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Leaf epidermis of Quercus subgen. Cyclobalanopsis

(Oerst.) Schneid. {Fagaceae)

LUO Yan ZHOU Zhe-Kun*
{ Kunryng frstibue of Botany , the Chinese Academy of Sciences , Kunming 650304 )

Abstract The characters of leaf epidermis { mainly epidermal cells, stomata, trichomes) have been
examined in 48 species of Quercus subgen. Cyclobalanopsis of the Fagaceae. The adaxial leaf epi-
dermis was investigated under light microscope. The epidermal cells of this surface are of two types
in terms of the outline of their anticlinal wall. One type is characterized by having straight wall, and
this type has been observed in most of the species studied. while the other is characterized by having
sinuate or sinuolate wall, and this tvpe has been found only in eight species, such as . bloket and
(. hut . There exist two types of trichome-bases on this surface: in one type the bases are single-
celled, and this type has been found in most of the species studied, such as . oxyodon and Q.
augustinii 3 while in the other the bases consist of a group of cells, and this type has been found
only in nine species, such as . thorefii and (. chungii. The abaxial leal epidermis was investi-
gated under light microscope and scanning electron microscope. The epidermal cells and the
trichome-bases on this surface under LM are in morphology essentially similar to those on the adaxial
surface . The stomata under LM include three types: cyclocytic. subceycloeytic and anomoeytic. The
stomatal density is of some diagnostic value to distinguish between closely related species., e.g. the
stomatal density in (7. glauca is higher than that in Q. schotthyara. Under SEM the siomata are
elliptical or roundish. The most noteworthy fealure of the adaxial leal epidenmis js the michomes.
Eight types of trichomes have been observed under SEM: simple-uniseriate, solitary. papillae. stel-
late, fused-stellate, stipitate-fasciculate, multiradiate and jellyfish-like. The first type, i.e. the
simple-uniseriate trichome, is glandular, other six types. i.e. the solitary, papillae, stellate,
fused-stellate, stipitate-fasciculate and multiradiate trichomes, are non-glandular, and the last one,
i.e. the jellyfish-like richome, may represent an intermediate type in structure between the glandu-
lar and the non-glandular trichomes. Papillae are very common in subgen. Cyclobalanopsis although
in the Fagaceae they were previously reported only in a few species of Lithocarpus . The jellyfish-like
trichome, observed only in Q1. sichouensis, is reported in the Fagaceae for the first time. The evo-
lubionary trends of trichomes are discussed. The trichomes seem to evolve toward the direction of in-
creasing complexity in structure. Papillae are considered as the pedomorphism of trichomes. From
papillae the solitary trichomes and then the stellate ones have evolved. The complicated trichome
types with more arms may be produced from relatively simple ones with fewer arms by means of van-
ous fusion: several stellate trichomes are fused to form the fused-stellate ones by basal fusion. and
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by the same way the fused-stellate ones w form the stipitate-fasciculate ones; the multiradiate
trichomes are formed by the stellate ones, in which the arms emerge in a variety of seemingly random
directions from a typically rounded eommon base. Based on the above results, it is considered that
the trichome features are of important significance for a better understanding of the infrageneric divi-
sion of Quercus and the phylogenetic relationships between this gerus and the other genern in the
Fagaceae, The very common presence of papillac in Quercus subgen. Cyclobalanopsis and in a few
species of Lithocarpus may indicate that subgen. Cylobalanopsis is a quite natural group on the one
hand. and may have close relationship with Lithoearpus on the other hand, The thin-walled, jelly-
fiskrlike trichomes found in Q. sichouensis are in structure similar to the “glandular” peltate
trichomes in Trigonobalonus . a genus generally regarded as the most primitive in subfam. Quer-
coideae, indicating that the affinity between subgen. Cyclobolanopsis and Trigonobalonus may be
closer than that between subgen. Quercus and Trigonobalanus .

Key words  Quercus subgen. Cyclobalanapsis; Fagaceae: Leaf epidermis; Trichomes; Evolution-
ary trends

WE ARAALHEMDEOENE TERE KT R Quras subgen. Cydobalenapsis 48 FRIHB R 3 2, #
A T REMEEFTIRRENTH. KUHEF B ARKRMTREE . A7 E AE . BER
EFHERE AFRE FHEMKESRE HYFETEFHNERPETL, MESIHEME R
REGYHE Lithocarpus PR BEFERIB; K FRETRER RS ZH. TEUTEBMRELUL T ARK
Hit AE-PE-BERE  EREEHEATRE~ErMRLEELE. 7N ERESERAEHNERMN
£F. MEITRTERURH REAMGECNERARMBLAMMES SAHEDOEFSIM
FHEHBRGEER L,

@ FMNIER; TR M ERE BE; WikE%

HETLFER HREEROFRZFNIR AR EAEM(Chen et ol ., 1991; Pan et ol .,
1990; Jones, 1986). " &EIFET A THEITHEIZRESEMEAXELTXR AW Z -
THEEE XA MR (Suce, 1985), BB Ouerces L. I ZREHHE, L EREHENHERES
SR TEMXE,.EFH ZRRE(Uamova et al ., 1996; Llamas et af ., 1995; Liang et
at., 1990; Hardin, 1979). B X FF /8 subgen. Cyclobalanapsis M # B B 3% Y ¥ $1 &
AE R, (W R (Zbou, 1995) LIMH-S5 ¥y %5 1E F8 M- 2= S 4 0F A 2 4E 4R 0 B =4k IR A T Y
RO T I8P IR U F B U TR & subgen. Quercus , 5T K B 3 &~
% :Jones (1986) U ZEWH LB REFLTERILE . AEANHRERBETHENE
BABRAEWILASF. AR, B FHEREDH T EEFLTEHTTRESEY LB
HOAEFRE RN RN, ST RELU AR XARBFLTHER .

1 ##EITE

HERERIE S MER MR RH SR AP ER 2 REE HE O AR R E (KUN), 2
HaX AT EMERFEAYHRA(BSC) ., AASHRAANRARY RS, EHFR
ERAEYH, ZRERE 1 HERLEREERT. HAFRHAHRLE L,

BEER A ERBAH AT REAANEEE | cnx 1 e WBRM A, B Jelfrey 5 H
(10% $5FM 10% WERIES) (Stace 1965 1 BB EMHESH AT B BGBEORR
e, BRAPEREAK RCHAGERN _FESLMESERE, —HXEH . B5H
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Table 1  Source of material studied
Species Voucher Locality
Quercus aata Thunb F. Konta & S_ Kusaka No.Sk92 (KUN) | Shimoka. Japan
Q. argyrotricha A. Camus Y. Luo (B8] 262 (KUN) Shilin. Yunnan ( ZHSAH)
. Y. M. Shui ($iEE) 0093 (KUN) Wenshan . Yunnan ( zBE 31 )
Q. ougustinii Skan Yuxi Division ( BRI ) 0791 (KUN) | Tonghai. Yunnan ( = B3@M)
Q'd"‘f""&f’m“:"d‘“"’““ Hick . P. I Mao (Ffh—) 6717 (KLN) Puwen, Yunnan { 5 8 30)
5. Z. Wang | E5FIF) 678 (KUN! Xichou, Ywwnan ( Z B 75 B4 )
Q. austro-glensen Chong F Y. Lin (D58%) 101782 (KUN) | Wenshan, Yunnan |z g 3C1li)
, - - Wuzhishan M., Qiongzhong, Hainan
d‘rs
Q. bambusagoliz Hance N. K. Chan (BR:&4h) 44095 (KUN) (IR ER L)
. . " Dinghushan Mt., Zhaoging, Guangdong
Q. blake Skan Y. Luo (¥ ) 236 (KUN) RS B L)
Q. cownusae Trel. K. M. Feng (B E#) 4549 (KUN) Xichou, Yunnan { Z B3 75 &5 )
. F. C. How { R M) 73212 (IBSC) Lisnshan, Guangdong ( I~ # %11
Q. champonii Benth. L. Deng (¥FR) 73547 (IBSC) Ruyuan, Guangdoag |/~ FRILI)
L Q. A. Wu (RA2%) 9990 (KUN) Xichou, Yunnan ( = B PG )
Q. chapensis Hick.et A. Cars R C. D ({E%B) 6 (KUN) Honghe, Yunnan { Z BG4 5 )
(. chungii Metcall C. F. Wei (TLIE3F) 20453 (KUN) Heping, Gumgdong (/7R RE )}
NW Yunnao Division (JEPGJLEL ) 6476 | Yimen, Yonnao (Z@ BIT)
) LK)
¢ delavayi Franch. . NW Yunoan Divisicn ( {75 JEE% ) 23143 | Funing, Yunnan ( A8 5)
{(KUN)
(. delicanda Chun et Tsiang R.C.Chen B123 {1BSC) Huaiji, Guangdong ([~ R #E38)
. . G. L Shi& K. C. Tig (AERMT | Dingwshan  Mountain, ,
Q. dinghuensis C. €. Huang [ ) 2290 (IBSC) Cusngdong |/~ 7B B R B 111 )
. disciformis Chun et Teiang C. Hung V) 31087 (KUN) | Xinyi, Guangdong [/~ {5H)
Q. edithee Sk T. Liang ( ¥ B ) 3286 (KLN) Qiongzhong, Hainan ( MEESEIH )
- T. Liang (PR} B299 (KLN) Xinfeng, Guangdong (7 H#FHE)
¢ flewyl Hick. e A. Carmus P. C. Tam (i} ) 59128 (KUN) | Lignshan, Guangong { /= FRZE 1] )
, : Fujian [ lecality unknown)
7. giloe Blume Z. X. Zhoo (AT ¥) Al36 (KUN) R B )
Q. glauce Thunh. W. Q. Yin{F3HE) 171 (KUN) Yimen., Yunnan { ZB§ (1)
@ . helferiana A. DC. P. L. Mao ( Bdh—) 5795 (KUN) Simao. Vunnan (ZHEF)
. hondae Makino Mo collection information Jopon
5. C. Chun (B4 B) 15833 (KUN) Darnigoshan M.,
. jenseniane Hand.-Mazz. (I"Eﬂﬁ;*:'ﬁlh)
K. M. Feng (M EH#) 14078 ( KUN) Malipo, Yunnan (= 87 PR )
Q. herrii Craab H. T. Teai ($EARY ) 58-8373 Funing, Yunnan [ ZE ®T)

Y. Lue (F#) 252 (KUN)

Lancang, Yurnan ( Z Bj W)

Q. Muldangensis (Y, T. Chang)

Y. T. Chang

Dulongjiong Exped. | 4 J& iT. 5% 2 EA)
4596 [ KUN)

Gongshan, Yunnan { zi g8 B L )
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Table 1 {continued)

Speciea

YVoucher

Locality

Q. kontmensis A. Canms

Q. A. Wu (EL%E) 9750 (KUN}

Guangnan, Yonnse ( ZEIC )

Q. kougsienses A. Canms

F C. How ({RRH) 73501 (KUN}

Beoning, Hainan {#EHR T )

Q. lamellosa Smith

K. M. Feng ({5 EH#) 24337 (ELN)
Nanshwbeidiao Exped. (35408 6L}
8243 ( KUN)

Gongshan, Yunnan (RS F U1
Lushui, Yunnan { ZE§ &)

{Knghai-Xizang Exped ¢ B # K 19859

). lobbii Ettingsh CKUN) Gongshan, Yunnan ( T #g 75 1)
Q. miyagis Koz | No collection information Japan (H &)
Ormm”bf;mf Cheng et G. R. Long (%45 H ) 830098 {IBSC) %gﬁﬁw Hunan

. mymsagfola Blume

K. M. Feng ([GE ) 7235 ( KUN)
Sino-Russian Exped. ( P % B\ ) 7975
{KDN)

1. 5. Yue (12 =) 2590 (KUN)

Gongshan, Yunnan (ERIFALU)
Puwen, Yunnan ( Z A3 3 )

Guangrhang, Jangs (FLEHT &)

Teanling Thvision { BE0SEA Y 1913 (IBSCY

Husiji, Guanglong [ 135 88}

0. oboasifola Huang Aanling Division ¢ B W B\ ) 1905 (IBSC) | Huaiji, Guangdong (I~ %< FF$4)
. axyedon Miq. X. P. Gao (B8N 53695 (KUN) Ruji, Guangdong (/™ K FLHF)
. pachyloma Seem. T. Ling { B R ) 5474 (KUN) Diapu, Gusngdong ()7 3R A )
O . patelliformis Chun F. C. How (REM) 710256 (KUN) Yaxian, Hanan (MRIEE)
. phanera Chun H. Y. Lieng (M H ) 63363 (KLN) | Weien, Hainan (¥ RTRESE)
O',l{"""!‘ib“‘c‘f i €. C. Hang ot K. M. Feng (V3 EH) 5018 (KUN) Pingbian, Yunnan (=7 Bifl)
. rex Hemsl, C. W. Wang ( EBE ) 79014 (KUN} | Jinghong, Yunnan (777 R 8#E)

0. schothyana Rehd. e Wils.

Yum Dviman ( E8EA ) 903502 {KUN}
Sino-British Fxped. {2 [A ) 449
(KUN}

B. Y. Qu {EE#ZE ) 506091 ( KUN)

Yupen, Yunnan ( Z8§ 517}
Fuming, Yunnan ( Z 7% B &)

Loguan, Yunnan (=R EN)

. semiserrza Roxb. 1. F. Muaxwell 90-1340 (1BSC) Locality unknown { 443t 4 T )
Q. sessififolia Blume §. C. Chun (BEZH) 15372 (KUN) Gaoyao, Gusngdong ()" HRFE)
Q'E:“,I’}f’“]‘fj*“m*ﬁ“) €. €. Huang Q. 4, Wo (E£%E) %84 (KUN) Funing, Yunnae ( ZE &)

2. stewardiona A. Cmaus

5. C. Chun (BFW) 16897 (KUN)

Darmincshan Mt. . Rongan,
(AR A

Q. sublinoides Chun et Ko

8. C. Chun {BEFW) s, 0. (IBSC)

Yaxian. Hainan (¥R EEH)

Q. thoreln Hick. et A Camus

Sino-Russian Exped. (50 3BA ) 7578
(KUN}

Jinghong, Yunnan ( z5 B3 Rk )

Q. waoclosharuca Chun et Ko

Hainan Wood Division (#EE§AHPA )
468 (IBSC)

Disolucshan Mt. , Linshui, Hainan
(AR FILD

Q. tomentosineris {Hsu et Jen)
C. C. Humng

Sino-Rusaian Exped. (#1168
(KUN)

Jinping, Yunnan ( z B &F)

. xanthotricha A. Camus

Fumming Instilule of Botany, GAS (P B
R BEYIFEN 6407
L KTIN)

Simao, Yunnan ( =% B3E)

Trgonobalanus dowhangenses

(A. Canms)} Forman

Y. Luo (5PHR) 212 (KLN)

Menglian, Yunnan { Z & 2 )
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HEEENE . A PR 6~ 7T mx6~7 mm, ANHEABEFEETHELRS L, £
B3RESUL FESS ., 7E Hitachi 5-520 HRiA S T ILEEH,
& SCAT FAARIE S Stace (1984, 1965} . Wilkinson {1979} #1 Hardin (1976),

2 BER

2.1 HEEEXFEBHETHHE LED
2.1.1 EEFE

EREESAS. REARGEMUEMEARVE REREFER , FEREHE
B BT R .

(1) REAE BEARBRUEEEAE LU SRR, F-FAR,
BE4ifd4~62E, KANARE ZREVYEH(EKL: 2), BN, F2HABR, R
B BEBEARAN EEEEMAS R R RESR(EMR L 1), bR 288 H
WA AT HFER Q. blakei ELHH Q. hd FLEHRAE,

{2} EX(trichome bases) EEEAMEH A EEHRETHLAERN— LG AE
B IESNEERXFEN AR ANE RN ERESH AEEROEE e
REHFNRANEEAN. EREUFEAEHAEZFTRE A IES, BT BRHETRET

#1 FRIEMTREFLE
Table 2 Characters of leaf epidermis of Quercus subgen. Cyclobalanopsis

species adaxial{ LM) ebaxial ( LM) abaxial{ SEM)
w o [ olol]l@elw & w]| m
Q. acula ar - skt + o 243 - - sca
G . orgyrotricha sir sc sin 8e ce 256 - ate -
(. cugusEnit sir sc atr - ac 358 - - sca
Q. ansiro-cochunchinensis Elig g st ge cc 282 + - -
. awstro-glouca 3ir sc sir + oc 371 + - -
. bambusaefolia atr sc slr - ce 256 + - Zra
. Woke n sc sin s oc 281 + - -
. ocmusee sin sc sir - o 115 + pap &ra
£). champenit air ge 1 EC 1 1 2 fe -
. chapensis s sC sir 8C cc 486 + Pap sca
Q. chungit ar e £ EC EY 205 + tul sca
Q. delavey sir EC str £ <o ? 7 fa -
Q. adicamle sin s sk - o M6 - pap sca
Q. dingfusensis sr £ str sc oc 448 + pap
Q. discifornus ar 8 sin sC cc 460 + - -
Q. dongfangensis r = s se or 133 - - gra
. edithae st sC sir sc cr 397 + pap sCH
Q. fleurn 2 sC shr + e M6 - pap sca
Q. glouca str sc san s cr 37 - au sci
Q. helferiona sir EC str g 8¢ 218 + af -
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Table 2 { continued )
speries adaaal{ LM) ahaxial (1M} ahaxial( SEM )
(1 (2) {1) {2) (3) (4) (5} (6} (7)
Q. hondae san sC ain 5 o 256 + - -
Q. i sin sc str ¢ cc 333 - pap e
Q. Jenseneana str sc st ac o a7 + pag grE
Q. herrii ar | g ar - s 486 + o -
Q. koungstensts str sc r &c cc 218 + pap | sca
Q. kovtunensis atr sc str ac oo 269 + pap -
Q. lemeilosa str sc si sc sc 22 + - gra
Q. lobbii atr sc si - cc 230 + ate -
Q. miyagi >l sC Sir + <c 154 + - sca
@ . mulbnents sir ac str sC ce 371 - - gra
@ . morisasfolia str sc atr sc cc M5 - - -
Q. obowatifolie str sc gt sc sC 192 + ste ETE
. ongodon Bir sc si - sC 346 - sql sca
Q. padiyioma str sc str - e 422 + pap 508
Q. paellformnis st sc str sC oo 05 - - -
Q. phanera str sc sin sc oo 384 - - -
Q. pinghinnensis uir 8¢ sr - o 256 + - sca
Q. re st & sir gC oc ? - pap -
Q. schotthyara sir sc sin sc PL 281 - su sca
0. semiserraia sir sc s - <c 358 + pap gra
@ . sesslifolta r sc s - cc 243 - - gTa.
Q. sichouensis str sc 51 & ce 205 + il -
Q. sewarfiang str sc str + cc 320 + - a
O nibheroides atr £ sin g oo 3ar + - -
Q. thorelit str g ain 5 oo 141 + - -
0. tisoteshanioa str s si - o 3+ - -
Q. tomentosinerais str sc sir - sc 371 + - sca
Q. xonthetricha str ar str - sc 192 - s0l sca
Tgrl}gumbakuws'. s sC str - oc 320 + peltate sca

(1) patiem of anticlinal wall; str= straght, si = sinualate, sin = sinuate;

(2) tichome bases: " ~ ™ = ahsent, sc = single cell, ge=a group of cells;

(3] type of stomatal apparatis: ec = cyelocyuic, w = subevclocytic, an = anomocytics

(4) density of stomata; the mmber 1n 1 mm® ;

(5) presence ur absence of collenchyma cells; ™ — 7 = abscent, * + " = present;

(6)type of trichome: = — " = absent, sal = wlitary , pap= papillae, ste= gtellate, fs= fused stellate, of = atiptate fasciculate,
nul = nuitiradiate, jl = jellyfish — like, = = simple uniseriate;

{7) wax omamentation: “ — " = absent, gra= granular, sca = scaly

RRVEE, KR AT BT EHS— HFRABMAR.
ERERTBEBEADHY - REFALAEEMEN, LEIEPNEFR Q. myrisaefolia
Q. ocwa WH, TEETEFTTRES: —FHERHBEA(EKR L 1) Sa8E, B,
tEEEEL N HAEM RS En, MR KERMMR, BT ERFF¥E. I
EFM Q. oxyodon FEMNHEF Q. augustini F: 95— ML EHBH(ERL :4,5).H6-8
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B SF IR B T A B R BN S5 4, FE A et T . R AMmISR—#, It
AR T LEFE, NBEEN Q. thorelii BEER Q. chungii F.
2.1.2 T&H

TFTEREMEHTHE L RERER XEAREBESER. AARRENSAR . ILEH
EABETHRE. EXAEAEE FHENEIHAREMENTES. FRELFETE
JE 40 i

(1)REME REMETWER 3L FANE W EDHEMIEELE,
FEAEVAEF ISR, THE RERMERES. SHEBHERMEY FRENAMR
HAAMGHEERE M, EFR Q. glovea HAHN Q. lamellosa F F HR] LA WEE B
FE T REAN, FEEARGTERTEEN EREK, &S8R0S, R ARE
HAR, kA S e AL B E R AR B R

(DERTHE FAMNENARERA{NREAREFVENEEERTL. 8). Hi
FTHREMEEMT EREY &, W VEARMEAMY . EREEMRE, BHREYE
MAFRELRE Fk, HItgWMERETHE., -BXFEROESEZABRENY. B
ERFEUFR Q. glauce . HEN Q. schotthyana , — BEEEM BV BEMAME, HTERE
poFre B R B, IR F X Q. ocbovatifolia: B EZMAMEK, MEHEFRN Q.
kerrii , BHEH N Q. helferianc .

(3)H, % (papillae) ARBREMABMEERM —BBRZWER MEER . EE L
FREMAEOPH(EEL: 6). LIRS TRE. N TFETREAR EHEF., £REEHE
Ao A - TRERFRREREAR . NESEE . AEUFREENLE
{ pedomorphism } - ZEXREMR Q. res FIREIARBAYE R RDBEFH KN —FF
FEEAE JHEALRTEEETEH . Jones (1986} HHEMEHFEMN—FER,

(4)FLA% (stomatal apparatus) SALHRHFMEKA. AEHNERAYF AT # KL
MEIFSAYSHE, EEFHEHSILBREE-E BEHRELE. WAHEN Q. myri-
seefolia , A ZHBKEMNEIK T REMBRHAEE; Ho LS REEHTHE.,
ABEBHYHREEARERKMAAI EEESAYSH, MEBEEN Q. austro-glau-
ca. SFLHFR/DLHEN — BEFERXAKHEL, -#5(10.20~20.40} umx (5.10 ~ 12.25})
e

SALBRA, FHENTERFPWES 3FHFSAHFLR, NERFIR (cyelocytic ) IE TR
( subeyclocytic ) TR #L W &Y ( anomocytic ). HHIE —H R b B ¥ HF AR SAF LR, 3F
FIRNSFLFAS~6 TR LDARESEFR AR, A BHMRADAZEBEET: 3.7,9);
T ERFI R Baranova( 1987 1) 3 B E M — R S LER, THHRANBMW FEX RS T
MARIERAHFABE., FREBFHSFLUXMREE, FHNBY 5~7 T8 Ba50
HEEAREEES. XS AEFTFNERFEALMN,

2.2 HTIREAABESETHHFELED
2.2.1 HEEERHER

Camus (1936 ~ 1954} 0 Jones (1986) X HFN E B REEWWFR TEF . EFNE

BPEENT OMERNRER, FEHFERERIN, AREFNTEEHEY PHLE 8 #
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KEME, B %L (rosulate) I E (fasciculate )2 T A R, AX §HERMYES,
HPH TS Jones (1986) MRS 35 1 F Jones (1986) AR E . HEELE
MAHRETRER §FAHEEERNFTEREIRMT

(1) PFE (solitary trichome) FRAMNE AW MAMERIE, £, P, &5, 5L
WA EMHTREFRRE. HAEL(EHEL: 7). BFHFN Q. zanthotricha HLE H
BB RAE, LFFE S Jones (1986) 1 Hardin { 1976) 3£ ) “solitary trichome”™ f 2 45 —
B,

(2) 3L3 (papillae) FERBHAHRHER  SENXRFAR—ERH. LB ERY—
FEMRBBETTRY, BERCSEERERNEANAE, RIMTEIHREEZ 2B
BB ZBERNEE. AEURARMRLN, AREEE, REXNT MR /ERRH, 2
WRE W TFEHELEAFHFE MELAEFN Q. hw . K HMA Q. jowencana %.JLFH—
MR LR N FLEERT: 1~5,10; BRI 5),

(3) BERE (stellate trichome) EREBEFHERPELEN LR, MEHBEFHN Q.
bobbii IRHEX, BI3~6 TR EIFAMR, HEEEE A EIHNETHSHERTH
SR EREHNRMEE. RESHE—RALE. M5 EE P (EMKT: 8,12).

(4) & EARTE (fused stellate trichome) HHERESEREMXJREHRES
# (am) WERE 3 10 MR ESH(EANEZE 18472ZH). ASREEBHEMELX.
EELEHN Q. delavay: S HN Q. chomponii FRILLMEB HFE (BRI : 3).

{5) E#7E E (stipitate fasciculate richome) S EBERERLLBENRESTBEBEE.
BERUHETER—HR.:. FRTEEHFRNAUEHTFNTER L LB E(EK
m:1,7).

(6) £ HE (rultiradiate trichome) ZHEBWHIFEREFE(—K R~ 10)4HRK, 4
BE BRESHEAER I KEE L, A—MERRAEMET MR AR RERE. £8
EBF M Q. chungii PRICFEM S H(ERT: 2).,

(7) KR E (jellyfish-like trichome) AP B HhEA W, REEBEFH Q. sichouensis
P RBERRI : 11). Jones (1986) 1 Hardin (1976) TEML{ 1M AR hHE EHH LR
#. ERESSEMBEREHM, EHOE -MHEANENGESE KRESBS LR
EMAME, M, BHRREETEN FERBAKES RUEIRENHTE. KSR
EESEW LA TREMAEREZME,

(8) HL3IE (simple uniseriate trichome) B TFIRBEHE B 4~5 1 8 40 M (4R KA
AE.BEEEEHE -3, Sl E,EnRE FRTFRE(ERL: 9). ERITE
FHTATHMEXFRIIE., A 7#THE,RINBY =B8R Trigonobelanus K4 T
FEMTEHERENE. =W Trigoncbalanus doichangensis TS5 PRI B R~ —#E,
F& — b [ 401 S R AR AR 6 Cthin-walled “glandular” peltate trichome ) (BRI : 4) ,

2.2.2 = FL(stomata)

HFWET, FHNER AL S Y 8 B AR T2 A K # B T =% i B
B, AfLAM AR, S RS R PR R A A RE TR
HMEHTHE R —-AFREEFO(EED: 5,8,9,10,11).
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2,2,3 HEFRSYN (wax omamentation )

BN EREMBEEREEN, ERNMEFAERES, EFEOR (granular) (E R -
11)5%8% F AR (sealy) (FERRIL: 9).

3 i i
3.1 BRIERLH R BEE

BAfAFEEHFEMESE, RIS EHNE T FIK LR R EFHE 885
(I

(DEMER EFNTEPLER IHBEECHEREM 1AM THRSHIERS
ZERFEEYMNE. BERARIRSXAEHARBEE EFREFRE LR ERE.
EWMEE BEERENEEE; KERENSGFHFIEN TREEMEREZA. LRER
MEBEYPEATN AKBREREFEFN SN AR EEY S EZE =05
FREARED.

(2)FEAKR FHEBN LI THREMERELEZABRE -3M. EHFEN LRE
MM AMN Ein R, BREE; DHFEARHMA , EF e E %Rl weg ., £H#H
KT REHARE LS PEF —HFEREM, A VVRWENIE. TREARMANER, H
FohBAHRK BH SILESH, LA YRR MRS T EM.

(3)BR REHE. FRARALHAKAREYN, ERHENREFTRAKRER
MFEE; PEHFEUNESFH BEEFTN Q. subhinoides B FHBH TR,

(4)SFL3% STILEEFFFIA 5 7R AR S0 B H A 350300 8 f0 I8 3 51 A Ay A I
HHRHAHUSABRAAECHEHLIBREN, AR HFAEAHILHEHHN D
., SILFMBESERE, PEFRNBESEETR Q. thordi BARAREM, KA KR
HEHKER ., R HF{10.20~20.40) pmx (5.10~12.25) pm EH ., SILFEERRE#H
EFEER,THSEBAFUXRA. FEREHSAEFRTEH BKEZ KT B S0 M iR
HESRES BFEHEKNREAREE. S SEERE, EAREHE.

(S)EETREM FWHLA BTG, SR 8 R pR 2R,

3.2 HRASTENRKFEEN
3.2.1 X RIER AT R A

BB IR BT REEZHRPEYPIEH— 1 RIE(Zhou e al., 1995;
Wang et af ., 1988), Oersted (1867) $2IE7 4 H A &4 WFALOFF S5 1R 69 & R HEA)
s, BHamERE, AmEXMNER DB My B8, SRHARLEE T —L¥EH
FH(Houetal., 1998), BEHFIFELFEARMEAA G (Zhou e al., 1995; Camus,
1936~ 1954) . MAXHRHFTHEBEMEHH REFTEERE FERAFHNERE SR
LA AMRAE., —EHEHXANEELNET 6 fF,HPAE BRE BFHERE ENEDS . £
EEREFE, HPEHEEENERE BESEAE EFHFEBLURBEYET]E( gan-
dular uniseriate trichome ) 7EFE-H R @ o HELS mMEE K EEMFERE P a5 .
FEBEHATERBAETESEEIYN FRAQYMATMBAHSAE, B TR~
FHRAMESXRMUL, BRTLUAAEFTNTERE FRENIFA LR BERESHE
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B, EHEIEEE R — 1 Wang et of ., 1988),
322 BHNIERSREIHMHEMERNR

Camus (1936 ~ 1954) ) Jones (1986) T #A-F4 Blay MR E BB R AEM T B iR
W3y, MBI THEREER S4BT HEERERMER BHEE TS, &F5RITH
W RIMETRERMEYN B HHEGTHE DHFASAELHEHENEG R, HEHRER
mERRNGSE,MEGEBTELEFAERUER T ILENITFE (Jones, 1986). FHH
FTRPERISEERRNAR, I —FIEELTHHR . BEFTRTFHALSAFE. HHF
Rk BfatBRYAEXJLERESN (Lo, 2001 Li, 1996), ~HIHED 5 AT M
) # i T AR E W T b BR O R BT S M X (Zhou, 1992, AT — i HH
HFRTRBNAHEBAERMER BEHEMELEF B MFMER M —RELBLE.
THEZEMESF L CRBESE BT

=R EERERIALERN AR PEEENER(Zho e of .. 1995; Nix-
on et al.. 1989; Forman, 1964}, M —#FHEBH 37, BAEE L ZRE X, Niwon
Crepet( 1I9R0VEH AR IB . oG TTEERRETHA - HRERLTRFHEABR, A
BEREWEZXE, CENEBPERNAGREBHR M ENEENOER. XF
MY ER ERU TEXHHE G ST AR SRR E, X MR E AT 90 SRR
WOEEHR E#ENEEmREERE, BORE. —BEHEPSTHEIELEREHE
RRE.ERMNONE D BERBHA M T 7€ Jones (1986) KT T ERE] 7 HA
AFHEY, BESTPED ARSI FEWER. 5t FREREY BE LRN=
PR RIAE S UL B 5 =8 R EE 17 & HH IR A o A S A TR (Zhou et a2, 1993) ,tBIR
HENTBEGFEBEET AL &%, CREHASERTEN TR AAES W
IR FTREE L8R B IR 45 Y A% -
3.2.3 MRESEATUATR TSR T RMEE

FEA NI LR Camus {1936 ~ 1954) F) Menitski { 1984) % F X IE B R 1L &0 Ry 7138
APEEHITTTEE TR 4. ANRBNAFRESSHTHTEN TR FER A
H#, RO TERNTEEYHEFASH TR ERN ERFLETHE RS, HBEHERE
— .~ Camus (1936 ~ 1954) HIFREMKERIITER T AT 5, T Menitski 7 38 H I H:
MBS BB RXREHLE S ENEZ, AT K I &5 R 0 4
B TERME —EHEN. BTN Q. bbhii FEER Q. g BEHN Q. dela-
vave EEHMA Q. gombleana HEEHN Q. breviradiata . F M H K Q. argyrotricha T
K&K Q. ningangensis Y HHEA R EERE (QFELARE BHSEREMEBELE), K
HitfiE FREMBR—THEAAMET. MW BRNER &8, FAEFEERS
EMHAEHEEY MRIBESHMBEEAFR.BEZEFEN. B8EFN 0. auwstro-co-
chinchinensis FIPERET K M BEE R EHEPN  FHUHE BERATES, X LERHAEDFRAIE
H-NERTHSERS. HEREZALFENMHMEAFTRBEFN SN EAXB AR FER
fiE T 100 o 5 b BoRh 3 AT O 50 BV R RIB IR R BB,

AR AT DA i F M AR ES FREBR TR ERF - EWNEN, YR E
HRILFEETEHAHT,
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3.2.4 REREBHHEATRAG —EERh B p) S TR KB

HAFTRTEEBENFTEHRRAELNES., EFHERXT. ELRHEERE, A E
BEMIEM RIES ST EE HEEARENEAREEMH LS F. FAINEFERFRERIR
—X AR S MHERN R, DEE A EMNE SIS T L HEEN (L, 2000) L REH
AKX aERAE T AR #, EARARIFERRIMIASILEEERPERE RN,
HHXASILEE (371 /1 mm™ ) HEEF K (281 -~/ mm™) B, 5501 BIFR A & L 40 AR
B R BE A RE B PR EE , Al fE A P AR . 0 LB ER Q. deficanda 89 38 57 4 B
JEAR TR R, BT 1L HA B b R X 91 .
3.3 E@aRiLad

HRRERARME  Hardin (1976) FHIEHE (1995) W TR KN B E L EH
T TR AN EZTERY  EENEABERZ . R ERRAIERE G EERER
BAESRNEY. FEAHRFEFNERFHABREASHE, HFHESEHFHER
B, MHER.LEHRAERTEENLEETRITH  BAERRL BB EHNEE. T
FEREEMNTSHAELE. BARAMEP EARETFRFIREDNE LM EREILRE
EEERKN RV B, XEEKMERENUT - MEARE, AFUFITUERAE
TREEMARKEMEN., AEHRESENFRE ERENRIERAHEYT TR
E.ZTHREEAFESEE—TERE. FHERE FEHENRFERSHRSMHETRE
REFOATEREL, ENZMANXFZZREFUN. BEREAEIFREL. S1F
BUMASREEZ M REREAEMBEANERBSGERE NMEEEALEF ST
— AR, WM, T AR E  WHEEEHRHFMIEEEHE . A EnEHRLERHH
BiE—H , ETHHERY  EHTRERA MR I ERMOEALEE, R E s
HAmEt. HTREYSIEREZREM I IERB(Zhou et af.,1995; Liang et al.,1990;
Hardin, 1976) , F EEH N TR P AR T —FBRE, AU ERIIRA T RELHAT
Wit T, U ERETEMELRBLLOT(H 1)

+ B E (stipitate)
- FEA B R (fused-stellate)
% FEHFE(multiradiate)

. . HE . EARE
{ papillae ) { solitary ) { stellate)

B 1 IR A R (L
Fig.1 Possible evolutwnary trends of tejchomes in Quercus subgen. Cyolobalanopsis

o KEPHELEPFHTPENFRAAESATASIHHFEAFLERES
WL AR QAR ILEE P P IAHFRUEB LA T HFL AR
ERERL, iR Pang,

8 F x W

Baranova M A, 1987, Historical development of the present classification of morphological types of stomates. Bot
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EREI%HEA Explanation of plates

BF I ¥ BEHFTEREFNERMYREES(x400) 1. FEFN, FRE(FATRERER);
2REBEN, BRE; 3. BREN.TET 4. BEEAR. L RE(T AR SEEER); 5. TR,
THREMETEEESE): 6. FETN. FEE(HATARE); 7. HAEEMN. TRE: 8. FN. TE£K
(BT mHEE): 9. HHEN.FEEK.

By I SRESETEREN BN TREEES, TEH. 1. BBEN,RIL%, x2500; 2. RBH
M, A R, «1000; 3. EOFEN.AHAE, x1000; 4. FLAEM.RHAE., «2500; 5. BB H. 8%,
x1500; 6. HEE M. THPIE, x 1000: 7. BFFN . RAEE. % 1000; 8. HEHFR ., RERE, « 00
9. FMH.,REFIE, » 1000; 10, HWHFR RFLZE, 2 2000; 11. HERFN . RIEEE, ~700; 12. BN
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FH,mEARE, x 1600

HRE I PRsEFHRRATHNERN=HERNTTREES, SEHERSA. . £EFHN. =AW
WE,x300: 2. FEEN . mELFH, »400: 3. BEEFR..RENERE, x600; 4. =8, T HHKE
WEBFE, x800; 5. ERFM,TIR, «1000; 6. BEFEFM, «500: 7. EMHFHN, = BHERE, x500: 8.
EHEEA . LS. < 1000: 9. BEFER. L, x 1700: 10. BEE®FR, T, x 2000; 11, (. acuta, /R
AL, = 2000

Plate | LM photomicrographs of leaf surface in Quercus subgen. Cyelobalonopsis ( x 400) .

1. Q. deficatula. adaxial {amow indicating a single-celled trichome-base}; 2. Q. subhinoides, adamial; 3. Q.
mudtineryis , showing stomata: 4. Q. thorelii, adanial (armow indicating a trichome-base of a group of eells) :5. Q.
sichouensis , abaxial (armow indicating the trichome and its base}: 6. . deficanda . abaxial ( amow indicating papil-
lae}s 7. . austro-glouca, abaxial; 8. (. glaaca, abaxial ( ammow indicating solitary trichome?; 9. Q. pateilifor-
mas . abaxial .

Plate I SEM photomicrographs of abaxial leaf sudace in Quercus subgen. Cyclobalanopsis, showng trichomes.

1. Q. dinghuensis , showing papillae, x2500: 2. Q. chapensis . showing papillae, x 1000; 3. Q. hui. showing
papillae, » 1000; 4. @ . hwi, showing papillae, x 2500; 5. ¢. dinghuensis, showing papillee, x 15001 6. Q.
schotthyena . showing simple-uniseriate trichome, x 1000; 7. @ . xanthutricha , showing solitary mchome., » 10003
8. (. obovatifolia, showing stellate mchome, x800; 9. Q. garca , showing simple- uniseriate tnchome, » 1000;
10. Q. kowumensis, showing papillae. » 2000; 11. . sichousnsis, showing jellyfish-like trichome, x 700 ; 12,
Q. ergyotricha . showing stellate trichome, x 1600,

Plate [T SEM photomicrographs of abaxal leal sudace in uercus subgen. Cyelobelenopsis and Trigonsbalenus .
showing trichomes and stomata.

1. Q. helfariana . showing stipitate-fasciculate tichome, =x300; 2. @ . chungi ., showing multiradiate trichome, x
400; 3. . champonii . showing fused-siellate trichome, » 600; 4. T. doichangensis . showing thin walled ~glan-
dular” peltate trichome, x 800; 5. . pachyioma. showing papillae, x 1000; 6. Q. chorelii, = 500: 7. Q.
kerrii , showing stipitate-fasciculate trichome, » 500: 8. . auwstro-glauce, showing stomata, » 1000: 9. Q. aus-
tro- cochinchinensts , showing stomata, x Y 10, Q. subhinoides, showing stomata, = 2000 11. Q. acwa.
showing stomata, x 2000.

(H sk EHF)
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LUOQ Yan et af . : Leaf epidermis of Quercus subgen. Cryolobalanopsis (Oemst. )

Schneid. (Fagaceae) Plate 1

See explanation at the end of text
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LUO Yan et al.: Leaf epidermis of Quercus subgen. Cyclobalanopsis {Oerst. )}

Schneid. {Fagaceae) Plate [T
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See explanation at the end of text


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

F A R TR GEAR) I FR R RTRE FERe
LUO Yan ef al.: Leaf epidermis of Quercus subgen. Cyclobalanopsis {Oerst.)
Schneid. (Fagaceae) Plate [
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See explanation at the end of text
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