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Nature of Phytoliths and their Applications in Botany

Kim, Kyungsik and Sung Soo Whang
(Departmeni of Biology, Chunbuk National University, Chunju)

ABSTRACT

Phytoliths (plant stones) mean all types ol mineral deposition formed in or between plant cells.
However, most of the researches on the phytoliths so far have been focused on the opaline silica
bodies (silicified phytoliths) formed by grasses. Therefore, the phytolith is usually refered to opaline
silica body in a narrow sense. Phytoliths are very useful in grass classification, and their usefulness
as microfossils is also proved in several other fields, including soil science, palececology, and
archaeology. Recently attention has been paid to the possibility that they might function as carcino-
gen. The purpose of this review is to present an overview of the nature and analysis of phytoliths
and their applications in botany as well as other fields of sciencess.
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AEFaAe 2 wale] 7=l web phytolith, silica
cell, silica phytoliths 522 A4t B3] okl
Eokflol] Exsb= 4] 5714 F opal phytolith, plant opal
= biogenic opale]z} dc}l Y& orlm nd phytollth
(plant stone)zt AF Aol HA=H= A=i7tx] F7]df7<]
TEEL B foielrk 2EY Fi9 ':'1_24 B
Ao 2lslel YHHE P2ES ZEHEE T 715 F
715l o7 2l 2l A5 F/el wel yeis) ook
stz 2oddlel A717t BEEE £3lo] gich ajely &
A7p= 2] e °ﬂ:rL‘—°] Tae] HAe] 2)3te] A=
TaAE FHLE pdee] =2 phytolithe 4
HAdell Fi7t A YA TZ2ES -‘;%TT: 5
—4“1—"] Loz &3] AASEL Stk B F

A2 gste] Abgstazl ghoh

"]U'FF_LJﬂ Struve(1835)7} 22 WAstgern x
o= arolsli AlEH 7} AT Ae] oz A Bk
AR e iy A2 FeR FEgh o] & Ehren-
berg(1841, 1846)= i ekelv} oSl st F4A 7}
Aol 2Jsle] A F lolzhe S <lA3LT o] 5L

e ot rfr
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“Phytolitharia” 2} W™ slg.om(28]~olZ “plant stone”
< 9n), Haxz AFggad EFE ARs IAAF
WAE AEFAIE 4 parageneraZ B &1 thEhern-
berg, 1854). o] % 3 paragenera= &3} AZol4 Le]z
1 paragenus® 43 AEol A Yelue AlEafad el
o] £ 194171¢) sbd oz AFat ekl x] 4EFAA )
w7 =) g of(Gregory, 1855; Ruprecht, 1866).

204716 FelomA, 47 £3] FUEL THOE, 4%
Ao} i Aol AT gL @A AE AL
Fogd 7% 3 ?h*ﬂ% BB FF) AT AT

o] AR = AE FFERE VEhie HETa
A2 e} Z 7] s} =) s}eicH(Grob, 1896; Haberlandt
1914; Netolitzky, 1929; Mobius, 1908). °] ¥ Z7Alell+=
e Age] WAk ATFaAd 4F 4T 2%
Ao g ilgq e of(Metcalfe, 1960; Parry and Smithson,
1964, 1966; Blackman and Parry, 1968), Twiss 5-(1969)7}
Brown(1984)2 o1 &%) el =A% FRAAE st
det. Fa oo dxpd Alge AEtade] g o
T= Tomlinson(1961, 1969)¢] Fe T2 ¢4 4%
AlB-Zo]| o) 5}, Mehra®} Sharma(1965)2} Metcalfe(1971)
= Aade dsle 23T Stant(1973)% A
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t3te] a8 vl sloh ¥ gAgA AES] AT A7
olz7lz] Ehitsla] ok AAe|nh e} AR A
g5 o SR 3 o] vl Axg AE
a3 4] 252 EFRelA AEAFAArl RAbEC
(Amos, 1952; Bamber and Lanyon, 1960; Brydon ef al.,
1963; Lanning, 1960, 1961, 1966; Wilding and Drees,
1968, 1971; Verma and Rust, 1969; Rovner, 1971; Geis,
1973; Klein and Geis, 1978; Scurfield ef al., 1974; Kondo
and Peason, 1981). ©1E2] 97§ 53}« &z g7
B HAAAEY A el 2z FEa AE £
BFS) Al Zhel HAA zlo)rl glge] Hel HYw,
& g3 2R Fd e FaoAr) LAY sl

A AfHE FGA By HEFLEA B
At A77) A =e] Smitheon(1956, 1958)-2 <d5o) 4],
Baker(1959a, b)x 3 5|4, Beavers?} Stephen(1958)-&-
el A 283 Kanno#} Arimura(1958)E oA 2+
zZlede] Eekflel] £A8lE AETLANE AFEgch
FFLAE olgott YR AFTE Sl
Sk % HEFA #A ekt 28] Aol
shelel] A EF4A7} o] &E%.2(Jones and Beavers,
1964a, b; Jones ef al., 1963; Witty and Knox, 1964; Verma
and Rust, 1969; Wilding and Drees, 1968, 1971; Norgren,
1973), Fol=ze)7} 34 AHEo] REE=e] 9liE(Palmer,
1976) 28] Colombia®] F7] E&4A #|AFe] JJelje
AEgtsAe dig dFEe] T FdH(Schreve-Brink-
man, 1978). ©]5 7= HAH A4 R BA At
H23 439 AFFLAC T2% JRE AT F 5
I s

FA1EE el dT72E Jones 5(1963)¢] Wisconsin7] £
A7 Beel FHAHFAEE fito 2, Baker(1960a), Jones
(1964), Gill(1967), Weaver 2} Wise(1974)
A 37 2elz A 4712 AHFH A5F H4eZ, Kolbe
(1957)2} Bukry(1979, 1980)= Asie] A|A&d g
tfale 2 78l 7 Thomasson(1983, 1984), Thomassen 5
(1986), Smiley¢} Huggins(1981) S-& Zw]e] A 37] 4
A8 wiedl BER HHAES JAoE HEFRAE
zApstgdeh 1 A FE2EA, Alzs oy 94 =2
7ol Mo AErrAe] A9 A= o5 AEY
T8 dFe B dEAEFHY] FAEE T
o] Hohe A4S Eadgich

o] 2]of] Parmenter&} Folger(1974), Baker(1960b), Folger
S(1967), Twiss $(1983) B2 7|3 HAE Ao
MEFAA o e d7E —rﬁﬂif}‘}it’r-

Al EqraAe] ek Z|8teA - 7-eNLanning e al,
1958; Jones and Beavers, 1963; Jones and Handreck,
1963; Lanning, 1960), A&4 JA F42 7%, 24

T ;\1

=
& 7hzt wjetr],
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g 9 Ba) Fo g JdFES 3= 9 2(Blackman,
1968, 1969; Blackman and Parry, 1968; Wilding, 1967),
e F4e £ We, $AdA, FA3 AL m
AF2A B4 227 o8 Weety 715 Bk A7}
3% v} 9JciHodson ef al., 1984; Sangster, 1977; Parry
et al., 1984; Kaufman et al., 1981, 1985; Hodson, 1986;
Hayward and Parry, 1975; Bennett and Sangster, 1981;
Sangster and Parry, 1976a-c; Parry and Kelso, 1975; Ku-
noh and Akai, 1977; Dinsdale et al., 1979). =3} 2] E-4F
A7 GEA R FEE 5 ke EAE 9le] o5t
dell A= FE& w7 O Neill ef al., 1986).

WSS i ¥ e
HaEEEMe] 2R -F( 2 AR A Y5l A4
o4 7} BgF A4S shiRa okt gAY 74
Afe] RArt o]z AE ] T F2EEE dEe] F
A= BoFged #elA Ha 53 A7 Fa2g A
25 AFetA "2oAEA Ayt vehds et o)
F&Eo) o slodE Simpson=} Volcani(1981)2] 34 =),

i A FEAb A gshAl AHEe] At Eel 4
sl glen o)F SR Ao Fart HE A
A57) Ao}, LA Fae T2 Aot A4 e
FA g4 FEatde ojsle] WEET FiEH= AxE
71%, $1x], 7148l A4, Eofdle) R B ookl fdle
)31e] AR =@l oA E So] wEstm 713 2G4
FalshAle] E230Fe] B} B2 ko] 84 vt B
Fm(Dunne, 1978) °1& F 4%t A& FFII
225} A7k 2akule] delalA fr) ) Ee] o] &=
Eohj o] F4s pH 2~9 Apele] £z]5H= monosilic acid
(Si(OH))Z A (Barber and Shone, 1966; Jones and Han-
deck, 1963; McKeague and Cline, 1963a, b), o]E& #

T B3t FEz FE FE 234 549 AR
we A4EE ol Euh

A2 BaleA F4E FFohs 7] Eﬂfﬂ-‘x]% 0
$A4 gao $EH $47) BF Ushle Aoz UeA
9lt}. & Okuda®} Takahashi(1964)& w2] = )‘J'-tl'- | sl

2] gobolA wjxe] FBrl ¥ =S Fav}
ZA)ghe g4lsbe] 7, Barber?} Shone(1966)2 Hzje] #
=]]].4) ﬂ&-—] Epe srdoern dejrh) FaldA F
AF2Y o)Fe FEAed odofids Bwglk w gl
=35 Worm(1980)—- ek, W ge]m A glelA T
29 F4E 534 4o AU A 22 Jo
nes¢} Handreck(1965)= Az« Fi+ F47t 74
Ewol 2450 oo WS st ¢FA Fhel
g A=A AAlstgdct. o) Abe] ApAEe 27Ete] e

i
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TEAZAA Foo) FFE 4B $F 2 2olol v
T Fel £34 §401 Uehde AoE nE Ao
SE e Az,

ThE FH3A @Ay hd F4F 43 A8
EAME F29 F55 dAske s)abe] Ba) Ay wi
AR 5 AARE o1FsE A e Aoz 33
%aL 8leh & Jones®} Handreck(1969)= &2 9 (Trifolium
incarnatum)el A E<F Pl ke ko] monosilic acidz}
5] 2ATE BT PelolA] ] w5 2o)
WU Aoz 3 6}°Jt+ =% Parrye} Winslow(1977)%
G5 FAEA A BelE AT A A theks)
a7} Eo) H “"I‘ia]'ﬁ AN AR 22 A= Fir)
FHEA WL Fustaz el F2o FLE el

7lztel ¢lg 7heAde AT oj%e F2s A
Frohe ﬂ?‘i’""ﬂ% 7, Fed 53 vsgk Ay 2
BEo]l ZRE g A gle] o)Fe) Fao 52 o
Zﬂﬁ}% Zi_CL_.-_ 3 shd et

E]-& monosilic acid= Zg7Ae A
3111(:011 dioxide(SiO) & HwWA AzH, Aze y7p =
AZF Sol WIZAH $8F42 20| Heh Joness)
Handreck(1967), Sangster9} Parry(1971) =¥]x Raven
(1983) 52 2 gEx Age] AR Hg s
FI SaReel G ool 240 Fede) A
deleich 2 FAsE-¢ BUe e A
o= TAke) 33&;:&4-%‘4‘01 HAE Fag A atgeo)
Qoirk Foil7t AT o2 2GS ol 430

o =z
Foeler

Aol 1x2 AYHE 7Bt =AE % AT A9 A
ol At o shxe] Eq] BelA wlr)HE
¥Fe] avt FHEE Aol 2ASAL givh 22y Hay-
ward®} Parry(1973y= H2] 2 A% o|gdAE, e o
23 FRAE Sed R FaH7E 84528 dbsled
HAE Fabapdo] doffe wzix|del e 450) A=
Eate] Fag ST Apale ZA st Aty 78
Heola glet. =g AR FI ABIME Faztge] &
WE] dolfs xR 937 Tk s} %’ua} 5=
(Piperno 1983, 1985), Fejv}follAx ial4E @l
dF2 A EEe] 748 FciTomlinson, 1961; Piperno,
1983, 1985). W=h4] S4latE ool FaSHS 95k 4
& q o] & MM E AAFH T 9).erHCommoner
and Zucker, 1953; Parry et al., 1984) AFA|SF F§lv]ake]
Watedz olalztx] gals] ezl wlsb gich

3 Blackmans} Parry(1968)& shEsl 41Ze] <lof
elA AFAal sl vFH el -F(";‘z—*.?- S
gt & AYaq FheHe
AZSe A dehdle d4os 22 o9 oo 9§ 7
aA E(silica cellSoll A vhehin FaAe] Heo we

8 oL

&

J ru|ru
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chefstAl vebdok 2ev WddAd FasHe R2R
A7 A He] 9l 7]FAA (stomatal complex)et FAE
(long cell)rg FHA NN vehte], Fatae] b &
ol dAFA Gz AEA7F 45w dAE] Ao}
webd e84 Forh Aoksbd TEEE Agde F4

n

o] 1AH 0 R o]F o7 Frof 23} o8 o]Fe] A=
Aer FA=HT it EF Blackman(1969)-S A& 2
g3 gag ol FAAEE o g4 27)d #e] &

A I F AZAe] 2d=Ew FAvt HIL U
AT i G402 9T Aed 7)ate] EAE S
At A FAH X e} ks Fao FHL
7hes A7) deba o2 o Bok eEl o TF
Z7} o] Be] ARt Parry and Smithson, 1963; Black-
man, 1968, 1969; Lanning and Eleuterius, 1985).
ABAel A o 4 &7 L AE ZF o}
£ 7ol o AAES Jehdrlx stz g4
el ZF FEEH7=2 o) A7) 4o djsted
4 HAHE A 2R Aok oba glent Ak o
A9l F4EA AEFq st AEe g Bl z]
Holl F2 =2 Fm(Sangster and Parry, 1981)
iz £ e g &40] BcMKaufman e al., 1981)
, 2ol A=, 2 5 TREL M9 Fode B ¥
B} Be okd] JFA4E 22 "rhJones and Handreck,
1967). Yol o487 Wi, 278 99 10~20% A=
(Lanning et al., 1980; Geis, 1978) 222 #a)= 0.7~15%
FL 9 FiE =2 9cHGeis, 1978; Lanning and Eleute-
rius, 1985; McNaughton ef al., 1985). Al=3}¢} FE=
HEEE FHegel vyl o2 Hlcklanning and
Eleuterius, 1981, 1983). 2= 2R 489) A2 74t oo
A 55 AE 20 oo Fi5 &4l

4&

W2 ,EI:I o !:H )

71a we) & £ &
o e ¥HdE $457 9k Aoz Hach
FAE FESUYE ¢ Far FHo] Hop suie

719 FAblA S5 Q) AEFaA) BEH 2
agHez 8= ul 9lovi(Bozarth, 1985), mjztel=
(Maranlaceae)®} &7 (Cannaceae)o] %sh= d8 Z2 9
A ME Boldh el AlEwadr) ok wHAg =
gt FAelA Fhve FE omms) Faiole] Uy
22 ZAHY Hises s ez A=K (Piperno,
1988).

A Geis(1983) HEUFE AvE 5
Gges S, AbA, 23, FAl N Fas)
wlwslgct ghEulele HA ke 60%7
Aupols 16%7F Qo] 24 F, Szl
AE MEFhAs U Mrt 24 S
AAFGFAME S ol Fi7t F2% =
1952; Scurfield et af., 1974).
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A 729 2274 Al s A4 A7 - 7152 ¥ o)de) AEdqw el vt 9rHOkuda and
ul g3z, 98 SRz AEY 942 9iaez FAE wl Takahashi, 1964; McNaughton and Terrants, 1983; Mc-
glou) A8 EFEE AolE Rl Digitaria sangui- Naughton ef al., 1985). £A12] 7% 425 AAAHq 4

nals®) Q& LA F 2¢0] Aaspy o] YA Eo] FiA
el (Sangster, 1977) <3- s ﬁrﬂﬁl SEGEel
A5 3HA7) A3 7] A o)n] 47} & & R ch(Sangster
et al., 1983). wElA] 48] 42 v)dH A XL el
AL T2 e AR2E AFHD 9jvh Iy 549
At do] 13 AL Fel= gt FAT) e
1}7] ¢r=clBlackman and Parry, 1968).

NS W L #ak A ETade 293
#H Aol B e falsich o]5L AEA A
FE WA FEFLaR £25H 4~9%2] EE T
s} A7 e 4 £ 5k} (Lanning, 1960, 1961; Ste-
riing, 1967). B3] =kl a7zt &8 A HX] 4
B2 Hake Ade] 9lon o] B¢ B HAe B} o7
Z& FeWilding et al., 1977). AHEF2delE 74 &
d® akuly, A, ®EbE w3, 78, Ak 'd Fol
A8 I ejqlch AEF4Ade] 27 2um ©]Ee] &
FogReE 200um o4e] e o|=7]7}x| ‘1]"’:?:5}‘"]-
AZelld HEe|® i 50% o4 10um o]ste]ch
% wzkdlelu], FAel A oy F3G
Ag7F gk ¥ 15~23¢|9, 4
47°]E](]0nes and Beavers, 1963). mz&
'?r7lEJf$‘-9~] A PFed 7L Mol NEFLH7} el
7= sy o] E2 AlEe] e ¥ 9 TR Y45 ER

7ol deiwtwd e f-F-of 245"1] AE7b g g
A A#=R] go} w©i AYESAx sl5eciWilding,
1967).

3 A BFAA ) Eak B2 i &le], Baker(1959
ayre AEFaArL e5de] o 2= 100013 o
A E25Y 5 gotz FA5el oy, Wilding(1967)e] =
ofefl 4 Hul¥ AEFAAE WA A ARESHYEeRE

FAFE A} 13,300 bp. g Felte =24 AE4 71
HE Fade Edfelse] Sejaietal faf Al
] el 7)7hEqt A s Abdle] WeEA Hedv
MEFAA L 25l HetelE ofd =3be] ofA)7} gk
e HEs Aldated Y FAshA] gorE IAg
Y22 B FE 4ok 2oy Mo AF F2& FFEH
o] B} o] HYIA He] ot ‘3%1—?- o] kA

2lo] M o
e S gloja] FabAlee] FUlEERR A 3494 A 4te]
= Htdol] gF2zF ARE"H 4

R aL s ekEtA] Reh Alebpge] Hfele v Ak
A7 o] el 722 el A g rHKaufman ef al., 1985).
E3 FFo)|Fol i ML Astsl R 25 P 2
e Hien Her|eE olxgt A H BF

=N iﬂ-t.

Al wge] WAl 7o «4eA 9vMHoffman and
Hillson, 1979; Chen and Levin, 1969). Raven(1983):- 7
£ 7152 {AA] )5S Al F F4zt
£ol| fJste] FF o] dold of AExue] ¢EFHE
g A 715eE ol S35 Ve A A
oz gske.

fEpRERERCl Fomkoll BRESE ERS. a9 54
e A2l Rolrh SRS $4Y FE S
Az s, o qast MEd, AEZS 2L AEdel

24-4““‘ ﬂﬁgﬂr weba A AdEFEe olHF
#AAQF A @Al Boishe A = FAEH 2959
gsle] A 5 vk F LFHEAA HETaA
AL ol2lrlx] 7 el B AEA AA 2] A" 259
kg WA

gAgqleRe Bkl A, A4 75, 2S5
gk A o] A EFade P AFE Fe o=
el Agich Bk Fhel2Fert 2~94 o =84 T
22 Falsle 5o holx ]TJ:](Mckeangue and Cline,

ol

1963b) wata] AtA B ke A Ee] F i} 4 9l el
e8] FFavt B who] A} w2 8 ko] B

exsl Fodw AlEY FaES o 1 d EolcHWa-
dham and Parry, 1981). Jones and Handreck(1967)3 B«
W AFAA SAAA AR o] AT AAAA A
M A moh o B kel FAE HEYe Faseln,
o]2] gl EA-& o]-&&led Miller(1980) = F7lF ol 28t
ANE THe Aol ANE SHelH FHE AF
Fadle Aols FEFoEA WA FE G4 AT
2215 AAE vt etk 2 #]dl aluminium oxides] &
2%, 4189 % S8 gas U
£ FoFrol A9 F& FUsgch Baid
Agolel sivietm M= o} Eskzzlel4
W A ool BHAEe] Aolvh ek
a2ed AEFeA F4dE B4R sdluc 4%
2 AE A 497 W7 Fol o T2

Zﬂon }-}Ho]

Q&A= 393

299 Aoz QoA ok & AL e BRT S
HESE BE TR ARFLAE dwR AT
248 FREE poiekE HEd, AR A47)E, 3

g}, ofalF e vt 52 Al o= el 4 2]-4-‘:}
AGolRx ks F4E A £Hsy 42 JE
9] F44E Az Metcalfe and Chalk, 1950; Tomli-
nson, 1961, 1969; Piperno, 1985). 53] sfix} 282 7
TFa7} 2HR BAAAME £ A=A FA4oF Lalsted]
48 5 9l= 58e| glom(McNaughton and Tarrants
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1983) el @ AMde F2E PN AN AT 2en HERFIHOE urk 89)7) 2
Fest ATl FRAZ} AHUFE AdAE 9 A

H3 s)tHBlackman, 1969).
T} AR S AdFES YR

olFARE B 27t H&HEe 23 F AL T
w2t = Ro]7} gl e B 2(Blackman and Parry, 1968) 4]
A Ao AEls 895 diFtelx wyl wy
fska g dprh ok g4 2L 9o

F e Aoz Az

revEEREECl HREe 948

R Agtads YAEs

TEHdrHBombin, 1984). Z AEHd] Ffirl 22wl
A EAHH o] HelE FA sl T3 774 (cast phytoliths)e}
AE el F527h E2 o] FAFHE WD 4 (tlemp-
late phytoliths)7} 31z Fal9] 791 s} A=

RS e
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Fig. 1. Typical grass leaf epidermis showing composed cells which are developed into phytolisths. A: Short cell,
B: Macrohair, C: Prick hair, D: Microhair, E: Long cell, F: Stomata, G: Bulliform cells, H: Coastal region, I: Intercoastal
region.

Fdrh
14 54
EAE Gl

5o FaAzt

= TF2AZE A7 we] zElm AA
Add $2oiatez 3R AF Yol AR dapey] A5
HExow zid wh 9li(Rovner, 1971; Geis, 1973,

AES BRI
RAF HYRFRRE.

1978, 1983) Aol AR ate] AjEg
v} qlevk(Piperno, 1985) o}& 7zl AlEA Aule] wig}
AsE 5 FE5] dAHel) oelx HEx
el A A g 49E F 2 99 4

zXo % ZAkR

Agol A
g

59

S5} A%e e Fog

Aol SRR B FH AETAMN FaAzt 34

Fel wet 27472

Wye) HeE HdPn B 5 o H2Ae] FHRL2 ALshA FAE Aole] ehin

FRFale o

T2(silica body)z} §he}. gha =

St EeobFel] o BEH7] dfe] zms, et

dol mIzald gy ANE, oAz,
BEE7IRAZ, 7134A] FollA T2 A=, o9 &)
oz = (hypodermis), 42, Fotz2, fHszAe] 4
Zo| AR 7] FAAq e ABFaArt HAF
3 YRFLAL PR Bt TS FaA ol A
BAE o]& AZ FaA(short cell phytolith) =&

747 8] FAIRE= o}al mi:
A EFoAs FAH
TaAE Hes) oo

Hep Zev e EelzAdA 713k o) ZEa thekal
FaAE JARER o5 e AFrt 1wl s}
2 AF o ZRAEE AE, AAE, JFHAE 2
STAZEZ(FAAE, 7)F, 725, v4dm,
A Metcalfe, 1960). o] o4 A EE JWee] F

FFE) F

(Fig. 1) & Z27]e] 23 de} ol5o] 4she 75
Ao gev H4s, Axe, deoby g8y 98 =
AH 5 oiekslw B3] 3a7E 9 =57
ol-$- ohekal eyl Age] F5He ael Jehdol d@x
Z pEA EAE e

= Ao g o434 9o & 7)3olal
(Panicoideae)ell A= @8} A (Fig 2, AE), 712"
o}ab(Festucoideae)ol| A= €8 mi J=(Fig 4, la-1h),

S¢ 2t
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Fig. 2. Diagram of disticntive grass phytoliths (modified
from Rovner (1971)). (see to text for detailed description
and source plants).

rju}ed o] o}z (Chloridoideae)sl & <kt =78 (Fig. 4, 2a-
2b)y 5] EAFE FA =), Ze]a ¥elzHOryzoideae)
oA ele Z]Fetate); fFAbht wide] ol &)
Aol e EAFe2 Jehdok(Blackman, 1971;
Twiss ef al., 1969; Brown, 1984).

A Eel 4 HAFEE AlEFaaAle dEelr o] Fe
7137 YR IAY G4 me AR B7)7) 9l7=
. f2= 2AF Jd9 E71F 77 SclFig 2,
F-].

71BAZE ol Abold A3 thye] HNEE 42
a4 WRAE st de A% #<3H(Smithson,
1958; Parry and Smithson, 1964). ¢|S|A HAE= IF
A 2AE gyoln & dE2e F M o 3§
& zpe]7} gluiFig. 2, K-N).

EPALE ol BEARNY E3] FaH7] JHR
t}, prickle haire= 223 AE e 714 &3] vehle
Aubdal Z8o 2 (Baker, 1960b) o] Sl e AR 4
F8 9 FaA7 PARHFig 2, O-P). Macrohair:= A%

Vol. 35, No. 3

e medze 22 ZY 9 qaArt g48x
(Fig. 2, Q), microhair= 24| FA] 6l A8e] ¥ 803 flask
H, Fo] =3 == L A8 9 F2AFig 2, R-5)7F Ak
71 B4 AEENAE £3] FaAr) dAg=Y e
EE ol Holth(Fig 2, T). 28t 7|FAE F2Al=
FEFLAE AFEAA Y Fe) 5 whgslr] vl st
AETo] rhakgk dde] 7|3AAE AL AL Fels)
2o o2 AT 2AL Y A ookat st
AR 7hEAde] w2k

o] 9ol etelzAlA frAHE AR chft Hel =
AZE7) melgle Azl vhelue(Big 2, U-V), Z3tell A
5k JAd8(Fig 2, rs) 54 FaAr 3 ehdoh

TAade e AT Al a2} Zo]lE Relm
¢] o] (Sendulsky and Labouraiu, 1966; Campos and Labou-
ria, 1969; Figueiredo and Handro, 1971) &2} 4-E-2)
F2AE Ao ge AAAQ 2 ded dAeq.

o o]ele] e} 2HER FAAE At o]
it AF= o}zl p)Eslt(Pease and Anderson, 1969;
Yeck and Gray, 1969; Blackman, 1971).

FAHR| O YRR Feal AE 2ds 5
ERTE ez HEFaAY Juzt AddeE 24
B uhe go 9 7R B 2Pt Az A
ZAE vlEich o] AR FEFel chaled Fof qpaxA|v}
BrHo® x4 8 stk

FERY A oM 78EE FiAE FE27 A9
A FRE Agqe] didd ehle faAE
st Age JIFAE e AAE Faode) FAstc
(Brydon et al., 1963; Wilding and Drees, 1971; Geis, 1973;
Klein and Geis, 1978). ¢]5& ®¥-& FAZ E= 7I=
FAEANA A= el whed 694 E= A
iAol Eye] &e] Yehde AE%E 2lvkKlein and
Geis, 1978). Brydon £(1963)% Pseudotsugas2] A4 %
S Lol A fAE FrAE el FEF Fo] A
thz B3 ¥} 9o

FP4Lhgol A 718 FaAE A vlwd ook
shol ej4bE, 2B oejw Jf FhFal AE B
Ae FEEAEANS FAEe YAY == LAY A%
T2 7HFig. 3, A-B) 2=lw FHES AF HrEL B
Ut AE Sexe Ede] BEAENA FA e Lol
¥l 2123 3(Fig, 3, C) (Geis, 1973; Wilding and Drees,
1973), 99 E oA Ed A F-2g 45243 2] RAF A7)
A= ol thFig. 3, D-E) (Geis, 1973; Wilding and Drees,
1971; Wilding et al, 1977). ©]&jef| ZrefviieAe 73
(Fig.3, F), Fah}-Fe A= @3 (Fig 3, G-H), 743t
Fol Mz EAR 799 AETadrt 2AH gk Fig
13, I-]) (Kondo, 1977).
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Fig. 3. Diagram of disticntive non-grass phytoliths (mo-
dified from Kondo & Sase (1986)). (see to text for detai-
led description and source plants).

FARI 429 Qo el el i)
SE 7Y F2A7F YepdhFig 13, K-N) (Sendulsky
and Labouriau, 1966; Kondo, 1977; Tomlinson, 1961; Cu-
tler, 1978).

FERY e a7} A= ™ (Drum, 1968;
Scurfield et al, 1974, Richer, 1980: Nanko and Cote,
1980), &%) Richer(lQSO)h B M“_L].Q} o Zalsg)
oF 750%2] AlEe M FASe] vehls F4AHS SEM
oz @Es}oa W24, 545 2o "‘"'?r"ﬂ:n"- Sofl 4
719e] B FadE 3ros REsielch

w4 Aaste] YAE tha %744 Faalh v
e (Fig. 3, 0-Q) (Witty and Knox, 1964; Mehra and Sha-
rma, 1965) =3] Mehra 9 Sharma(1965)= ©]= bz}
Yoz FHehdeh U¥ Azt AE $49 B
a7} 25 gickRaeside, 1970).
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o) #fel Fote] AR AlZol A Fdlz} vpelb=(Fig 3,
R-5), §4, ZAR ol M= Thape) 2 Ao S s)e
A E, A4 Fo] FhA} vhehbd(Fig 3, T-U) A2
T #HE FAAA Fee oy A=A ok

ol e AMdEe] TA By AFFiaAE HAd
L Azbe 2o A8 A5 o B BRF
HE gt vl deld g o ¢ gtk o] €A7R
A Hele HE AR AEF2A7} ARG F
< ks B o 2o Hr} Az AAH| B
A ZAPL plE A9 A opoky Hue AEFa
A7} e 7]’7"&‘% Hel3g Zlolal & 5= 9lth 53
A7t 2EF dsledl ol A9 Al 8d w)
7] WE o)l gk AP} Algsict s}

YN S "‘%‘Fﬁ"ﬂl o dE BRAAe
& dhe} o] S EFES AT AEFLAY
FH7F A 2Ak wl g7 EH::Oﬂ el dB 5
e AsfE old 7R HPEHA @z sich 7|9
FAAEE Gt wte} Fogo) He AAd 23
7d-7-2HRapp, 1986) ¢] 55 A sk 4] S

757} 9l 2™ (Piperno, 1988), Al-E-374 ) 2]
1‘ 3§Eﬂ°ﬂ A8t Hrlsle 2994 Rovner, 1971;
Wilding and Drees, 1973, 1974), 7]19l¢] e A X 2
At BHH s 297} lcHGeis, 1978; Piperno, 1985).
Al 7)4o] e Az FANT FUH FNE 2
e Hye) -ri A]—JlFJEJ(Plperno 1988).
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Hordeae)= €13 o= w}ei89] F24E 71 7|atelst
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Metealfe(1960)& 714 2! 252 Exe g 2
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Fig. 4. Grass silica cell-shape classification (from Twiss
et al., 1969: 111). 1. Festucoid Class (1a-1h), 2. Chloridoid
Class (2a-2b), 3. Panocoid Class (3a-3k), 4. Elongate Class
(4a-4e) (no subfamily characteristics).

25 7|28 AdAsHA] Metcalfe(1960)2] 53412
AR cha YR A E piAe] ERAAE *ls}ﬁt’r
o] 4Fg] oA 5—% AEEATAE] FAAA R 4]
E 29 ¥e) ¢ §59EE E4L 2Alske A A
Tt K ﬁsﬂ%ﬂ EAS 7ldlsln ERelech de=lkA
ol 52 A3 AEFaHrt 4o ﬂ%oﬂ A g A
N Gn sity) 2AEGH o BE A FaAe] Pl
ol Ag] widebdt 58 59 EFA l% FAehzd &
Ao g agstgct. e} nadl, wAEY, a4

Ha s hl >

S BoplAt 2 Eohllel EAsE AERaA =
4% =794 $93 44y 4EFAL ez 9
FoAH ez BB AN 7oA A T

AT 57 M7=

= Twiss F(1969)& Prat(1936), Metcalfe(1960) 52
2742 BUE 1749 stEa AEe ddy FRAE
EEjste] o] 29 FeF HAle wE BFAAES =4dst
Atk 2 Az 23 AF ol eles Fade

Festu-
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coid class, Chloridoid class, Panicoid class, Elongate
class® TEo] Hel EFTEER Aol7} & WHI
stelvh(Fig 4). =3 B4t sy} ﬂ"%—"' Wies A
she] 7|28 25A Al 71 EAZE 2 prickle haire] A
HE 25 A7l 347 ERAAE AA= 6t
3tHTable 1).
32]-01] Brown(1984)-°— o) 11222 E3 AEe]
FaAE A olEE 8T R 53192 (Fig. 5) 7
5 f‘}"] R Ezﬂﬂ] AAsteich o) ERAAE
AR Yokel FAL LAY AT W7 43 b
AR g gle ERAA Y AH2e FHFe) sl
7o) 9l°‘—+ Ao 7)81-& FAlska gt 7
He BAAog AR & gich Hd Mulholland
(1987)b 7)1E8 BFAAE T8t HEFaAL] i
w3 sl(Table 2), 53] A4 7439 44 "7-!
FAAZE AlA gl
ABFALA ] EF7d glel A58 2HT dE 2R
AAZ} o)A} o] A T AMA WA ot %4
FrA2A7E Vehbe v s (multiplicity) A2 oE AE
E5oA T4 Felo] FaA5 ehte —:;'-3'—*4(redun-

E

E

rd’ ‘HTF

r«]m

dancy)e] -4 2 vtehdchRovner, 1971). o]z % 841z}
HEEAS SE5L7] fte] A& %&%*2;‘ -T’—°TTl‘ Bl

ZAPsHE A AlE e F5el &
EAAQ AlEFad 23IE HUshe 79("30] AA=H 3
gltiMulholland ef al., 1988). MALe] 7S HA7A %
HEolel HEFAAY 33724 5AL B ".:“1]']
Felz 9o 2= FHPAL ST FAHA HHEE
zqlehe] v} A FaAe He A7 edE A
A2 A BAdn A AEqaA ERAAL A
o] #43t Aoz AztEc) Pearsall(1978)2 3 9]
ar7g 7|ge2sty Zga Piperno(1984)s 33724
2L z9)slei(Fig 6) AF S5} oAy LI}
A5 AEfade AEsed )43 b 9lad, Ol
lendorf 5(1988)-2 ¢ &el7} fakad 259 A AE
& Apdslzd AR wh ek
3 FEal A g o]l AEFAN vehde A
disted ol F7AA A AR vESH wieki 25
AARZ AAE v gk
Rovner(1971)= A& 23
4 715 =3a AAHL 479 = é FAahH A
g, A A 227, e 4’ dRAZ2]
24 gBegs mAbebadnh Geis(1973)9) Kleind} Geis(1978)
= 47 23% 36F FATS 6% 1759 Aol

AL AgTHEAE

o I‘l‘-i

CEETRY

02 rlj|0 111

TtaE Az sraA e aaf'—ﬂi_ A8 zApsr AEL)
BTl w2t Zelrt sles Busigeut ERAAE
apAgslA e ebghe}, oAl Plperno(1985)-‘.:— 553} 382% 9]
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Table 1. Classification of phytoliths of Japanese grass (modified from Kondo and Sase, 1986: 40)

Phytolith Class Shape Source Cell Source Taxon
Orizoid Class Dumbbell Short cell Oryzoideae
Panicoid Class Dumbbell Short cell Panicoideae
Cross Arundinoideae
Eragrostideae (in part)
Eambusoid Class Long saddle Short cell Bambusoideae
Chloridoid Class Short saddle Short cell Panicoideae
Arundoideae (in part)
Bambusoideae (in part)
Arundoid Class Long saddle Short cell Arundinoideae
Bambusoideae (in part)
Festucoid Class Trapezoid Short cell Pooideae
Hat or boat
Elongate Class Rod with smooth edge Long cells

Point-shape Class
Fan-shape Class

Club-shape Class
Pipe-shape Class
Spine-shape Class

Rod with sinuous edge
Rod with serrated edge
Arrow head

Fan

Rectangular block

Prickle hair
Bulliform cell

Macrohair
Microhair
Pallisade

2 trichomes

3 double oullines

4 soddles

e R v
ARL S I

o

5 trapeozoids

GO«

6 bilobutes

7 polylobates

INQIE

B crossas

30 microns
.

Fig. 5. The eight basic divisions of grass phytolith types
in Brown’ classification system (from Brown 1984: 362-

364).

Table 2. Phytolith categories (from Mulholland, 1987: 74)

L

L

Trichomes: Hairs and Papillae. Spherical to ovoid base
with a conical top.

. Stomata: Guard and/or subsidiary cells. The entire

complex is ovoid in shape. Guard cells are shaped
like a telephone receiver. Subsidiary cells are ovoid
to trianguloid.

. Bulliform cells: Enlarged thin-walled epidermal cells.

Keystone shapes.

. Epidermal groundmass cells: Unspecialized epidermal

cells. Various rectangular box shapes with interlocking
edges. Thin.

. Rod: fibers, schlereids, xylem cells and other cylindri-

cal shaped cells.

. Rectangles/Squares: Large blocky cells. Cube to recta-

ngular box. Thicker than groundmass cells or silica
bodies.

. Silica bodies: Phytoliths from specialized silica accu-

mulating cells. Truncated fo beveled pyramids, cones,
rectangular boxes, and cylinders. At least one broad
face (base) in present. Note that although silica-bodies
are equated with short cells in botanical texts, some
very long bodies are included here with the shorter
ones. The long bodies are consistently silicified and
resemble the other sinica-bodies in surface texture
(unlike groundmass cells that happen lo be silicified).
For these reasons, the longer cells are included here.
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Fig. 6. Piperno’s three dimensinal classification of cross
shape silica bodies based on morphological variation of
one side (type tier) of silica body. 1. Plain type tier, 2.
Tentlike type tier, 3. Four leged type tier, 4. Thin, elo-
ngated type tier, 5 & 6. Two elevated lined type tier,
7. Dumbbell type tier, 8. Type tier with conical projection
at each corner type.

LJ-D])\] 011;]]}.1 __,] }J__?__T.F_)--Z“ A,\].s-].oq .E,'_Tra-]-zl =1
olv 7}t gl FaAE o 2Adshec) =5 Kondog} Su-
mida(1978)%} Kondo$} Pearson(1981)& B4} ~2F 55
1105 200%0 4 Ao HeE FuEn|AH Fa4
WAEn) Aoz A skl

YRS EMEN B

¥ W RERAY BA. ABEE o7 vy Fide
A BRT B3] F23 A2 BRo] o gz o148
4= olty. & Prat(1932, 1936), Metcalfe(1960), Ellis(1976,
1979) 5} zzlat Aol 42 A7l Twiss 5(1969)5%
Brown(1984)2] =& A< Hee] 7 dFelA
welHFo] ges) AE dold FHHE HEFLA
e, ¥2, vjd S ol & dEE FFEA Aol E
Holl #o] FHalx|ejord ) Blackman(1971)& 7l}
o] Fx7)e] AL 2659 e ’““-] TAAE
;"‘]"5]@ o]5o] gE3 A B9 FA i FETE

Korean J. Bot.

Vol. 35, No. 3

B 393t9ich
zeut @A 7iA] 3
ofat T A EFT At

Yy ATEE FE 3} xE
| qEFaAe] deE okl

d

I,o

=75k AT ﬂla FEAoR Age R o4
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7ol E 24| 1-235 7Agke] glgtiMulholland, 1987).
B3 iz AF whAEeld FAEE FAd(silica

body)e Hed chebdd eduldAe Lagde % H
sjgrent ABEF ool A4 o] 4= AL wykch ol B
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H_‘ﬁ B.ng °‘lH Q_].;(]..E,a_ o]'i aﬂEH_q u]._lﬁ_»\—u}_ _E..S'_M
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Sasaki(1978) o] ¥ 8] ZSAZNAM FA=EE FA
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B9 FaFe AF7A AFHAH AAde 29 dE g
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oA HAAHE FaFe Fele 7B 49 dY T
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shAF) Br)2u Helgls £F(Plate LL16), 719
AR 277} W)adql E5(Plate I1L17) 231 714
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7Rz 7|2k Holgls FHePlate 1V.19) 7]w-go]
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vepirl o] 4ke) Ao A BodFSe] violule]
—-T‘n:"ﬂ*’] B FHE cheki &l
g ZAPL g AS B oolzly &
Sakle ZJELE 2g T sloez; Az
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o] A2 WRE Feluel Fazd 29 HxE &
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TFEFA A FEa A2 piAE wasle G4 F A=
e Helsta

Armitage(1975)= = FAHA A 22Q 7lEe X}
o golgld AEFEAE Belste] 1) 71Ee) Aol
4% HAg ¢ e P AL

HYSERRN BE. NS 2= g A4
2 #e] £l AZade o $-537 AR Al
'?f Holocene?] Evu]F ek}

o = ﬂl% B Ee
X 2] Aolekalel] el Aol AEAL] AAMESL 1F
o A 43%: NEFEAL Be 25l Eoe] 27
T delrl 2@ A2 9ledd 7178 A& =
o] &-stedvl(Jones and Beavers, 1964a, b; Jones ef al.,
1963; Witty and Knox, 1964; Verma and Rust, 1969; Wil-
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Scanning eleciron micrographs of silica bodies from the leaves of oryzeous plants (all x5,000)

Plate. |.
1-3, Oryza sativa; 4-6, Oryza latifolia.



September 1992 Kim & Whang: Phytoliths and their Application 301

Plate I1

P
YN
{2

W W‘\
KRR
4

Plate. Il. Scanning electron micrographs of silica bodies from the leaves of oryzeous plants. (all x5,000)
7-9, Leersia virginica; 10-12, L. oryzoides.
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Plate III
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Plate. [1l. Scanning electron micrographs of silica bodies from the leaves of oryzeous plants. (all <5,000)
13-14, Zizanica palustris; 15, Z. latifolia; 16-18, Z. aquatica.
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Plate IV

Plate. IV. Scanning electron micrographs of silica bodies from the leaves of oryzeous plants. (all X5,000)

& Whang: Phytoliths and their Application

t

110
3

e,
Bkl Ty
ey

T i
Ty

5\\\' 3
iy

o

i
IR
\ i

it

19-20, Zizaniopsis mililiacea; 21-24, Luziola carolinensis.
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Plate V
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Plate. V. Scanning electron rhicrographs of silica bodies from the leaves of oryzeous plants. (all X5,000)
25-29, Luziola bahiensis.



305

Kim & Whang: Phytoliths and their Application

September 1992

Plate VI
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Plate. VI. Scanning electron micrographs of rice le

A) secondary electron image, B) meched backscattered electron image.



