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Diversity and descriptive terminology of morphological features
in bulliform cell phytoliths of grasses and bamboos
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Abstract Morphological diversity of bulliform cell phytoliths derived from 67 species and 22 other taxa of 36
genera in 10 tribes and 6 subfamilies of Poaceae was studied using light and scanning electron microscopy. Bul-
liform cell phytoliths were polyhedron constitutings with six faces, one top, one bottom, two end profiles, and
two laterals. The end profile morphology varied widely from asymmetrical to symmetrical through triangular,
rectangular, and round and had three characteristic features in the presence of protuberance at boundary and the
outlines at top and bottom sides in the end profiles. The outlines at the top and bottom sides of the end profiles
were classified into five types, rotundate convex, squarish, thicker towards the end, sunken, and with protuber-
ances, and six types, rotundate convex, acute convex, flat, with one sunken place, with two sunken places, with
three sunken places, respectively. The surfaces of bulliform cell phytoliths had protuberances and sculptural pat-
terns. The sculptural pattern, observed only on the bottom surfaces, was classified into two main types, reticular
and striped, and two subtypes, diamond shaped and latticed. The protuberances were classified into five types,
nailhead-shaped, trapezoid, clavate-shaped, forked, and verruca.

Keywords: bulliform cell phytolith, descriptive terminology, morphological feature, opal phytolith, Poaceae
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Table 1 Plants examined in this study and their taxonomic ranks, number of collected individuals, and collection sites

2¢4, Scientific name

M4 Japanese name 1@1’12{,:%( U Collection sites

% - 5%} Bambusoideae
7 7 4 F 73 Bambuseae
Bambusa multiplex (Lour.) Raeusch. ex J.A. et J.H. Schult.
B. multiplex ‘Silverstripe’ [Fig. 2A]*
B. vulgaris Schrad. ex J.C. Wendl.
A %7 Arudinarieae
Phyllostachys edulis (Carriére) Houz.
P. reticulata (Rupr.) K. Koch [Fig. 2B]
P. reticulata ‘Geniculata’
P. makinoi Hayata
P. nigra (Lodd.) Munro
Hibanobambusa transquillans (Koidz.) Maruy. et H. Okamura
Semiarundinaria fastuosa (Mitford) Makino ex Nakai var. fastuosa
S. fastuosa var. viridis (Makino) Makino ex Sad. Suzuki
Sinobambusa tootsik (Makino) Makino ex Nakai
S. tootsik var. tenuifolia (Koidzumi) Sad. Suzuki
S. tootsik ‘Suzukonarihira’
Shibataea kumasasa (Zoll.) Makino
Sasa kurilensis (Rupr.) Makino et Shibata
S. spiculosa (F. Schmidt) Makino
S. spiculosa ‘Nebulosa’
S. tsuboiana Makino
S. hayatae Makino
S. palmata (Lat.-Marl. ex Burb.) E.G. Camus [Fig. 2C]
S. veitchii (Carriére) Rehder var. veitchii
S. veitchii var. tyugokensis (Makino) Sad.Suzuki
S. megalophylla Makino et Uchida
S. nipponica (Makino) Makino et Shibata [Fig. 2D]
S. gracillima Nakai
S. tsukubensis Nakai ssp. tsukubensis
S. tsukubensis ssp. pubifolia (Koidz.) Sad. Suzuki
S. oshidensis Makino et Uchida
S. shimidzuana Makino
S. borealis (Hack.) Makino et Shibata
Sasaella masamuneana (Makino) Hatus. et Muroi
S. ramosa (Makino) Makino var. ramosa
S. ramosa var. suwekoana (Makino) Sad. Suzuki
Pseudosasa japonica (Siebold et Zucc. ex Steud.) Makino ex Nakai
P. japonica “Tsutsumiana’
Pleioblastus hindsii (Munro) Nakai
P. linearis (Hack.) Nakai
P. gramineus (Bean) Nakai
P. simonii (Carriére) Nakai [Fig. 2E]
P. simonii ‘Heterophyllus’
P. kodzumae Makino
P. chino (Franch. et Sav.) Makino [Fig. 2F]
P. argenteostriatus (Regel) Nakai f. glaber (Makino) Murata
P. argenteostriatus ‘Distichus’
P. argenteostriatus ‘Akebono’
P. shibuyanus Makino ex Nakai
P. fortunei Makino ex Nakai ‘Variegata’
Chimonobambusa marmorea (Mitford) Makino
C. marmorea ‘Variegata’
C. quadrangularis (Franceschi) Makino
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Table 1 (continued)

2¢4, Scientific name

M4 Japanese name 1@{2&%{ U Collection sites

-« X &%} Ehrhartoideae
A %3 Oryzeae
Oryza sativa L. * IR25’ [Fig. 2G]
O. sativa ‘Kirara397’
O. sativa ‘Ouu312’
O. sativa ‘Shinkou420’
Leersia oryzoides (L.) Sw.
Zizania latifolia (Griseb.) Turcz. ex Stapf [Fig. 2H]
A F Y+ F R Pooideae
AR A ) F % & % Bromeae
Bromus inermis Leyss
%> F 2 @ Arundinoideae
%' F 7 Arundineae
Arundo donax L.
A. donax var. versicolor (Mill.) Stokes [Fig. 21]
Hakonechloa macra (Munro ex S.Moore) Makino ex Honda [Fig.2]]
Molinia japonica Hack. [Fig. 2K]
Phragmites austrilis (Cav.) Trin. ex Steud. [Fig. 2L]
P. karka (Retz.) Trin. ex Steud. [Fig. 2M]
£ > )\gE#} Chloridoideae
AR X i Eragrostideae
Leptochloa fusca (L.) Kunth
Eragrostis ferruginea (Thunb.) Beauv.
Eleusine indica (L.) Gaertn. [Fig. 2N]
Mubhlenbergia japonica Steud.
M. curviaristata (Ohwi) Ohwi var. nipponica Ohwi [Fig. 20]
¥ a3 7 ¥ >\ Cynodonteae
Chloris gayana Kunth
C. barbata Sw. [Fig. 2P]
Zoysia japonica Steud. [Fig. 2Q]
Z. matrella (L.) Merr.
¥ ETEF} Panicoideae
¥t Paniceae
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Oplismenus undulatifolius (Ard.) Roem. et Schult. var. undulatifolius [Fig. 2R|’7 5 2 ¥4

Echinochloa crus-galli (L.) Beauv.
E. esculenta (A. Braun) H. Scholz [Fig. 2S]
Eriochloa villosa (Thunb.) Kunth
Setaria pumila (Poir.) Roem. et Schult.

F I ik Isachneae
Isachne globosa (Thunb.) Kuntze

t X777 AA¥j Andropogoneae
Spodiopogon sibiricus Trin. [Fig. 2T]
Saccharum officinarum L.
Miscanthus sinensis Anderss.
M. condensatus Hack. [Fig. 2U]
M. sinensis f. zebrinus (Nichols.) Nakai
M. sacchariflorus (Maxim.) Benth. [Fig. 2V]
Imperata cylindrica (L.) Beauv. var. koenigi (Retz.) Pilger
Zea mays L. [Fig. 2W]
Coix lacryma-jobi L. var. lacryma-jobi [Fig. 2X]
C. lacryma-jabi var. mayuen (Roman) Stapf
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* Brackets: numbers of SEM photographs shown in Fig. 2.

Subfamily and tribal classifications follow Clayton & Renvoize (1986) and the results of the molecular phylogenetic analysis in Poaceae

(Grass Phylogeny Working Group, 2001; Bouchenak-Khelladi et al., 2008; Sungkaew et al., 2009).
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SR, Bl C:flim@l, D @, E: Nl
Fig. 1 Diagrams of bulliform cell phytoliths in all its aspects.
— A: Three-dimensional aspect, B: end view, C: side view, D:
top view, E: bottom view.
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2. 27 —)L=10 um,

Fig. 2 Scanning electron microphotographs of bulliform cell phytoliths isolated from leaf blades of several grasses and bam-
boos (A, C-E, G-I, K-N, P, Q, U-X: end views; B, F, J, O, R-T: three dimensional aspects). See table 1 for taxonomic names.

Bars = 10 pm.
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3 A FFHEWIC B 2RI R O &5 O TZREIIRHE, R ORI THIOIR & AL, ORI I OES &
WEV R U HOB IR & 7 i AR (R 2 E T L IC LT b, — A, il EEFROTIR (a: AAzw 5, b MiEs, c: M,
d:dekicie 2, e 8idh b %), B, Wl PHOIIR (a: MAZGFNS, by, o P d: M0, e: M0, f:
M2 =0), C. Ttk (a: MEREE b: ZERE o EEE, d:EFERR e @ MBRD U QIIBRDABAG), D, 2
oY) (a:$TOUEE, b: B, c: Mg, d: 2% e, f:wiF), E. flme THOEFIZIR, F. k{FHEL .

Fig. 3 Typological diagrams of morphological features of bulliform cell phytoliths in grasses and bamboos examined in this
study. — A. Top side forms in end profiles (a: rotundate convex, b: squarish, c: thicker towards the end, d: sunken, e: with
protuberances); B. Bottom side forms in end profiles (a: rotundate convex, b: acute convex, c: flat, d: with one sunken place,
e: with two sunken places, f: with three sunken places); C. Sculptural patterns on bottoms (a: reticular, b: diamond-shaped, c:
striped, d: latticed, e: wrinkled pattern or unclear); D. Protuberances (a: nailhead-shaped, b: trapezoid, c: clavate-shaped, d:
forked, e and f: verruca); E. Two types of boundary between lateral and bottom sides in end profiles; F. Highly developed ridges

in an end profile.
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Uil NI OTARIC D ZEREDRD S0, [ (X 3Ba),
M (X 3Bb), “FH (X 3Bc) &L OMHYR (X1 3Bd, e,
) ORBIE SN, Sl FEEOMEOEIL 125
3oEAERH-7- (X 3Bd-f),

Ui LA DT DR ESIE T TE D L E S AT TR

ZLpo70s, THOEMIZIE, UEUIZM MBI
n, ZoMMoREXE, B, IIIEIIRFRETH-
7eo ML, %L D5A, THIEEICHMA LEBL 2 KE
SZRRL TS, P IS BEE 2 MBS E U Tz
Babdbol, ok BRHEE AT 2Rk O
Sl NI R YLARE I (X 3Be) L MR (1K
3Bd-f) L7%->TED, FHEHEBAZTTRIMABR»S BT
HICBEFE 2 MR SN T\ B 2 L 2 ERTE 1, — /7,
IR & MR 2SR TS AN & NIk Ic i 3 2 854,
Z DM & e o T I, TN PR & I
O, NI U 2 BEE R MR E XA L 72,

TR, THOREICAE L M E %4 L b aREEIC
Vel 3 2 BED & 72 2 BT REE DR D IR S LT T E 2R T,
THEAES L I FHEo—IcES tvTni, HAEE
DEFFHITIZTERDE W DIH D, ZDEFIHD W, #HH
(¥ 3Ca, b), M (M 3Cc, d), #d L IS, T
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Table 2 Correspondence between terminologies proposed in this study and those used in previous studies

ﬁ%’gfﬁ;gﬁfﬁﬁm seudy IR 1976 M A P TRR pk1986 Bilies 198810111995 HIEA 2009
L1t top i surface il i surface Fimiil surface R surface
i bottom Hfi back S Hifi back S behind

sitilil edge WA cross WAl cross LT} WAl cross WAl cross
AT lateral AT lateral fA lateral
JEiZE# protuberance on boundary Bk

TR sculptural pattern g (o) ek T R [ELRINLS

48 58K reticular pattern T RO I

fitEikk striped pattern REEIR Rtk WO

ERR B 2\ IR IS FHM, 5

wrinkled or unclear pattern

Uit LT top side of end profile

KD i

chord of surface

fitkz REC 3>yl 72 (M 3Ce), #MHIE, B
BT DA > TEADI G ZIUD B LTED,
Tl LT 2 DS EE A D VYR % S8 2T IEID PR F 72 v, 3%
WIEMMOBER DT - & D TEREOARHIE R D DZE D
oo MAEIE, WRIABLICHRIA P ZA&INS T A RO
I (scale-like decoration) ; (Lu et al., 2002) & L CTH#i%s
I W2, K2G, N, X), THiz#gg L2 < Thhmim
L2 T BEBREDTZR I N T3 2 &b o
7oo MHORZHER CBIE L 7265, HEeHEOM
oS sME WZiE, K20,S) LEIROMER
ook (K2]) 25O 6NTDT, ZDERIIHD
EMHZ 2 SO L 72 (K 3Ca, b), FkkIC, f#H
WAIRER 7210 20 & 7o B 155RR & BRI HERI 2SN D - 7 1BikEDS
RO SNTDT, 2o DFRRZ 2 DOIRLIZHI L 72 (X
3Cc, d),

Z DA DFHEIN TR & U TR R A (k£ i oo 22
SR WIE I, L, @IS R o 72Dy, i
MIZ% K DREREREG T LHEMEIBEINLZ LD
Hotz, L, SUFLIIHHMLTOEI LRS-
3, i & T OB U - TR L 785402 3N 24
LT Wz, X2B,G), Lificd 3561 idbmm ki
TR fii 5 Jeimekd & L (21, [X2B,R), JmiAEIC

RN LIGIRZ 525 2 Li3d -7 (K 3Ae, 3Eb), @,

LI PR Z TER 2 MER & O b/ S o 7ehs, IR
KREWEREPER SN 560 HD, 2D &) Rz
I U AR D TELPR A R I A | 3 i T 5802 35 > T i IS 1 S

DKIGIRE R L7 (21, X 2E), EREFBIRICHEI»
T 6 ODIZXHIL 7 (X 3D), EHD L IHEHTER S
N BT OMICIERHC B R BIHEIZ R W X ) IR R Tz,

) TP A S0 S b T O i 22V BB U 7 SR
WEBBEDOFEIC L >THAEL T (M 3E, F), #iZ, il
MICBIZEI NS, T E OBHUTR L CHRE 2R DR
Thb, TNDFEEL 7R R 1%, Swra b5
2 SN & THER ORI T, Sl sl =R
Mg @BlE S, LHFBOmMS U < iRl X Ol
ENHEOBEFRABENREH TV 2D LIFLIFBIZE I N
7= (X 3F),

£ B
1. BEOWRTALSN TS LERAEEARE TAL

fcFsE & DR

AWTEE, RHOEL LA FRDOL D53 FREH TE
R B RE R DR 2 LUl U Rr B0 72 TR 2 JE AR 1R
L7HIDTOMAETH 5, M F WS & A I 1 TEM
B2 HCTHE T2 LIck>T, %L DRI
WiRE RWET 2 ENTE L, AFFETBEINLBIR
1%, BHEDOR LRI TR SN MBI EEICE > Tw
273, ZOXERCEHREIN T2, LEHENER
LICHWSNTWS 2 EDEL, IR ERIEED
FEHHTREDGE6D1H Y, THAROKANDIHMETIE 2205
720 ARWFZETIE, DIFIibR2 X912, BEEDOHIEE - s
KRESHBII LoD, —~BHEDH 2 IRGLEAEARRIC
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%5 kNI, WM EELEIDHIOEE L THEALT
W5, S, T TIREL HEEO YD AR
HEZEDETIA ERSIND L)% 2 2L 2\,
213, WEROTEHMELAMETHREL L ELED
MIGEIREZ R LT 5, ARIFJETI, M, Mg
B Ty L0 HREEIEEDObDEMA L THEHL T
WHH, ZNDIHE S IR E L HRED, H D
BINFTESHEHASNTELAEEUDZLDTH S,
B Z0E, TRy 2THBELT TERHE 2285 AW
SNTELD, AifFiTld Mulholand & Rapp (1992)
DHEMBMAEERE R 1204 2 Aflicie>C TR = Tk
iy IS Dz, S, TR L) FLEIEYEHRED
REEEFITH L THWERETH S, FbkIC, T, %
Moy 1o, TEmEL & THHD 2 THHD o, 2o
72O ISR S N5 Bikk % TEESR) & TR
26 TNHBE ORI ATHOM 2K -7, S
O TRk hT, THE) 2 T8F, LR Erdo
7o3, AW TIHE ORERRE (HAIEM 2, 1994)
Z#2ZI LR ofRb D ICTHEE 2R L 72, TR
FTERA B 2 4 & TR 2 R O VIR AR e e 4 < B
WEEN DB BDIAZH N MERD & 72 RIS T 5
ERiETHhY (B, 1976; HIE - 4K, 1978), zh
D34 2B ENEE 7 2 XY HBISGEOIMER TR S s ek
WL CHEHMISY TIED 5N B603H > 7720, £hlo
QUE I X - TRIERDY T ICRZZ2wEaIcd THEIH,
AT 22 ETIACHEATES L) Ik,

'l 3

HARZK (BRELPERY) IR THC 2w
OV DIEY DT EEENTOREIER L TR W22 0»
7eo MARBREK (BELMMEREYE) ICEAPR TRV
O FDIEOFHU L TEHZ K> Tnic2wiz, 1A
GREREBREE LI P E D 4 12id, [ERFEEPTR D
TR AR O 2 37 L T 2z, HIE ST
+ (FIER) IR EFRITOERZ T L TR wni,
NS ROV AT R
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