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TO"T HE

KI1N G

S 1R

HE countenance Your
MajesTy was pleas’d

to give a late work which 1
prefumed to addrefs to Your
a 3 fa-



DEDICATION,
facred prote@ion, and the

marks of royal favour with
“which T was honoured on that
occafion, claim my devoted ac-
knowledgments ; and com-
mand me to reverence Your
MajesTy in the double light
of Sovereign, and of.Patron. -

" In the higheﬂ fenfe of that
diftinguifh’d favour ; and with
a heart warm with gratitude
and duty, I lay at Your
Majesty’s feet this. fecond
teftimony of my mioft perfect

homage.

. The difcovery, Wﬁich, may
it pleafe Your Majesty, is the
{ubject of this work, tho’ to the
£ f In-




DEDICATION,
incurious it may. appear flight
and unimportant, will; by thefe
who ares agquaimﬂﬁ&i ?Wiﬂ] the
powers. of: naturey 1 affure my-
felf, be regardedowithmote no-:
tice; as the folution of a pro-
blem held thro’ many ages in-
explicable : and ‘when names
and titles are forgot, it will
perhaps be remembered that it
was made; in BRirain s under
the prote&ion of Your facred
M ajEsTy - who, while the reft
of Europe is involved in the
worft horrors of a deftrudive
war, give to Your {ubjeds a
repofe, in which they can
purfue the calm refearches of

phﬂofophy.

- That Gop, in mercy to Your
AT N



DEDICATION.

 faithful people may long con-
tinue to them the blefling of
Your MajesTy’s reign, is the
firft, moft earneft, and con-

tinued prayer of,

SIR,

Your MAJESTY’S

Faithful Subject,

And moft devoted Servant,

JOHN HILL.
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Adyertifement.

HE public will pleafe to ex-
T cule any particularity of ftyle,
in the facceeding pamphlet 5 fince
its appearance is accidental in this
form,” I promife'myfelf {o'much in-
dulgence from their: candour, when
they fhall know it was originally
intended to be no more than its
title exprefles ; a private Letter to
a foreign Naturalift.

There is a freedom of ftyle, and
affured manner peculiar to this kind of
correfpond‘encc,' which would be too
affuming in works addrefled imme-
diately to the public ; and might not
unnaturally draw upon the author a
cenfure of felf-fufficiency and vanity,
This explanation, I hope, will defend

as§ me



ADVERTISEMENT.
from fo unfair a charge : for indeed
no one knows more the narrow limits
of human knowledge ; or entertains
an ‘humbler opinion of the returns
for years of application.

‘That the experiments which were
the occafion of writing it, have added
their mite to the ftores of {cience, will
be allow'd; for ‘it has not before
been known, that thofechanges which
are brought on by night, in what are
called the fleeping plants, and in the
fenfitive by a touch, could be at our
pleafure occafioned at any bour; and
without the touch, or any other mo-

tion.

As this depends folely on removing
the caufe which kept them awake,
(fo it is the fathion to fpeak) and
expanded, it <will be allowed alfo
that caule, tho” hitherto undifcovered,

is known,.

‘T'his is the utmoft of thedifcovery d’
an

¥
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ADVERTISEMENT.
and from this T perfuade myfelf no-
thing can be taken,

The word Sleep, ufed on this occa-
fion, will, I'am afraid, appear to ‘the
judicious Britifh eye, an affected, as
well as improper term ¢ but the ap-
plication of it lies at another’s charge 5 -
and perhaps the manner of the coun-
try where he is native, will excufe it.
Having thus difclaimed the word, I
thall be pardoned for ufing it in the
following difcourfe, when the reader
confiders it as a private letter, written

to the perfonwho firft adopted the ex-
prefiion,

The preferving that term, and
publifhing the whole with the par-
ticularities which gave occafion to
this apology, has been owing to a
ftriCk regard to truth; which prompt-
ed me to lay the letter before the

ublick unaltered, rather than a-
mended : nor has the publication of

1t



ADVERTISEMENT.
it in England, where the tafte of

fc"léhéé' is"not genéral, any l@t,he'r' mo-
tive, than to fave the tedioufnefs of
tranfcribing, for the ufe of a few,
who  have been 'pleafed " to flat-
ter me by their. defire of ‘preferv-
ing the dilcovery in its original form.



The 'CEL_.BFRA_TBT._D |
LINNAZ US.

T is not firange to you to be
addrefled from remote coun<
tries 5 nor in the caufe of fcie
ence can it be unweicome,

Probably you havedefs expected this
from me than any other; but I wiil
not fuppofe you have lefs defired i+
The fame purfuits have a long time

€=
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engaged our attention ; and it could
_pot be that I {hould, pafs.over your great
name in filence. If our opiniens have
differed, ’tis upon a fingle Peint; your
‘arrangement of plants. In regard to
‘that much greater article, the eftablifh-
_ing their diftinctions, and. afcertaining
their characters, I have always admir-
ed and reverenced you: to difpute
your determinations there, were to
deny the characters of nature.

Free in the tribute of applaufe on
this-head; I have onithe other been as
open in my eenfures ; equally uninflu-
enced by envy, and by fear. It is thus
{cience may be advanced ;- and you
will permit me to fay, thus men of
candour fhould treat one another. In
this light I perfuade myfelf you have
always feen my conduct toward you:
that you have read ‘with the fame
equal temper the cenfures of the Bii-
#;/k Herbal, wherein it came before me to

examine {yftems; and, the juft applaufe
of
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of Eden, where the characters of ge-
nera, and diftinGtions of fpecies were’
moft to be confidered ; and that you will
receive . thefe impartial thoughts with
more fatisfaction, than all the fittle fat-
tery of your pupils,or igncrant applaufe:
of thofe who have ot underftood your
writings,

Syftems are vague and unfubftantial ;
but thofe diftin&tions are invariable and
everlafting : and many diftributions may
beformed upon the difcoveries you have
made of them. In this effential part of
botany you havealone done mare than all
who wrotebefore you : and I'am convin-
ced you will entertain'no enmity againft
me, who with equal freedom point out
thefe excellencies and what have appear-
ed to me your imperfections ; that you'
will read ‘thefe ‘cenfures with no more’
refentment than I wrote with malice ;
and will fee on what foundation to build
yout fame: for { have faid often, and
the world will fay it, your fyftem is. re-

B 2 § 5 ABug'-m
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pugnant tonature, altho’ your charaders
are her own.

This is the opinionI entertain of
you ; and in this confidence addrefs to
you the prefent treatife : an attempt to
explain the caufe of a quality in ve-

ctables, whofe effe&ts none has ob-
{erved with fo much diligence or accu-

racy as yourfelf. |
BB STETGTI LTSI
8436, Tidy O Nisdk

That the leaves of certain plants
aflume at night a difpofition different
from that of the day, has been long
known : Acofla records it of the Ta-.
marind ; Alpinus of that tree, and. of
the Abrus * ; and from thefe, all.who
followed : Alpinus extends the obfer-
vation to feveral other of the Egyptian

[

Vi G_lycin."‘e foliis pinnatis conjuga.ﬁs, pinnis ovatic
oblongis, obtufis. :
kinds 3
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kinds ; and you have carried it much
farther among the Eurgpean.

That Author conceivd it a pro-
vifion of nature for the defence of the
nobler parts, the flowers and fruit : and
he particularly obferves of the Ta-

marind, that its leaves embrace the ten-
der pods.

This opinion Rey difclaim’d, tho' he
allowed the fact : but you have adopted
at. 1 think it will appear upon a firict
examination, that the change itfelf is o
natural effedt, refulting from the com-
mon properties of . bodies, and  their
operations upon one another ; and that
the author of nature has in many in-
ftances made it effe@ual to that great
purpofe; tho’ inothers it happens equal-
1y, without an{wering fuch end.

We fee how far the obfervations of
carlier writers carried the difcovery ,
how much farther your own: and f

B3 per..
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perfuade mylelf you will accompany
me with fatisfaction in a more deep
refearch,. . O o

~ You have deferved greatly” of the
world in this and other inftances,
tracing nature’s fteps, and recording
thofe obfervations. To relate thefe falts
is to give the hiftory of nature : bt
there is fomething more within our
reach, The human mind, daring, ‘tho’
weak, and inquifitive under all its fi-
mitations, fecks, (and fometimes not
unhappily,) their caufes, ‘

There have not been wanting from
the time when this property in vege-
tables was firft regarded, fome who
have fought its origin ; but all yet unfuc-
cefsfully.” Thofe who. fuppofed it the
effcét of heat’ 'and cold, might for a
long time feem to have judg'd rightly ;
but when we find the fame thing hap-
pen with equal regularity in floves,

where there is no change in the tempe-
ik s 1 rature




(7 )

rature of the air, we are convinc'd that
opinion cannot be juft.” st

They were “as 'far from truth; who
fuppofed “the health or fickmefs of the
plant of any confeg_‘uence'in this re-
fpect ; nor-ican. Faffirm, thay T have
found mavare, in'all inflances confirm
your cbfervation, that itis ore vb-
vious in young pants ¢than'old,

Tt -will ‘appear from the fullowing
trials, that the fleeping and the
fenfitive plants are  matoeally” alifed ;

that their motions, ' tho' differently
brought on, are dependent on the fame

principle ; that many of the fleepers
approach to the quality of the {enfi-

tives; and that all the fenfitives have

theirs.

This will thew the fubjects are con~
neted, and the principal experiments
will prove, that,with this conne¢tion, the
principle of their motion is alfo found.
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If T can clofe the Abrus leaves at
noon day, and open them again at
pleafure, you will own, I know the
principle of their change of pofition.

- If Ican throw down, as well as clofe
the leaves of the fenfitive plant, without
a touch, by removing the power which
keeps them ere®, and expanded, you
will acknowledge the latent principle
of their motion is alfo underflood. -

- We always know the caufe of thofe
cffects we can ourfelves produce ; and
«xperiments are the true teft of reafon-

Ang. | :

Eo 5 B EE S0 G0 BUo L b BB E SR,
'8 B

We fee a great. number of plants

«clofe their leaves at evening. The fa is

-as obvious as it is ftrange : but we know

_ every effect has its caufe; and we are
= & to
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to feek this, not by vague conjecture,
but in the eftablifhed . properties of
bodies, and their known influence
in different cafes, upon one another. ’

The ftructure of plants we may eafily
know3 and of no'part more perfectly
than of the leaves : for a good micro-
{cope fhews their fmalleft veins.

" Between the two {kins of the leaf,
which are continuations of the outer
rind of the ftalk, there run innumera-~
ble fibres of a larger kind ; with clufters
of more minute ones, in various forms
among them,, |\ :

The larger- veflels are of a woo
{ubftance ; hollow ; and fmaller all e
way from the bafe of the leaf: the
are collected together in a compad
manner in the footftalk; with delicate
clufters at its bafe :land  they are ori-

ginally fent from-the pith within the
ftemv b sty ;

B They
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They ferve to fupport the leafin |

its proper pofition ; and therefore what-
-ever external or internal caufe affe®s
them, will change that palition.

- This is the conftruion of the part
to be influenced ;- the queftion remains,
what it is that affe@s it ;. and to know
that we are to_examine whatever may:
Bave fach power, ¢ a1 ol T

Leaves. thus conftruled ‘are always
furrounded by the ‘air;. and they are
occalionally and varioufly influenced by
heat, light, and moiftuse:/ The air
alfo itfelf being in a continual ftate of
variation, its alterations afe to bé confi-
dered as poffible fubordinate caufes of
.change..

Thcfc 'tbi;wés,j.-zi-né thefe bh]y, come

~within contaét-of plants, ‘or ‘within the.

fphere 1 of influences.  Bodies do not
affe@ bodies, but on contact, or within

that {phere ;. therefore the caufe of the
f change

S S
: v :
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change of pofition in leaves; is to be’
fought among, thefe agents, and no:
ather.. |

They ate naturally complicated, and.
they a& on molft occafions together..
We ate therefore to obferve, firft, what
effects refult from: their mutual com-
binations in 2 fate of nature: and
having affigned in thefe cafes the ef-
fe to the ‘proper ‘and particular
caufe, from this power of that agent,,
whichfoever it is, that acts thus in
concert with the reft, we may deduce
its opetations fingly..

G200 s s s s e
B0 B

Pinnated. leaves,, fuch as are com=-
pofed of nurherous lobes, or fimmaller
leaves plac’d on acomion foot-ftalk, are:
moft remarkable for. their change.of po~-
fition": it Will b therefore bett to wave:
3l other. confideration here; and obs.
: B 6 ferve:
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ferve folely the condition of thefe.

The four agents we have named are
univerfal ; but we thall find their opera-
tion differs in various climates, ‘In
thefe temperate kingdoms, our native
plants which have pinnated leaves, na-
turally hold the lobes nearly horizontal,
and fhew but a moderate fenfibility in
this refpect : in the hotter regions of
the Eafl, the ufual pofition of the lobes
In thefe plants is turning upwards,
and, they are extremely fufceptible of
change of pofture ; in Agypt moft
of all: in the mare northern nations,
on the contrary, they fearce ever reach
ap horizontal pofition, and they Ib;\w
very little change on any occafion.

As we fee different appearances in
thele parts of plants in hot, tempe,
rate, and cold climates ; obfervations
of a like kind fhew, they are not lefs
varioully affeCted in the fame king-
dom in rainy and fair feafons. In

thofe places where ther¢ are regular
! 11y ~ periods
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periods of rainy weather, the change
in the face of the pinnated plants is
very great, and certain : Thofe which
in the fair months carry their lobes
in an obtufe angle upwards, conftantly

hang them obtufely downward in the
time of the rains. '

Thefe are the obfervations of cu-
rious voyagers; and they have been
confirmed by the immediate notice of
botanifts in thofe places. = The firft
- would feem at once ta give  the
effect to heat; and the other to moi-
" fture: but farther obfervation fhews
it is otherwife, You have juftly ob-
ferved, - that the fame thing happens
to plants in the ftove; where there is
no alteration in_point: of heat; and I
have found by careful tryal, that moi-
{ture has in the fame refpect noeffect: I
have for this purpofe watered fore plants
almolt to deftruGtion, and left 0=
thersof the fame kind dry; and no altera~
tion has been made by this : They all ex-
pand, or raife their leaves in the morn-

ing,
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ing, and drop them in the evening ; at
the fame hour gﬂ.’ld in the fame degrees.

Two of the four: natural agents,
Beat and moifture, are ' therefore
excladed © from apy  fhare “inthis
effeCt s the air is too univerfal ‘and
its changes. too much depend on
thefe to be admitted in the refearch.
The attention therefore falls on light
alone s ‘and I have found by many

‘experiments, that theehange of pofition:

in the leaves of plants at different pe-
riods of the day and night, 'is owing to
this agent and no other.. This is the
difcovery 1 perfiade myflf I have

made ; and 1 {hall endeavour to thew,
that it is founded on reafon,. and fup-

ported by experiments,.

Nor is there any thing firange in

the effe@®, when duly examined. By

excluding: the fuppofed caufes, we

Jyave  diftovered’ the real, for ’there
temained no other:. and in examin-

g
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ing the fubjed, enthe principles hiere
laid down, ‘we fhall find not only that
no other power could produce the ef-
fc& but thet hght mcvxtab}y muft..

. Fheetardl thetkiPomerisson aehich

the everlafting feal of truth is flamped =
which reafon di€iates & aﬁ&whlnh .

periments. con‘i:mk apeal

5 emmﬁaa
S E C T IV.

. We havc Propoﬁ:d to: feasch the:
Tatent principle of; this change inthe.
qualities of bodies, and their, natma}.

operations upon. one. another, .

We have fhewn what i thc firuc--
ture of lea.vcs in encral and it will

now be proper to fix on ! fome one in
particular : Let us chufe for this ‘pur-

pofc an Agyptian plant, fincethofe fhew
the effet mnito‘f all 5. and among thefe:

none:
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none can be more proper than the A-
brus, celebrated for ‘it by the earlier
writers. ‘

‘The leaf of this plant confifts of
thirteen  pairs of lobes, fixed by very
fhort and extreamly flender footftalks
to the middle rib; and this to the main

ftem of the plant. -

Examining its internal firuure by
the microfcope, we find a number of
delicate fibres, rifing from the central
part of the main ftem, and continued
in a courfe obliquely upwards, through
the intermediate parts, and to the out-
fide of the rind. Here they fwell;
and run into feveral regular clufters,
fpreading downward and on each fide;
and thefe form (under the continued
covering of the ftem) the bafe of the
common footftalk, or middle rib of the

leaf,

From this part they are carried in

a fmall compaéted bundle, ftrait for-
: ward



(i)
ward to the extremity of the rib; and
there, as there is no odd_ lobe o
clofe the leaf, they terminate in a point,
covered by the common integuments.

From each fide of this middle rib
rife the footftalks of the feparate lobes.
Thele are formed of a multitude of
delicate veflels, ranged clofe together,
and confined by the covering, which
is the common rind of the plant con-
‘tinued to that part, '

At the bafe of each lobe, there is
another complex clufter of - fibres.
From this part they are protended for-
‘ward, ftrait to the end of the lobe ; and
they fend out only flight branches into
the feveral parts of the leaf.

This is the particular fabrick of
the Abrus leaf] as feen upon a careful
.diffetion, and with a good mierg-
fcope : it agrees with the general: con-
ftruction, we have given before, as the
_common courfe 'o% nature in thefe

parts ;

B
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parts .,-.ﬁrxiif:it will I’ﬁgu:_l'a,rllgi éx_p]é}n th®
«change of pefturein. the lobes, unde’
the different influence of light.

«. Light is: dubtile,” active, and pene-
trating ; by, the fmallnels of its confli-
“tuent patts, it is capable of entering bo-

dies; and by:the violence of its motion,
of producing, greay effedts and changes
in them., .. Thefe  are not, perma-
nent, becaule thole rays which oc-
cafion them, are, in that very action,
extinguithed, and loft, .

Bodies may act on light without
“contact; for the rays will be refledt-
‘ed when' they come extreamly ncar:
“but-light can aé on bodies only by
contact ; and in that conta®t the rays

. are Joft.

The change produced in the pofition
of the leaves of plants by light, is the
- refult ofa motion occafioned by itsrays
‘among their fltres: to cxcite this

- : mo=



{19) ¥
‘motion, ‘the dight imuft  fouch thofe
fibres ; and where light touches, it ad-
heres, and becomes immediately ex=
tmgurfhed. s gatedl e i/
: a; fvp 3 _;2.'_ 'j 3 i L, " an

SIS RIS
ISR SR

) ygis 2IENIND D 11 Disnd

Thefe are'the everlefting and invari-
able properties of ‘light : end, accord-
ing to thefd] the change we' ateri-
bute to it, being ‘once effected, muft
be continued 28 naturally and as ne-
ceffarily as’it began, (o long s the light
‘continties; 'and ‘no lopgér.

The raifingof thelobes in thefe leaves
will be owing tothe power of thofe
rays-which at any one inftant fall upon
them : thefe become extinguifhed ; but’
others immediately facceed to them,
fo long as the air in which the plant
ftands, Is enlightened. It ought there-
fore to befeen, that in full light, the
lobes continue in their 'moft raifed po-

ﬁtion;,
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fition ; ‘and that they droop from  that
in proportion as the light becomes lefs.

This which appears neceflary from
the powers of light, and the conftruc-
tion of leaves, is true alfo in fact.

We have feen‘that the footftalks of
thefe lobes, are clufters of fibres pro-
tended " from the' center of the ftem;
that they are continued thro’ the lobes ;
and, that they fupport them in their
pofition, whatfoever it is.

. The effe@ of light upon thefe
fibres is, the putting them into
an inceffant vibration : This happens
neceffarily from' the continual impul-
fion and extinction of the corpufcles,
of which light is compofed, ‘and. the
freth impuliion of others, upon: the
_extinction of the firft. '

It cannot be, but that a clufter of

delicate fibres, affected inceflantly by

thefe concuflions, muit be put into a
vi-
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vibrating motion ; and this will be
oreater, as the light is more, and weak-
er as it is lefs,

This vibration is fimple in the ex-
panded fibres; but it operates as
varioufly as diftingnifhably on thofe
clufters of them, which are placed at'
the bafes of the main rib, and of the
feveral footftalks of the lobes.'

It is on the operation of light upon
thefe interwoven clofters of fibres,’
that the motion of the leaves in
gaining their different pofition depends ;
and confequently, the motion itfelf is
various, according to the conftruétion
of thofe clufters,

In the Abrus they are large, and of!

a lax compofition ;' confequently ' the
lobes ‘are capable of a drooping, an
horizontal, and an oblique upward po--
fition : in the Tamarind, and the broad.
leaved Robinia, they are more com-:
pact, and hence all the motion of which!
thofe
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thofe. leaves are, capable, i an ex-
panding open, and a clofing fideways ;
which the direction and courfe of the
fibses alfor favours 3 iny the Pardki-
Jania. they are. {maller, . and yet; more
compact; and the confequence of this
is, that its lobes have no farther pofli-
ble, motion, than the expanding, and
clofing upwards. '

_ Hence the effe@s of 2 full light
are different on various of the pinna-
ted leaves; raifing the lobes of fome,
as the Abrus, and opening or expand-
ing thofe of others, as the Parkin

Jonia

The impulfe of light, and the Vi-
Bration it produces; afe - the fame in all
thefe inftances: bus the direGtion of that
motion into which the lobes are thrown,
is according to the courfe of the fibres :
and the quantity of it, in equal degrees
of light, ta the conftruction of thole re-
ticulated clufters, | [ fing .

This univerfally appears on exa-
mi-
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mination’ of the elufters of fibrey by
o mictofeope,: and’ obfervation of the
motion- of: the labes ¥ that- motion b~
ing univerfally of greater extent, wiiére
the clufters of fibres arelonger, and more
loofely interwoven; ‘and of lefs, where
they are fhorter, and more compact.

Theeffect oflight upon bodies we fee
is to- put their parts into/ a vibrating mio-
tion ; the conftraction of pinnated,
leaves is fuch; as naturally admits, and,
propagates that influence ; and the cluf~
ters of fibres arg asa kind' of joints on.
which:their lobes: are capable, under the:
influence of light, of a certain limited
motion. '

As the ftate of water uninflaenced,
by heat is ice, the natural pofition of
the lobes in thefe pinnated leayes is
drooping. This s their poftureof repofe s
bat in- this they were not intended by
the' author of natare to remain; for
vegetation is very imperfeétly: perform-
ed, while they are init. The effe& of
light is this vibration, and the alteration

of
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of ‘pofition in thofe lobes. This is the
dottrine here advanced, and this is
fupported by the following ~experi-
ments,

A
RO o oy

I removed a plant of the Abrus from
a ftove, in the evening of the feventh
of Auguft, and placed itin my ftudy,
where it could have the effet of mo-
derate day-light, without being expos'd
to the immediate action of the fun,

This might be éoxlcefvcd the moft na-

tural and equable degree of light ; and
therefore fitteft for the firft experiments.

The lobes of the leaves were at e-
vening, when the plant was brought
in, fallen perpendicularly from the
middle rib, - and clofed together by

their under fides.
Thus



(25)

Thus they continued during the
night; in a ftate of perfect repofe.
Half an hour after day-break they
began to feparate ; and in a quarter
of an hour after fun-rife ftood
horizontally; flat, and perfectly ex-
panded.  Long before fun-fet they
began to droop again ; and toward

evening they were clofed underneath,
as at firft, ¢

Next day the plant was fet in 2
room, where there was lefs light. The
lobes were raifed inthe morning ; but
not to a-horizontal fituation; and
they drooped earlier at evening.

The third day it was fet in a
fouth window, open to the fuil fun,
Early in the morning the leaves had

attained their horizontal fituation ; by
- nine o'clock they were raifed confider-
ably ; and they continued in this ftate
till toward evening, when they by de-

grees
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grees fell to the horizontal fituation ;
and from that droop'd: gradually to
the ufual ftate of reft.

- The fourth day. the plant ftood in
the fame place, but the fun did: not
appear. The lobes obtained early
their horizontal fituation, but did not
rife beyond it: and in the evening
clos’d as ufually, below.

PN P T YT T L

SECT. VIL

Thefe experiments fhew the effets
of various degrees of light : at the
{fame time, that they prove the whole
change to be occafioned by light only.

The effe@ of moderate light, that
is, the light of a bright day out of the
{un-fhine, is to raife the lobes to an

horizontal pofition: Lefs than this
places
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places them at an obtufe angle down-
ward : mote at an obtufe anglc't!p-'
wards. it

The fifth day the plant was fet
in a lefs enlightened room : and
the leaves had obtained by nine
o'clock their pofition at an obtufe
angle downward : it was then brought
into the lighter room, and they rofe
to the horizontal fituation in a quar=
ter of an hour. It was then re-
moved to the window, where the
fun fhone, and the lobes were elevated!
as before: and being: thence carried
intothe lefs light room, they droop-
ed again. All thefe changes were
produced between the hours of nine
and two, the weather the (ame, and
only the place of the plant changed.

On the fixth day it remain-
ed in moderate light ; and kept its
leaves horizontal, 83

Ca2 | Gn_
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On the feventh I made the final
experiment.

- It appeared to me that if light were
thefole caufe ofthemotion, and change
of pofition in the leaves, then denying
the plant the benefit of light at any
time, muft bring on that change : that
it would not be difficult to darken
the place where the plant ftood, at any
time: and that the confequence of this
mult be, if the principles already
laid down were true, a bringing on of
the change at any time of the day.
This experiment appeared as a juft
proof of the foregoing reafonings:
if darknefs would at any time throw
down the lobes, the fyftem of that mo-
tion before delivered muft be true ; if

not, thatall thereafonings muit be falfe,

The affent of the world muit alfo

depend on this. Deductions of rea-
y fon
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fon may be difputed,’ but it will be
allowed certainly, that we underftand

the caufe of a change we can
produce,

In the evening of the fixth day I
fet the plant in a book-cafe, on which
the morning fun fhines ; and throw-
ing open the doors, left the whole to
nature.  The fucceeding day was
bright, The lobes which had met
in their drooping pofition at evening,
and continued fo during the night,
began to open early in the morning,
and by nine o'clock they had pafs'd
their horizontal fituation, and were
¢levated in the ufual manner.

I then fhut the doors of the
book-cafe : the plant was by this lefs
in darknefs ; and on opening them an
hour afterwards, the full change had
happened : the lobes were all drop'd,
and 1t was in the fame ftate that
it would have thewn at midnight.

C3 On
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On the opening of the doors the
change began very foon : and in twen-
ty minutes the lobes had obtained
their elevated fituation.  This expe-
riment I have fince many times re-
peated, and always with the fime

tuccels.

It is in our power therefore to
bring on this ftate of repofe at plea-
fure ; and by the admiffion or exclu-
fion of light, to make the plant at
our own time put on all its changes,
from the drooping to the moft ele-
vated pofition of the lobes,

We know that in thefe experiments,
light alone is the caufe: we are
therefore certain, that what is cal-
led the fleep of plants, is the effect
of the abfence of light alone, and
that their various intermediate flates
are owing to its different degrees,

B C T
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SECT. VIIL

This being explained, a fecond dif-
covery follows naturally. The motion
of the {enfitive plant, at the caufe of
which no philofopher bas hithertoven-
tured a conjeCture, is in a great mea-
fure owing to the fame principles : and
the explanation of it, ‘which before
the effet of light upon the leaves of
plants was thus fhewn, muft have
been enveloped in impenetrable ob-

feurity, may now be regularly pur-
fued. .

The fenfitive plant, befide its fin-
gular quality of clofing and dropping
its leaves upon the touch, is fubject
to the fame changes with the Abrus,
and thofe other kinds, we have
named from the effe& of light.

b Thefe
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Thefe natural, as well as the acci-
dental motions on the touch, I have
traced regularly in. the common fen-
fitive plant : "but before we enter
on the detail of thofe obfervations,
it will be proper to remark, how
nearly fome other plants approach
to the quality of this, and the
other {pecies of fenfitive, which
they have been hxtherto fuppofed to
poflefs alone.’ .

This furpnzmg quahty is a power
of motion in' the lobes and their foot-
flalks. No change of pofition can be
made without motron of the ‘patts,
therefore the Abrus, and all thefe
other plants have alfo metion.

They agree with the fenfitive
in _difplaying this motion _from
the power of Izght, and all that
remains particular in the fenfitive is,
that it is capable of the fame mo-

tion from another caufe, This is an
acCi=
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accidental thock of its parts,
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SECT, ' IXj

Even that is a quality common to
fome other kinds, tho in an inferior
degree : for a Tamarind tree has
lately been under my obfervation,
clofed its leaves on’ motion,

A flourithing plant of this, a yard
high, being brought from Mr, Lees
nurfery at Hammerfmith, to me in :
St. James’s Street, in the middle of '
the day, came in with its leaves clo.
fed; as it naturally has them at

midnight, and as the fenfitive plant
on be'mg touched,

An Abrus fuffered no change under
the like circumftances, ;

Hence we infer, that the {fame
conftruction of parts, which gives the
C !

5 fen-
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fenfitive plant the power of motion,
is in the Tamarind tree, tho lefs de-
licate ; fo that a ruder fhock is requir-
ed to bring on the change.

It is in a lower degree allo in the
Abrus, for light bas that power, tho’
the effe@ cannot, fo far as we have
yet feen, be produced by a fhock.

Plants which fuffer this change
from the cffect of light, may, tho’
they do not univerfally, fhew it alfo
from motion ; and all plants which
are capable of this chapge by mo-
cion, fuffer it alfo fiom the abfence |

of light.

Light gives their leaves that po-
fition, from which they are to be
thrown by a touch : and the ablence
of light takes the fame effedt with
that touch ; the’ in a {lower manner.

The fenﬁtive plant at noon day,

has its leaves raifed and expanded.
The
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The footftalks make an acute' angle
with: the main ftem, and the two:
leaves which grow on each of the
firt or lower ones; ftand remote:
from one another. The lobes which:
compofe thefe, are about twelve pair
to cdch, and thefe alfo-fland in an ho--
rizontal dire@ion; ;

Thus the young plant appearsinthe-
middle howrs of day, At the approach.
of evening, the lobes begin to draw
themfelves together wpwards, as in
the Parkinfomiay 'and the middle rib.
of each approaches toward the o--
ther:  af night  the lobes  are as
entirely” fhut upwards; as thofe of
the Abrus downward, the two Tibs.
are placed: clofe to each other; and
the footftalk which fupports them:
both,. hangs down,

This is the (ate of repofe of the
fenfitive platics inw this it falls every:
night natarally 5 andinto this it may,,
in-the fame manner as the Abrus, be

€6 thrown,
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thrown at noon day in a darken'd
place. 3!

% 0C00C00C0FERRE0220
SECT. X

. As we have feen the caufe of this
change in the Abrus, to be light, and
have traced the manner of the opera-
tion ; it is ealy to follow it alfo

“in the fenfitive plant, thro’ the fame
courfe of enquiry.

At the bafe of the footftalk, where
it joins the main ftem, there is a
clufter of complex fibres: Thefe have
rifen from the medullary part, and
pierced the woody fides of the ftem.

From this complex clufter, the fibres

roceed in a ftrait line up the foot-
ftalk, till at the head of that, where
the two leaves rife, there is another
fuch clafter : thence the fibres run

{t:ait the length of the main rib, and
fend
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fend out on each fide other clufters
at the bafe of every lobe. From thefe
the more minute fibres run firait
thro’ the leaf, and fend out Jateral
thoots. :

This the microfcope difcovers
plainly, and this ‘thews that not
only the natural motions of the fen-
fitive plant, are the fame with thofe
of the Abrusand others; but that the
conftruction alfo is the fame in its
kind ; tho’ more complex.

In the night the fenfitive plant
is not capable of the common mo-
tion on the touch, for the leaves are
already in the 'condition ' whereto
they would be reduced by it
In the day they rife and fpread:
and ’tis then the ftrange effect ap-
pears on touching them, ‘

Light expands the lobes, feparates
the ribs, and raifes the footftalks. 1t
does this, by putting all the parts of

€m
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them in a yibrating motion. This we
have feen in the Abrus, is principal-
ly effected by means of thofe clufters
of fibres which are placed at the bafes
of the footftalks. In this plant, as
thece are -no lefs ‘than three fets of
thofe clefters, the effe@s of the fame
principle are. naturally much greater
than in the Abrus, where there is
enly ene. : el

The vibration . of . the parts is
that which keeps the leaves of the
fenfitive plant in'their expanded and
clevated. flate ;. This is owing to:
a delicgte motion continued through
very ‘fibre of thems ; When we
touch the leaf; we give it another
motion more violent than the firft s
this overcomes the firft ; the vibration.
is ftopped by the rude fhock: and
the leaves clofe, and their footftalks.
fall, becaufe that vibrating motion is.
deftroyed, which kept them elevated
and expanded,

That:
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"That the power of motion in the
fenfitive plant depends upon the ef-
fe& of light on the expanded furface
of the leaves, is certain ; for till they
are expanded, they have no fuch
power. Fhe young leaves, even
when grown to half an inch in
length, have no motion on the touch,,
tho rough and fudden,

To propagate the motion when:
the leaves are in a flate to fhew
it, there requires a perfet and con-.
firm'd ftate of thofe clufters of fi-
bres lodged at their bafe. This.
s evident: for when the young leaf
has firfk come into the fate of vie
bration, a touch will make its lobes
clofe ; but the effe is not continu-.
ed down the foot-ftalk, ¢l it is
more confirmed. No fhock on the
young leaf will affe& the foot-
flalk before it is expanded : hence:
the clufters. of fibres at the bafts of

the
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the lobes firft acquire their due con-
dition for motion; and afterwards
thofe at the head of the main foot-

ftalk,

As there requires a due firmnefs to
give the clufters of fibres the fufcep-
bility of motion, and power of pro-
pagating it farther ; there needs alfoa
concurrence of favouring circum-
{tances, to preferve them in that de-
licate ftate wherein they are capable
of exerting thefe powers.

The cold air hardens the fibres and
impairs their fufceptibility of mo-
tion. The fenfitive plant becomes
more languid in this refpe& when
removed out of the ftove,

The correfpondence between this
motion, and what you have called
the fleep of plants, or their natural
clofing of their leaves at night, ap-

pears alfo in this inftance : for as the
fen-
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fenfitive by being removed out of
the ftove, lofes in fome degree the
quality of clofing its leaves on the
touch, the Tamarind by the fame
change lofes in great part its quality
of clofing the leaves at evening. This
is probably owing to the juices
ftagnating in the clufters of fibres,
and to the contrattion of the bark
by cold.

The communitation of motion is
lefs from the lobes to the foot-flalk ;
and greater from - the foot-ftalk to
them.  The greateft fhock is given
to the plant by a rude touch of the
ftem : but even this does not affect

the unexpanded ' or young leaves,

The analogy between the effe@ of a
fudden morion, and of the abfence
of light is confirmed alfo by this;
for as light decays naturally at even-
ing, or artificially by . fhutting up
the plant, the lobes firft clofe, and
the foot-ftalks afterwards fall, ’i‘h

e
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The power of abfolute darknefs s
greater on the fenfitive plant, than
that of the ‘rudeft tonch.  The ru-
deft touch 'will only canfe 'the Tobes

“of the feparate Feaves to-clofe, and
‘the foot—lgall&sf tohang down : the two
Jeaves will remain far afunder. The
‘effc@ of abfolatedarknefsexceedsthis;
for the two leaves clofe alfo abfolute-
ly together, and it appears as if the
foot- ftalk fupported only one.  This
proves that the expanfion of thofe
‘parts depends folely upon the ef-
fe& of light ; and that altho’ it may
be difturbed by a fuperadded and
‘ruder motion, yet it can be taken
-away abfolutely ‘only by darknefs;
by the defe& of that to which alone

it was owing.

Thefc expetiments every one may
eafily repeat : the obfervations will
be familiarly made by any who

have ftoves: They are conftant
, and
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and Invariable ; and the conclufions
from them are certain ; for no other
caufe intervenes. : 4

The effe& of light is continual
while the light contines,  The plant
therefors whofe leaves have been
thrown down, and clos'd by this
rude fhock, is immediately affected
by the light, as at its firlt appear-
ance in the morning ; or as on its
admiffion, when the leaves had been
clos'd by artificial datknefs; The vi-
bration begins 3 and if - the light- be
at its full ftrength, the expanfion
and elevation of  the lobes is fo
quick, that one may almoft look

upon the plant, and fee it. A fow
minutes often perfes it,

That the touch of the leaves no.
other way affe@ts them than by =
motion greater than their own inter-
nal vibration, is plain from this, that
if they be touched with a finger in

fo
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fo deliberate and gentle a manner as
not to move them, no effet is pro-
duced : and on the other hand, if they
be any other way ‘moved, the full
effect follows, :

If the pot be fhook, tho’ no part
of the plant be touched, the leaves
clofe, and their foot-ftalks fall : or if
the wind blow them, the effect is the

fame,

Hence it is certain that the expan-
fion' of the lobes, and elevation of
the foot-flalks in ‘thefe pinnated
plants, is occafioned folely by that vi-
brating motion, 'in which their parts
are kept by the continual impulfes of
light: and confequently that in all of
them they collapfe or fink on the
abfence of light ; and in the more deli-
cate: kinds “upon the fhock of any
ruder motion, which for the prefent
ftops that vibration,

Hence
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Hence alfo the different appearance
of pinnated leaves in various climates
is underftood ; and may be affigned

to its true caufe, which is the dife
ferent degree of light,

Inthe eaft the lobes are expanded,
not becaufe of the heat, but becaufe
the light is ftrong : In the northern
kingdoms they droop, not from
cold, but becaufe the ajr is lefs en-
lightened : In the rainy feafons they
allo droop, but it is not from the
moiftare, but the darknefs of the
weather ; and in Egypt they are moft
rais’d of all, not becaufe it never

rains ; but becaufe the light is con-
ftant, :

The Abrus placd in a fouth win-
dow perfectly thews this; for the eX-
panfion-and elevation of its leaves'is -
proportion’d always to the degree of -
light,and confequently itis affected by :
the cloudy or clear weather, though .

the
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the plant remain in the fame place,

" 'The lobes/begin to fife before the
fun'1s above the horizon, becaufe
the air is enlighteped in 'a propor-
tion'd degree ; and they begin to clofe
again long before it fets, becaufe in
the fouth window the {hadow of the
building darkens the air about them,

In the rainy weather which wehave
lately bad, the leaves wore the fame
appearance they would have done in
a plant native of a country where
there are feafons of rain; they never
at any time of the day reached the
horizonal pofition, and' they droop’d
much earlier in the afternocn, and
began to expand much later in the

morning. '

The fenfitive plant which was
plac’d near the Abrus, was affc@ed in
the fame manner: and by repeated

and careful examination, I have al-
Ways
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ways found, ‘that in both thee'and!
in all others, the degree of elevatign
or expanfion in the Tobes, i exacHl
proportion’d to the quality of light
as it is folely dependent onit, 7

When the fenfitive has been kept
out of a ftove fome days, and hag
loft fome part of its power of mo-.
tion, if the leaf be ‘touch’d {oftly,
and the force encreas'd gradually, it
will bear a great deal without draw-
ing up the lobes ; but at the fame
time a much lefs preffure given with

a {udden ftroke will occafion their
cloﬁng.

In this manner we may alfo trace
the extent and.progrefs of the mo.
tion according to the force; a
{lighter fhock raifing only the lobes
that are touch'd, a harder the oppo-
fite ones, and fo the whole. _

This quality in the leaves of
plants,
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plants, as their general ftructure is the
{fame, and the {fame agent operates
univerfally, ought to be found in
all : tho’ in various degrees, accord-
ing to the conftrucion of their parts,
In this, as all the preceding in-
ftances, juft obfervation confirms the
principles deduced from reafon. In
fome it is greater, in others lefs: in
many obvious to the common eye,
in others difficultly perceiv'd by the
moft accurate ; but on a fhri¢t and
clofe examination, I have not found
any plant ot tree wholly unaffected

by it.
S R S
SECT. XL

That the Curious who fhall chufe
to repeat the experiments mention’d
inthe preceding pages, may find no
difficulty in that refpect, I {hall give

the particulars of the plants, ‘and
a ‘P-




( 49.)
#pparatus with which I made them,

The Abrus, Senfitive, and Tamad
rind T obtained, in pots, from the nur<
fery of Mr. Lee, near Haimmerfmith ;
aperfon whofe induftry and knowledge
in his bufinefs, will Tometime make -
him known to his advagitzge.-:;' _

The micrdfcopes were tEch of
Mr., Cuff,

The Abrus was a flourithing plant,
of two foot and a half high : the
Tamarind fomething taller, The
Senfitive was a young one ; inwhich
ftate there are only two pinnated
leaves upon cach footftalk, :

A plant of this growth is moft
manageable out of a ftove, and was
prefered for that reafon ; but the
fame experiments made on thofe of
larger growth, anfwer in the fame
manner,

D The
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The place where they were kept,
unlefs when removed for the parti-
cular experiments which required i,
was a fouth window.

The Abrus will live very well in
fuch a fituation at this feafon of the
year ; and the Senfitive, with due

care, may be kept in tolerable perfec-

tion in the fame manner, a fortnight
or three weeks : tho’ much more ten-
der than the other.

‘The apparatus for the experiments,
befide the microfcope, confifts only of
a fine penknife, and a flat board,
covered with a piece of cork, fix
inches long, and three broad.

In order to trace the courle of
the fibres, and fee their clufters di-
ftin¢tly, a leaf of the Abrus muft
be pulled off, by flipping it down-

' ward.
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ward. This brings away its bafe
entire, and is neceffary for obtaining

in perfection, the clufter which is
fituated there, i
3
The leaf muft be lid flat upon
the cork, and fixed down by a {mall
pin, thrut thee’ the middle rib, a
little above the place where the fift
pair of lobes are inferted,

There muft Be a good light, and
a carefol fteady hand, and the point
of the pen-knife muft be kept (harp

and clean,

It will be eafy to let this in at the
middle of the b, a little above the

infertion of the firft lobes, and to fplit

the rib thence equally to the bafe,

The obje& is neither too minute

for the hand, nor the €ye ; nor does-
it require thofe powerful magnifyers,
which are often needful, in the more
delicate refearches.

Bt The
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The clufter of the fibres at the bafe
of the main footftalk, will be thus
feen :, they will appear cut more
or lefs exaétly in two, according
to the divifion of the ftalk, and their
courfe and interwoven texture afford
a pleafing object.

This is the firft experiment to be
made ; and it is very happy that the
conftruttion is feen without great diffi-
culty, fer-it leads the way to the
reft, which being minute, require a
more {trict fcrutiny.

*1./The ‘courde of the fibres ‘along the
‘middle 1ib, ‘anfl ¢heéir cluftering at
the bhfes of ‘the lobes, may be pur-
fued by Tpliting. the footftalk farther
up: but as this is not eafily done, I
have béen ufed to cut off the upper
and under part of the leaf, and leav-
ing.only a picce, ‘which has one pair

of the lobes, to cut it acrofs in the
: # centre




(153:),
centre of theirbafes,w | b
This requires a careful eye, and
a very regular preffure of the pen-
knife ; but with fo much caution, it
may always be done fuceefsfully.

At the bafe of each lobe there will
be feen a clufter; in all relpelts re-
fembling the firtt, only morc delicate
and from that the fibres will be found
continued in- a fhrait: courfe; along
the middle rib, as they are in the
fame way along the footftalk, frot
the firft clufter,

This way the eye perceives that
there are fuch fibres; that they ate
fo cluftered, -and that their coutfe is
regular from thence, The fa&
is fo afcertained, “but ‘to  admire
duly the conftru&ion on which this
motion depends, the fibres mult be
feparated from’ all furrounding mat-

g SN ter,
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ter, and laid before the double mi-
crolcope in water.

The method is this;

Let a leaf be pulled from the
Abrus, as before, and in the fame
manner cut into two or three thort
pieces ; two lobes remaining with
each : let the footftalk be fplit firft
at the bafe, and afterwards crofswife
at each joint ; thro’ the bafes of the
two lobes, and into the centre of the
middle rib of each.

Let the ends of the lobes be cut
off; and a number of thefe pieces
be put into a faucer of water, keep-
ing them down by fome little weight.

They mutt lie in this water two
or three days, according to the
warmth of the weather ; and at
the end of that time they muft be

prefled gently againft the bottom
of
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of the faucer, with a piece of mufli

tied to the end of a pen, or other
fuch implement, -

This muft be done with 2 delicate
hand; and repeated often. They
will thus be cleared from sl far-
rounding matter. The firmnefs of

their own texture will preferve them,
They muft be afterwards put into
freth water, and

left four or five
hours to fwell and recover their firft
difpofition; and then laid in water
before the double microfcope, The
courfe of their fibres i their fimple
and cluftered flate, wil] be thus per-
feitly feen, and the mechanifim by
which the motion in the lobes is per-
formed cafily underftood,

The method with ¢
plant is to be exactly the

footftalle fupporting the two leaves,
muft be torn off downwards, and the
cayes expanded on the cork with pins,

4 as

he fenfitive
fame, The
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as directed for the ather. The bafe of
the footflalk moft fufk be fplit wich
the pen-knfﬁ: 5 then the bafe of each
leaf on the head of this ftalk, and
after that the bafe of each lobe. The
conftruction in this part is very ob-
vious, for it fwells, vp: extremely,
and appeats as 3 Kind of joint, to
ferve the motion,

The condition. of the clufters of
fibres when the footftalk is juft {plit,
is more or lefs diftinétly feen accord-
ing to the age of the plant, the place
of. the leaf, and the degree of nourifh-
ment. It is moft diftinct in a leaf ta-
ken from the lower past of a young
plant ; but not the loweft, or any

placed fo Jow as to be fading : and in
the fame manner the conftruttion
at_the bale of the lobes is beft feen
in the fecond pair from the bafe of

the foot-ftalk.
Thele dire@ions will be ufeful to
4 thole
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thofe who will ‘not' be at the pains
to clear the parts in water: but that
way there is no difficulty in bringing

the whole plainly and perfectly to
view. I am,

With great ref'pe&,

SIR,

Your Humble Servant,

London,
Sept. 7.
3757

JOHN HILL.
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