it is corhposed do,
in the process of vegetation, deposit a Cambium,
which forms an interior layer that is afterwards
converted into wood for the purpose of filling up
the medullary canal. Such is the account given
by M. Mirbel,* of the origin of the wood occupying
the place of the pith in the aged trunk, which is
countenanced by the fact of the developement and
existence of longitudinal tubes that are to be found
even within the body of the pith, as stated also in
the above-mentioned chapter.

® Traité d’Anat. et de Phys. Veg. liv. iii.
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But in consequence of the increase of the trunk Conver-
by means of the regular and gradual addition of f,'s;’nﬁfnal'
an annual layer, the layers whether of wood or of it woed:
bark are necessarily of different degrees of solidity
in proportion to their age ; the inner layer of bark,
and the outer layer of wood, being the softest ; and
the other layers increasing in their degree of soli-
dity till you reach the centre on the one hand, and
the circumference on the other, where they are re-
spectively the bardest, forming perfect wood or
highly indurated bark, which sloughs or splits into
chinks, and falls off in thick crusts, as in the Plane-
tree, Fir, and Birch. What length of time then
is requisite to convert the alburnum into perfect
wood, or the liber into indurated bark ; and by what
means are they so converted ?

There is no fixed and definite period of time
that can be positively assigned as necessary to the
complete induration of the wood or bark, though
it seems to require a period of a good many years
before any particular layer is converted from the
state of alburnum to that of perfect wood; and
perhaps no layer has received its final degree of
induration till such time as the tree has arrived at
its full growth. But this is not a subject of any
peculiar importance. It is a subject of some im-
portance, however, to trace the cause of the indu-
ration of the wood, concerning which there seems:
to have existed, or to exist now, some diversity of
opinion.

4
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Auributed  An opinion pretty generally entertained was that
;;’,-,’?“ Bl by which the induration of the alburnum, and its
- consequent durability, are attributed to the loss of
sap which the layer sustains after the period of its
complete developement; when the supply from the
root diminishes, and the waste by evaporation or
otherwise is still kept up, inducing a contraction
or condensation of its elementary principles that
augments the solidity of the layer, in the first
degree, and begins the process that future years

finish. :
Theory - But Mr. Knight believes the induration of the
}O(fn%g}:}_ alburnum as distinguishable in the winter to be
owing rather to some substance deposited in it in
the course of the preceding summer, which he re-
gards as being the proper juice in a concrete or
inspissated state, but which is carried off again by
the sap as it ascends in the spring. This was ori-
ginally a conjecture which he thinks he has proved
to be also the truth.  The first argument is founded
on the fact that the sap as it ascends becomes gra-
dually more and more mixed with the proper juice
of the plaﬁt, as may be’'seen in the case of the
Maple, and Birch, the sap of which last when ex-
tracted near the root, being almost without taste ;
but when extracted at the height of seven or eight
fect, or less, being sensibly sweet. The sccond ar-
gument is founded on t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>