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parts, such as bulb-scales of the Shallot and fronds
of Lemne trisule, may be examined very easily
without any sueh preparation.

Fig- 61. p, Crystal Prism from ovary.coat of Centaurea nigra ;
¢, different forms, one in its cell, from the same part of
Centaurea scabinee ; r, Crystalline Cross, and three single
crystals, from bulb-scale of Shallot. Al highly magnified,

4. Microscopic Interest of the Crystals.—OF all the
objects in the plant-tissues, there are none more
beautiful and more likely to interest the tyro in
micrographic botany than these crystals. While
under examination the glassy raphides roll about in
various directions, like a loose bundle of sewing-
needles thrown on a table. The sphweraphides are
commonly contained in distinet cells, and the crystal
prisms are scattered and fixed in the direction of the
fibres of the plant, but sometimes, as in the Shallot,
lie across the tissue-cells. The prisms are well
adapted for experiments on the polarization of light,
as Colonel Horsley has often shown at the Canter-
bury meetings of the East Kent Natural History
Society. Any of the erystals may be easily pre-
served, either simply dried, or in balsam or dammar,
or in glycerine and other wet mediums. And when
numerous slides have been collected and correctly
dabelled, their taxonomic interest will become
evident, and thenceforth go on increasing with the
increase of the collection, which may become an
Amportant one for reference as to the value of the
-crystals as characters in systematic botany. Thus
this might well be an elegant and useful occupation,
i which ladies could engage, for pleasing and instrue-
tive * half-hours with the mieroscope” ; and which
an this single subjeet would afford an extensive and
valuable cabinet of beautiful microscopic objects,
and rational researches that are not likely to be
exhausted after many half-years have been thus
-employed. The inquiry might be extended to the
development of the raphides, from the ovule and
seed-leaves, to the different parts of the mature and
zrowing plants, to their decline, death, and rotten-
ness.  For experiments of this kind the common
Onagracem of our gardens, fields, and lanes, and
the different species of Ornithogalum, would answer;
and they might be grown for the purpose in little
pots of various soils, and thus give perpetual

pleasure and profit to any one with the mind an
means to use the migroscope thus rationally.

5. Nature and Use of the Crystals —The erystals
are by no means, as maintained by eminent observers,
diseased or irregular products in plants, like calouli
in animals, but are so truly part and parcel of the
essential nature of the plant in which they oceur,
that it cannot be well grown without producing
them, and this from the birth to the grave of the
species. Numberless examples of this truth may be
found in the plants of our common pools and fields :
and I have often proved it experimentally in various
members of thedicotyledonous orders Balsaminaceze,
Galiacem, and Onagraces, and in some Monoco.
tyledons. The erystals are mostly oxalate of lime,
with a small proportion of other earthy salts.
Though this, accprding to Professor Douglas
Maclagan, is the case with raphides, some of them
appear to be phosphate of lime, according to
examinations made, at my request, by the late John
Davy, of these erystals in Epilobium, Galium, and
Smilax (Aun. Nat, Hist,, June, 1864). And this
leads us 1o a notice of the use of such crystals.
The Sarza of the Pharmacopeia is a Smilaz very
rich in raphides and stareh ; and hence, probably, the
well-known efficacy of this drug in those diseases,
especially of the bones, in which there is a deficiency
of the earthy phosphate. In like manner the Duck-
weeds abound in raphides and starch, and on these
plants young mammalia, water-birds, and lower
animals feed greedily; and no doubt this is the
very pabulum best adapted for the nourishment
and growth of the bones and other parls, Many
animals are ever feeding on seeds in which
microscopic crystals abound. Thus we come to 3
understand some of the manifold ways in which
Nature has provided for the wants of her ereatures.
We have seen that seience foo ecan turn these
crystals to good taxonomic purpose; and it may be
added that they are often the best tests of the
genuneness of many vegetable drugs ; sueh as Orris,
Quillaja, 'Guaiacum, and Rhubarb. The false or
American Sarza, being an Aralia, is at once plainly
distinguishable by its spheraphides from ithe
genuine Sarza. Again, as manure, the caleareous
salts which compose the erystals must be of great
value; nature storing a superabundance of them in
the living plant, to be restored in the dead leaves
and other parts to fertilize the earth. Accordingly,
we see good reason why the gardener so carefully
husbands his leaf-mould; and that such plants
as the Duckweeds, Fuchsias, and Willowherbs,
should, from their profusion of raphides, in this
respect best serve Lis purpese. In fine, as poor
Charlotte Smith, who loved our wild flowers so well
and truly, sung of them :—

£ All are for use, for health, for pleasure given,
All speak in various ways the bountesus hand of heaven, *

Caxterbury, Marsh 6, 1873,
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in Sciexce-Gossie of Mareh, 1873, and which the
Trench botamists called *Crystal glands® and
« Oystoliths,” ‘occur in several Moracee and
Utticacere. Raphides are found occasionally in the
same plant, together with either erystal prisms or
spheeraphides, or both, as may be seen, e. 7., in some
Pountederacem, Vitacem, Mesembryacee, and Me-
lanthaces. ET

from the leaf of the Mettle; [, Sphaeraphides, one in its
cell, the other naked, from the s of Mercurielis @nnuea;
m, the same, from the leaf of Sifete maritimog #, Sphae-
raphid tissue (magnified less than half as mueh as the
other objects), from theleaf of Ferafram; o, Baphides,
from the same leaf.

Fig. 0. k, Sphmraphides, one inits TL. the other crushed,

9. Taronomic Characters—As it would require
a volume to do justice to this part, it can be touched
but slightly here. Seeing the difficulty and fugacity
of many established botanical characters, and the
consequent perplexities of the stndent, it seems
strange that systematists should not be ready to
help him, by the use of any little contribution, from
whatever quarter, and however novel and unex.
pected. But they have hithera totally ignored the
characters afforded by raphides, although these are
eminently natural and constant, and often more plain
and permanent, fundamental and universal, than
some of the stereotyped diagnoses. In our flora,
raphides are so characteristic of the dicotyledonous
orders Onagraces, Balsaminaces, and Galiaces, that
you might truly, and most briefly and sharply, define
Onagracem as Calycifloral Exogens abounding in
raphides: and so in like manner the other twoorders,
Some “endogenous orders might-be similarly eha-
racterized, while, on the other hand, there are orders
—Hydrocharids, e. g.—regularly ex-raphidian amid
their allied orders which as constantly abound in
raphides. The Grape Vine and all its nearest allies
of the order Vitacem, of which the Virginian Creeper
is a familiar example, teem with raphides ; and this
character, frequently associated with spharaphides,

is sufficient to distinguish the Vines from the other
orders of the Berberal Alliance. Even that most
curious plant Plerizanthes proclaims by its raphides
its affinity with the Vines, and so does Leea, though
it has been removed from them by some eminent
systematists, and even erceted info a distinet order

by Von Martius, Among our common
window-plants, the Mesembryanthemur
raphides, sometimes with minute prism
crystalline forms, in the same plan
this large genus is thus character
members, such as Glinxs, of the sam
devoid of raphides, and hence show less
Mesembryacems  than systematists have |
Raphides are plenfiful in the Hyaei
Cactacem afford large sphwmraphides
profusion of ecoavse erystalline grit. The
Pharmacopeia, being a Convafvulis, i5 .
of raphides; and thus easily might
distinguished from Mirabilis jalape, of {
Nyctaginacem, in which they abound, and whi
was so long and erroneously supposed to.
drug. Though many Monocotyledones s
bearing, several orders of them—the Gr
Sedgzes for example—are devoidof raphides
phides cceur abundantly, and often very char
cally,in the New Zealand Spinachof our gard
in our native Geosefoot plants, in the Nettle
tribe (Bg. 60, &), annual Dog’s Mercury (fig.
many members of the Silenal Alliance (fig- 60,
Wayfaring-tree, Water-Milfoils, and in nus
different orders besides. The well-known
in the Rhubarb of the Pharmacopeia are s
phides. Crystal prismsare plentifully produ
many Monocotyledons, as may be seenin the eo
cottage-garden favourite, Jris germanica, i th
cinal sweet-scented Oreis, in the bulb-se
the Onions (fiz. 61, ), and, among Dicoty
in the Guaiacum bark and Quillaja (fig. 59,
theshops. Either in the ovary or testa of our m
Cynaress and other Composite, as may b
(figs. 59, & and £, and 61, p and ¢) in Serratula,
taurea, Cardaus, Silybum, and the Inuless,
prisms are frequent, like to, but smaller than,
of the foreign Quillaja; and in some afford
specific characters. For example, the little
prisms of Centauren nigre (fig. 61, p) and €L
at once distinguish these species from €. seateosa
in this last there are only those minute and she
crystals, cuboid, prismatic, flat, or lozenge-sk
(fizr. 61, g), often each within a cell, which are so
pommon in various orders of plants, especially
Amentiferse.  The eurious crossed and seennngly
truncate prisms of certain species of the Onions (fig.
61, ») ave very characteristic.

3. How to find the Crystals.—Of any plant already
cited as affording them, serape and mash to a pulp
a bit of the leaf or other part ina drop of water
on the ohject-slide, then press with a thin olass
cover, and the erystals will be easily distinguishable
under an objective of half or quarter-inch focus.
Very delicate sections of the plant-tissne may be
needful to show the erystals uninjured in their
natural situation. Pulpy parts, like the berries of
the Arums and Black Bryony, and thin transparent

F2




98 HARDWICKE'S SCIKNCE-GUSSIP.

an ineh, and a thickness of zoooth.  But they vary
much in size in different plants, being very large in
the officinal Squill (Zigenia), very smallin the Bed-
straws (Galiacem), and of intermediate size in the
Black Bryony (Famuws communis). I have never
been able to find raphides in any British tree, though
they are plentiful in many foreign trees, as, e, 4.,
the Serewpines and Vines,

Fig. 57. Raphides: o, in the avale of Fuchsing & in a
cell from the berry of Fuchsia; o, from the berry of
Arur maeufatum 3 d, fram the leaf of Neoftin Spiralis ;
#, loose from the berry of Tamus communis ; S inan in-
tereellnlar space of an old Jeond of Zemna driseiea, All
muoderately magnified.

Biforines, fig. 58.—Sometimes'the cell in which the
raphides are contained is soft and viseid, like a bit
of protoplasm, devoid of a distinet cell-wall, though
the wall, like Moll’s primerdial utricle, may be
made apparent by chemical means. From such a
cell, as may be offen seen in some Aracem during
the mieroscopic ex amination, the raphides eseape at
ane or both ends (fig. 58); and hence the term
“ biforines * by the French botanists. The pheno-
menon is singularly veautiful, for the brilliant and
hyaline erystals emerge from the cell with a Jife.
like aclivity that is quite surprising,

Iig. 68, Biforines from Richardia efhispica.

Crystal Prisws (gs. 59 and 61) are also acicular
forms, oceurring either singly, or two or three
partly consolidated, never, like raphides, loosely in
bundles ; and each prism has several flat faces, and
as many angles; the tips of the erystal appearing
sometimes truncate, more often pyramidal, with the
hase of the pyramid corresponding fo the shaft:
and the end may be pointed, or like a carpenter’s
chisel, or wedge-shaped, or sloped off obliquely from
angle to angle, or from face to face of the shaft. OF
the quadrangular prisms the faces may be all equal,

or two of them broader than the other two: and of
the three-sided prisms a transverse section of the
ah‘al't may present eithér an isosceles gr equilatera]
triangle, Oceasinnally the shafts are shaped as if
from a longitudinal cleavage, either partially or
completely, through the faces or angles of fhe
crystals. They are firmly imbedded in an along tle
plant-tissue, and seldom or never i a cell that is
easily demonstrale, They are mostly larger, some.
times smaller, thap raphides; and in Qutllafa
saponaria about 3-th of an inch ip length, and
ool in thickness, Inthe Shallot (Alifum ascols-
nicent) and some other Onions (fig. 61, r), the prisms
are shorter and thicker, often apparently truncate,
though sometimes plainly seen with a low pyramidal
tip, having four sides; the shafts either forming
crosses consolidated at the intersecting parts, or
occurring singly, varying much in size, and lying
across the tissue cells. In the ovary and seed-eoat
of Cynarem the prisms (fig, 50, 4 and i, fig. 61, 5)
are much smaller, and frequently, as also in several
different orders, fused together longitudinally,

Fig. 50. Crystal Prisms, highly magnified : & from Quillufa
supenarie; 4, ffom the testy of Silfphum marianum; i,
from the ovary-coat of Cardups foneealalus.

Spharaphides, fig. 60.—Each of these is usually a
rounded conglomeration of minute crystalline gra-
nules or angular crystals, freg nently smoothish, often
granular or stellate on the surface, from projecting
granules or points of the constituent crystals, and
generally contained in a distinct cell fie. 60). A
very common diameter of the spharaphides is about
tonoth of an inch edeh; often smaller, especially in
several British plants; much larger in others, and
larger still in som@ foreign species, such as the
Cactus-tribe. What the spheraphides are regularly

. spangled in a membraniform part, consisting mainly

of their cells, I callit Spharaphid Tissue (fz. 60, u) :
and of this beawiful examples may be seen in the
leaves and inner ligers of the bark of Aralia spinosa,
common on our lawns, in the sepals of the Purple
Loosestrife of our ditch-banks, and some wild
Geraniums, and in .;tlm leaves—with a profusion of
raphides—af Ferafrum nigrum. Sometimes :*n_ch.n['
the spharaphides appears as if suspended within its
cell by a pedicle (fig. 60, #), which is not always
easily seen : these, which Mr. Roper has described

— e
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¢ | Br PROFESBOR GULLIVER, F.R.S.

28 a7 o, ESPONDING to the

[\t |y request of the editor
of Screxce-Gossie,
I proceed to give

S someaccountoffthese
Ai;aulil’ul]"plunt-t:rj'aﬂ

i

. tals. this the more
i \ Bf] readily because, so far as I
B[N IR : know, it would be idle to con-
g XS 2 W sult our current floras and
': e < other books, including those

specially devoted to micro-
scopic objects, for correct
definitions of these crystals,
and the use of them as charac-
= lera in systematic botany ;
(% since inthose worksthe subject

is either wholly neglected or

treated so perfunctorily as
still to require distingt reiteration. As space is
necessarily limited, the matter must now be confined
chiefly to such points as may juvite and assist the
student. More ample delails, especially as regards
my extensive and original observations on the value
of raphides as characters in systematic botany, are
given in my papers, cpitomized in the Popular
Seience Review up to October, 1565, since continued
in the dunals of Nafural Histéry for November of
that year, and in many numbers of Seemann’s
Journal of Bofany, and of the Quartferly Journal of
Microscopical Science, .

On the present occasion, the matter concerning
the crystals may be treated in thefollowing order :—
1. Nomenclatore; 2. Taxonomy; 3. How to find
the crystals; 4. Their Microscopic Interest ; and, 5.
Their Composition and Use. And as we often meet
with private inquiries and public adverlisements for
* good microscopie materials,” so it will now he
shown that, even in this limited department, Nature
has scattered those very materials broadcast every-
where around us, whether in towns at Covent

No. 101,

. Garden, and druggists’ shops, or in countr
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helils
ditches, and lanes. In the following w
which are all copies of original drawings
from wature, wothing is depicted that may
seen under an object-glass of half or qua
focus, and often of much less power. OF eac
figure the objects are magnified somewhat to th
same degree, except when otherwise noted;
as their sizes are given inthe text, specifleati
the enlargement are not necessary for perspie
The student should examice some of the crystals
himself, as he may easily do in the plants
mentioned as always obtainable for thisg
In the text, for the sake of precision and the
of English equivalents, some hard words are
but all these are explaimed in most of our pe
floras or manuals. '
1. Nomenclafure.—All microscopic plant-e
were formerly called raphides, and this error, th
fatal to their taxonomic value, i3 COMMON NOW ;
it is still perpetually confounding forms essenti
different, and oceurring, if understood in this
and incorrect manner, almost indiseriminate
generally in numberless plants that never produe
raphides at all.
Raphides, fig. 57.—These are the well-kn
needle-shaped crystals oceurring about a score
bundle, ‘either 'plainly in a soft cell, as, & g., in
herry of Aren macalalnn (g, 57, ), or in intere
larlspaces, without an evident special cell; as in
fronds of Femna frisulea (fg. 57,00, or devoid of a
distinet cell or intercellular space, as in the ripe
berry of Tamus (fig. 57, ). However this may be, the
raphides, before they have been disturbed, always lie
loosely in contact, side by side, like needles in a
packet : and so no wonder that they have been named
from a Greek word signifying a needle. The shaft of
each of the raphides is commonly smooth and
rounded, so that they move easily on and over each
other ; and ittapers gradually toa point at each end.
Raphides have an average length of about $11h of
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