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ABSTRACT

Scanning electron microscopy was used to examine rhe lemma micromorphology of 30
genera and 57 species in the tribe pTagrostideae. Results show four silica deposition
patterns:  I)  cork  cell  associated with  silica  cell;  2)  cork  cell  soiitaty;  3)  cork  cell  with
papillae; 1) cork cell not observed. The presence or absence of epidermal papillae, prickle
hairs, micro- and macro-hairs is reported. An electton beam x-ray microanalysis indicated a
high silica concentration in all structures examined including the cork cells. The disrribu-
tion of cork cells and silica bodies has taxonomic significance and two subtribes within the
tribe are proposed.

Key word: lemma micromorphology, silica deposition patterns, taxonomic significance,
E rag ros t id eae , Poaceae .

Ki:SlIMHN
Se examine') la micromorfologia de la lema de M) generos y 57 especies de la tribu

Eragrostideae mediante microscopia elecrromca de barrido. Los resultados muestran cuatro
patrones de deposicion de silice: 1) celula stiberifera asociada con celula silicifera; 2) cclula
suberifera solitaria; 3) celula suberifera con papila; 4) no se observe celula suberi'fera. Sc
reporra la presencia o ausencia de papilas epidermicas, aguijones, micropelos y macropelos.
El microanalisis con haz electronico de Rayos X indico una alta concentracidn de sihce en
todas las estructuras examinadas, incluyendo las celulas suben'feras. La distribucion de
celulas suberiferas y cuerpos de silice ticne significado taxonomico y se proponen dos dentro
de la tribu.

Palabras clave: micromorfologia de la lema, pattones de deposicion de silice, significado
taxonomico, Eragrostideae, Poaceae.

IN'fKOnilCTION

The  Eragrostideae  tribe  is  composed  of  warm  season  grasses  with  a  center
of  distribution  in  Africa,  with  extensions  to  the  Indian  subcontinent  and
Australia,  and  a  sizeable  incursion  into  North  America  (Phillips  1982).  In

SiDA 14(-1);5 31 -549. 1991.



532

North  America  this  triLx'  is  best  represented  in  the  scmiarid  southwestern
United  States  and  northern  Mexico,  where  it  may  comprise  more  than  50
percent  of  the  i^'rass  vc\^etation  ((}ould  and  Shaw  1983).

hi  the  United  States  and  Mexico  the  tribe  is  represented  by  approxi-
mately  26  genera  and  250  species  of  native  and  introduces  grasses.  The
largest  genera are I:r^/i^ros!/s.  Ai///)/c'Hher<^/a,  and Sporobol/is.  Whereas,  there
are  two  or  three  genera  ol  medium  size,  and  the  rest  of  the  tribe  is  composed
o[  an  unusually  large  proportion  of  small,  often  monotypic,  genera.

Members  of  the  Eragrostideae  contain  paniculate  inHorescences  that  arc
composed  of  several  racemose  or  spicate  branches,  occasionally  reduced  to  a
simple  spike.  Spikelets  commonly  have  I  to  several  florets  and  the  reduced
florets  when  present  are  usually  above  the  perfect  ones.  Disarticulation  is
above  the  glumes  except  in  Lya/rns  and  a  few  species  of  Miihlenbergia  .
Lemmas  are  ^-nerved,  except  in  Spornholiis  and  CciLiniovilfa,  which  have  I-
nerved  lemmas,  and  in  Vaseyochliki  ,  with  several-nerved  lemmas,  (^aryopses
have  a  large  embryo  with  a  punctiform  or  ellipsoid  hilum,  sometimes  en-
closed  within  a  tree  pericarp  (Phillips  1982;  Gould  and  Shaw  1983).

Renvoize  (  1983)  surveyed  the  leaf  blade  anatomy  of  the  tribe  and  con-
cluded  that  its  genera  have  adapted  to  pioneer  or  harsh  habitats.  In  adapt-
ing  to  such  extremes  the  leaf  blade  morphology  and  anatomy  have  become
highly  modified.

Micromorphological  features  o(  the  Moral  bracts  of  grasses  have  been
utilized  recently  as  valuable  characters  that  reHects  systematic  relation-
ships  and  evolutionary  trends.  Studies  of  the  lemma  micromorphology
have  been  reported  by  Bjorkman  (I960),  Hsu  (1963),  Baum  (197  I),  Clark
and  Gould  (1973),  Thomasson  (1978a,  1978b,  1980,  1981,  1984,  and
1986),  Shaw  and  Smcins  (1979),  Terrell  et  al.  (  1983),  Webster  and  Hatch

(  198^),  Thompson  (  1983),  and  Barkworth  (  1983).  Specific  studies  of  silica
cell  and  silica  bodies  were  reported  by  Terrell  and  Wergin  (198  I).  In  addi-
tion  silica  cells  and  silica  bodies  have  been  recognized  as  structures  of  tax-
onomic  significance  in  the  grass  family  by  numerous  investigators  includ-
ing  Metcalfe  (  1960),  Ellis  (  1979),  Palmer  and  Tucker  (198  1  ),  and  in  other
monocotyledons  (Stant  1973).

However,  few  investigations  of  the  lemma  micromorphology  of  the
Eragrostideae  have  been  made  with  the  exception  of  Sanchez  (  1983,  1984),
who  examined  the  epidermis  of  glumes,  lemmas  and  paleas  oiBlephrtdachm
and  iWiturihi,  and  Peterson  (  1989),  Peterson  ct  al.  (1989)  who  reported  on
the  lemma  micromorphology  and  leaf  anatomy  for  t2  species  of  annual
Mz/hloihcrii^ici.  Therefore,  our  objective  was  to  study  epidermal  features  of
the  lemma  of  30  genera,  37  species,  and  two  varieties  of  this  tribe  using
scanning  electron  microscopy.  Our  specific  objective  was  to  document
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lemma  micromorphology  and  detect  different  distributions  of  any
epidermal  patterns  restricted  to  specific  genera.  This  intormation  would
enable  further  evaluation  of  the  phylogeny  ol  the  tribe.

mati;riai.s  and  Mirnions

Lemmas  of  57  species  representmg  30  genera  of  the  Eragrostideae  tribe
were  exammed  (Table  1)  from  herbarium  specnnens  (ENCB,  TAES,  TEX).
Specimens  were  selected  to  be  representative  of  their  respective  genera  in
the  Eragrostideae.  Although  primarily  New  World  genera  were  examined,
a  few  Old  World  genera  were  included.  Three  or  more  specimens  per
species  were  selected  from  different  localities.  All  materials  were  identified
using  the  most  current  treatments  of  the  tribe  available  (Gould  1979;
Gould  and  Shaw  1983).  Lemmas  were  removed  from  the  first  and  second
florets  of  mature  spikclets,  oriented  with  the  apex  at  the  right,  mounted  on
aluminum  stubs  with  Avery's  spot-o-glue  to  observe  the  abaxial  surhice,
and  then  coated  with  20  nm  of  gold  palladium  in  a  vacuum  evaporator.

'1 Aiii I I . Collet tors .inJ lotulitics tor rhc spcatic spcLiinrns siuJicJ, analyzed, aiul phoroi^raphcd with
SFM.

liLph.iruLnbiu hii^ilmn (S. Wars.) Hack. U.S.A. Ti x.a.s. Pctos Co.: \X',ini„Lk .^6/y<S (TAES).
HUpharumiiv,,)! IruhnU'l'is (Torn) Nash - MF.XICC). DrKA>ji,<): S mi N of I-.sranon Coyotes, Bimlloix

tHH")") (TAl'.S).
(.aljiwivilfd yji^.iutu: (Nutt.) Scrihii. .V Merr. — U.S.A. Ti.x,'\s. Iltirthinson Co.: 8 mi S ot Bur.uer,

Ciwlil NW' (TAHS).
Ckihm^uuj lii^iiLiLi Fourn. — MliXlCO. j.siis.c: Oiuelos, W^Wuii^b /^05,S ('I'AliS).
(.r^/n/, niltjui hi.u. & DeNot. — U.S.A. C.\i ii-okm.a. Merci'il Co.: CnimpSnn i5".i (TAF.S).
Cr^pus Hh(tL-iinuk'\ (L.) ham. — U.S.A. C,\i ii i )KM.\. Sonoma Co.: Ruhtzof] ('\MS).
IXu-tylnLlainiw cnv,\l>lni»i (L.) ReaLiv. U.S.A. Ti xas. San Fatrieio Co.; Schmnhr 6.iJy (TAt-.S).
Dasv(hl»a pnUhdL: (H.B.K.) Wilkl. r.v RyJb. - MEXICO. Coahoiia: Saltillo, VcLhs-R. n^O.

Ihitihitdl. V)^^,/ (TAES). — U.S.A. 'lYxAs. PresuhoCo.: VaUks-R. /69/(TAi;S).
lilc/nniv Dhliui (I..) Caerrn. — ME.XICO. (jiiapas: Tene|ape, Ihrall'in- I -fSSJ (TAluS).
l':yjL:noti  ̂ulhin  ̂(I..) R. Br. — U.S.A. I-m.uida: Canal Poiiu, Silwus 40(0 (TAES).
|■r.,Kl■"^l' ̂an-lipaluclLiUi Buckl. — U.S.A. Ti XA.s. Areher Co.: CunUI •,P'^( ̂(TAIiS).
l'.r.i-f^riisn.\ iriisa Serihn. — MEXICO, (jiiiii ahia: Criiathochit. Bye (i9"U (TAE.S).
/:n/'(;mi7/.> m.v/uv/w (llornem.) Link Ml'XICO. Nlnrvo I.l.n: Galeana, ILilih ./ <il. 45HH (TAES).
/•Jw.i,';v/i//i u//hr/>a Beyr. - U.S.A. Ni w Mi-xuo. Dona Ana Co.: ^'c/iru i.S' ('I'AE.S).
r.r;'oin//n>i/ .ntihiauiii (II.B.K.) •lateoka — MliXlCO Coaiuhia: dencral Cepeda, VjIcL-s-R. /56/

(TAES). Mii>Ai(,(.: 11 mi N Ixmiqnilpan.Cw/A/ O^^-MTAliS). Mi xk o: 1 km N San Juan Tcotihu-
aean, R:cJn,rd-i r 1 2  ̂(TAES). Ni i ahLio.x: Caleana. ILilthdcil. ^9y,S' (TAliS). San Luks Potosi:
Cuadaka/.ar. VaUu-R. 1612 (TAES); Vctliks-R  ̂I(\^\ /6^f) (TAES). /..xcaikas: El Tecomote,
Rfci/i'i- 6292 (E.NCT^).

/;, .inm/u;/», var. A;vt;/A'///////.i Parodi — ARGENTINA. Jr.irv: Tilcara, Cmrt'l! d ,il . A616 (TEX).
/:'. ,:^r.Y«///^ww(Va.sey)Tataoka -• MI'XiCO. Mi.xko; Piicbla, 9 km NW ofSan Loren/o, Davtdse9M5

(TAES).
/;. uuilk^t (Vasey)Titeoka — MliXICO. Coahum.a: Acuna, \'dl(ks-R. 1246 (TAES), Saltillo, V^Icki-

R. n^l. n"^') (TAliS), ll,ii,b li .iL 'if^')(  ̂(TAE.S). D\ t^.,\N^.^y. Foanas, (,imza/i'Z 2192 (TAES).
Ni i\ol.i<ix: Caleana, H./a7<<'/.//. VMJJ' (TAES); Yi/Wv >.//, (TAES). — U.S.A. Ti xas. Presidio,
\4lila-R. l(^S') (TAE.S).
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Tauli 1 contiiuictl

/:'. lulnMiiii (liiukl.) Nii.sh — MKXKX). Coami-iia: Est. C.irncros, Saltlllo, \{ilcla-R. I '>02
(TAHS). - U.S.A. Ti xA.s. Travis Co.: Ausrin, VaMci-R. /6\-; (TAl-S).

Goiiiiiid nriicita (Frcsl.) Stnhii. — MF.XKX). Sinaioa: =) mi N of Mazatlan, Coi/Ici 122)  ̂(TAliS).
Gvininj),,^,,,! f„l:„s/is (Willd.) Nrcs - BRAZIL. Haiiia: Gallicirao, D.iinhi ! 2 1-45 (TAI-.S).
Lt[ii(iuirytli<»i vidpuntriim (Dc Nor.) Srapf — KEYNA. Kiboko Res. Sra., Hutch 4236 (TAES).
Lifioihhiti diibic! (H.I3.K.) Nfcs — MEXICO. Coaiiuii.a: But-navisra, Cimld 63H1 (TAES).
I.Lft<>ihlu,i innmyvi,! (Prcsl.) Hirchc. & Chase. — U.S.A. TrxAs. llidal^uo Co.: LomiyJ 2^:U (TAl'.S).
L\c;irM l>hU'oiih'i n.H.K. — MI'XICO. C()aiii:iia: Sierra dc /.apalinarne, Salnllo //,//,/; rf ,// 4499

(Tae:s).
Mjihliiihiyy,!,! cmnlvy/ Vasc'y — MEXICO, Chihuaiha: Chihuahua, V^/da-K. 1.4-4 CIAE.S).
Mi/hliHhiri^ui JciMiii^iaUi (Presi.) Hcnrard — BOLIVIA. Puno: Camjata Haticnda, IuIdi 9^5 (NY).
iWiddcidm-iiui mniiilnsiDui (Srcud.) Swalk-n — MEXICO. Baia Cai.iiornia: Sierra S.ui Pedro Marnr,

.\\in\ni 246^3 (TAES).
M/d^lfukri^ui l)h,whc<i Seribii. />/ Beal — MEXICO. TIaxtala; Id Carmen, Snbm 622 (TAES).
Mutdt'id/iri^M /v///t;i7/; Thurh. - U.S.A. Ni w Mi xi< d. McKinley Co.: Mon/en el cd. S6Q (TAES).
Miimih! iv//'/''-',,i,/ (Nurt.)T()rr, — MliXICO. Ciiiiii iaiu^a: 1 I nil N of Samalayuca. itindrickson 7490

(Tl'X). — U.S.A. Ti xas. Andrews Co.: Powell ')HH2 (TALIS).
Neei\/grm//s nft^us (Muhx.) Nicora — MEXICO. Coaiiuii.a: Sahinas, Cmdd 112-11 (TAES).
Pmdeiiui iiluiliiiii l-ourn. -- MEXICO. Chiapas: \  ̂mi S o( ()eo7.ocoaurhi, Bnitikii & Pernio ]l4

(TAES).
Pmilciii,! i-rniilum Presl — MliXICO. Chiapas: 36 km E of Tuxtla Gunerre/, Could & Uauh l4'M4

(■LAi;S).
Rfdjicldiu th'Xiiii.ui CLhurb.) — Vasey U.S.A. Ni braska. Minden, ilape//Mii (TAES).
Siiero/)n^i;oii Imivjolim Phil. - ME.XICO. Piuhla: tl km SW ot Perote, Ver. Koch 7721 1 (TAES).
Soh/iu,/ Idifolui (E'ourii.) Airy Shaw — ME.XICO. San Luis Potdsi: Ciuadaleazar, Ww.i l^l (TAES).
Sparoholiis ciiroidcs (*Lorr.) Torn — MEXICO. Cuahimia:  ̂mi N of Parras, Gould II'i'jO (TAES).
,S'. as/h-y (Michx.) Kunth var. uspey — U.S.A. Ti xas. Jack Co.: Gould 10286 (TAES).
.V. dciude^liHus (Biehler) Hirehe. v.ir. r.v//«r//™.i (Nash) Shin ners - U.S.A. Ti xas Roberrson Co ■ Gould

IIO4I (TAES).
,V. a-\pi,nulyus Clorr.) Ciray - MEXICO. Coaiicii.a: Piedras Nei^ras, Gould 1 1 283 ClAES).
S. },idhu  ̂(I..) R. Br. — ME.XICO. JAMsto: 2 mi W ot Ayo el (diieo, WcVuuy^h 17206 (TAES).
.V. ,i,'/i,v////(7/i Nash U.S.A. Tl xas. Bailey Co.: 2 mi E of Muleshoe, Gould 77-47 (TAE.S).
,V. uey_lcclu\ Nash U.S.A. Missohki. Barron Co.: Rig,i^i/i.\ 723 (TAES).
.V. ouirkuiuus — Eern. LJ.S.A. Missoiri. Jefferson Co.: Riii^gDii -444 (TAES).
,V, p^niiiudiius (Lam.) Hitthc. — MEXICO. Mi.xko: Ecatepee, Rzedowshi 20235 (TAES).
'iyuhuiuuyu ehy^.iiis Swallen — U.S.A. Ti:xas. Cameron Co.: Lomiyd 3183 (TAES).
7/7,/,7/« .dhesiciis (V.isey) Woot. & Srandl. - MEXICO. Ni:i vo Lion: Monremorelos Gould 12860

CLAliS).
7: coiii^csnn (L.II. Dewey) Nash — U.S.A. 'Ei xas. San Parruio Co.: Sinron, ILilch -ii/J^, (TAES).
7: wul/cui (Torn) Nash — MEXICO, Chihuaiha: 0|ina^t;a, \'.ddc.\-R. 7/9 CLAES).
V: w////,//i var. clouy,iilU', (Butkl.) Shinners - U.S.A. 'Eixas, Youn^r Co.: Gould i. 11. ClAES).
7; i/r/i///i (Nurr ) Nash — U.S.A. Ti xas. Kenedy Co.: Johnson / J57 (TAE.S).
7: lex.inu'. (S. Wars.) Nash Mi;XICO. Nrhv,> I.r<,.N': Monrerrey, \dlda-R. 1497 (TAES).
'lYiuiochlou siipoidcs (M.B.K.) Ilirehe. ME.XICO. Mi xico: Juehitepec, Rzcdmviki 32623 (TAE.S).
Tyiudu, m-il.nis R. Br. var. /./.v/./v,,//. ̂N.'l'. Burbidge — AUSTRALIA. BAi.RANAi.n N.S.W  ̂Henderson

1-: ^ CLAES).
7: niiiclnlii Benrh. — AUS'LRALIA. Qi 1 1 nsi.and: Sairih-Johnsoii 15 (TAES).
7: puui^ens R. Br. - AUSTRALIA. Qi n 1 nsiand: lluMard 7358 (TAES).
'fnphnn puypuyeci (Walr.) Chapm. — U.S.A. Tixas. 2.  ̂mi Nli of Kenedy Co - / C Johnum 1 ',57

(TAES),  ■  ■  "
'Iripoy^on ^pnulus (Nees) Ekman - MEXICO. Vi I(A( riv: Xai.apa, Bccllc M22I8 (TAE.S).
Vciscyoihhn/ mullnurvosu (Va.sey) llirche. - U.S.A. 'Lixas, Brooks Co.: JohiiMon 5-^'J(J,S' CLAES).
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Samples  were  examined  at  5  -  1  5  kV  with  0°  tilt  on  a  JEOL  JSM-25  SIl
scanning  electron  microscope.  Lemmas  of  selected  genera  were  examined
with  electron  beam  x-ray  microanalysis  on  the  JEOL  JSM-35  scanning  el-
ectron  microscope  to  determine  the  elemental  content  of  specific  struc-

tures.
To  examine  the  effects  of  herbarium  preservation  techniques  on

specimens,  lemmas  from  living  plants  {Tndens)  were  fixed  in  2.5%
glutaraldehyde  buffered  in  0.  IM  sodium  cacodylate  for  one  hour;  washed
three  times  in  0.  IM  sodium  cacodylate  buffer  for  10  min.  ;  post  fixed  in  1%
osmium  tetroxide  for  one  hour;  washed  three  times  for  10  min.  each  time
with  0.  IM  sodium  cacodylate  buffer;  dehydrated  in  a  graded  series  of
ethanol;  dried  in  a  DCP-  1  critical  point  drying  apparatus;  and  coated  with
TV  tube  koat  and  20  nm  of  gold  palladium.  Lemmas  of  several  genera  were
cleaned  in  xylene  in  an  ultrasonic  cleaner  for  one  hour  to  remove  epicuti-
CLilar wax.

Rl-SUL'l'S AND DISCUSSION

The  micromorphological  surface  features  of  the  lemma  of  the  Eragros-
tidcae  exhibit  typical  "chloridoid"  characteristics  (Prat  et  Vignal  1968),
such  as  papillae,  microhairs,  macrohairs,  abundant  prickle  hairs,  and  silica
cells.  This  corresponds  with  the  conclusion  reported  by  Renvoize  (1983)  m
the  anatomical  survey  of  the  leaf  blade  of  this  tribe.  Unique  silica  deposi-
tion  was  observed  in  cork  cells  (Figs.  1-2).  An  electron  beam  x-ray
microanalysis  of  this  structure  indicated  a  high  concentration  of  silica.  The
analysis  of  the  cork  cell  for  Erioneimm  aimaceum  (Fig.  3)  shows  that  a  high
silica  concentration  is  associated  with  some  artifacts  of  sample  preparation
(gold  &  palladium),  and  electrons  emitted  from  the  surrounding  environ-
ment  within  the  microscope  (copper).

For  comparative  purposes,  since  all  the  samples  were  obtained  from
dried  herbarium  specimens,  fresh  lemma  material  from  Tridens  strictus  was
analyzed  (Fig.  4).  The  osmium  concentration  was  remarkably  high  due  to
the  osmium  tetroxide  used  in  specimen  fixation.  The  analyses  of  the  prickle
hairs  and  the  silica  cell  (Figs.  5-6)  from  the  same  lirwneuron  avenaceum
specimen  used  for  the  cork  cell  analysis,  shows  a  high  silica  concentration.

The  presence  or  absence  of  the  cork  cell,  silica  cell,  papillae,  prickle
hairs,  microhairs,  and  macrohairs  indicate  four  distinctive  patterns  within
the  tribe.  The  four  patterns  are  discussed  with  representative  examples.

I.  Cork  ceil  associated  with  silica  cell.  In  Figure  7  the  cork  cell  is
evident  with  the  associated  round  silica  cell  in  Trioclia  irritam  var.  lax-
ispicata.  In  Trwdia  pmgens  and  Neeragrostis  reptans,  relatively  short  dumb-
bell-shaped  silica  cells  and  the  associated  cork  cell  are  shown  (Figs.  8  -  9).
Kidney-shaped  silica  cells  and  associated  cork  cell  are  evident  in  Eragrostis
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erosci  and  E.  muxicana  (Figs.  10-  11).  The  cork  cell,  dumbbell-shaped
silica  cell,  and  prickle  hairs  of  £.  cHums  (Fig.  12)  exhibit  a  similar  pattern
reported  by  Baum  (1971)  m  lemmas  of  Arm/,  and  Terrell  and  Wergm
(1981)  in  Zizama.

II.  Cork  cells  solitary.  This  pattern  characterized  a  number  of  the
genera  observed.  In  five  species  oi'  Tmkns  the  shape  of  the  cork  cell  varies
from  crescent  or  kidney-  to  fattened  dumbbell-shaped  (Figs.  13  -  17).
Trtphisis  (iMg.  18),  Sohmui  (Fig.  19),  Ele!^swe  (Fig.  20),  and  Dactyloctenum
(Fig.  2  1  )  have  silica  cells  in  rows  that  are  not  associated  with  the  cork  cells.

III.  Cork  cells  papillate.  In  these  taxa  the  cork  cell  is  associated  with
small  rounded  papillae,  similar  to  the  ones  illustrated  by  Clark  and  Gould
(  1975),  Thomasson  (1978b),  and  Terrell  and  Wergin  (  198  1  ).  This  pattern
is  seen  in  l.eptocbloa  (Fig.  22),  Tnpogini  (Fig.  23),  Leptoatrydinn  (Fig.  24),
Gymnopoii^ou  (Fig.  25),  Tnchonaira  (Fig.  26),  Vaseyochloa  {V\^.  27),  and
Sderopo^on  (Fig.  28).  When  a  silica  cell  was  observed  it  was  associated  with
the  cork  cell  and  papillae.  In  Gouniui  a  cork  cell  and  papillae  arc  shown  but
prickle  hairs  are  not  abundant  (Fig.  29).  Erioneuron  seems  to  be  in-
termediate  between  pattern  1  and  \\,  since  the  cork  cell  may  or  may  not  be
associated  with  the  silica  cell  (Figs.  3  1  -  34).  The  shape  of  the  cork  cell  was
characteristically  elongated  vertically  in  llnmh'/iroii,  with  an  outline  vary-
ing  between  oblong  to  crenate  or  scalloped.  An  abundance  of  prickle  hairs
occurs  along  the  epidermal  lemmatae.

IV.  C:ork  cells  not  observed.  This  pattcrms  was  found  in  M/niroa  (Figs.
35  -  36).  The  microhairs  observed  were  hemispheric  and  similar  to  those
reported  by  Sanchez  (1984).  Similar  microhairs  were  also  present  in  the
genus  Eriomiiron.  Papillae  were  also  evident  and  abundant.  Bkphandachm
and  Redjiddict  have  abundant  prickle  hairs  throughout  the  epidermis  (Figs.
37  -  38).  Abundant  prickle  hairs  have  been  reported  for  Hhpharidachne  by
Sanchez  (  1983).  In  Pereilenni  the  prickle  hairs  arc  associated  with  papillae
over  long  cells  (Figs.  39  -  4()).  However,  a  clear  distinction  could  be  made
based  on  the  long  cell's  shape.  Peralef/ui  ciliutum  has  characteristic  raised
cell  walls  forming  a  ridge  around  the  long  cells.  In  Trnaochloa  papillae,
prickles  and  pitted  long  cells  are  shown  (Fig.  A  1  ).  Macrohairs  and  an  abun-
dance  o(  small  hooks  are  seen  in  Sporolmlus  ozctrkcwm  (Fig.  42).  Blepharone-
iirou  irnholcpis  and  MNhlenhtr^i^ia  mierskyi  have  biccllular  microhairs,  prickle
hairs,  papillae,  and  deeply  undulating  long-cells  margins  (Figs.  43-44).
This  characteristic  shape  of  long  cells  is  also  observed  in  Chahoissaea  (Fig.
45),  Lyi//r//.\  pbleoidts  (Fig.  46),  M/djlenha-i!^ici  uiniKtnstnui  (Fig.  47),  and  M.
jctitiii^hitci  (Fig.  48).  Dumbbell-shaped  silica  cells  with  a  relatively  wide
central  portion  are  seen  in  ^\.plNmbm  (Fig.  49),  SptmMNs  pyuDuidatHS  (Fig.
50),  S.  airoides  (Fig.  5  1),  S.  asper  (Fig.  52),  .V.  ayptandriis  (Fig.  53),  and
Crypsis  (Fig.  54).
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^mi\,

FIC.S. 1-6. Lemma mitromorpholot^y aiul ijniphs ofclcc tron beam x-r.iy inKroanalysis of linimeimm
and lYidois. Nore that a hii^li silita concentratuMi was iouiiil (or all structures analyzed. Fij;. I. Silica
bodies /;. iifcillni Cnntoka ./.«.). Fis;. 2. (dosetip iif silica cell and associated cork cell. Fig. .^. Flectron
beam x-ray microanalysis of the cork cell ol /;. areuMt'uw ilim/a- 6292). Fi,^. 4. Electron beam x-ray
microanalysis ot cork cell o{ Im/cm Mrntus iVa/A.-R. ,,«.) Fi.u. V Flectron beam x-ray microanalysis of
prickle hair. Fit;. 6. Silica cell of £. <»wwctm« («aY/tr 6J9-?). Au = gold;Cu = copper; Us = osmium;
Pd = palladnim; ph =^ prickle hair; sc = silica cell, cc = cork cell; SI = silica.
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MCrS. 7 - 12. SEM pli()t()micr()^urapli.s()t lemma surfaces from sclecr«l^C'iu-ra of Hm.yrosriclcac. Note
rhat the silica cells vary from short dumbbell- to kidney-shaped and are associatetl wirh a cork cell. Fi^.
7, 'irimlui iryitu)! ̂var, hixnpuala {lit:ndm,m \\ \). Fi^.H. 'l. piin^ms (Hubbardl ]')S). Fi^». 9. Heenigroitts
rL-Chnis {C,n„LI 1124 1 ). l-ii;. 1 0. Eru,v,n,>i!> ,rmu («),- m\6). Fig. 1 1 . C, mexuaihl (Hatch e! al . -f5H8). Fig.

11; cc = cork cell; jih = prickle hair.\2- /;'. ti/i:/ni (Sihviti -4065). SC silica ce
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Y.i(^;<, 1  ̂- IS Lemma epidermal patrc-rns for Tm/eris and TnpLisn. The shape of the cork cell is
kidney- to flattened dumbbell-shaped. The bullet-shaped bicellular microha.r is characteristic ot the
i^enus'Vr/.Av/i Fik. \ \. TncJem a/besier7s {G>mh/ 1 2869). ^i^. i4. T lexanm (VaUes-R. 1497). Fi^. 15. /.
a»iK^^tm {Hatch 4l2r). Fig, 16. 7! stnMs (Valchi-R. .f.«.). Fig. 17. T. mutum var. ehmgatm{GouUh.n.).
1-ig. IS. TnpLisn piirpiinct (johnsnn /J57). bm = bicellular microhair; cc = cork cell.
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I'lCiS. I9~2 I. Lemma epKlcrm;il partcrns tor stkcad Sfucni ol Lragrosridoie. Note die small
papillae assoeiated wul, ihe eork .ell and rhe slender, vdlous maerohairs. Fi.y. 19. Sahmu, [iliHu, (Sohm
lUI) wirh sihca cells m rows and nor associated with a cork cell. |■•,,^. 20. Elcmim tmluu (/imv//«t
/^«.SJ). l'\t;. 2 1. DMt^lmtaiiuw .iv^ypiium {Sdmada- UM9'). F.g. 11. Uptochluu iimmrru, (Lmund 21 ] I)
'■''^- - ̂j'vM""/-V'/<',7//^. (/n<//c,\l-JJ/,S), I-,,y. 2). /.</»to/n'.//>/;/ r////7w.,/r/,/;/ (H.//r/ ̂sc = silica
cell; ct - cork tell; pa = papillae; ma = tnatrohair.
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FICiS  ̂J5-.S(). Lemm.i epidermal patterns tor sticctcxi t;cncra ot lira^^rosndeac. Note rhc small
papillae associated with the cork cell, the slender villous maerohairs, and hemispherit bicellular micro-
hairs. Pntkle hairs are present on Ciiiiniui and V.vuiminnii . Im,!^. IS. GynnH>lnivu)ii juluisns (Diindst- 12 145).
V)u,. 26. 'Iyid>i»!e!/i-a i'h'iic/N.i {Lamm/  ̂I Si). V\i^. 27. \'ci)i'v>ihl,ui iiiiilliiifnuwi (Jnhn.Mim ^^^0,S). ['i^'. 28.
Sc-hrnfwi;,,:/ /)m'//o/i//.i {K„i/> r2l I). V'^ii. 2'). (,u/iniid vn-fiJ!cnC,o,iLI 122\^). l-i.t;. .^0. linmaoon pilnsiim
K\'aliks-\\. /fn->)bm = liuellular microhair; ma = matrohair; pa =  ̂papillae, ph = pruklehair.
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I'IC;S. 3 I - -ITi  ̂l.cmma tpKlcrmal patterns for selected genera of the i;ra^r()srRleac. The cork cell
shape IS oblong to creiiatc in Erioiienron and DasyothliM, with an abundance of prickle hairs. Mmiroa has
hemispheric bicelkiiar microhairs and an abundance of papillae. Fig. . ̂1 . Unomi/nni nealk-yi (Valdes-R.
51)0.'). Fig. U. Dinyoihlini puhht'lhi {\'i!lck\-R. IMI). Fig. \\. l-.r/imanin: t^nnulsjlori/m {DM'idse 9315).
F"ig. vi. /;'. aviihiaiiw (\'cilili'.\-R. /6,)")). Fig. S5, Mt/rnva .u/uunvsa {Iie)imho/! 7490). Fig. 36. M.
Mj!h/n-(,Sti(Rouvll 5HH2). cc = cork cell; ph  ̂prickle hair; sc = silica cell; bm = biccllular microhair;
ma =  ̂macroluur; pa - papillae.
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FIGS. 37-42. Lemma epidermal patterns for selected genera of the Eragrosrideae. Cork cells are
absent and prickle hairs are abundant. Fig. 37. Blephartdachm bigelmni (Waniock 4619S). Fig. 38.
Redfieidia jkxiiosa (Hdpeman i.n.) ̂I-ig. 39. Pereilma mnitnm {GntiUl 14574)- Fig. 4(). Pereikma ciliatum
with characteristic raised cell walls forming a ridge around the long cells {Briinken andPeriiw 314). Fig.
41. Trniiochlna sttpoides (Rzedowski 20235). Fig. 42. Sl'oriiholns nzarkanm with unique abundant small
hooks on the long cells, (Rtggtns 444). ph = prickle hair, pa = papillae; ma = macrohair.
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lICiS. I S - I.S. I.cmma epitlcTmul patterns for selected j^enera of the Eragrostideae. Cork cells are
aliseiu and prickle hairs common. Lontj cells arc deeply undularmp with one papillae per cell that is
locatcil disrally, [-l^^. -i v liU-phcmnaniifi tynhiili-p!s (Bm'tlliiiT /iS',S5 5), ["i^. AA. i\\uhlenheri[ui i-tiicnh'yi
(Viililn-U  ̂1 44)- Fi^, i^. CkibniSMiM liii,iilat,i mcWciiigh I7V5H). Fig. 46. Lyam/s phlmicies iUatih ul ,il .
449V). I'l^. l7. Miiblaihfri^ui inini/lissiiiui (Murati 241 '>3). Fig. 48. AI. faslipciUi (Tntin 975). bm =
hicelUilur niurohair; ma = iiiacrohair: Ic - long cell; pa = papillae; sc = sdicaccll.
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FIGS. 49 - 54. I.cmma cpidcTinal partcrns ofSpoivhuhis and Crypsis. Silica cells arc dumbbell-shaped
Fig. 'i9. i\\iihli:nlKri^uipliimhM(Soh)is('>22). Fit;. 50. SporiMus pyramidcitiis (Rzahuiki lOI^')). F'ig. 5 1.5'.
rf/i-w./.i (G«//A/ / / V->i)). Fig. 52. .v. aspey'XiouLI 102^6). Fig. 5.^. S. crypiamJrus (GokUI 11283). Fig. 54.
CrypMi nUuiHi {Cvaniptun \'>1 \). sc = silica cell.
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A  summary  of  the  epidermal  features  with  high  silica  content  is  presen-
ted  in  Table  2.  Differences  in  the  patterns  of  silica  deposition  are  evident.
The  results  of  the  SEM  micromorphological  study  of  the  lemma  are  con-
sistent  with  those  of  the  anatomical  and  epidermal  features  of  the  leaf  blade
for  the  members  of  the  Eragrostideae  as  reported  by  Metcalfe  (  I960),  Clif-
ford  and  Watson  (1977),  Ellis  (1979),  Palmer  and  Tucker  (1981),
Renvoize  (  1983),  Peterson  (1989),  and  Peterson  et  al.  (  1989).  Sderopogon  is
the  only  genus  possessing  all  characters  observed.

Iahi.i 2. Presc-iue ( + ) or absence- (-) of epidermal fcuures on rlie lemma of Hragrosrideae trasses

GI-NKRA*

*Ciener.i are alphalierual.
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Phillips  (1982)  presented  a  numerical  analysis  of  the  tribe  dividing  the
tribe  into  five  groups  based  on  gross  morphology.  The  patterns  of  silica
deposition  reported  here,  correlate  in  part  with  that  classification  based  on
numerical  analysis  of  morphological  features.  Tridens,  Triplasjs,  Enoneuron,
Munroa.  Leptncarydion,  Leptochloa,  and  Tripogon  are  placed  in  group  A.  The
group  is  characterized  as  having  lemmas  with  hairy  nerves  and  frequently
2-toothed  mucronate  or  awned  apices.  All  taxa  in  this  group  have  similar
silica  deposition  patterns  except  Erummnm  and  Munroa,  which  are  distinct
from  the  other  morphologically  closely  related  genera.

Nicora  (  1962)  segregated  Neeragrostis  from  Eragrostis  based  upon  the  ex-
tremely  long  bicellular  microhairs  of  the  former.  The  silica  bodies  of
Neeragrostis  arc  dumbbell-shaped  and  the  elongated  bicellular  microhairs
are  due  to  a  longer  proximal  cell.  In  this  study  both  genera  have  similar
epidermal  features,  which  corresponds  to  the  conclusions  of  Koch  (1978).
Koch  examined  Eragrostis  in  the  southeastern  United  States  and  reported
that  E.  hypnoides  (Lam.)  B.S.P.  also  has  longer  proximal  cells  in  the  bicel-
lular  microhairs.

Blepharoneuron,  Chahoissaea,  Lya/r/ts.  NVuhknbergia,  Sporoholus,  and  Cryp-
s/s,  a  morphologically  closely  related  group  (Gould  1979),  characteristical-
ly  lack  the  cork  cells.  Clayton  and  Renvoize  (  1986)  segregate  MuhUnhergia
and  Sporoboliis  into  the  Sporobolinac  subtribc  using  morphological
characteristics.  Although  Clayton  et  al.  (1974)  earlier  reported  Sporo-
boleae  as  a  tribe  somewhat  artificial  because  of  the  small  differences
between  Sporoboliis  and  certain  species  oi  Eragrostis.  Campbell  (1985)  dif-
fered  in  placement  of  the  genera  and  included  them  in  the  Cynodonteae
tribe.

As  a  result  of  the  examination  of  the  lemma  micromorphology  a  realign-
ment  of  the  genera  within  the  two  subtribes  is  proposed  consisting  of  I)  a
subtribc  Sporobolinac  with  Sporobolus.  Muhlenbergia.  Chaboissaea.  Lycurns.
Blepharoneuron,  and  Crypsis  and  2)  a  subtribe  Eleusinac  with  Tridens.  Tripla-
sis.  Enoneuron.  Dasyochloa.  Munroa.  Leptocarydion.  Leptochloa,  and  Tripogon.
These  two  subtribes  are  not  in  agreement  with  the  most  recent  classifica-
tion  (Clayton  &  Renvoize,  1986)  where  Blepharoneuron  is  placed  in  the  El-
eusinac  and  not  in  the  Sporobolinac  along  with  Chaboissaea.  Crypsis.
Lycurus,  Muhlenbergia,  Pereiktna,  and  Sporobolus.  Campbell  (1985)  on  the
other  hand  recognized  a  broadly  defined  tribe  (Cynodonteae)  that  contains
all  of  the  genera  proposed  for  this  study.  The  results  reported  here  indicate
relationships  of  the  subtribes  within  this  subfamily.  However,  we
recognize  the  need  to  correlate  these  data  with  gross  morphology,  as  well  as
molecular,  anatomical,  and  cytological  characters  to  provide  useful  inform-
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iition  in  dclimitini;  tribes  and  rcsolvint,'  raxonomic  problems  within  the
Eragrostideae.
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