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ABSTRACT. = The culm characteristics ol T8 species
ol grasses worn studicd.  Charneloerislics hat appoar
trn have some taxonomic significance are the presence
or ahgsence of culm and sheatlh pulving, wheolher e
culm is hollow wr 2olid, the presonce or absonoes o
branclies and oe Tateral buds at the apper nodes ol
the stom, and the extent and position of the Jateral
hranches .

f

During the past O years bhe use of new anabondcal, morpholoe-

feat, aml cylological criteria have been veory significant in the
separalion of ho Oramineae intn =ix distincet sublamilies (Gonld,
19690 AF kFhe prescot time sime of the most commonly used ni these
"new" Laxonomic characteristics are thosco conecrncd with the tvpes
ol vetls in bhe leal cpidermis, the structure of the vasculzr bundie
sheath and the mesnphylT 2 the Teal’, the vascularizaetion amnd stroo-
tiure ul’ the embryo, the shape and vascularization of the lodicule,
and rhe mwmber and size olf the chromesomes.  Due ton the exbensive
work of lrown (1958) on the Teal apatomy and che work ol Recder
(L0357, LY62) on embryn structure in the Gramineae, Chese [we eritorio
are the sminsb impretant and roliable of the above mentioned character-
istics. In additiom several inoe characterislbicos are also being
nged, and these are also proving o be of some importance in deter-
mininge phylopenclic relationships in the Gramincac (Stebbins and
Crampton, 1901) . Among these minor charactoristics are certain
structnres associoted with the grass culm. Culr characeeristios
thal appest o have some taxonanic siygnilicanco are the proescoce ar
absence ol rulm and sheath pulvini, whether thoe culm is holliw op
snlid, lhe prosonce or absence nf hranchos and or lateral bads at
the upper nodes of the stem, and the oxtent and position ol the
lateral hranches.  The present stuwdy was undertaken to delormine if
theso oulm characteristics are correlated wilh Fhe major subfamilics
as mitlined hy Gonld (19G8) .

MATERTATS ANTY MITITH{DS

Living material ol Lhe 190 spoecies crassee Lisicd in Table ]
were examined lor various cubsn choraelorislics, Most of the species
woere collootod Deom nolueal populal fons o cascern wwd conlegl niled
Slates; a fow cultivars were also examinsd,  For most specics moro
than one population was examined, aml in some hickly wvar fable spreics
more Chan 30 popalations lrom widely scattered Local icies were studied.




The presencc or absence of sheath and culm pulvini wos deter-
mined by splitting the culm longitudinally through the nodal pegion
and examining the sheath and internode basce under a disscoting micro-
scope.  Usually all the nodes along the culm were examined, bul Final
determination was made from the lower and middle nodes. Many of the
gpecics were examined in both [Mowering and I'ruiting condition.
Internode condition (snlid vs. hol Liw) was derermined at the samc
time.

The prescnene or absence of lateral buds and branchos was detern-
mined by removing the leai’ sheath from each node of the culm. The
nodes were numbered, starting with the first one below the terminal
inflorescence, and the presence or absence of buds or branches was
recorded l'or each. Usually between 8 and 15 culms from cach populat-
ion were cxamined,

More than 200 ponpulations ol 98 spreies of grasses were studied
to determine il laterual branch development would be encourared Iy the
remioval of the terminal inflorcsconce. ALl populations were i'rem
central Illinvis and southern Comnecticut. 1In these populations the
terminal inflorescence was removed soon after it emerged from the leaf
sheath. Threc weeks to one month later these decapitated culms were
examined and compared with other members of the population Lo determinc
the increase in culm branching,

The nomenclature of the specics and their arrangement into tribes
and sublamilies I'vllows Gould (1968). [or species not [lound in that
smairce the nomenclature {'ollwuws Hitchoock (19513,

RESUILLS

Pulvimis -- Most grasses have a swelling at Lhe buse ol the leaf

sheath (sheath pulvinus), and many also have a swelling at the hase

of the intermode (culm pulvinus). Acceording to Hackel (1RH)), nearly
all grasses have sheath mutlvind, at lesst until the internodes have
completed their growth. He alsc mentions that once growth is complieted
onc of two things can happen. Either the shealh pulvini will remain
swollen and capableo of [lunetioning, or culm pulvini may develop from

1 to 3 mm above the node, and assume bhe luncticns of the sheath pulvini.

Brown, PFratt, and Mobley (193%) apparently were the lirst to
rocognize the taxenomic and phylagenetic sipnificance ol the culm
and sheath pulvini. They found that among the subfamily Festucoideae
sheath pulvini are nearly always prescnt while culm pulvini are nearly
always absent. Tn the sublamilics Tanicoideae amd Ervagrostoideae,
in contrast, both sheath and eulm pulvini wre usnally present. Thay
also mentioned that in thesc latter tws sublamilies the sheath pulvini
are not well developed and often shrivel when the culm pulvini develop.

Thu prescice or ahsence ol colm and sheath paulvini for each
species cxamined is recorded in Table 1 {eolumn 1 and 2). In most
species the pulvini are del'inite, casily detected structures., but in
some species the pulvini are extromely pourly develsped. Such species
are listed as having indefinitc {T) pulvini. Ol the 76 speeies ol the
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subtamily Tcstacoideac examined all have a definite sheath pulvinus
cxcept for Ddiarrheona amerivang Beauv. 1o this unusual grass no pulvini
seem tou develop. n all other {estucoid vrasses the sheath pulvinus

is mastly well developod, very obvious, and can usually be observed
wilhout cutting a Jongitudinal section of the stem. The swelling is
somctimes more than 1 om Tqng and twice the normat widbh of the oculm.
In vnly twe of the Teslucoid grasses studied are culm pulvini Found.

In Brachyelytrum crectum (Schreb.) Beauv., a definite culm pulvinus
exigts whiie an indefinite culm pulvinus is present in Oryzopsis
racemosa (J.FE. Smith) Ricker. DBrown, Pratt, and Mobley (1959) reported
five spocies ol festucoid grasses with indefinite culm palvini while

¢4 lacked culm pulvini. Species 3 the sublamilics Oryzoideae and
Arundinpideae are similar to festacoid grasses in that they usually
have well develnped sheath pulvini and mnsily lack enlm pulvini

{Table 17.

(Of theo G0 species of the subfamily Panicoidrae oxamined culm
pulvini arc prescat in U4h, indefinitec in 3, and absent in 12 species.
Sheath pulvini arc much more common, being present op indefinile
in 36 uf the BD spcecies examined (Table 1j. Only three speeics,
Leptoloma cugnatum {(Schult,) Chase, Panicun depauperatum Muhl,, and
FP. lincarifolium Scribn., lack culm and sheath pulvini, bot all have
pulvinus-like regions below most of the nades. In many of the panicoid
species oxamined the sheath pulvini are not well developed as in
fostucoid grasses, being nothing more than a slight swelling at the
base ©f the sheath that usually Jdiffer in color and texture from the
rest of the sheath. Also, the sheath pulvini are usually present
in young and carly flowcring malerial but shrivel and appear to be non-
functional after the culm pulvini develop., TL is conmon For the upper
nodes to have well developod sheach pulvini and never develop eculm
pulvini while the lower nodes have well developed eulm pulvini and
shriveled, non-functiomal sheath pulvini. In sume species the sheatbh
pulvini do not dappear as a0 external swelling at the base ol the
sheath, but rather as an intcrnal swelling of the sheath just below
the culm putvini. This was ocbhscrved in Tripsacum dactyloides (L.) L.
and a few other Andropogunede.

in the subfamily tragrostoideae the pulvinus conditien is highly
variable. 1In the tribes Chlorideae, Fragrosteae, and Unioleae, most
nl” the species have sheath pulvini and lack culm pulvini. One major
exception are the species of Muhlenbepsia (Eragrosteae) which usually
have both sheath and culm pulvini. 1In the tribe Aristideae, in con-
trast, the species generally have woll develouped culm pulvini and
lack sheath pulvini. No pulvini are found in Nistichlis spicata
(L.} Greene |, Calamuvilfa longilnlia (Hook.) $cribn., and Rracrostis
spoctabilis (Puesh) Steud.  The variability of this subfamily in
pulvinus condition was also observed by lirown, Pratt, and Mohley
{(195%). They found that sheath pulvini are usually present, but that
the culm pulvini arc absent or indefinite in ahout 65% of the specoics
they examined.

Internode Condibion -- The grasscs are gencrally considered to have
hollow culms. Canfield (1933,1934) was the first to notico that solid
internodes arc exiremely commun in many species of grasses and re-
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Most of the populations examined had two nodes helow Lhe infloresconcc
lacking buds, while in two pupulations {rom Canada, tho first eight
nodes lacked buds or hranches., Also, 'in a lew populations of this
species the nodes near Lhe middle of the culm lacked buds, but the
nodes above and below had buds present.

wWhile outlining Lhe numecrous eriteria that can be used Lo sop-
arate the subfamilies cf grasses Stebbins and Crampton (19G1) mentioned
that the presence or ahsence of branching may be another potential
distinction between the Festucoideae and trhe other subfamilies.  They
ochserved Lhat in festucnid genera the threee or four nodes below the
infleorescence never hear branches, and these nodes are complerely dew-
o0id of axillary huds. In mosl members of the other sublamilies, in con-
trast, all nodes but the one dmmediately below bthe inflerescence cither
hear branches or can be induced Lo do so by decapitation, since buds are
present in the leaf axil. These ohsorvations appear to he fairly
accurate. 0Of the 76 species of the subfamily bPestucoideae examined,
52 lack buds or branches on at least the twu nodes directly below
the infloresecence (Takle 1, cvolumn W) .  1n many ol these species five
or six nodes below the inflorescence are devoid ol buds. ©OF the
remaining 2U species 18 lack a bud only at the first node below the
inflorescence while in six a bud is found at the first node., Also,
branchine is nol very common in the festucoid species slbudied (Table
1, colwm 5 and §). Sixty nine of these specics cither lack branches,
or hranching is restricted to the extrome basal part of the culm.

In the remaining subilamilies the culm usually has extensive
branching and all nodes hub possibly the one Immediately below the
inllorescence bears a branch or a bud, Tn the subfamily Panicoideas
of the G0 spceies examined six have buds at all nodes, and Y4 lack
a bud at only the node immediately below the inflorescence. Only
four speecics counsistently lack buds ovr branches for more than two
nodes below the inflorescence. Tn the subfamily Fragrostoideae this
condition is more wariable, but of the 48 species studied nine have
buds or branches at all nodes while 1% have buds missing at only
the first node below the inflorescence. Though not many specics were
examined in the subfamilies Oryzoideac and Arundinoideae, these appear
o be similar to the panicoid species in that most have buds at all
the nodes or the bud is ahsent only from the node dircctly below the
inflorescence., ‘The amount ol braaching in these four subfamilies also
differs Yrom thot commonly ound in fesruceid grasses. In these sub-
families about 70% of the species have branches at more than 2{0% of
their nodes (cnlumn 5), and in scome species all of the nodes have a
branch. Alspo, in these subfamilies, branching is common throughout
the culm nr restrictec to the upper and middle nodes (column O} .
Rarely do members of these four subfamilies have branching from
only the base of the culm.

Tn most grasses the leaves are arranged alicrnately in two ranks
on the culm with the rnodes separated by well developed intcrnodes.
In some species, however, there is a suppression ol Lhe internode
and the resulting developmeni{ of a compound node. In Chloris verticil-
lata Nutt. most of the culms examined had two or three ol these
compound nodes separated by interncdes of normal lenglh. Fach ot the
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Table 1. Species cxaminoed with

the pulwv .Inus ('_.‘Dl"l[‘l.il?i[.ln (A-absent, ey - BRANCHTNG
Popreseni ., T-indefinitel, Lhe =
inlernode condition [H-hollow, o .
S-solid), and rhe branching Na = d T
pattern {L-basal, M-middle, =B CT S E|do.
U-upper, 'I'-Chroughout? . C o |Es ow T U
S 2 Ydm (SRS I M w Rl
[ Ea e BNV a -
o B dowloglsona
e E LR
ERR - N e
= = 3 s LR S R A S =iy
i~ [ e} LR [ W] n = P v Y
= o c ey L 12T |41
S j:‘]::{_: J_LS i [ = LT — T =04 o = P e |
W@ | 3| wm o el
SUBFAMEILY 1. I'LSTUCOTHEAL
Tribe: AVINEAFR
Aurosiis alha A I’ il HEEN il -- L}
AL wlliottiana i T I n 15 A
AL _7_Ir:mal|'s A F H L 0 - 1]
A, perennsns N 3 H b i - i}
E_ sealira A r 11 t 0 —--
AL stolonifors s P H L 0 -
A fenuis A F H 3] |8 -
Alra caryophyllaos A P H 1.5 U --
Alupecurus carol inianus A ¥ H 1.3 33 T "o
A. pratonsis A P It 3 0 — X
Ammnphila breviliwmilata & B i I 20 i
Anrhoxanlbcum odaratum s P H 1 il - U
Arrhicnatherum clatius A P H 3 0 - ‘.."a
Avena sativa A r H 3 [ - il
Calumaorustis canadeonsis A Iy li 1 20 I
Linna arundinacca A I H L (1 - D
Neschanpsiz Tleoxuosa A I I 3 0 - i
Hicrochlo® ndovala A F H 3 0 -
llal¢us lTanatus A IN 1L 2.3 0 - (s
Koucleria crislbata & P H 2 0 - {0
Fhalaris arundinaccoa A r H 1 fo Nl 5
Fhilcun pratense 4 P H 3.2 ] -- n
Sphenopholis dintermedia A I H 3 0 - 0
5. pblusata M T H 3 0 - 0
Trihe: BRACHYLLYTREAFE
lrachyelytrum erectun P T 5 5 U - U
Tribe: DBEARRHUNEAT
Niarevhona amerpicana 1 1 il §.5 ] - 0
Tribe: FESTU{TAT
lriza maxima M I H 1 20 M
Bromus ¢ilidtus A I H 6.5 0 -
B. commutalus & r H 3 0 - n
L. incrmis ! I I 0 0 - 0
B. Jrponious A ? H b 0 - 0
. kalmii a I 1 a 0] -- y
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SLLETHS (11 @A | oy ]|
I, [loridanum T F 1 2 L0 i)
T. fliilans A K 1 1|75 T
P wpu biflopim B U TN & h [ a5
T, urvilled A r H 1 14 ]
Pemnisetun alopecuroides I* I” H L 20 E
2elarias laberii a | 3 1 70 FEE | S0
S X A H 1 29 Jti
5. T POLE) P2y | B0 i 710
3. |1 moys 1 B0 r
5. 5 7 10 1 |26 | &R
5. P P 5 1| u3 T
5. P I a2 1| 35 | MEE | HD
SUBEAMILY 3. ERAGROSTGTDEAE 1
Trile: ALTUROPOREAR
listichlis spicats M 7 5 AP0 Al
Troibe s ARISTTNEAL
Ariacida dichotong I H b [Nl Bl T
Ao divoricats I A S 1 20 B
A, lendloeriana t A 5 Z 20 u i
Y B & H 0 53 T
AL LA L 1| 2 4
AL i A0S 1 5 T
AL I I 1 ool --
AL PP oA 1l 1| w7 i
A Por A L 0E L 175
| '
Tr e CHTOMTINEAR | '
ol o lwa eurtisendals o o = il - r]
Boocracilis oA I = Iy ] -
E. I Lta P r 3 1 o -
Buch Lol dclylvices P Poios A T T
Chlzoris vertricillats COA r 3 2.5 3n T
L. o wirgdcH LA | &) ? 25 Ik
: nn daclylon P P 1 3 22 SR
sipe indica LA voiog Pt =] en
i B Yol m 3 30 [
LA N S 1)) 1
ol 2 T MEn
Al or H 7 0o
I | H I 0 - 8]
e TRISTLAT ‘
W Lsuritolio A A B - i
S | [ [
Y i E’ [l T
AR gl Tl
fa : i il -
- A R T gl
. i i Il - 0
‘l : " - 0
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SPECLLS L@ |3 [ fe [y |7
Muhlenbergia frondosa [* P H 4] 1043 T Lon
M. nmexdicana [ r H 2 60 | LSl
M. schreberi b p 5 i1 26 |use | uo
™. sobolilera Iy P H 1 13 i) 25
E. sylvabica Iy & il 3] OO UM
M. tenuiilora P P i 2 (¥ af-- [
Sporobolug asper A B S (] an 1I i
5. eclandestinus A E g 0] 40 &

E. cryptandrus A 12 5 1 L 1l

5. heolterotenis A [ S 3 nl-- 0
5. nogleclus T " S (HY) 4 T0 1 UEM

E Dodretii 4 P 3 t |-

5. vaginiflorus T T 5 U 20 | UaM

5. wrightili A B H 3 0 j--

I'ridens {lavus A E H 2.5 0nl=-- 0

Triplasis purpurea A r 5 0 E10] 1
Tribe: UNIOLLAL

Uniola paniculata L ! 1t 3 |-
SUBFAMILY W, ORYZOIDZAFR

Tribe: ORYZEAE

Leersia leaticularis A E 1l 1.5 13 B

L. oryznides ! I t 1 50 i3

L. virginice A r t 1 &0 T Fas

Oryeza sativa A r H 1 20 B
SUBFAMTILY o, ARENDTMOINLAL

Tribe: ARUNDINFEAE

arvsndo donax A & I 3 17 i

Fhraaomites communis T M Il 5} [T p—
Trihbe: CUINTOEPHLCLAL

Chagmanthium latifelium T n 1L f 0 |-- 0
Tribe: DANTIIONIEATF

Danthonia crompressa A I 3 0 Bl U

I, scrices A r H 0] 145 ]

L. spicata 2y Iy 1k 0 us 1 45
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compound nodes is composed o threo or {our nodeos groupod togolher
with each having a well developed leal and a bud ar branch in the
lcaf axil, ‘''he same type of compound nodes arc found in Aristida
pligantha Michx. and A. fubcreulosa Watt., particularly en the upper
part of the culm. An almosi idential Lype of development is found
in Lleusine indica (L.} Gaecrtn., where the culms usually have twn
compound nndes separaled by a normal inkernode. “ach of the com-
pound nodes is composced ol lwo or threeo nodes, cach with a well dev-
eloped teaF and usually a bud or branch in the axil ' each Teaf.
Ooecasionally the upper node ol a compound node will lack 2 bud nr
branch.

Hackel {lR90) reported the existence ol “tul'ts™ on the upper
nodes and runnevs in species ol Sporobolus, Cynodon, Aeluropus, and
Chloris, which were caused "through the non-development of the inter-
nodes™.  Bougdan {1952) also mentioned rhe cxistance of compound nodes
on the stolens and culms ol 18 species of grasses from Kenya, while
more recently Rawal and liarlan (1971) found the same condition in
Cynodon dactylon {L.) Pers, They reported that the culms ol this
species have two leaves ab each node, with only Lae lower subtending
a lateral bud, Similar results were obtained during the present
study. This Ltype of compound node also occurs in Fragrostis hypnoides
(Tam.) B&¢,, where usually only the lower leaf of a compound node
will sublbend a bud or branch. Rarely, in this latter species hioth
ol the Teaves of a compound node subtend a bud n»r branch. Occasion-
ally compound nodes are also Found near the upper parl obf the culm
of Arundo donax L., amd near the middle ol the culm of Uniola panic-
ulata I,. In bolh specics, the leaves of the compound nodes may or
may not have buds present. Tn these two species usually there is
pnly one compound node on the culm with the remaining internodes
well developed.

A very unusual type of branching is {'ound in Triplasis purpurea
fwalt.) Chapm. and the three species ol Danthonia examined. I[n the
axils of most vf the culm leaves are oloneated spikelets.  These
spikelets usually consist of one to five widely separated florets
with the slender rachilla joints as long uvr longer than the individ-
nal {lorets. The entire structure is encloused by the leaf sheath
and is strikingly dill'erenl: tron Che normal spikelets horne on the
terminal inflorescence. These cleistogamous spikelets were fipst
reporicd by Chase (18087 in Triplasis purpurea (walt.} Chapm. and
laler in 12 species ol Danlhonia {Chase, 1918Y. tor the purpose of
thia sludy these spikelets are bfreated as hranches (Table 1).

Stebbins and Crampton (1961) suguested thal branching could
be increased in many crasses by removing he lLerminal infleorcescence.
To determine the exitenl to which branching could be increased, in-
dividuals in populatinns nf 89 different spreies of grasses were
decapitated as the termiuval inllorescence emerged Trom rhe leaf
sheath (Table 1, column 7). O the 47 species ol the subflamily
Festuconidear Lhat were decapitated, only 'ive developed any branches.
In two ol Lhese the conlrols also branched, while in the remaining
three (Agrostis alba L. and two specics of Lolium), the controls
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did nol bhranch. In the other lestucoid species tested, even the buds
near the basc of the culm did not develop into branches, though there
was Tncreased tillering from the rhizomes of some of the species. In
the remaining subfamilies, it was found that it the eulms normally
branched, then branching cuuld usually be increased to some extent by
decapitation, but species that normally did not branch could not be
induced to do so,

CONCTAIGTONG

Culm characteristics such as the presence ar absence of sheath
and culm pulvini, solid va. hollmw interncdes, and the extenlt and
position obf axillary buds andsor branches are of some taxonomic valuoe
in the (Gramineae. TFurthermore, some of Chese characteristics can be
used as an additional aid in separating the subfamilies as they are
now recognized in must modern systems of grass classification (Table
2). The species studied in the subfamily Festucoideac are very con-
sistent in their culm characteristics with nearly all lacking culm
pulvini, having sheath pulvini, having hollow internudes, and lacking
lateral branches. Also, the majority of the species lack huds at the
upper threo or more nodes of the culm. The Panicoideae and Eragrost-
nideac speecies arc more variable in pulvini and internode condition,
but the majority have hoth culm and sheath pulvini. These two sub-
Families, hmeever, can usually be separated YFrom the Festucoideae
since most ol the species have branching culms and buds, or hranches
present at all bul the upper one or two nodes nf the culm (Table 2).

The present study alsn indicated that the inrerncde condition
{solid vs. hollmw) is the result of environmental adaptation. Solid
stemmed species are more common in arid regions wihile hollow inter-
nudes arc more common in species from coel humid regions.
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