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species level: analysis of thLe leaves of nine poa speciel (loaceae)
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Abstract

The taxonomic value of phy,olith assemblages and their Aon,.o nrrr.-i.l,i rit,,..,i+r.: - r:{rl^-^- , ^- ^ -: ^ ^ - c LL ,
cfill ^- .,-l^*-.^1,,^J :^---^ : - ,r | ,still an undervalued issue in the botanical rarrge of phytolit
ancl its implications to plant systematics is doubtless,

of a. worldwide importance was also compiled. The descript
taxonomic relationships are given here.

llesults suggest that the biogenic silica co:ntent of the poa

Introduction

Many plants deposit hydrated SiO, in ce,ll walls, cells

phy'tolith morphotypes and the C3 and C4 photosynrhetic
pathways and this allows the reconstruction of plant com_

to species level [9]. For efample Mejia-Saules and Bidby
[10] found distinguishing silica bodies in the lemmae of
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Melica species. Form and $osition of phytoliths, which {re

one of the taxonomicallv complicated groups
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world. Poa stiriaca Fritsch et l{ayek can alsic be classified
in this group [15]. The features of the leaf epidermis, and
the presence ancl distribution of silicified uniceilular hairs
ancl prickles were shown to be useful char:acteristics to
separate and identify the species ofthe P protensis species
grotp l2L-24]. Nevertheleis P, pratensis was often used as

a "rnodel" organism in many studies [25].
'lhe aim of this study is to describe the phytolith as-

sernblage in lateral shoots of niLne Poa species, looking for
potential species level phytolith characters that could be
useful in palaeocecology and, in parallel, to start collecting
reference material to make cornparisons with other grass
species and genera.

Materialand methods

$ample collections

llhe following Poa species from the P, pratensis group
were collected and analyzed: P. alpigena (Fr:ies) Lindman,
P. angustifoliaL' P. pratetxsis L., and P. stiriaca Fritsch et
Hayek. Other selected species consisted o,f two annual
taxons: P. annuaL., P. compressaL., P. trivialis L. and three
perennial taxons: P arctica R, llr. and P. hybrida Gaudich.
The individuals of the specieb that were selecte,J to be studied
are characterizecl by wide geo graphical distribution. Most
of the plant material originated from caryopries of the nine
species obtained from the National Germplasrrr System of the
United States Department of Agriculture 126] Poa collection.
They were established in a climate room then planted into
experimental plots under the same conditions. The studied
germplasm were selected from different countries, with
large geographical variation to represent different genetic
backgrounds (Tab. 1). Proper identification ofthe grown
specimen were undertaken in order to analyse relevant
phytolith morphologies. A smaller part of plant material
was collected at Hungariarl localities (Tab. 1), except the
specimens of P. arctica, P. alpigena and P. hybrida, because
ofthe areas ofthese species do not reach the Carpathian
basin (Tab. 1).

Laboratory procedures and d{ta analysis

Six lateral shoots (leaf blades and leaf sheaths) of each

P. pratensis and P. angustifblialeaves surfaces.

phltolith assemblages was Usecl to estimate taxonomic vafue
of phytolith morphotlpes in the species. The dissimila{ity
coefficient was Euclidean {istance and sorting strategy r,!as

single link [36]. To establlsh the degree of segregatiori of

fi'om three different lateral shoot per species were stud{ed
using AMRAY 1830I typ( scanning electron microsc(pe
(SEM). To illustrate the llcality of the phytoliths in lhe
epidermis tissue black sca]tter SEM images were made on

Tab, I Inventory of thr: exarnined
expressed in the plantt dry weight.

Poa species and their biogenic sili4a content

Number Species Original locality Biogenic silica (%) Leaf width (mm)

12.0

22.8

29.2

22.0

16.0

7.1

15.1

\2.6

t4,7

1

2

3

4

5

6

7

8

9

P. pratensis

P angustifulia

P. alpigena

P. stiriaca

P annua

P. arctica

P compressa

P hybrida

P. trivialis

Iran, Flungary

China, Hungary

Alaska, Norway

Poland, Hungary

India, I{ungary

Canada, Alaska

Russia, Flungary

USA, Canada

Morocco, Hungary

2.0-410

0.s- 110#

0.9- 113*

0.2-ol3

1,0-sl0

1,0-2ls

I o_40'-'1"
s,0-810

1.s-6J0

LeafWidth data are basecl on [14], #[15], x[51].
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The ash of the Poa shodts contained full1, silicified silica
bodies, cells with silicified {valls, corr.oded silicified cells and
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but other species had rat$er less rondel.

Phytoliths with low frequerr(y values (below 20%)

in P. pratensis (32.4o/o) altd P. angustifulia (55.9o/o) ledves.
Rondel-trapeziform shor( cells were similar in frequenqy rn
P. qnnua (17.8'/o), P. alpinh Q7.sVo) and p. hybrida (tS.iy"),

Results

Biogenic silica <ontent

taxonomical properties.

Classilled phytolittrs

trichomes (prickles) withbut distinguishable costal zoires
and silicified short cells. Tlte abaxial surfaces contain distln_

e nine Poa spe<:ies phytoliths
lished morphotypes (Tab. 2).
and P, hybrida the percentage
ded 60% and irr p. comDressa
low 50% in p. t.rivialis, trnder

30o/o in P. alpigena and p. afonua, and little more than 30%
in P. arctica. Poa angustifulikhadrnore classilied phytoliths

n the close relative p pratensis
ot find correlation between
and biogenic silica content

ye a summary of the relatiye
res ofphytolith assemblages of
mblage of the nine examined
erized by elongate psilate pro-portron .$ sinuate proportion above 10%o

and pro alpeziform above2Ao/o. Globular,
tabular ,dhth, *... below 5% (Fig. 1).

Phytoliths with high frequency falues (above 20Zo)

The anatomical origin of inost of the phytolith morpho-
types is the epidermis, as is {sual in the poaceae family- The
elongate long cells (LC) and short cells (SC) were common
in these species. Elongate mprphotypes could. be observed
with several textures and orn]amentation types. The number
of ornamentation types varfed betwe.r, ilro and, ten. poa
hybrida and P. alpigena ha{ two elongate ornamentation
types, whilst P. pratensis shdwecl ten different ornalrenta_
tion types (Tab. 2). The most corrrmon ornarnentarron types
are psilate and sinuate textirres, and these can be found
in every species. Elongate efhinate morphotypes are also
common and can be found ilr leaves of six species. Some of
the elongate psilate morphotypes derive from the vascular
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Fig.2 Microphorograph
(pitted) tracheary elements. b
long cells. | - P pratensis; 2 -
9 - P, triyialis. Scale bars: 10 Unf

P triviqlis. As Fig. 9e,f shofvs, scutiforms _ originated fnunicellular hairs - were alsd common. poa hybridaabaxihl

@TheAutho(s)2015 pubtkhed bypolish Botlnicalsociety Acta 5oc Bot Pol 84(3)i369-383
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d fi'om lateral shoots of poa rip€cies. a Elongate echinate epiderr-ral
ngate crenate epiderrnal long ce1ls. d Elongate papillate epidern-ral

ermal lor-r54 cell. g Elongate corniculate epidet.rnal long r;ell.
j Elongate columellate epidermal long cell. k lilongate den_
; 4 - P, stiriaca; 5 _ p. annuu;6 p. arctica;7 _ p compressa;

i .i r,J,\r

g

6

t
6'

n

Fig' 4 Microphotpgraph imagls of plltolith morPhotypes recovered from lateral shoots of poa species. a oblong psilate subepiclermalcell' b Rondel-trapeziform epi@er:mal short cells. ,: GloLular psilate with inclusion subepiclerrnal r:ells. d rabular epiderrnal cells. I -P' pratensis;2 - P angustifulia;3 - P. alpigena:4 - 'P. stiriaca;i - P. onnro;6 - p. arctica;7 - p. conrpressa:g - p hybrida;9 - p. trivialis.Scale bars: 10 pm.

6

epidermis produce more rohdel-trapeziform SC than the
P, compressa and p. triviqli.s does.

Clluster analysis revealed fbur main groups: group l, con_
sisting of P pra tensis and p angurtifolia; group 2, consisting of
the other species belonging t.o tlrc p. priterrl, ,1r..r.. g.o.rp,
P, alpigena, P, stiria.ca, and p trivialis (the latter r;pecies is not
a rnc'rnber of the group); group 3, consisting of thre. species:
P, annua, P. arcticn and p. trybriria; and group ,4, cor.rsisting
of P. compressa (Fig. l0).

rondel- trape ziform phytolithr;, the rondel-trap eziforrn
content is about half that of group l. At the sarle time group
3 had about twice as many elongate LC morphotypes than
group 1 (Fig. 1).

(o'[he Autho(s) 20j 5 published by polish Botanical Sociery Acta Soc Bot pot 84(3)1369 383
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9 --- 9 **--__

t---Ul l --_--
m ,1.r

9 .-----

d from lateral sl'roots ofpoa species. a Lanceolate trichonre epiclerurai
rm cell group, e papilla cell with base. f Rectangle epidermal cells.

lurnen of lor-rg cells. i Intercellular trigonal pyramid.. j Scutifor:m
sl.rort cell. m Plylobate epidr:rr'al Jong cells. n Bilobate epidern,ral
a;3 - P. alpigena; 4 - p, stiriaca; li _ p. annua:6 _. p. arcticq: "/ -

'the phytolith assemblage o1,p alpigena was to a certain
degree separated tlrom the others in group 2, I1. is character_
izeclby globular hotypes. The
phytolith assemb s in group 2,
P. stiriaca and P r other. Group
4 consisted of on :haracterized
by g/obular ir-rclusion phytolitl'rs (Fig. 1).

lhe first two axes of the pCA (Fig. ll) amounted to
9'7.60/o of the total variance (67.\Vo for axis 1,30.5o/o for
axis 2), On Fig. I 1, where axes I and 2 are represented, two

I arr: diferent types of elongati: psilate phytoliths; rondel_
trapr:ziform phfoliths contribute to axis 2. pC1, of phytolith
tnorphotypes confirms this observation (Irig. J.2). Axes I and
2 are: represented in Fig. I2, wher.e axis 1 represents phytolith
amount. The proportions of elongate sinuate and elongate

psilate rnorphotypes are high in every species. Standard
deviation of abundant rondel-tr:ape ziform phytoliths are
represented by axis 2. This morphot)?e is special because
its proportion is high in every species but the standard
deviation is higher than that of rlbundant elongate phytolith
morphotypes.

Discusr;ion

Compared to previously conducted studies on the bio_
genic silica content of Poa species, we can state that the
biogenic silica content (16.8%) of the studiecL species is
relatively high (cf. l2B,37l), therefore it is anticipated that
the Poa genus is present in fossil phytolith assemblages. poa

pratensis shoots (leafblades ancl sheaths) accurrrulate silica
mainly in their epidermis cells, both in short ancl long cells,
as this f'eature is typical in mos1 poales [13,3g1.'Ihere may
be some connection between tlre bSi content and width of
ieaves of studied species because poa specimens with wider
leaves had lower bSi contents.

f.

oTheAutho(s)2015 PublishedbypolishBotanicalsociety ActaSocBotpolS4(3)i369_383
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Fig'6 BackscattersEMimagesoflateralshootsofPoaspecies,aAdaxialleafepidermis 
of p.prhtensis.bAbaxialleafepidermisof

P pratensis' c Adaxial leaf epidermis of P angustiJolla. d Abaxial leaf epidermis of p angustifolia. abax- abaxial surface; adax - adaxialsurface;elc-epidermallongcell;esc-epidermalshortcell;ep_edgeprickle;p_prickle;st_stonlatalcomplex;uh_unicellularhair.

reco'very and observation of apex fragments has a higher
probability.

@TheAutho(s)2015 t'ublishedbypolishBotanicalsociety ActaSocBotpot84(3):369_383
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Fig'7 sEMimagesoflate-ralshootsofPoaspeci,:s'a-Adaxialleafepidermis 
of p.pratensis.bAbaxialleafepidermis ofp.pratensis.c Ada'xial leaf epidelrnis of P' angustifolla. d Abaxial leaf epidermis of i. o,nguriif"tio.e Acla-rial leaf epidermis of p alpigena.f Abaxial leafepidermis of P. alpigena. elc - epidermal long cell; t:sc - epidermal short ill; i _ prickte; uh _ unicellular hair.

G)The Autho(s) 20j5 t,ublished by polish Botanical Society Acta soc Bor pot B4(j)r369_383
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Fig- 8 sEM irnages of lateral shoots of Poa species. a Adaxial leaf epidermis of P. stiriaca.b Abaxial leaf epidermis of p. stiriaca.c Aclaxialleaf epidermis of P' annua' d Abaxial leaf epidermis of P. annua.e Aiaxial leaf epidermis of p arctica.f Abaxial leaf epidermis of p arctica.elc - epidermal lonl; cell; esc - epirlermal short ceil; p - prickle; st _ stomatal iomplex; uh _ unicellular hair

Similar establishnrent wds reported for palms, because it
was not possible to id ro taxon indi_
vidual palm phlrolirhs es in phytolrth
morphology significan cific variation,
revealing the potential value of further research [4g ] . Thorn
[49] compared ph]tolith assgmblage of p, litoralis with those

oTheAuthor(s)20i5 l,ublishedbypolishBotanicalsociety ActaSocBotpotS4(3)1369_383
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Fig' 9 SEM irnages of lateral shoots of Poa species. a Adaxial leaf epidermis of p, c.o.mpressa. b Abaxial leaf epidermis of p. compressa.c Adaxial leaf epidermis of P' 
.hybricla'.d'Abaxiai leaf epidermis of P yLrida.e Adaxiar reaf epidermis of p h.ivialis.f Abaxial leaf epidermisof P trivialis' elc - epidermal long cell; esc - epide.mal short cell; - pri.r.r., ,i - stomal.al cornplex.

ofan unjdentified poa species and reported about the varia_
tion within the Poa at the generic level.

grass genus.

@The Autho(s)2015 f,ublished by polish Botanical Society Acta Soc Bot Pol 84(3)i369_383
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30

25

.9

l0'

5-

0-

. Elohgoto-slnuate
a

f;longitel)silate

Fig, 10 Hierarchical cluster dendrogram showing poa species
grouping based on their phytolith assemblages (single link, near_
esl. neighbour). Species: | - p pratensis;Z _ p angistifolia;3 _ p.
alpigena;4 - P. stiriaca; 5 - p. arutua;6 - p arctica;i _ p. ,o^Drrrro,
8 - P hybrida; 9 - P. trivialis,

-i._ - --_l__-
-2.O -1.0 0.0 1,0 2,O 3.0 4,0 5.0 6.0

PC1

Fig, lr p1ln.ipal componenlt analysis axes score plot of phltolith
morphotypes.

[onclusions

Fig,11 Principal component analysis axes score plot ofspecies
based on their phytolith assemblages.

Ac[<nowledgments
The authors would like to thank Ibolya O. 

.Ii5Lh 
an<l Hanga Kiss for tech nical

assistance. The authors are also grateful [o two anorymous revieweLs whose
c.omments helped to improve this paper. This work was undertaken with
the support ofDepartment ofAgricriltural Botany, Crop physiology and
Biotechnology (university of Debrecen) and Research centre of Excelience
at Szent Istvdn Univelsiry (9878/2015/FEKUT).

Authors' contributions
ilhe following declarations about auLhor.s'contributions to 1:he rescar.ch have
been made: writing the manuscript: ZLS; conducting measurements: SK;
statistical analysis: PB; conducting SEM studies: LD; r-evising oftaxonomic
consequences: KP; research designing: Ap,

Competing interests
No competing interests have been declared.

References
l. Blackman E, Parry DW Opaline silica bodies in the range grasses

ofsouthern Alberta. Can I Bot. 1968;49g):769_781. http://dx,doi.
org/70.It39lb7I-116

2. Agarie S, Agata W Uchida H, Kubota F, Kaufman p Function of silica
bodies in the epidermal system ofrice (Oryza satival,): testing the
window hypothesis. / Exp Bot. 1996;47(5)1655_660. http://dx.doi.
orgl r0.1093 / jxb / 47.5.6ss

3. Twiss PC, Suess E, Smith RM. Morphological classification of erass

This description ofleafphytolith assembl ages of p praten_
sis, P angustifulia, P. alpigeixa, p. stiriaca, p. trivialis, p anhua,

phytoliths, Soil Sci Soc Ag I. 1969;33(1):109_u5. http://dx,doi.
org/10.2 I36lsssaj 1969.03619995003300010030x

4. Brown DA. Prospects and lifnits of a phytolith key for gtasses ir.r the
Central United States. J Arfhaeol Sci. 1984;11(4):345_368, hrrp://
dx.doi.org/ 1 0.1 0 r6l0305-44b3641) 9001 6_s

5. Mulholland SC, Ph1'tolith in North Dakota grasses:
a comparison to general p Sci, 19g9;16(5):4g9_51 Lhttp://dx.doi.orgl10.1016 070_8

8. Uistribution ofC3 and C4 grass phy_

fand SC, editors. phytolith sysremar_
Press; 1992. p. 113-128. http://dx.doi.

P 1-6

9. Lindstrom LI, Boo BM, Mujic{ MB, Lutz EE. Silica bodies in perennial
grasses ofthe southern District ofthe Calden in central Argentina,
Phfon. 2000;69 :I2V -735.

10. Meji ica bodies and hooked papillae in lenrmas ofMeli popideae), BotlLin SoT.ZOOZ;t+tq+|++Z_
463, 046/j.r095_833s.2003.00r52.x

ll. Krishnan S, Samson Np, Ravichandran p, Narasimhan D,

1.0

0.9

0.8

0.7

0.6

pc2 0,5

0.4

o,2

0.1

0.0

"r" 
, hto

a ann

a alp
tlv

tom[ 
"a

@TheAuthor(s)2015 FublishedbypolishBotanicalSociety ActaSocBotpot84(3):369_383



Lisztes-Szab6 et al, / Differences of phytolith assemblages of nine poo species

Dayanandan P Phytoliths of Indian grasses and their potential use
in identification. Bot I Lin Soc. 2000;132(3):241_252. http://dx.doi.
org/10. I t 1 l/j. 1095-8339.2000,1b01529.x

12. Lu H, Liu KB. Morphological variations oflobate phytoliths from
grasses in china and the south-eastern United states, Divers Distrib.
2003 ;9 (7):7 3-87 . http://dx,doi.org | 10 ).046 I i,147 2 4642.2003.00 166.x

13. Prychid C|, Rudall pJ, Gregory M, Systematics and biology of silica
bodjes in m o:nocotyledons. B ot Rev 2004;69 (4) :37 7 _ 440. http : I /
dx.doi.orglt 0, 1663/0006-B 1 01 (20 04)06s1037 7 :S /:rBOSBl 2.0.COp

J4. Clalton WD, Renvoize SA, editors. Genera grarninunt: grasses of
the world. London: Royal Botanic Gardens; 19S6. (Kew Bulletin
Additional Series; vol 13).

15. 5o6 R, A Magyar fldra ds vegetiici6 rendszertani _ ndv6nyf<ildrajzi
kdzikcinlve V 2nd ed. Budapest: Akademiai Kad6; t973,

16. Blinnil<ov MS. Phyfoliths in plants and soils of the interior pacific
Northwest, US A. Rev Palaeobot pal1,nol. 2005;135(1 _2):7 t_98. hrtp:l I
dx,doi.org/10. I 0 I 6/j.revpalbo,200 5,02.006

17. de Melo SB Monteiro FA, de Bona FD. Silicon distribution and ac_
cumulation in shoot tissue ofthe tropical fo rage grass Brachiaria bri_
zanthq, Plant SoiL 20l,0;336(I_2):24I_249.http://,clx.doi.org / 70.t007 I
sIlI04-0I0-0472-5

18. Hartley l{ Studies on the origin, evolution, and rlistribution ofthe
Gramineac. IV The genus poa 1,, Aust J Bot . I96l;9(2):152_I6t.http:l I
dx.doi,orgl1 0.1 07 Ubtg6I0tS2

19. Blinnikov MS, Busacca A, Whitlock C. Reconstruction of the late
Pleistocene grassland of the Columbia basin, Washington, USA,
based on phytolith records in loess. palaeogeogr palaeoclimatol
Palaeoecol. 2002;17 7 (I -2) :7 7 _ r0 L hr tp,//,lr,ilo i.orgi t 0. I 0 1 {i/
s003 I -01 B2(01)00353-4

20. Tutin T'G, Heywood VH, Burges NA, Moore DA,I, Valentine DH,
Walters SM, et al, Flora Europaea. Volume 5. Cambridge: Cambridge
University Pressl I9g0.

21. ChafteyNJ Epidermal structure in the ligules of fuur species of the
genus Poa L. (Poaceae). Bor J Lin Soc. 1984:89(4):341-354.h1p:ll
dx.doi.org/10. 1 1 I Uj, 1095.8339. 1984.tb02565.x

22, Chaffey NJ. Structure and function in the grass ligule: presence
of veined and membranous ligules on thJ sarne"culm of Brit_
ish.grasses. New phytol. l9B5;101(4):613_621. hrtp:/ldx.cloi,
orglI0.II7t/j.t 469-81 37 ,1985.rb02867 .x

23. Szab6 KZ, Papp M, Dar6czi L. Ligule morphology and anatomy of
five Poa species. Acta Biol Crac Ser Bot. ZOOA;+S(Z\:IZaA.

24. Lisztes-Szab6 Z, Kovrlcs S, pet6 A. phytolith analysis of poa pratensis
(Poaceae) leaves. Turk J Bor. 2014;38(t):851_863. http,l/d*.doi.
orgl10,3906/bor t3 I 1 -8

25. Matzk E New efforts to overcome apomlris in poa prqtensis. Elrph,\ica,
199r;Ss(I):65-72. http://dx.doi.or gl rO,t OoT 1bf00022561

26. USDA, NRCS, The PLANTS Database [Inrernet]. Greensboro, NC:
National Plant Data Team; 2014 [cited2}O9 Aug i8];Available from:
http://plants. usda. gov

27, Albert RM, Weiner S. Srudy of opal phytoliths in prehistoric ash
layers using a quantitative approa.h, Li, Mennier J, Coline l, editors.
Phytoliths: applications in earth sciences and human history. lisse:
Balkema; 2001. p. 25t-266.

28, Mercader l, Astuditlo R Barkworth M, Bennett ! Esselnont C,
Kinyanjui R, et al. poaceae phytoliths from Nassa Rift, Mozambique .

J Archaeol Sci. 2010;37(8): I 953- Ig67. http://dx.doi.org / IO.1016/ j.
jas.2010.03.001

29. Mercader f, Bennett ! Esselmont C, Simpson S, Walde D, phytoliths
in woody plants liom the Miombo woodlancls of Mozambique. Ann
Bot. 2009;104(l):91-1 13. http://dx.doi.org I 10.1093 laobl mcp097

30. Madella M, Alexandre A, Ball T International Cocle for phytolith
Nomenclature 1.0. Ann Bot. 2005;96(2) :253_260.h1rp://dx.cloi
org/10.1093/aob / mcil72

31. Blinnikov MS, Gaglioti By Walker DA, Wooller MJ, Zaula GD.
Pleistocene graminoid-dominated ecosystems in tlre Arctic. euat

@TheAurho(s)2015 t,ublishedbypolishBotanjcalsociery ActaSocBotpot84(3):369_383

Sci Rev. 2U. r:30(2t-2L)lzqOe_zSZl. http://dx.doi.or gl t0.r)t6 I j.
quascirev20l I.07.002

32, Honaine lvIF, Osterrieth \4L. Silification ofthe adaxial epidermis of
leaves ofpanicoid grass id relation to leafposition and section and
environmental conditionb. plant Biol, 2012),4(4) :596--604. hlltp:/ I
dx,doi.org/1 0. 1 1 II l j.r 4381867 T,20 1 l 00530,x

33. I

I

T

34. Piperno DR, Pearsall DM. The silica bodies of tropical American
grasses: motphology, taxo4omy, and implications [or grass sysremat_
ics and fossil ph1'tolith iclerStificertion. Washington, DC: Smjthsonian
Iltstitution Scholarly pleis; 1998. (Smithsonian Contributions to
Botany; vol 85). http://dx.do i.orgl J.0.547 9 / si.O081024x.85

37 ' a ith rypes and typeifre-
- he European Alps. Rev
0 l/dx.doi,org/10.r016/j.

38. Metcalfe CR. Anatomy of ttle monocotyledons I. Gralnineae. Oxford:
Clarendon Press; 1960,

39. Ponzi R, Pizzolongo P Morphology and distribution ofepidermal
phytoliths in Triticum aestj,,vum L. plant Biosyst. 2003;137(t):3_10.
http://dx.doi.org I I0.t0B0 / IL263SO03 ).233 r35t27 |

40. Morris LR, Ryel Rj, phytolirh lypes and type_
frequencies ced species ofthe sagebrush steppe
and pinyon of the Great Basin,-USA. Rev pa-
laeobot Palyrr o1 . 2009 ;I 57 :339 -3 5 Z. http :i /dx. clo i or. gi I 0. I 0 I 6/j,
revpalbo.2009.06.007

41. Marx R, Lee DE, Lloyd I(M, Lee WG. phytolith morphology ind
biogenic silica concentratiQns and abundance in leaves of Chiono_
chloa (Danthonieae) and Feltuca (poeae) in New Zealand. NZ I Bot.
2004;42(4):677-691. )rrrp:/i cti.doi,org/I 0. I 08010028B 

.25x.Zt)04.9512919

42. Rapp G, Ol n in phyto_
pulation of . Can J Bot.
_164s, http 0

43. Mulholland SC, Rapp G, Ollendorf AL. Variation in phytoliths from
corn leaves. Can J Bot. 1988i66:2001_2008.

44. Madella M, M. Comprehensive perspectives
on phytolith search. euatlnt. 2012;287(1.):1-2.
http://dx.do 012.11.009

45. , Kovrics A. Leaf epidermal chhr_
Central European populations of
Syst Evol. 20 14;300 (3) :43 I - 4E I.
I 3 _0893_8

47. Barboni D, Brernond L. phytoliths ofEast African grasses: an assess_
ment oftheir envjronmental and taxonomic significance based on
fl oristic data. Rev palaeobor palynol, 2009 :l SS1I_2) :29 * 41, http; I I
dx.doi.orgl1 0.1 0 1 6/j.revpalbg.20 0g.07 .002

* :;,:H1 H1Tl:Ili#?,;fi:f;H:';l,i:,fl1::
Sci. 201 t http://dx.doi.org/ I 0. I 016/j,jas.20 I i.03.016

49. Thorn

ductio 
tr\t,*i

2):37-



Lisztes-szab6 et al. / Differences of $hytolith assemblages of nlne poa specles

50. Shaheen S, Ahmad M, Khan F, Zafar M, Khan MA, Bano A, et al.
in leaf epidermal anatomy of Brachiaria
sive spectrophotometer analysis, J Med

@The Autho(s) 2015 pubrished by porish Botanicar S'ciety Acta soc Bot por 84(3)i369-383


