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THE STOMATA AND PALISADE CELLS OF LEAVES.

BY F. C. STEWART.

The name stomata (sing. stoma) bas been applied to the elliptical apertures in
the epidermis of leaves and other green parts of plants, The stoma is a modified
epidermal cell and consists of a rift and guradian cells (usually two in number).
The guardian cells are rightly named for it is their function to regulate the amount
of evaporation from the leaf by opening and closing the rift. Unlike ordinary
epidermal cells, the gnardian cells contain chlorophyll, and for that reason they
were once thooght to belong to the parenchyma.

Goodale! says, **Stomata belong especially lo green organs exposed to the air,
but they have been detected on all superficial parts of the plant with the exception
of roots.” As authority he cites De Bary, who found stomata on the tubers of the
potato, on the perianth and anthers of Lilium budbiferwm and on tbe pistil and
seed coat of the Canna. In the higher plants they occur for the most part on the
leaves. In the majority of Mounocotyledons* they are found on both sides of the
Ieaf, but in Dicotyledons they are seldom found on the upper surface except in
leaves which present both sides to the sun. In some Conifere? there are more
stomata on the upper than on the under surface. They ure entirely absent from
the leaves of submerged water-plants, and appear only on the upper surface of
floating leaves.

In regard to arrangement, there seems to be no general law except in a few
orders, viz: in Equisetacece, Conifere and Graminew. Since the object of the
stomata is to bring the interior of the leaf into communication with the outside
they world, are so placed as to communicate directly with the intercellular passages.
Their arrangement, therefore, depends upon the internal structure of the leaf. The
rift is a narrow ellipse whose major axis is generaltly the major axis of the stoma as
a whole. (Portulacea oleracea is an exception.) Outside of the orders above named,
the stomata are found scattered irregularly over the surface of the leaf, and with
their axes pointing in every conceivable direction.

Being together with the lenticels, the aerators of plants, their number and size
are thought to bear an important relation to the behavior of plants. In general,
the plants of arid regions have few and small stomata, while water plants and
plants native to moist climates have numerous and large stomata. This rule has
a great many preplexing exceptions, and we are foiced to acknowledge that we

1Goodale’s Physiological Botany, p. 0.

2Thome’s Struct. and Phys. Bot., Eng. Translation, Bennett, p. 61.
3Gray’'s Struct. Bot., p. 90.
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really have but little exact knowledge of these curious little plant valves. The
number of stomata on a square inch of leaf surface is surprising. It varies all
the way from a few thousands up to hundreds of thousands. However, all com-
putations of stomata ave only approximations. The number varies on different
portions of the same leaf, and the difference is often great. To get even an
approximation it is necessary to take sections from different portions of several
leaves and get an average. For an example of this variation take the Duchess.
apple. Counts were made on different parts of three leaves with the tollowing:

results:

[ 29 stomata in fwld of nllcloscope
,’ 26

Lear I.. 50 “ w w“
IL :)? (X (X4 . [
(30 stomata m ﬁe;d of mlcroswpe
30

Lrar I1.. \; 07w “ “
L_ Q(L; o6 i 3

Leaw 11L.. g %; StOl}l‘i\ta in ﬁgld ot microscope.

A difference of one stoma in the fild makes a difference of over 5000 on &
square inch. Thus it is seen that the number in the Oldenburg (Dachess of Olden-
burg) varies from about 120,000 to 200,000, while we get as an average 150.000
per square inch. IFrom the table below it will be seen that this is about the
average number in the varieties of apples examined by me. [rof. Bessey* found
from 150.000 to 200,000 and Mr. Wellman® observed about the same number, while
Lindley® gives but 24,000,

To obtain accurate measurements of stomata is even more difficult than to obtain
y are so very small and it 1s so difficuit to get them always
under the same conditions. In this work, also, we must make a large number of
measurements and take the average. Stomata on the same leaf vary considerably
in size and somewhat in shape.  While the majority ave elliptical in outline, some
circular ones will be fourd. In some species they are rectangular. To show how-
stomata vary in size in leaves of the same trec we will again take the Oldenburg

their number. They

apple. Stomata were measured on three leaves,
The largest, the smallest and intermediate sizes were taken. L. stands for

length and W. for width:
4Jown Hort. Report. 1899, p. 131
5Towa Hort., Report, 189, 1. 17,
6In his Introduction to Botany,

six species of plants, twenty-eight of which were computed by Thomson,

p. W5, Lindley gives the number of stomata in thirty-
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1 l[;. .00109 inches.
Stoma 1
J W. .00094 «
L. .00109  «

; Stoma
W. .00078
Lear 1 ...4 gL w0109 -
Stoma a '
| w. 00036 ¢
SL. 00125«
Stoma 4

| W. 00078«

g 00156
Stoma 1

| w. 0094 ¢

gL 00125 ¢
Stoma 2

| W. 00004

Lwar I1... 4

g 00094 ¢
Stoma 3

| W, 00094

L. .00 “
Stoma 43
L W..00004
[ s 0 X3
Stoma 1

| w. 00109

L..00094 «
Stoma 2 )

gw 00078 ¢

Lear 111.. %

SL 00189 ¢
Stoma 3 -

1 W. 00109 ©

L. .00125 <«
Stoma 4-

[W. 00109 ©

The variation indifferent species may be seen in the table, Weiss” gives the
length and breadth of the stomata in forty species.  The least length in his table
is .00047 in., the length of the stomata in Awagrantus caudatus; the least width is
00031 in., in Morus alba; the greatest length is (00279 in., in Lilium budbiferum ;
and the greatest width is .00197 in., in Arena satira. The average length of the
stomata in the forty species 1s .00126 in., and the averaze breadth is .00091 in,

While studying stomatu I alzo made some observations on palisade cells. The
number of rows of palisade cells in each sp>cies is given in the table. The number
varies from one to four, two being the most common number., Prof. Bessey® found
from two to four rows in the various varieties of the apple. KExcept in vertical
leaves, palisade tissue is seldom found on the under sarface of the leaf. Stomata

7Goodale’s Phys. Bot., p. 171,
8Jowa Hort. Rep't, 1879, p. 182,
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are confined mainly to the under surface and palisade cells to the upper surface.
The nature of the palisade tissue depends largely upon the amount of light
the leal receives during its growth. Frequently the innermost layer of palisade
cells will he incomplete, that is, in places it will be absent, or the cells may be but
little different from the ordinary parenchyma cells. Inthe table, incomplete layers
are indicated by the sign --.

The following table gives the results of some observations made during the past
summer. It gives the namber of rows of palisade cells, the number of stoinata per
square inch, and the size of the stomata in the species and varieties named. For
the species given in the latter part of the table the size of the stomata is not given.
Fartly dry and partly alcoholic material was used and in these conditions measure
nients of stomata would be unreliable, and hence are omitted:

TABLE.
STOMATA PER| SLZE OF STOMATA IN | PALISADE
B, INCH. INCHES, LAYERS.
o = ) < <
=3 2 < : 2
SPECIES. = = = = b
] = 5 =] =
o “ o0 i o
5 | % g 5
=3 = 2 3 2
2 < 2 = 2,
S [ N S~ N L=
N . [, VL0005
Sugar pear (Pyrux communin oo L. 0 65768 Uj ) k, :m 1'!1) : 2
. . . . | HEH
Rutabaga (Brassico compestrisy. ... . GO 1696 0 3 ]\:', :)"(1'1)1‘;‘( ,,,,,,,,,,,
Fulice e 01 15 gl b T 00085 Y. 00070 ¢ .
Portulacea oleraeadt. oo oo o oo 21,150 8,460 LWL 00T WL 0000 | 3 0
Y U N CMHA0 1 o
Saliv Tawerifolice. ool oo oo 0| 135.000 Gt X
DPrunus peansyleaiicd. oo o (1 215,000 _8‘1}[')25‘, E s 0
Poliygoniom cuspidad it ooovevennaa .. 0F 62.500 ::"I' Il ; 9 0
Pontederic cordald,. ... . coooiie oo ( g T L
ontedoric cordale OLO00) 1855382 AU ) _"‘]2,;[;( 3 1
Apple (Canada Baldwin) Pyrus malus. 0F V06000 : . :;:i(l)‘ii : 3 0
Apple (Peller No. &) Dyrus s, L. G| 12,50 : :)’&"“:j\) : B 0
Apple (978) Pyries maliis.  oovoie el I wos ! AOHIS g
ppile (h3) Ly 3 (l‘ 3500 1. 00093 § 2.4 ]
. . . | i 0004 i
Nympheea reniforinis . ool 48,302 0 : {‘V 8&(;33 ; 0 3 0
A¢er nigr Wm0 G0 v 00078
ACCr NIPIUNY oo 0F 350,006 Ol W, louss ¢ 1
YPUS COPONDPEL < evie et ot arnnennnn s g0 Moot b
Pyrus coronari L\j 300.000 0 LAV 00082 1 3+ 0
Craticgus tomentosa, var. mollis. .. | } ,,,,,,,, 0 : k :;:L'ﬂi‘ ___________
Aypple (Oldenburg) Pyrus swelus ... 0. 159,000 0 : 1{’. :;};11)"% : ol o
| V. 00007
Sagittaric Cariabitis . oo gomon urson § T 00182 VL o0ty
Sagittaric carlabitis S350, 500 VYL Tty W ka6 ¢ [ e
et Orab e J— N PRI RS 91
Virginia Crab............... 0 153750 0 IRUANTITIR: 24 1]
. . N L et . 7 19
6 M (Russian cherry) Priviis cerasus. 0 160,000 0 : {V 38“'}‘) 1 2400
2 M (Russian chorr LS CErUSUS. [—— P L. .00H460 |,
12 M (Russian cherry) Privis cerasus 0; 1425001 0 LW, o008 | 9 0
Silphi I . ST 00102 Lo 001981 ]
Silphiwm lactriatun #0000 50,0004 Wy lopuzal W.oanse |t | 3
U SCOTTOLD .+ o e e oeee e o o a0 J L. 00100 Ju, 00101 1 o o
Lactuoa seario 120,000 12350001 W, goosm B L
S COTLINENSIS. oo oo s L. 001300 L. 001 ()
Populus certinens 43,7500 109,000 4 v onoat| W. o000 (| 2 0
Populus tremula.....o.ooooooooean b oo ou ) e 2 0
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TABLE—CoxTINUED.

ETOMA’I‘A PER SIIE OF STOMATA IN PAL

8Q. INCITL. INCHES. LAYERS.
< < < < S @
i) 1~ <o o (5] 3]
] 2 < 5! = =<
SPECIES. bS] bS] = o = o
= = 3 = =
w n n 122 3 n
= [ = I 9 I
@ @ ] D o) @
2 ] = =] =% k=]
=Y = 2 < 2 o
e I S - U P =
! 5%
Acer dasycarpum. ... e e 0] 210,000 0] t {‘V {Ol:)b((:l‘; : 1 0
- | 6l C G
Medicagn SUEOL. . +eereaeeeeeeaeee . 103,000 oru00 4 16 90088 Te GOELE oy g
Russinn  OQak (Quercus rolur, var. ’ as
peduncrlata). . oo 0 315,000‘ 0 E Iﬁ, 88})},; ; 0
Mongolian Pear (Pyrus sinensis)...... 0] 82.500f 0, ; {{, ‘883;‘{.“ : 2 0
Prunus Serolin. . ... «. coeeeeenn. 0, 215,000 ot R 2
Populus allvt oo Lo e s 2 0
Lutovka (cherry) Prunus COrasus. . ... 0 109,165 14| 0
TROSA PUGCSAa . oot e e e PP 24— 0
Prunus angustifolia. 0 150,000 2 A7)
Celtis oecidentalis. . ! .. 1 )
Prunus pumila,.. .. .. N
Apricot (Nic hol’ s) l’)uum rinenlaed, 2 1]
12 M (Pear Pyrus communis.. . . 2 0
327 (Applm Pyrus malus 2 0
75 M (Apple) Pyrus malus. .. 2 0
Wythe (Apple) Pyrux malus. . . 1. 3 0
405 (Apple) Pyrus malus. ... 1150, 000 2 0
15 M (Apple) Pyrus malus. .. . 0l 167500 3 1]
IMuke’s Wild Crab (£2yrus Inensis o X{HH 9 0
Talman Sweet (Pyrus malus). 220, (lm 3 0
Rawle’s Junet (Pyrus malus). 0, 170,000 2 0
DPryrus loringo. ..o oo oo oo | P 2 0

A KEY ¥OR THE IDENTIFICATION OF THE WEED SEEDS FOUND IN
CLOVER SEED.?

BY. F C. STEVWART,.

The identification of weed seeds, though an important matter, is not an easy
one. The average person knows Fox-tail, and probably that is about all. Even
botanists, who have not given the subject special attention, will be surprised to find
how small a number of weed seeds they are able to identify without study.

Outside of systematic works? but little has been written on seed characters.
What has been written is scattered through lixperiment Station Bulletins and
Agricultural Reports, and is not in an available form. However, the Germans
have done some good work in this line, notably Harz?* and Nobbe.

A good key for the identification of American weed sceds would be of great

1Part of a thesis on TAE IMPURITIES OF CLOVER SEED, written for the degree of
Bachelor of Science, lowa Agricultural College.

2Gray’s Manual of the Botany of the Northern U. 3., Chapman’s [Flora of the South-
ern States, Coulter’s Rocky Mountain Botany, ete.

Landwirtschaftliche Samenkunde, two volumes, Berlin 1885, Paul Parey.
Handbuch der Samenkunde, Berlin, Wilgandt, Hempel and Parcy, 1876.
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