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XXVIL Some farther Confiderations on the Influence of +he Xege-
table Kingdom on ihe Animal Creation. By John Ingen-houtz,
Counfellor to the Court, and Body Phyfician to the Emperor,
F. R. S. Te.

Read June 13, 182,

, PON being informed, a few months ago, as well by

private letters as from the Critical Review, that my
doftrine was quite over-turned by the fifth volame of Dr.
- PRIESTLEY, and by an experiment quoted in the book of
Mr. cavarro on Air; I invited fome of my friends here to
aflift at fome decifive experiments, of which I will here
give an exact account. I told them the whole refult which
was to be expected from them, if my fyftem was founded on
nature, explaining to them before-hand the theory of thefe
refults, and promifing, at the fame time, that, if the refult
thould fail, I thould myfelf be the firft to difcredit my own
fyftem. I had the fatisfa&tion to convince them that the refult
did fully anfwer my prediction and expectation. Thefe experi-

ments are the following, all made in a hot-houfe of the Bota--

nical Garden in the winter of17382.

I expofed to the fun-thine fix globular glafs veflels, each con-
taining about 160 cubic inches of fpace, all filled with pump-
water, which was boiled during more than two hours, and
poured quite hot into the glafs veflels, on purpofe to prevent
any accefs of air to the water.

5 Exp.
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Exp. I. In two of thefe veflels I put as much of the conferva
rivularis (a water plant, clafled by LiNNzUs amongft the crypzo-
gamia) as was fufficient to take up the fpace of about an inch
fquare.

Exp. II. In the two next veflels I {fufpended by -threads tied to
bits of cork, fome pieces of woollen and filk cloth of different

_colours, as white, fcarlet, green, and brown, having previoufly
wetted them in fome boiled water, on purpofe to free them
from all air.

Exp. IIL. In the two remaining veflels I placed nothing at all.

Exp. 1V. In another veflel of the fame form and fize I put
fome of the conferva rivularis, and filled it with pump water, -

All thefe globular veflels' were inverted, with their orifices
immerfed in veflels filled with quickfilver, for the purpofe of
preventing effeGtually any communication between the contents
of the veflels and the atmofphere.

Refult of experiment 1. 'The firft two days neither of
the veflels contained any air, and even the fmall quantity
of air, which here and there adhered in the form of a bub-
ble to the fibres of the vegetable when it was thut up in
the veflel, had entirely difappeared. The third day, in the
morning, fome air bubbles began to rife from every part of the
conferva in both glafles ; and in the afternoon of the fame day,

- a great quantity of air bubbles rofe continually fromit. I took
at that time the vegetable out of one of thefe veflels. I plunged
a wax taper, juftextinguifhed, into the orifice of this veflel, on -
purpofe to fee whether the air, already extricated from the con-

JServa, was dephlogifticated or not. The wax taper took flame
immediately with an uncommon {plendour.  After this I
poured the half of the water from the globular veflel into a
common bottle, and corked it. I inverted this bottle afterwards

Kkka2 in
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in an earthen veffel filled with boiled water. = I placed this ap-
paratus near the fire till the water in the bottle began to boil 3
after which I cooled the whole, and found a good quantity of
air colle@ed in the bottle, which air proved to be dephlogifti-
cated. When I drew the vegetable out of the glafs veflel I
obferved the water to fparkle almoft like Seltzer water, or
like water impregnated by art with fixed air. ‘The vegetable
which was ftill kept in the fecond bottle of exp. I. continued
to yield air in the fun-fhine, tillit ceafed to throw up any more
air, towards the feventh or eighth day of its being fhut up
in the veffels. When, after this time, this globular veflel was
thook, the water became full of {mall air bubbles, which for
the moft part rofe to the inverted. bottom of the veffel,
great part of them fettling upon the vegetable, which appeared
all covered with them. This fparkling air, which became vifible
by thaking the glafs, could not but be air originally produced
by the conferva, and fo loofely joined with the water, that it
difengageditfelf in a great meafure from it by the motion of the
veflel. After the tenth day the vegetable began to appear
withered, grew yellow, and began to die. I found abouteight
cubic inches of dephlogifticated air collected in the veflel. This
proved to be of a very eminent quality, its goodnefs being of
352°; that istofay, that from a mixture of one meafure of this
air, and as many meafures of nitrous air as were neceflary
to complete the full faturation, there were deftroyed thiee mea-
fures and .5 of a meafure, the teft being made with Abbé

roNT ANA’s Eudiometer,employed in the manner defcribed in my
book upon Vegetables, p.278. e feg. The quality of thisair was
fuperior to that of any air I ever got from this plant in frefh pump
water, its goodnefs proving, in general, to be from 260 to 330°,
in the hot-houfe; this was during the winter, for I never had

been
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been able to obtain fuch fine air from this vegetable in the
{fummer *; the reafon of which I will explain elfewhere.

Theory of exp.1. Boiled water, having loftits air, 1s very much
difpofed to imbibe it from all bodies which contain this fluid ;
and therefore, during the firft day or two of its expofure to the
fun-fhine with the vegetable, this water abforbed all the air
which the plant emitted ; and even that which had remained
entangled between the fibres of the vegetable when it was im-
merfed in this water. The water being at laft faturated with
this air could take up no more; and therefore, whatever air,
after this faturation, came forth from the vegetable rofe to
the top of the veflel. ‘The quantity of this dephlogifticated
air was {maller than that which an equal bulk of the fame
plant commonly yields in freth pump water, becaufe a great
deal of air was at firft taken in or abforbed by the boiled water ;
which ablorption does not happen, or at leaft is not fo great,

% By continuing to make experiments, during the whole ,winter; in the hot--
houfes of the botanical garden, I found that the conferva rivularis yielded dephlo--
gifticated air of a much fuperior quality to that T had ever been able to get from it
in the fummer, in the open air; whereas thofe plants, fuch as the agawe
Americana, calus triangularis, &c. which yielded in the fummer the beft air,
did fcarce yield any in the winter (and that of a quality fcarce better
than common. air) though placed next to the conferva. The quantity of
dephlogifticated air T got in the winter from-the conferva was fo great, that as
suich of this vegetable as- occupies: about the fpace of one cubic inch come
monly yielded from 12 to 16 cubic inches of this air in the fpace of three or four
days, when the fun did fhine, the quantity of pump-water being about 160 cubic
inches. The green matter which Dr. rriesTLEY mentions as {pontancoufly
produced from pump-water, gave in the winter alfo a tolérable quantity of dephlo-.
cifticated air, of a good quality, though not{o fine, or in fuch large quantities, as.
it is ufed to give in the fummer. It fe¢ms to be a general rule, that the greater
the quantity of air obtained {ron vegeiables-in the fun is, the better is.its degree
of goodnefs,

when.
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swhen-pump water is ufed, as this water is always nearly fatu-
-vated with air.  The air, thusobtained in boiled water, was of a
finer quality than that commonly obtained by the fame means
‘in pump water ; becaufe this air, being entirely free of air dif~
engaged from frefh water, muit of courfe be fo much the purer
-dephlogifticated air. The water of the firft veflel, and which was
‘taken out of it as foon as air bubbles began to rifec from the plant,
{parkled like Seltzer water, and yielded by heat dephlogifticated
air, becaule it was then already faturated with dephlogiiticated
air ifluing from the vegetable. The water of this veflel being
‘fhook, after the vegetable ceafed to throw up any more airin a
vifible way, flill continued to fparkle; becaufe, though the
wvegetable by lofing gradually its vigour, was at laft no more
able to throw 'up air in vifible bubbles, yet it had ftill enough
wof its vital power left to keep the water faturated with dephlo-
gifticated air, fo as to fparkle when fhook. This vegetable,
.continually robbing the water of its natural air, found at laft
nothing more in it to fupport its life, and therefore at laft lan-
.guifhed and perithed ; which it did fo much the {ooner, from the
‘contaé of the dephlogifticated air, with which the water was
impregnated, and to which the vegetable had been all that time
expofed,having hurt its conflitution (it is well known, that plants
die in dephlogifticated air) and thus haftened its death. ‘The
Aparkling quality of the water did not ceafe entirely till the
vegetable was quite deprived of its life. The water began to
{parkle every day very brifkly, by being fhook after the appa-
ratus had been expofed an hour or two to the fun-fhine, during
the time the vegetable was in its full vigour, and ceafed to do
fo fome time after fun-fet, or after the apparatus had been
wvithdrawn from the fun’s light; becaufe this vegetable, like

all others, elaborates no dephlogifticated air but by the
6 influence
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influence of the fun; and becaufe this air, being but loofely
united with the water, difengaged itfelf again from it, and
rofe to the inverted bottom of the veflel. The water being
thus deprived of the dephlogiﬁi(iated-. air, ceafed.to {parkle any:
more, till it became again faturated with it, after the apparatus
had been expofed again, during fome time, to the influence of
the light.

Refilt of exp. II. No air at all was. prodiced in the veffel
containing the pieces of cloth, during three weeks expofure to
the fun-fhine.

Theory of exp. II. Boiled water, having loft- its air, could
yield none, at leaft till after a long time, when. {fome degree
of corruption took place in the animal. {ubftance, vi.. the.
pieces of cloth.

Refult of exp. 1II. Not an atom of air has appeared in this
veflel, though it ftood about two months upon the {fame place..

Theory of exp. 111. Boiled water having noair, the fun could:
extricate none from it.

Refult of exp. IV. the conferva began to yield air bubbies-the:
very fame day, a little while after its expofure to the fun.. The:
next day it threw up an immenfe quantity of them.. The fifth.
day it begun to throw up lefs, and ceafed entirely about. the
feventh day, when the quantity of about fourteen cubic inches-
of dephlogifticated air, of an excellent quality, though lefs.fine
than that obtained in exp. I. was colle@ted. The water:
fparkled, as does Seltzer water, by the veflel being fhook. This.
water being expofed to the fire, in an. inverted veflel, yielded a,
good quantity of air, which was. fo far dephlogifticated as to
be able to kindle a wax taper juft extinguithed. After the

tenth day the vegetable began to die.
Theory
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Theory of exp. 1V. The vegetable threw up very foon air

~bubbles, becaufe this water, being in its natural ftate, and
thus faturated with air, could not abforb much of the air
iffuing from the vegetable, which air muft, of courfe, foon
rife up in vifible bubbles. A great deal more air was colleGted
than in exp. L. becaufe lefs of the air iffuing from the plant was
abforbed by this water than in exp. I.  'The dir obtained was not
fo good as that obtained in exp.I.; becaufe the air in this expe-
- riment was fomewhat infe&ted by the air ifluing from the
water, which was but common air. The water {parkled when the
veflel was fhook, becaufe this water, though it had probably loft
fome of its own air, yet had affumed a great deal of air from
the plant *,which air difengages itfelf from the water very eafily,
juft as fixed air does; the more {fo when the water is moved.

* Tt feems, that dephlogifticated air has by no means fuch a ftrong attradtion to
water, in other words, has not fo much affinity with it, as common air has : it ap-
pears to be but loofely united with water, and quits it very eafily by the water being
fhaken, or even though the water be kept quiet. May not this quality be looked upon
as a providential one ? for thus the dephlogifticated air, produced by water plants, is
continually emitted by the water, and diffufed through the common ftock; and for
this reafon the water, when fhook during the day-time, always fparkled as cham-
paigne; becaufe at that time the water was always kept faturated by the dephlo-
gitticated air, iffuing continually out of the vegetable. But the water ceafed to
fparkle, after having been withdrawn from the fun-fhine during fome hours;
becaufe the dephlogifticated air, with which the water was faturated during the
day-time (fuppofing the apparatus to be kept expofed to the fun) being but loofely
united with the water, difengaged itfelf gradually from it, and rofe to the top of
the veflel. 'The fparkling quality of this water returned after the veflel had been
expofed afreth to the fun ; becaufe the vegetable, refuming in that expofition its
daily operation, communicated a frefh fupply of dephlogifticated air to the water.
This fparkling quality returned every day, as long as there remained any life
in the vegetable; after which the water fparkléd no more (though fhook ever fo
much) either by day or in the night.

3 This
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This water yielded, by heat, true dephlogifticated air;
whereas the fame water, when it has not been expofed to the
altion of a vegetable, yields by heat nothing but common air.
The reafon of it is, that the air elaborated by the plant, with
which this water was faturated, was real dephlogifticated air.
The vegetable at laft languifhed and began to die, becaufe the
water was impregnated with dephlogifticated air, which being
an excrement of the plant is hurtful to its conftitution. Be-
fides, this water had at laft loft the moft part of, or perhaps all,
its own ftock of common air; and with this all the nutri-
tive nourithing and phlogiftic particles, which were taken in by
the plant, and was therefore become lefs fit to keep up vege-
gable life.

All thefe experiments were repeated frequently, and always
with the fame general refults *,

I think the abovementioned facts will be looked upon as
quite {ufficient to put my doctrine out of all farther queftion. I
have many more falls, perhaps equally demonfirative with
thofe juft defcribed; but, as this paper is already too long,
I will keep them for fome other opportunity. However, I
cannot forbear making fome farther remarks by which the
point in queftion may be ftill farther illuftrated.

If it was the water, and not the vegetable, which yielded the
dephlogifticated air; and thus, if the reafon why water plants
and the green matter ceafe at laft to throw up more air (if the

* 'That air is thrown out of living vegetables expofed to the {fun-fthine, was
already obferved by the rev. Dr. marps, asmay befeen in vol. I. of his Statical
Effays, p. 110. The apparatus which he ufed for this experiment is reprefented
by fig. XVIIL. plate VII. But this inettimable philofoplier, not even fufpeéting
that this air was of a peculiar nature, did not colleét it. BovLE obtained much
air from vegetables 7z wacuo,

Vor. LXXII. L11 water
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water is not renewed) is, that the water being at laft ex-

haufted of its air can yield no more, it would neceflarily

follow, that the water, thus fuppofed to be deprived of air,

thould be fimilar to diftilled or boiled water; but it is quite

the reverfe. This very water, inftead of being exhaufted

of air, gives evident figns of being over faturated with it.
It {parkles almoft as champaign does, when fhook by day-

time in the fun; and it will, when it is at that time feparated

from the vegetable, yield by itfelf in the {fun, but more fo by

the fire, a good quantity of dephlogifticated air. The reafon
why the green matter ceafes at laft to yield more air is therefore

by no means becaufe the water is exhaufted of air; but, on .
the contrary, becaufe it 1s too much faturated with it, and that

with an air hurtful to vegetable life, and becaufe this water

has at laft loft its own natural air, and together with this air
the nourithing and phlogiftic particles which are neceflary to-
keep up the full vigour of plants.

If it was the water, and:not the vegetable, which furnithed
the dephlogifticated. air, why fhould the air bubbles not fettle
indifferently on either furface of the leaves? In this fuppofis
tion, how could that admirable regularity be accounted for, by
which all the leaves of a vine and a lime-tree are firft covered
with air bubbles on the under fide, and all the leaves of-
lauro-cerafus, at the upper furface, whichever: furface of the
leaves 1is. expofed. to the rays of the fun? Why fhould
the air always fettle on moft leaves in the form of bub-.
bles, but never {o upon the leaves of the. zropeolum majus,.
at leaft during the firft hours, but always in the form of
bags, adhering to the upper edge of the leaves, and de-

taching themfelves when they are grown to a certain.
fize,
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fize, which never happens with leaves of a vine or lime-tree *;
whereas the green ftalks of this plant (the tropaeolum majus)
are at the fame time all covered with feparate air bubbles?
More of thefe remarkable appearances in different plants are to
be feen in the third fe¢tion of my book on Vegetables.

If the dephlogifticated air, obtained by means of vegetables
in water, was air depofited from the water, and purified of its
phlogifton, by remaining, during a certain time, in contack
with the vegetable, it would follow, that this air would be
fo much the purer the longer it remains in contadt with the
Vegetable'; but it is.quite the reverfe. The air obtained from
the leaves of a vine, to which the air bubbles ftick a long
while before they detach themfelves and rife up, is never by
far fo much dephlogifticated as is the air obtained from fome
American plants, out of which the air ruthes almoft all in
continual ftreams, as fo many {prings, not remaining a fingle
moment upon the leaves. The difference of both airs is fo
great, that I never got dephlogifticated air from leaves of
a vine, lime-tree, and fuch like, whofe goodnefs furpaffed
260° (it is commonly a little above 200°) ; whereas I got com-
monly, from the above mentioned American plants, an air
whofe goodnefs was of above 300°, fometimes even of above
350°, in a very fair day, this air being put to the teft, accordiing
to the manner which I have defcribed before +.

If

* I have explained the reafon of this fingularity in that plant, in my book,
where it is mentioned by the name of naffurtium indicum.

F The fempervivum teorum, which grows almoft every where upon the roofs
of houfes, gives alfo a very great quantity of dephlogifticated air of an eminent
quality. It fhould feem, that all flefhy plants particularly excel in the quality
of yielding fine dephlogifticated air, and a great quantity of it. The agave Ame-

.11 2 ricana
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If it was the water, and not the plant, which yielded the
dephlogifticated air, the quantity of air obtained would bear,.
in general, a proportion to the quantity of the water employed 5
but thisis by no means the cafe. The quantity of air bears a
proportion to the bulk of the vegetable much more than to the
quantity of the water. 'This is very eafily to be obferved with
fome of the above mentioned American plants. It ought to be
always obferved, that if too many leaves are crowded together,.
they thade one another too much; and therefore, m this cafe,
the quantity of air obtained will be proportionably lefs, and its.
quality worfe.

Again: if the dephlogifticated air, obtained from plants in
water, wag air difengaged from the water, it would follow,.
that a plant thut up in a tranfparent glafs veflel without any
water would yield no air at all, nor increafe the quantity of
atr Thut up with the vegetable. The following experiment, I
think, will be fufficient to convince any one that this is far
trom being the cafe. I placed in a glafs tube, hermetically
tealed at one end,. a piece of an American plant, called cerews ;.
the extremity of this piece, where it was cut from the plant,.
was tightly fqueezed in a fmall glafs veflel, in which only as.
much water was kept as feemed to be required to keep the
cereus i full vigour. Ifmeared the vegetable, and the orifice of
the glafs veflel all around with {oft wax, {o that all communica-
tion between the air within the tube and. the water within the
imall veffel was cut off. I placed this tube inverted in a vefiel.
iilled with quickfilver, keeping a column of fome inches of

ricana gives fuch a prodigious quantity of dephlogifticated air,. that, in.a fair day,
1 often got from one fingle leafi above 1go. cubic inches of this air, of the
finelt quality. The cadus triangularis, cereus, fompervivum. arborum, and many
others give no lefs air, .

3 the
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the metallic fluid in the tube, to allow the air withih the tube
to expand by the heat of the fun withont efcaping. After this.
apparatus had ftood during a few hours, in a bright fun-fhine,.
I cooled the whole to the fame degree it pofiefled when it was.
expofed to the fun. ‘This was done by plunging the whole in
a tub filled with water, whofe degree of heat was reftored to.
the fame degree it had before. I found the quantity of air
within the tube remarkably increafed, and fo far dephlogifti-
cated that a flame burned in it with an increafed bright-
nefs, and that one meafure of it joined to one meafure of
nitrous aiwr occupied o0.64; whereas the fame air, before it
was fthut up with the cereus was of fuch a degree of
goodnefs; that one meafure of it with one of nitrous occu-
pied 1.06. Though this experiment may fully fhew that
plants throw out air in the fun-thine, yet if another plant,
which does not by nature yield fo much air as the cereus com-
monly does, is thut upin afimilartube, and expofed to the fun,,
the fame effe& will not always be obtained.. The reafon of it
15, that plants abforb a good quantity of common air as their:
nourithment at the fame time that they throw out dephlogifti-
cated air. This fact, therefore, if confidered by itfelf, will not be:
looked upon as equally demonftrative with the above mentioned:
ones. The refult of this experiment may depend on the more or-
lefs vigour of the vegetable employed, on the more or lefs bright-
nefs of the fun’s light, on the more or lefs heat the vege-
table receives, &c. A cereus being a plant of hot climates may:
bear more heat than an European plant. All thefe circum-
ftances, as well as many others, may make the iflue of this
experiment {ometimes ambiguous; but the fact, as 1 have re-
lated it, joined to the above mentioned analogous experiments

of;
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of Dr. varEs and Mr. BoyLE, will add ftrength to my aflertion,
vrz. that vegetables really throw out air in the fun-thine.

If all what 1 have faid hitherto fhould not be thought fuffi-
cient to take away the prejudice which Dr. pri1EsrLEY’s fifth
volume, and Mr. cAvaLLo’s book on Air, may have produced in
the mind of fome philofophers, I thould advife them to be pre-
{ent, at leaft once, at the moft beautiful {cene which they will
behold, when a leaf of an agave Americana, cut in two or three
pieces, is immerfed 1n a glafs bell or jar full of pump-water,
anverted and expofed to the fun in a very fair day in the middie
of the fummer, when this plant is in its full vigour ; and when
they thall have feen thofe beautiful and continual ftreams of
air, which rufh from feveral parts of this vegetable, princi-
pally from the white internal fubftance of it, T will be an-
{werable for their laying afide all farther doubt about the truth
of my doétrine.

After having now demonftrated, as I think, in the cleareft
manner, that vegetables diffufe through our atmofphere, in
the {un-fhine, a continual thower of this beneficial, this truly
vital air; and that plants immerfed in water, far from robbing
it of all air, impregnate it fully with a better and more fa-
lubrious air; let us not pafs fo wonderful, and hitherto not
even fo much as fufpeted, an operation of nature, without ad-
miring the defigns of that infinite wif{dom, who has employed
fuch hiélden, {fuch wonderful, and at the fame time fuch bene-
ficial means to preferve from deftruction the living beings which
inhabit our earth 5 and let us confider, whether it would not
be worth while to attempt drawing fome benefit from this new
difcovery, by mezking ufe of veffels of water, in which fome
Izaves of vegetables have been expofed in the fun-thine; by
placing fuch veflels in our rooms; by ftirring the water; by
2 fprinkling
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fprinkling with it our floors inftead of ufing for this purpofe
common water;. by placing within our houfes, inftead of
flower-pots, dithes containing {ome eonferva rivularis, a plant
to be: met with almoft every where, fhooting forth with the-
utmoft luxuriancy in all water bafons, in all tubs and veflels in
which water is kept.  Is it poflible,. after all this, not to believe,
that the Creator has multiplied this vegetable with a fimilar view
to our benefit ? This benefit we may now, with fome confidence,.
apply to our prefervation,. by honouring this vegetable with a.
place in thofe of our own rooms which are expofed to the fun,and.
k‘eepihg it alive as Jong as we pleafe; which may be done by only
pouring every day freth water upon it, and {queezing gently now
and then out of it the dephlogifticated air with which the whole
mafs fwells up almoft as foon as the fun caftsits rays upon it..
The water itfclf, in which it has been immerfed, will now,
perhaps, be looked upon as too precious to be thrown away as:
ufelefs and deprived of that very principal of animal life, of”
which. I have demonftrated 1t to be highly pregnant.




