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THESIS ABSTRACT

Watson, Donald Leon. 1962. The epidermal characteristics
of the first seedling leaves of certain grass seedlings.

The epidermal characteristics of the first seedling
leaves of thirty specles of grasses common to the Mixed
Prairie Assoclatlion of West central Kansas were studied.
The thirty species represent seventeen genera and six
trites of the Gramineae, Seed was gathered in the Hays,
Kansas area and the seedlings grown in the Fort Hays
Kansas State College greenhouse under optimum conditions.

Slides of both abaxial (lower) and adaxial (upper)
leaf surfaces were made from preserved specimens by the
peel method which utilizes acetone and cellulose acetate
film., These slides were compared with stained mounts of
the abaxial epldermis. Photomicrographs of both leaf sur-
faces were taken and these supplemented with line drawings
of certain diagnostic epidermal elements.

The differing cell types occurring as part of the
epldermis were studied and recorded. Silica bodies, cork
ceélls, macro-hairs, micrb-hairs, prickle-hairs, papillae,
stomata, and certain undifferentiated cells were studied.
The form or shape of these epldermal elements was emphasized
rather than the number or distribution.

The form of the silica bodies and bicellular micro-

halrs were found to be most useful in distinguishing or



characterizing specles and other taxa. 1In thils survey of
a number of grasses of several genera and tribes, the form
and arrangement of the epldermal elements were found to be

more diagnostic than distribution or frequency.
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I. INTRODUCTION

The Gramineae has long been recognlzed as a complex
and highly diversifled family., Since the grass family is
widespread 1ln occurence and of such economic importance,
many workers have endeavored to achleve a natural as well
as utilitarian system of classification. Attentlon has
been drawn to the fact that existing treatises which utilize
the gross morphological characteristics of the floral organs
are insufficient in solving the problems posed by this taxon.

During the past fifty years, the store of knowledge
concerning the grasses has been greatly magnified as it has
for all sciences. An important factor in this amplifica-
tion has been the application of new techniques and the use
of information derived from several botanical disciplines.
In the past decade the science of grass systematics has
served to clarify the relative poslitions of quite a large
number of grasses. The new trend in grass systematics in-
volves the use of a correlation of data from the fields of
morphology, ecology, physiology, cytology, embryology and
ofilhers. Physiological responses (Al-Aish and Brown, 1958),
the meristem (Brown, et.al., 1957), leaf anatomy (Brown,
1958), chromosome numbers (Gould, 1958), and leaf epidermis
(Lée, 1961), have been found to vary among specles and may
be utilized in the taxonomy of the group.

A study by Reeder and Ellington (1960) exemplifies

the advantages of the new grass systematics, On the basis



of floral morphology, the genera Calamovilfa, Ammophila

and Calamagrostis are characterized as closely related

members of the traditional tribe Agrostideae. Taxonomists

. and agrostologists have followed this arrangement for years.
The studies of Reeder and Ellington involved comparisons

of embryo structure, lodicules, leaf epidermis, leaf
anatomy as revealed by transverse section, and the size

and number of chromosomes of certain representatives of the
three genera., Examination of the correlated data showed

the genera Ammophila and Calamagrostis to be closely related,

but the genus Calamovilfa was shown to be most closely re-

lated to the genus Sporobolus. Calamovilfa revealed few

characteristics in common with the other two genera except
those of the floral organs,

Among the characteristics utilized in the above
study were those of the leaf epidermis., The epidermis of
grass leaves exhibits one of the most highly specialized
morphological aspects of the family and has been proven use-
ful in the taxonomy of the group. The taxonomic significance
of these epldermal characteristics were emphasized by the
Frenchman Henri Prat in 1932. 1In writings since that date
(1936, 1948), Prat assigned importance to epidermal patterns
and cell types and stated that these were characteristic of
each subfamily as well as tribes. Prat (1936) indicated
that complex silica cells (i.e. silica bodiles), triangular

stomata, and the presence of cushion hairs are characteristic



of the subfamily Panicoldeae while simple silica cells,
oval-shaped stomata, and the absence of cushlon-hairs

are characteristic of the Festucoideae., Although Prat was
not correct in all his assumptions, he did foster an interest
in the taxonomic epplication of epidermal characteristics.

Since the appearance of Prat's paper, many researchers
have explored and utilized epidermal characteristics of small
or isolated groups of grasses. A recent work by C. R.
Metcalfe (1960) includes the greatest assemblage of factse
concerning the epidermis of grass leaves published to date.
However, only a limited number of grasses indigenous to the
VMixed Prairie Association are described in the voluminous
work,

In striving to add some measure of knowledge concern-
ing the epidermis of grass leaves, the author chose to
examine thirty species commonly found in the area surround-
ing Hays, Kansas and to note their epidermal characteristics.
The epidermis of grass leaves varies according to position
on the plant (Metcalfe, 1960) and only those characteristics
offthe first seedling leaves are included in this study.
Before beginning research, the author consulted the texts
of Esau (1958), Arber (1934), and Metcalfe (1960)for both

basic and specialized information.



II. MATERIALS AND METHODS

Seeds of thirty species of native and introduced
grasses were collected in the vicinity of Hays, Kansas in
the Mixed Prairie Association. The identity of these
selected species was determined through use of the Manual
of the Grasses of the United States (Hitchcock, 1950).
These specles are representative of six tribes in seventeen
genera. The fresh seed was vernalized according to proce-
dures outlined in Table I. The treated seed was then
placed on sterile soil to insure growth of only desired
'speeies and allowed to germinate, The soll was subjected
to temperatures of approximately 180° F to render any
seeds present inviable. The seedlings were grown in the
college greenhouse under optimum temperature and soil
moisture conditions.

Since some species, especially perennials with
rhizomes, produce seed in a limited supply and with low
germination percentages, it was necessary to treat another
supply of seed to insure an adequate number of seedlings
with which to work. These particular seeds were submitted
to fluctuating temperatures of 40° to 50° F for twelve
hours and 70° to 80° F for twelve hours. This alternation
of temperature was continued for a period of two weeks.
The treated seeds were then placed in a fine sterile sand
and kept at an optimum content of nutrient solution instead

of water. The nutrient solution of Shive and Robbins (1938)



was used and 1s compounded as follows:

0.0023 Molar KH2f04

0.0045 Molar Ca(Noj)2

0.0023 Molar MgSO,

0.0007 Molar (NH4)2804
One milliter of a 0.5% ferric tartrate solution was added
per liter of culture as micrometabolic elements to "complete"
the nutrient solution.

Although no records of germination percentages were
kept, the use of alternating temperatures produced a higher
Ppercentage of germinating seed than those treated by con-
stant temperatures.

The seedlings were allowed to grow until the third
seedling leaf was evident., The seedlings were then washed
free of sand and soll and preserved in F.A.&., a standard
fixing and preserving fluid.

Slides of the abaxial (lower) and adaxial (upper)
surface of the first seedling leaves were made by the peel
method outlined by Lonert (1960). The preserved leaves were
fiMet excised from the seedling, washed in 70% ethyl alcohol,
then placed on absorbent paper to remove excess fluid, A
drop of acetone was appllied to the desired surface and a
plece of cellulose acetate film about the size of a standard
coversllip then pressed firmly over the leaf surface. The
acetate film employed was 0.021 mm in thickness, but thick-

ness may vary without undesirable effects., After the acetate
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film was dry, it was directly fastened, impression side down,
to a standard glass slide with masking tape. The resulting
slides are permanent. The slides were observed under a com-
pound microscope with obligue illumination of 100x and 400x
powers. Both abaxial and adaxial surfaces of each species
were photographed with Kodak Tri-X film. A photomicrograph
lightmeter was employed to adjust the light source to six
units, the film was then exposed for 1/5 second.

Comparisons of the acetate peels were made by utiliz-
ing stained mounts of the actual epidermis. The preserved
. 8pecimens were washed in 70% ethyl alcohol and placed
adaxial surface up on a glass slide. Al1ll but the abaxial
epidermis was then scraped away with a single-edged razor
blade. The specimen was then transferred to a methylene
biue staining solution which serves to differentiate the
cell types. The specimens were mounted in Karo syrup, one
of the mounting media prescribed by Johansen (1940). The
resulting slide 1s permanent and need not be ringed with
piccolyte except in moist climates. No photomicrographs

of these glides were taken.



ITI. OBSERVATIONS AND DATA

In an unpublished study, the author has observed
that the external gross morphology of grass seedling leaves
does not necegsarily reflect the same characteristics found
in leaves of the nature of flowering plants. For example,
the pustulate hairs along the margins of mature leaves of

Bouteloua curtipendula are not seen in first seedling leaves,

Species within the same genus often show striking similar-
ities and are quite difficult to distinguish on the basis
of gross morphology alone.

In this present study, it was noted that the position
of the first seedling leaf seems characteristic for each
subfamily. Prat (1936) indicated that the first foliage
leaf of grasses of the subfamlily Panicoideae is rather broad
and flaring and assumes a horizontal position. On the other
hand, grasses of the subfamily Festucoldeae have long, nar-
row first seedling leaves that assume a vertical position.
Observations of the selected thirty species showed the
position of the first seedling leaf relative to the soil
suMace to be characteristic of the two subfamilies Panicoideae
and Festucolideae., It was also noted that the first seedling
leaf 1s ephemeral in nature.

The microscopical epidermal characteristics of both
abaxial (lower) and adaxial (upper) surfaces of the thirty
gselected specles were examined and recorded. In all cases

the leaves were examined from margin to margin., The leaves



of all but a few species were observed from the ligule or
collar region to the apex. Observations were made at 100X
and 400X.

The abaxial surfaces, in general, were found to
offer a wider assortment of characteristics than the adaxial
surfaces, Only the characteristics of the abaxial surface
were employed in a key to species, The key was constructed
not strictly for purposes of identification, but rather to
point out morphological characters and to aid in identifi-
cation. More important, the key categorizes species which
- share epidermal characteristics and points out their dif-
}erences. Descriptions and photomicrographs of both
epidermai surfaces and line drawings of silica bodies and
other diagnostic features accompany the key to species.

The grass seedlings studled were found to exhibit
a variety of cell types as occur in leaves of mature grasses.
The individual cells are orientated in rows or files with
the long axlis parallel with the margins of the lamina., Since
C. R. Metcalfe may be conslidered an authority concerning
epldermal characteristics, it 1s desirable to view these
files of cells in a horizontal position so that his termi-
nology may be understood and employed. The terms used to
describe epidermal elementé in this paper follow Metcalfe's
rather closely in order to preserve some standardization of
meaning., In general, the files of cells may be categorized

as short cells, which are nearly isodiametric and usually
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occur over the veins, and long cells, which are much longer
than broad and occur predominantly between the veins.

Bhort cells have been referred to in previous liter-
ature as either silica cells, which become silicified and
then contain a characteristic silica body, or cork cells,
which give reactions of cork. Metcalfe (1960) points out
that this terminology is not entirely satisfactory since
gome cork cells commonly become silicified. The author has
continued to use these terms, however, for the sake of con-
venlence, The shape of the silica bodies and the relative
distribution of the short cells are characteristic of species
andvcan be employed as diagnostic characters. Of the species
included in this study, fourteen exhibited dumeell-shaped
silica bodies or variations of the dumbbell shape. Five
species had horlizontally elongated silica bodies, and four
specles cruclate silica bodies. Saddle-shaped silica bodies
were predominant in three speclies., Other species showed
mixed or varlable forms of silica bodies. Cubical, acutely

angled, tall and narrow, nodular, and forms intermediate

-beé%een cruclate and dumbbell-shaped were noted.

The position of the short cells were found to vary
in relation to the veins and to each other, They m&y occur
a8 solitary silica cells, in pairs consisting of a cork cell
and silica cell, or in long rows the silica cells and cork
cells usually alternating. The short cells occur elther

over the veins, between the veins, or both over and between
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the véins on the‘same leaf. The majority of species included
in the study had short cells in long rows, only nine species
having short cells either solitary or in pairs. $Sitanion
hystrix had no short cells present.

The long cells offer few characteristics in comparison
with the short cells. Long cells are usually much longer
than broad and may or may not have sinuous cells walls. The
long cells separating the stomata are referred to as inter-
stométal cells and are generally shorter than other long
cells, The end walls of the interstomatal cells are usually
concave around the stomatal mechanism.

Biéellular micro-hairs were noted to occur on both
leaf surfaces of twenty one species of the thirty species
examined. An additional three specles had micro-hairs on
the adaxial surface only. The remaining six species were
devoid of micro-hairs., On the basis of the ratio of the
length of the basal cells to the distal cells and the rela-
tive width of the cells, several rather distinet types of
micro-hairs can be distinguished. Although unicellular
mieFo-hairs occur, notably in‘SQorobolus spp., none were
seen in this study.

Macro-hairs are usually much larger structures than
the miero~hairs described above and are unicellular. Macro-
hairs were found to occur in ten species of those included
in the study. The macro-hairs may be long, slender, and

flexuous, or short and stiff. The bases of the trichomes
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may be swollen, or slender, and may be surrounded by a group
of speclalized epidermal cells.,

Prickle-halirs are short, sharply-pointed structures
with swollen bases. Angular prickle-hairs were present at
the margins of all thirty species studied. Angular prickle-
hairs, or smaller, more rounded "hooks'" were found to be
present, mostly over the veins, in twenty species. Although
the apices of these prickle-hairs usually point toward the
apex of the lamina, some were found to be retrorse, notably

in Agropyron smithii.

Stomata occur between the veins in horizontal files
'with the long cells. The shape of the subsidlary cells was
found to vary. Prat (1936) indicated that triangular stomata
(1.e. subsidiary cells) were characteristic of grasses of the
subfamily Panicoideae. Metcalfe (1960), however, emphasized
that many grasses of the subfamily Festucoideae show mixed
characteristics and notes the occurrence of triahgular sub-
sidiary cells in members of the Chlorideae, Festuceae, and
other Festucold tribes. OStomata of the thirty grass seed-
linge included in this study showed triangular, dome-shaped
("ovoid"), and parallel-sided subsidiary cells, twelve pre-
dominently triangular, and the remainder a mixture of shapes.

Other characteristics, such as papillae and certain

speclalized cells are included in the description of species,



10.

aLak

(4)

(7)

(6)
(9)

(11)

(10)

12
A KEY TO SPECIES

Short cells absent. . . . . . Sitanion hystrix

Short cells present,

Short cells both over and between the veins.
Silica bodies acutely angled, saddle-shaped and
cubical over the veins; tall and narrow or cubical

between the veins . . . . . . Buchloe dactyloides

Silica bodies dumbbell-shaped or variations of
the dumbbell shape.

Long, slender macro-hairs present; the cells near
proximal end inflated or raised above the general

level of the epidermis, . . . Chloris verticillata

Macro-hairs absent.

Stomata with predominantly triangular subsidiary
cells, infrequently low dome-shaped; distal cells
of micro-hairs often bearing a minute projection

or papilla. . « « o o« » o o « Eragrostis trichodes

Stomata with low dome-shaped and triangular sub-
sidlary cells in about equal frequencies or pre-
dominantly low dome-shaped; distal cells of
micro-hairs bearing no projebtighs.

Basal cell of micro-hairs approximately three times
as long as broad; prickle-hairs over the veins near

margins; long cells somewhat sinuous. . . . .« .

© + o o o s s+ o o« s o s o « » Sporobolus airoides

Basal cell of micro-halrs approximately as broad



L28
13.
14,
15-
I

17.

18

19.
20.

20l

(3)

(22)

(15)

(14)

(19)

(18)

(17)

(16)

(21)

(20)

13
as long, constricted at proximal end; prickle-hairs
absent; long cells sinuous, very sinuous at margins

e o ¢ o o s » e s e &« & & o o Oporobolus asper

Short cells over the veins, only rarely occurring
between.

Short cells solitary or in pairs, not in long

rows; silica bodies horizontally elongated; stomata
with parallel-sided subsidiary cells.

Macro~hairs absent. . . . . . Bromus inermis

Slender macro-hairs or short stiff macro-hairs
abundant.

Macro-hairs long and slender, flexuous; prickle-
hairs usually absent.

Silica bodies greatly elongated, often twice as
long as stomatal mechanism; macro-hairs long,

slender, and flexuous . . . . Bromus japonicus

Silica bodies seldom longer than stomatal mechanism;
macro-hairs slender, of medium length, and flexuous

T T T Lt E e e e e R oL e mirestt e i ortm

Macro-hairs short and stiff; prickle-hairs present,
Large, angular prickle-hairs present over the veins,
marginal prickles large, angular, some retrorse;
small, nearly isodlametric cells with a minute
papilla often in same file with long cells, . . .

I S P e R N e DO S S R L

Few hooks present over the veins, angular prickle-
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23,

24,

25.

26,

i

28,
29.

30.

(13)

(38)

(27)

(26)

(25)
(24)

(33)
(32)

(31)

14
halrs absent; 1sodiametric cells with papilla

S e TR R e e o Herdelim pusillam

Short cells usually in long rows, or solitary,
in pairs, and in long rows on same leaf; silica
bodies not horizontally elongated (except in

Shedonnardus paniculatus); stomata with low dome-

shaped or triangular subsidiary cells, '
Micro-hairs with broad, hemispherical atstal cell,
the basal tapered at proximal end.

Single, large, obiique papillae present atapical
end of long cells; the long cells widest at apical
third of cell.

Silica bodies dumbbell-shaped, intermediate forms
between cruciate and ﬁumbbell—shaped present . .

B Tl Ll e er fe e e Bk RiMulhilienberglia: racemosa

Silica bodies horizontally elongated with acute

anglesS. « « « « « +» « « o Schedonnardus paniculatus

Single, large, obligue papilla absent; long cells
widest at ends or center of cell.

Saddle-shaped silica bodies present.

Silica bodies predominantly saddle-shaped acutely
angled or tall and narrow forms present.

Stomata with predominantly triangular subsidiary
cells, low dome-shaped forms also present; cork
cells very sinuous, the folds overlapping; macro-

haldrs absentil v &« - . - » - . Bouteloua hirsutea




31.

32.

33.
34.

5Bl

36.

37.

8.

(30)

(29)

(28)
(35)

(34)

(37)

(36)

(23)

15
Stomata with low dome-shaped subsidiary cells, a
few near margins somewhat triangular; few long,
slender macro-hairs present, the cells near
proximal ends inflated or ralsed above general

level of the epidermis, . . . Bouteloua gracilis

Silica bodies variable; saddle-shaped, dumbbell-
shaped, and intermediate between cruciate and
dumbbell-shaped forms present ¢« « « « o o o s o

R e el e e e . Beoufelolia curtipendula

Saddle-shaped silica bodies absent,

Stomata with predominantly triangular subsidiary
cells; silica bodies dumbbell-shaped, intermediéte
forms between cruciate and dumbbell-shaped forms
present; long cells not sinuous . . . « ¢ « ¢ o &

S R T e e e . . BragreSkils lebbisnengis

Stomata with predominantly low dome-shaped sub-
sidiary cells, triangular near margins.

Silica bodies dumbbell-shaped, acutely\angled forms
also present; long cells somewhat sinuous . . . .

B S I Siporobelibiss ceypiiisindrus

Silica bodles crucilate, intermediate forms between
cruciate and dumbbell-shaped present; long cells
sinuous, very sinuous at margins . . . . . . .

TR R ) s s« Dp9rebolis neglechuls

Miecro-hairs with distal cells tapering to sharp-

pointed or gently rounded apices, not hemispherical
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40,

42,

13,

45.
46,

(40)

(39)

(50)

(£3)

(42)

(45)

(44)
(47)

16
and btroad; the bhasal cells not markedly tapered
at proximal ends.
Long cells with a single, large, obligue papilla
near thelr epical ends; long cells widest near

apical third of cell; distal cells of micro-hairs

‘with gently rounded apices. .Echinochloa crusgalli

Long cells without such papillze, widest at center
or ends of eell; distal cells of micro-hairs tapered
to sharp-pointed apices,

Distal cells of micro-hairs longer than the basal
cells; cruciate silica bpdies usually present

(exeept in Panicum dichotomiflorum).

Silice bodies dumbbellshaped, cruciate forme
abeent; conspicuous small, circular papillae
present at each end of subsidiary cells on adaxial
surfaece; the interstomatal and surrounding cells

MO e o) e e 50 sl e ws soapizeum. dichotenilorun

Silica bodies both cruciate and dumbell-shaped, or
cruciate; subsidiary cells of adaxial surface not
papillose,

Long slender macro-hairs present, the cells near
proximal end of trichomes appearing raised or in-
flated above the general level of the epidermis

R e T T e st e (e e Mo ties. e e e mobomRTICHIM SEAHH e

Macro~-hairs absent.

Silicsa bodies crucizte; forms intermediate between



47, (46)

48, (49)

49, (48)

50. (41)

Bl (&2)
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cruclate and dumbbell-shaped also present; distal
cells of miecro-hairs two to two and ohe-half times

as long as the basal cells; stomata with both

“triangular and low dome-shaped subsidiary cells

R, ¢ L lEenchkrus palicliflorus

Silica bodies both cruciate and dumbbell-shaped;
distal celle of miecro~hairs usually one and one-
half times as long as basal cells or twice as long;
stomata have triangular subsidiary cellé.

Silica bodies predominantly dumbbell-shaped,
cruciate and saddle-shaped forms present; distal
éells of micro-hairs one and one-half times as
long as basal cells, usually bent; long cells

usually three to five times longer than broad

ST e e Lok e N Bobandd Litesdens

Silica bodies dumbbell-shaped and cruciate, saddle-
shaped forms absent; distal cells of micro-hairs
one and one-half to two times as long as basal
cells, usually straight; long cells usually over

five times longer than broad. . Setarla viridis

Distal and basal cells of micro-hairs equal in
length or the basal longer; cruciate silica bodies

usually absent (rarely present in Sorgastrum nutans

and Panicum virgatum).

S1lica bodies variable, tall and narrow and saddle-

shaped forms present near margins, horizontally
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53.

54.

55.

56.

57.

58.

(51)

(54)

(53)

(56)

(55)

(58)

(57)

18
elongated to cubical, cruciate, and variations of
the dumbbell-shape present, dumbbell shapes most

RRE GO ISR RN B ey Panticin vlireadtiam

Silica bodles dumbbell-shaped (rarely cruciate in

Sorghastrum nutans).

Distal cells of micro-hairs taper slightly to
blunt or gently rounded apices; stomata have tri-

angular subsidiary cells., . Sorghastrum nutans

Distal cells of micro-hairs taper to sharp-

pointed apices; stomata have both low dome-shaped
and triangular subsidiary cells,

Silica bodies dumbbell-shaped, resembling an hour-
glass in form; distal cells of micro-~-hairs broades8t

just above proximal end . . Andropogon saccharoides

Silica bodies dumbbell-shaped; distal cells of micro-
hairs broadest at point of attachment to basal cells,
Angular prickle-hairs and few hooks present over

the veins; interstomatal cells inflated or appear-
ing with single, large, dome-shaped papillae, these
conspicuous; interstomatal cells are usually two

to three times longer than broad and are considerably

broader than other long cells. .Andropogon scoparius

Prickle-hairs absent; interstomatal cells somewhat
inflated but not conspicuous; interstomatal cells
are usually five times longer.than broad or more

and as broad or twice as broad as other long cells

T et e e 2 o n e - Andropopon gerordi
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DESCRIPTION OF SPECIES

Agropyron smithii Rydb. Western Wheatgrass

Abaxial Surface:

Short cells occur over the veins-usually solitary,
but also in pairs., Silica bodies are predominantly
horizontally elongated and sinuous. Cubical and tall
and nerrow forms also occur. Short, stiff hairs with
swollen superficial bases are abundant between the
velns. Large angular prickles occur over the veins.
Marginal prickles are anguiar and some are retrorse.
Stomata have parallel-sided subsidiary cells., The
long cells are thin-walled and not sinuous. Certain
cells which have been referred to as "crown cells"
were found to occur in the same file with the long
cells. These are nearly isodiametric cells wilth
single, small, needle-like projections or papillae,

Adaxial Surface:

Short cells occur both over and between the veins,
bfth gsolitary and in peirs. Silica bodies are horizon-
tally elongated and sinuous. Large, angular prickles
are abundant sver the veins. The long cells are thin-
walled and not sinuous,

Andropogon gerardl Vitman, Big Bluestem

Abaxial Surface:

Short cells occur over the veins in long rows. The



silica bodies are dumbbell=-shaped. Bicellular micro-
hairs are present between the veins., Basal and distal
cells are about equal in length, the distal cells tapered
to sharp-pointed apices. The interstomatal cells occur
inflated but are not papillose. Stomata have triangular-
shaped subsidiary cells near the leaf margins, but thg
subsidiary Eells are low dome-shaped elsewhere on the
leaf surface. Long cells have thin, sinuous cell walls,
- The interstomatal cells are approximately twice as
broad as other long cells and somewhat inflated in
appearance. The interstomatal cells are mostly five
times longef than broad or longer.

Adaxial Surface:

Short cells occur over the veins in long rows. The
silica bodies are dumbbell-shaped. Macro-hairs are
rarely present between the veins. These are slender
trichomes surrounded at the base by a few specialized
epidermal cells raised above the general level of the
epidermis constituting a "cushion-hair". Bicellular
micr®hairs are present between the veins. The basal
and distal cells are about equal in length, the distal
cells méper to sharp-pointed apices. Few angular
prickle-hairs occur over the veins near the margins
only. Subsidiary cells are predominantly low dome-
shaped, a few at margins triangular. The long cells

are thin-walled and sinuous only near margins and are

20
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mostly three to four times longer than broad.

Andropogon saccharoldes Swartz., Silver Beardgrass

Abaxial Surface:

Short cells occur over the veins in long rows. The
silica bodies are dumbbellQShaped, somewhat resembling
an hour glass in form. Bicellular micro-hairs are
present between the veins and most abundant near the
marginé. Basal and distal cells are about equal in
length, the proximal ends of the distal cells wider
than the basal cells, The distal cells are tapered to
sharp-polnted apices. Few angular prickles occur over
the veins near the margins and lmse of the blade.
Stomata have low dome-shaped subsidiary cells, trian-
gular near margins and base of blade. Long cells are
ﬁhin—walled and sinuous near margins only. These are
broadest at the center of the cell and considerably
longer than broad. The interstomatal cells are some-

what inflated in appearance, but not papillose, and

<afe shorter than other long cells.

AdBxial Surface:

‘Short cells occur over the veins in long rows. Silica
bodies are dumbbell-shaped. Angular prickles are rarely
present over the veins. Stomata are low dome-shaped.
Long cells are thin walled, of uniform width, and con-

siderably longer than broad.
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Andropogon scoparius Michx., Little Bluestem.

Abaxial Surface:

© Short cells occur over the veins in long rows. Silica
bodies are dumbbell-shaped. Bicellular micro-hairs are
present between the velns. The basal and distal cells
are about equal in length. The distal cells taper to
sharp-pointed apices. Angular prickles occur over the
veins, and few hooks are present. Stomata are low dome-
shaped to somewhat triangular-triangular near the leaf
margins. The subsidiary cells have minute papillae

at each end or appear swollen. Long cells have sinuous
cell walls, markedly sinuous near leaf margins. The
ihterstomatal cells are conspicuous, appearing inflated
or somewhatpapillose. The interstomatal cells are as
broad as long to two or three times as long as broad.
Other long cells appear much narrower and considerably
longer.

Adaxial Surface:

Short cells occur over the veins in long rows, the
s#4ca bodles dumbbell-shaped. Bicellular micro-halrs
are present between the veins, the basal and distal cells
appearing equal in length. The distal cells taper to
sharp-pointed apices. Angular prickles occur over the
veins near the leaf margins and midrib. Stomata are
mostly trianguler to low dome-shaped, the guard cells

appearing papillose or swollen at the ends. The long



23
cells are thin-walled and sinuous. The interstomatal
cells appear inflated and are mostly over three times
longer than broad,

Bouteloua curtipendula Michx. Side-oats Grama.

Abaxial Surface:

Short cells occur over the veins in rows of three to
five and in iong rows, Silica bodies are dumbbell-
shaped, saddle-shaped, and intermediate between cross
and dumbbell-shaped. Bicellular micro-hairs are present
between the veins. The basal cells are somewhat longer
to twice as long as the distal cells and taper toward
ﬁheir pfoximal gnds. The distal cells are hemispheri-
cal, Stomata usually occur in two rows with a row of
micro-hairs between. Stomata have predominantly tri-
angular subsidiary cells with low dome-shaped forms
also present., The long cells are thin-walled and some-
what. sinuous near the leaf margins and the longer veins,

Adaxial Surface:

Short cells are few and occur over the veins. The
sMica bodies are saddle-shaped and most abundant near
the leaf margins.' Short, stiff macro-hairs are present
between the veins, often in the same file with micro-
hairs. Bicellular micor-hairs are present between the
véins. Basal and distal cells are nearly equal or the
basal up to twice Es long as distal. The basal cells

are tapered toward their proximal ends, the distal cells
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are hemispherical. Large angular prickle-hairs are
present over the veins near the margins of the leaf.

The long cells are thin-walled and weakly sinuous near
the margins.

Bouteloua gracilis (H. B. XK.) Lag. ex Steud. Blue Grama.

Abaxial Surface:

Short cells occur over the veins in long rows, the
gilica bodies saddle-shaped. & few long, slender macro-
hairs are present between the veins. The bases of these
trichomes are surrounded by a few epidermal cells raised
somewhat above the general level of the epidermis., Bi-
cellular micro-hairs are present between the veins., The
basal cells taper toward their proximal ends and are
equal in length to the hemispherical distal cells,
Stomata have predominantly low dome-shaped subsidiary
cells, but triangular forms appear near the leaf margins.
The long cells are thin-walled and sinuous.

Adaxial Surface:

Short cells occur over the veins, the silica bodies
séddle-shaped and most frequent near the leaf margins.
Neither macro-hairs nor bicellular micro-hairs occur
on the adaxlal surface. Large angular prickle-hairs
are present over the veins, especlally near the margins
and the dpex of the leaf., Those prickle-hairs near
the apex appear to be prolonged into short stiff hairs.

Stomata have low dome-shaped subsidiary cells. The long
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cells are thin-walled and not sinuous except at the leaf
margins.

Bouteloua hirsuta Lag. Halry Grama,.

Abaxial Surface:

Short cells occur over the veins in long rows. The
silica bodiles are predominantly saddle-shaped. Acutely
angled and tall and narrow forms are also present. Cork
cells have very sinuous cell walls, Bilcellular micro-
hairs are present between the veins. The basal cells
taper toward their proximal ends and are usually twice
ag long as the hemispherical distal cells. Few hooks
are preéent over the veins near the leaf margins.
Stomata have predominantly triangular subsidiary cells,
others appearing low dome-gshaped. Stomata occur in two
rows with a row of micro-halrs between, The long cells
are thin-walled end very sinuous, the folds interlacing.

Adaxial Surface:

Short cells appear over the velns in long rows. The
silica bodies are saddle-gshaped but tall and narrow and
autely angled forms also occur. Bicellulér micro-
hairs are present between the velns. The basal cells
taper toward thelr proximal ends and are approximately
twice as long as the hemispherical distal cells.

Large angular prickle-nairg are abundant over the velns
and appear to be projected into short stiff hairs toward

the apex of the leaf. Stomata are low dome-shaped and
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occur in two rows, The long cells are thin-walled and
somewhat sinuous.

Bromus inermis Leyss. Smooth Brome.

Abaxlal Surface:

Short cells occur over the veins in pairs and solitary.
Silica bodies are horizontally elongated with sinuous
margins and often appear tall and narrow near the leaf
margins, Hooks are presént over the veins, a few of
these retrorse. Few specialized cells referred to as
"erown cells" appear over the veins., Stomata have
ﬁarallel-sided subsidiary cells. The long cells are
thin-walled, not sinuous, and greatly elongated. The
interstomatal cells are much shorter, usually twice as
long as broad.

Adaxial Surface:

Short cells are few and occur over the veins both
solitary and in pairs. ©Silica bodies are horizontally
elongated with sinuous margins, Stomata occur in rows
of two and have parallel-sided subsidiary cells. The
1&ng cells are thin-walled, not sinuous, and quite long.
Interstomatal cells are usually much shorter, about
twice as long as broad.

Bromus Jjaponicus Thunb. Japanese Brome,

Abaxial Surface:

Short cells occur over the veins both solitary and

in pairs. The silica bodies are horizontally elongated
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with sinuous margins and are often twice as long as the
stomatal mechanism. Long, slender macro~hairs with
swollen bases are abundant between the veins. Stomata
have parallel-sided subsidiary cells. Long cells are
thin-walled, not sinuous, and are greatly elongated.

Adaxial Surface:

Short cells occur over the veins usually gsolitary or
in pairs. The silica bodies are horizontally elongated
with sinuous margins. Long, slender macro-hairs with
swollen bases are abundant between the veins. Few
hooks are present over the veins near the leaf margins.
Stomata have parallel-sided subsidiary cells. The long
cells are thin-walled, not sinuous, and are greatly
elongated.

In distinguishing Bromus japonicus from Bromus

tectorum, the length of the silica bodies seems diagnostic.

‘In Bromus japonicus, the silica bodles are often as long

to twice as long as the cells of the stomatal mechanlsm.

On the other hand, the sllica bodies of Bromus tectorum

are only rarely longer than the cells of the stomates,

usually shorter.

Bromus tectorum L., Downy Brome.

Abaxial Surface:

Short cells occur over the velns solitary, in pairs, or
in rows of three. The sllica bodies are horizontally

elongated, sinuous in outline, and only rarely exceed the
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length of the stomata. Slender macro-hairs of medium
length and with swollen bases are abundant between the
velns. Stomata have parallel-sided subsidiary cells,
rarely appearing low dome-shaped. The long cells are
thin-walled, not sinuous, and greatly elongated.

Adaxial Surface:

Short cells are Infrequent and are usually solitary
over the veins where present. Silica bodies are horizon-
tally elongated and may have smooth or s}nuous margins.
Slender macro-hairs of medium length with swollen bases
are abundant between the veins. Stomata have parallel-
sided subsidiary cells or may have few low dome-shaped
forms. The long cells are thin-walled, not sinuous,
and greatly elongated.

Bromus tectorum closely resembles Bromus japonicus

in its epidermal characteristiecs.

Buchloe dactyloides (Nutt.) Engelm. Buffalo Grass.

Abaxilal Surface:

Short cells occur both over and between the velns-
s%litary, in pairs, and in long rows. Silica bodies
over the velns are frequent and are saddle-shaped,
acutely angled, and cubical. Silica bodies between
the veins are less frequent and tall and narrow in
form. Cork cells have sinuous cell walls. Blcellular
micro-hairs are present between the velns near the apex

of the leaf. The basal cells taper toward their proximal
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ends and are approximately twice as long as the hemisf
pherical distal cells. Hooks are present over the veins
near the leaf apex and between the veins elsewhere on
the leaf surface. 8Single small, circular paplllae are
usually present at the apical end of the long cells.
Stomata have predominently triangular subsidiary cells.
The long cells are thin-walled and sinuous, markedly
sinuous near the margins of the lamina.

Adaxial Surface:

Short cells occur both over and between the veins-
solitary, in pairs, and in long rows. Silica bodies
are usually saddle-~-shaped or acutely angled over the
veins, tall and narrow or cubical between the velns.
Bicellular micro-halrs are present near the leaf margins
only. The basal cells taper toward their proximal ends
and are usually twiece as long as the hemispherical
distal cells. Hooks occur over the veins, the inter-
stomatal cells often appear weakly barbed., Stomata
have ‘triangular subsidiary cells, or some low dome-
sdgped forms also present. The long cells are sinuous,
markedly sinuous near the leaf margins, and vary from
two to five times as long as broad.

Cenchrus pauciflorus Benth. Field Sandbur,

Abaxial Surface:

Short cells occur solitary, in pairs, and in long

rows over the veilns or rarely betwesen. Silica bodies
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are cruclate, but forms intermediate between cruciate

and dumbbell-shaped are also present. Bicellular micro-

. halrs are present between the veins, The distal cells

are from two to two and one-half times as long as the
basal cells, The distal cells are tapered to sharp-
pointed apices and usually appear bent. Hooks are
abundant over the veins, Stomata have mixed shares of
subsidiary cells. The subsidiary cells are markedly
triangular near the leaf ﬁargins and principle veins
but are low dome-shaped elsewhere. The long cells afe

thin-walled and slinuous only near the leaf margins,

‘Adaxial Surface:

Short cells occur usually over the veins in long rows.
S1lica bodies are few and cruciate in form. Bilcellular
micro-hairs are present. The distal cells are two to
two and one-half times as long as the basal cells and
taper to sharp-polnted apices., Hooks occur over the
veins and are most numerous near the leaf margins.
Stomata have both triangular and low dome-shaped sub-
glldiary cells. The long cells are thin-walled and not
sinuous except at the leaf margins.

Chloris verticillata Nutt. Windmill Grass.

Abaxilal Surface:

Short cells occur in long rows over the veilns, rarely
between the veins. Silica bodies are predominantly

dumbbell-shaped, few horizontally elongated acutely angled
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forms also present. Short cells are usually in pairs
or solitary where they occur between‘the veins. Long,
slender macro-hairs are present. The epidermal cells
surrounding the bases of these trichomes appear raised
or inflated above the general level of the epidermis,
Eicellular micro~hairs are also present. The distal
cells are hemispherical and are equal in length or some-
what lénger than the basal cells. The basal cells taper
at their proximal ends.l Few hooks are present over the
veins near the leaf margins. Stomata have both trian-
gular and low dome-shaped subsidiary cells. The long
cells are thin-walled and somewhat sinuous, being more
markedly sinuous near the leaf margins and apex. The
interstomatal cells are usually not concave around the
stomata.

Adaxial Surface:

Short cells occur over the veins in long rows. Silica
bodies are dumbbéll-shaped and relatively few. Long,
elender macro-hairs are present, the cells bordering
pilximal ends inflated as those of the abaxial surface.
Relatively few bicellular micro-halrs are present near
the leaf margins only. Basal and distal celles are about
equal in length, the basal tapering toward proximal end,
the distal hemispherical. Few hooks are present over
the veins near the leaf margins. Stomata have both

triangular and low dome-shaped subsidiary celle. The
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long cells are thin-walled and somewhat sinuous, especi-

ally near leaf margins,

Echinochloa crusgalli (L.) Beauv. Barnyard Grass.

Abaxial Surface:

Short cells occur over the veins in long rows.
Sllica bodles are predominantly dumbbell-shaped but some
appear intermedlate between dumbbell-shaped and nodular.
Bicellular micro-hairs are present between the veins.
Basal and distal cells are about equal in length. The
basgal cells are somewhat tapered toward their proximal
ends; the distal cells have blunt or gently rounded
apices, ©Single, large, obligue papillae are present
near the apical ends of the long cells. Stomata have
low dome~shaped subsidiary cells, the stomata near the
leaf margins often appearing to have triangular subsidiary
cells, The long cells are thin-walled and not sinuous.
The cells are broadest at the upper third of the cell and
taper toward the end walls. The end walls of the inter-
stomatal cells are not concave.

Adlxial Surface:

Short cells occur over the veins in long rows.
Silica bodles are dumbbell-shaped. Relatively few
bicellular micro-hairs are present near the margins
of the leaf. The basal and distal cells are equal in
length. The basal cells taper somewhat toward their

proximal ends, the distal cells have gently rounded
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aplces. BSingle, large, oblique papillae are present
on most of the long cells. Stomata have low to tall
dome-shaped subsidlary cells. The long cells are thin-
walled, not sinuous, and are broadest at the apical
third of the cell.

Eragrostis cillaensis (All.) Lutatl., Stinkgrass.

Abaxial Surfaces

Short cells occur over the velns and are solitary,
in pairs, in rows of three, or predominantly in long
rows. =i1lica bodies are dumbbell-shaped, but intermediate
forms between cruciate and dumbbell-shaped are also pre-
sent. Bicellular micro-hairs are present between the
veins. The basal cells taper toward their proximal ends
and are usually three times as long as the distal cells,
The distal cells are hemispuerical and often bear a
minute projection or papilla at their aplces. Ztonata
have triangular subsidiary cells. The long celles are
thin-walled and sinuous only near the leaf margins.
"Pustulate" structures composed of many cells occur at
the leaf margins.

Adaxial Surface:

Short cells occur over the veins 1n long rows or
solitary and in pairs. Silica bodles are relatively
few and are dumbbell-shaped. Bicellular micro-hairs are
present between the veins near the leaf margins only.

Basal cells taper toward their proximal ends and are
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usually three times longer than the hemispherical distal
cells. The distal cells usually possess a minute pro-
Jection or papilla at their apex. Stomata have pre-
dominantly low dome-shaped subsidiary celle, but those
near the leaf margins appear triangular. The long cells
are thin-walled and somewhat sinuous near the leaf margins.

Bragrostis trichodes (Nutt.) Wood. Sand Lovegrass.

Abaxial Surface:

Short cells occur over the veins and rarely between
the veins. Those short cells over the veins occur in
long rows while those between the velns are either soli-
tary or in pairs. Silica bodles are dumbbell-shaped over
the veins. Those between the velns are dumbbell-shaﬁed
and are noticeably larger than those over the veins, .
The basal cells are tapered soméwhat toward thelr
proximal ends and are two to three times longer than
the distal cells. The distal cells are hemispherical
and often possess a minute projection or papillae at
their apices. Hooks are present over the veins near
the leaf margins. Stomata have predominantly triangular
gsubsidiary cells, but some appear low dome-shaped to
somewhat tall dome-shaped. The long cells are thin-
walled and sinuous, markedly sinuous near the leaf
margins.

Adaxial Surface:

Short cells occur over the veins usually in long rows
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or solitary and in pairs. =ilica bodies are dumkbell-
shaped. Bicellular micro-hairs are present between
the veins, The basal cells taper toward thelr proximal
ends and are two to three times longer than the hemis-
pherical distal cells. The distal cells often possess
a minute projection or papilla at their apices. Hooks

are present over the veins, ©Stomata have mostly tri-

angular subsidiary cells, but others appear low to tall

dome-shaped., The long cells are thin-walled and sinuous
near the leaf margins only.

hordeum pusillum Nutt. Little Bparley.

Abaxial Burface:

Short cells occur over the veins both solitary and
in pairs. Silica bodies are horizontally elongated
and sinuous. Short, stiff macro-hairs with swollen
bases are abundant over and between the veins. Hooks
are present over the veins., Stomata have parallel-
sided subsidiary cells. The long cells are thin-walled
and not sinuous,

Ad®x1a]l Surface:

Short cells occur over the veins in pairs and solitary.
The silica bodies are horizontally elongated and sinuous.
Short, stiff macro-hairs with swollen bases are present
over and between the veins. Hooks occur over the veilns.
Stomata have parallel-sided subsidiary cells. The long

cells are thin-walled and not sinuous. The interstomatal
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cells are shorter than other long cells and are seldom
over twice as long or broad.

Muhlenbergia racemosa (Michx.) B.S.P, Marsh Muhly.
Abaxial Surface:

Short cells occur over the veins both in long rows and
solitary and in pairs. Silica bodies are dumbbell-
shaped although some forms appear intermediate between
cruciate and dumbbell-shaped. Fewkicellﬁlar micro-
hairs are present between the velns. The basal cells
taper toward their proximal ends and are two to three
times longer than the hemispherical distal cells. A
single, large, obligue papilla 1s present near the apical
third of most of the long cells, =-tomata have predom-
inantly low dome-shaped subsidiary cells although others
appear somewhat tall dome-shaped. The long cells are
thin-walled, sinuous, and broadest at the apical t!ird
of the cell.

Adaxial Surface:

Short cells occur over the veins usually solitary and
in pairs. b5ilica bodies are relatively few and are
dumbbell-shaped. Bicellular micro-hairs are present
between the veins near margins., The basal cells are
two to three times as long as the hemispherical distal
cells and are usually tapered toward their proximal ends.
Large, angular prickles are present over the veins,

Single, large, oblique papillae are present near the



19.

2

aplcal end of the long cells as on the abaxlal surface.
Stomata have low dome-shaped subsidiary cells, but tall
dome-shaped forms are also present. The long cells are
thin-walled} not sinuous, and broadest at.the apical
third of the cell.

Panicum capillare L. Wltchgrass.

Abaxial Surface:

Short cells occur over the veins in long rows or
rarely solitary or 1n pairs. Silica bodies are cruclate.
Slender macro-hairs are present between the veins. The
bases of the trichomes are surrounded by a few specilal-
ized epidermal cells raised above the general plane of
the epidermis., Bicellular micro-hairs are most abundant
over the veins near margins, only few occurring else-
where. The distal cells of the micro-hairs teper to
sharp-pointed apices and are usually twice as long as
the thicker-walled basal cells. The micro-halrs usually
appear bent. Stomata have predominantly triangular
subsidiary cells, others appearing somewhat low dome=
shaped. The long cells are thin-walled and sinuous.

The interstomatal cells are shorter than other long
cells and are usually three to five times longer than
broad.

Adaxizl Surface:!

Short cells occur over the veins in long rows. Silica

bodies are cruclate and few forms intermediate between
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crucilate and dumbell-shaped are usually present. Long,
slender mecro-hairs are present between the veins. The
bases appear superficial and not surrounded by special-
ized epidermal cells as on the abaxial surface. Bicel-
lular micro-hairs are present between the velns near
margins. The distal cells are tapered to sharp-pointed
apices and are twice as long as the thick-walled basal
cells. Stomata have predominently low dome-shaped sub-
sidiary cells, others appearing triangular. The long
cells are from two to three times longer than broad,
thin-walled and sinuous, especlally at leaf margins,

Panicum dichotomiflorum Michx. Fall Panicum.

Abaxial Surface:

Short cells occur over the veins in long rows.
5ilica bodies are dumbbeéll-shaped, Slender macro-
hairs are abundant between the veins., The bases of
the trichomes are surrounded by a few specialized
epidermal cells raised above the general level of the
epldermis. »picellular miecro-hailrs are present between
the veins and are most abundant near the leaf margins.
The distal cells are two to two and one-half times
longer than the thicker walled basal cells., The
distal cells are broadest just above the point of
attachment to the basal cells and taper to sharp-pointed
apices. Stomata have low dome-shaped and triangular

subsidiary cells. The long cells are thin-walled
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and sinuous.

Adaxial §urface:

“hort cells occur over the veins in long rows.
~ilica bodies are dumbbell-shaped. Conspicuous small,
circular papillae are present on eac! end of tie sub-
sidiary celle. 4 single file of dome-shaped papilllae
ocecur on the interstomatal cells and those lon; cells
bordering the interstomatal cells. itomata nave low
dome-shaped subsidiary cells. Tie long cells are tiin-
walled and sinuous.

Panicum virgatum L. -witchgrass.

Abaxial Surface:

hort cells occur over the veins in long rows and
often in pairs. =2ilica odies are ratner varialtle 1n
form, Tall and narrow forme occur near tHe lealf reing.
rorizontally elonzated to cubical, nodular, saddle- =d,
cruciate, dumbbell-:naped, and inter:ediate betveen nod-
ular and dunbbell-siaped occur elsew ere on tie leaf
surface. Tr.e dusbbell-sgi cred silica bodies ogcelir most
fPequently. Licellular micro-i+irs are prerent neir
tie leaf margins. The distal cells are slightly longer
than the heavier-walled basal cells and taper to uore
or less s arp--ointed apices. torata have lov doue-
cia-ed and triangular subgidiary cells. T e lor_ cells
spe thin-walled =nd somewhat =inuous, especlall’ near

the leaf mar:iins.



B2

40

Schedonnardus paniculatus (Nutt.) Trel. Texas Crabgrass.

Abaxial Surface:

short cells occur over the veins in long rows.
Si1lica bodies are horizontally elongated with acutely-
angled end walls. Bicellular micro-hairs occur between
the veins and are often obscured by surrounding papillae.
The basal cells of the micro-hairs taper toward their
proximal ends and are as long or somewhat longer than
the hemispherical distal cells. Single, large, obligue
papillae occur at the apical third of most of the long
cells. oStomata have low dome-shaped subsidiary cells
and are often obscured by the papillae of the gurround-
ing long cells. The long cells are thin-walled, not
sinuous, and are broadest at the apical third of the
cell.

Adaxial Surface:

Short cells occur over the veins in long rows.
“1lica bodies are relatively few and are horizontally
elongated with acutely-angled end walls. Bicelluler
mitro-hairs are present between the veins near margins.
The basal cells are tapered at their proximal ends and
are somewhat longer than the hemispherical distal cells.
Hooks are present over the veins and rarely occur between
the veins. olngle, large, oblique papillae are present
on most of the long cells. Stomata have low dome-shaped

gsubsidiary cells. The long cells are thin-walled, not
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sinuous, and are widest at the apical tilrd of the cell.

Setaria lutescens (Weigel) Hubb. Yellow Foxtail.

Abaxlal Surface:

~hort celles occur over the veins 1in long rows. =£ilica
bodies are predominantly dumbbell-shaped. =-icellular
micro-nairs are abundant between the veins. The distal
cells are one and one-half times as long as the basal
cells and taper to siarp-pointed apices. The micro-
iaire usually appear bent., Hooks are rarely present
over the veins near tle mar ins of tie leaf. tonata
have triangular subsidiary cells., The long cells are
thin-walled and sinuous, especially near the leaf margins,
and are generally three to filve times longer than broad.
The interstomatal cells are two to three times lon_er
thian broad.

Adaxlal Surface:

i1

chort cells occur over the veins in long rows. ilica
bodies are relatively few and dumbbell-shaped. -—addle-
shaped and cruciate forms are also present. Blcellular
mierc-halrs are present between the veins., Tie dlstal
cells are about one and one-half times as long as t'e
basal cells and paper to sharp-polnted apices. Few
hooks are present over the velns. Stomata nave triangular
subsidiary cells. The long cells appear gulte regular
in size and shape and are three times as long as broad.

The interstomatal cells are two and one-half times as
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long as broad.

Setaria viridis (L.) Beauv. Green Foxtail,

Abaxial Surface:

Short cells occur over the velns in long rows. ©Silica
bodies are cruciate and dumbbell-shaped. Some nodular
forms are present. snicellular micro-hairs are present
between the veins., The distal cells are one and one-
half times as long as the basal cells and taper to sharp-
pointed apices. The micro-hairs are usually straight.
Hooks are rarely present over the veins near the leaf
margins., Stomata have triangular subsidlary cells. The
long cells are thin-walled, sinuous, and usually over
five times longer than broad.

Adaxial Surface:

~hort cells occur over the veins in long rows. Silica
bodies are dumbbell-shaped to somewhat intermediate be-
tween dumbbell-shaped and nodular. Bicellular micro-
hairs are present and are most numerous near the leaf
margins. The distal cells are one and one-half to two
times as long as the basal cells and taper to sharp-
pointed apices. Hooks are present over the veins,
Stomata have triangular subsidiary cells near the mar-
gins of the leaf, and low to tall dome-shaped forms
elsewhere. The long cells are thin-walled and not

sinuous except at the leaf margins.
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Sitanion hystrix (Nutt.) J. G. Smith. Squirreltail.

Abaxial Surface:

Short cells are apparently absent in this species.
Short, stiff macro-hairs with swollen bases are abundant
between the veins and occur over the veins. Stomata
have parallel-sided subsidiary cells., The long cells
are thin-walled and not sinuous. The interstomatal
cells are not markedly concave about the stomata.

Adaxial Surface:

Short cells are absent as in the abaxial surface.
Short, stiff macro-hairs with swollen bases are abundant
between and present over the veins, BStomata have parallel-
sided subsidiary cells. The long cells are thin-walled
and not sinuous.

Sorghastrum nutans (L.) Nash. Indian Grass

Abaxial Surface:

Short cells occur over the veins in long rows.
Silica bodies are dumbbell-shaped and cruciate forms
rarely occur. Bicellular micro-hairs are present
between the veins. The basal and distal cells are
equal in length or more commonly the basal cells are
somewhat longer to twice as long as the distal cells.
The basal cells are heavy-walled and often taper slightly
at the proximal or distal ends. Few hooks are present
over the veins near the apex and margins of the leaf,

Stomata have triangular subsidiary cells. The long
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cells are thin-walled and sinuous, especially sinuous
near the leaf margins. ‘

Adaxial Surface:

Short cells occur over the velns in long rows.
©ilica bodies are dumbbell-shaped. Cruciate forms
rarely occur. Bicellular micro-hairs are present be-
tween the veins. Basal and distal cells vary from
about equal in length to the basal cells up to twice
as long as the distal cells. The basal cells are
often tapered slightly at their proximal or distal
ends., Stomata have triangular subsidiary cells. The
long cells are somewhat sinuous and those near the leaf
margins are very sinuous.

Sporobolus airoides (Torr.) Torr. Alkalil Saccaton.

Abaxial Surface:

Short cells occur over the veins in long rows and
solitary or in pairs between the veins. Silica bodies
are dumbbell-shaped over the velns. The silica bodles
between the veins are dumbbell-shaped, cruciate, or
intermediate between dumbbell-shaped and cruciate. Bi-
cellular micro-hairs are abundant between the velns,
The basal cells of the micro-hairs taper toward thelr
proximal ends and are two and one-half to three times
as long as the hemispherical dlstal cells. Hooks are
present over the veins near the leaf margins. Stomata

have both low dome-shaped and triangular subeidiary cells.
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The long cells are thin-walled and somewhat sinuous.

Adaxial Surface:

short cells occur over the velns in long rows and
solitary between the veins., S5ilica bodies are dumbbell-
shaped between the veins and dumbbell-shaped or occasion-
ally saddle-shaped over theveins. The basal cells taper
toward thelr proximal ends and are three to four times
as long as the hemispherical distal cells. Hooks
are present both over and between the veins. Stomata
have both low dome-shaped and triangular subsidiary
cells, The long cells are thin-walled and somewhat
sinuous.
Sporobolus asper (Michx.) Kuntn. Tall Dropseed.

Abaxial Surface:

~hort cells occur over the veins in long rows and are
paired or solitary between the veins when present,
5ilica bodies are predominantly dumbbell-shaped.
Other silica bodies appear intermediate between dumbbell-
shaped and nodular, or are\compacted to somewhat cruclate
in form. Cruclate silica bodies occur between the veins
in the same file with bicellular micro-hairs., sicel-
lular micro-hairs are present between the veins. The
basal cells are constricted at thelr proximal ends and
are one and one-half to two times as long as the hemis-

pherical distal cells. Stomata have predominantly low
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done-sﬁaned subsidiary cells, but those near tne leaf
sargins are somewhat triangular in form., Tie long cells
are tlin-walled and sinuous, especilally sinuous toward
te mar-ins of the leaf.,

Adaxial -“urface:

“hort cells occur over ti.e veins in loa: rows and
{ew occur paired and solitary between t.e veins, ~-ilic
Todies are dumbbell-siaped. Few bicellular nicro-tzirs
are present between tle veins, The bLasal cells =re
ponstricted nsar eir proximzl ends and a d
ore-half to two times as long as the hemimspieriesl
distz1 cells., Few Loos are ;rese t over the velus,

511l. cirecular papillae ogcur in #ingle ro L ot
-+ the lone cells. Stomata nave somewrst tri Apatilar

-idiary cell: near the leaf margins. ([t er - -
eidiery cell re loyw dome-s2hzgpsd. The 1 cell:

=] led =td ot sinuous,

Sporcbolie cryptandrus (Torr.) 4. Gray. S=nd Ircpeesd.
sbaxisl Surface:
Bhort cell splur oyer the weine in lomE Tovws.
S line 14 re dumbiell-slizaped few teli-=:
v & igellgl nicro-ligire are sent
. The basal and distal eells &ar
gl imoigngd p the bapsl cell ry tc
gg the dietal celle. The basal eelle taper towsrd

p proxipel ende and t gistal eells Bre
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~tomata have low‘dome—shaped subsidiary cells with a
few appearing somewhat triangular near the leaf margins,
The long cells are thin-walled and not sinuous.

~daxial Surface:

hort cells occur over the veins mostlv in pairs or
solitary. The short cells occaslonally occur over t e
veins in long rows. The silica bodies are variations
of t e dumbbell-shape or rarely acutely-angled in foru,
‘icellular micro-hairc are present over the veins. rasal
and distal cells may be equal in len: ti or the t=sal
twice as long as t.ie distal cells. Ihe basal cells
taver toward thelr proximal ends and the distal cells
are hemispherical. Hooks occur over the veins and are
08t abundant near the apex of the leaf, & glngle
capilla often occurs at the apical end of tne long
cells or one papilla at eac: end, the apical usually
tie largest. <-tomata have low dome-shaped subsidiary
cells. Those stomata near tne leaf mar_ins appear to
nave trilangular subsidiary cells. Tre lon cells are
thiln~-walled and are sinuous near the leaf maroins.
Sporobolus neglectus Nash. roverty Grass.

Abaxial Surface:

“hort cells occur in palrs over tue veins. ilica
bodies are relatively few in number and are cruciate
in form. Internediate forms between dumbbell-shaped

and cruciate occur infrequently. Bicellular micro~-airs
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are present between the veins. The basal cells are two
and one-half times as long as the distal cells. The
basal cells taper toward thelr proximal ends and the
‘distal cells are hemispherical. Stomata have low dome-
shaped subsidlary cells or appear somewhat triangular
near the leaf margins. The long cells are thin-walled
and sinuous, especially sinuous near the margins of

the leaf.

Adaxial Surface:

“hort cells occur over the veins in pairs or rarely
solitary. o5ilica bodles are cruciate in form and are
most frequent near the leaf margins, Licellular micro-
cairs are present over the veins near the leaf i:r_ ins
and occur infrequently elsewi.ere. The basal cells are
two and one-half times as long as tie distal cells and
taper toward their proximal ends. The distal cells
are .emispherical. umerous small papillae occur in
a sin_le row on most of the long cells. The papillae
are more conspicuous and numerous near the mar_ins of
te leaf. ~-tomata ‘ave low dome-shaped subsidiary
cells, The long cells are thin-walled and soiewhat

sinuous. The long cells near tl e leaf margins are sinuous.
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TABLE I
VERNALIZATION PROCEDURES FOR
FRE-! :-EED
scilentific lanme rrocedure

Agropyron smitiii . . . .
Androporon serardi. . . .
Andropo-on sacchardoides,

.. .15-30°C for fourteen days
Androposon scoparius . : :
bt ,KN . 15-3000 fﬁr fourteen dﬁys
"

.59C for fourteen days
" on " 1 it

"o i 1 1t

w o o e o

R e o o o

Bouteloua curtipendula., Ll 03

Bouteloua -racilis. . . " . TR

Bouteloua hirsuta . . " " Uy " i
promus inermis. . . . .500 for five days
Bromus japonicus. . . o5 o I

Bromus tectorum . . . P I
puchloe dactyloides . .50 for six weeks
Cenchrus pauciflorus. .59C for fourteen days
Chloris verticillata. iy ul P
Echinochloa crusgalli
Eragrostis cilianensis.

. 63
Eragrostis trichodes., . .
s

.20-30°C for four to ten days
.%OS fﬁr four?een days
1 1

Hordeum pusillum. . . .
Muhlenbergia racemosa .
Panicum dichotomiflorum
Panicum vir.atum. . . .
Schedonnardus paniculatu
Setaria lutescens .
Setaria viridis . .
Sitanion hystrix .
Sorghastrum nutans.
Sporobolus asper. .
Sporobolus airoldes .
Sporobolus cryptandrus.
sporobolus neglectus. .

KN

.20-30°C for four to ten days
1" it ! 1 " n " 1

1500 for fourteen days
KNO5, 5°C for fourteen days
1 i

n f"n "

N

e o o . b
e o e ©° o o

K03, 59C for four to eignt wee's
-KW03, 50¢ for fourteen days

6« o6 5 & 8 & & & 6 ° o & & e s o & s o s o o

e ¢ s 6 & 8 o & @' o © & & s 8 e o o & o o
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irure 3, indroporon saccharoides Swartz,

Upper : Abaxial surface
siddles Adaxial surface

Micro-hair

Lower : Silica bodies and






Figure 6. Bouteloua gracilis (HeB.X.)

Upper : Abaxial surface

Fiddle: Adaxial surface

Lower : Siliea bodies and
Micro-hair
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Figure 7, Bouteloua hirsuta Lag,

Upper : Abaxial surface

“iddle: Adaxial surface

Lower : Short cells and
Micro-haip
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8. Bromus inermis Leyss.

Figu

Upper : Abaxial surf<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>