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A LESEEARE (Hordeum brevisubulatum (Trin.) Link) REISE. AREE.
AFEAERE 75 PR RE BN, BT B EE KRN A RESME 3 M EEAXR
PARGX 3 MR SR|ENL 7 B TH —HH. FNSEEETUREN. RN
THEREN A RESHNRERANTEPRESHAKEOETSE, HE4HEXmREE
BHEETHEREOMRRE. VRERERAS TR FEAGHELER.

X EEkE: WRE: Wik TEER: FEEE

AAMLLE, HREMIEREP RPN AR E, KP—kgE (n
Prat, 1932; Tateoka et al. , 1959; Metcalfe, 1960; Hsu Chunchang, 1965; Clifford et
al., 1977; BR-FREF, 1987) EEHUS T4 AR E K REL 2HIER L EARER 2R
PRER T RAER KM L. RNEIEES, WTHET, JUHEISH 42
FRWEFF, XTEEPNINER RIRIE . bk, A CRERE T ARE R 23 ) 2 B B R
HIE RS HERNEEKE (Hordeum brevisubulatum (Trin. ) Link) fE BT, HF A
MRESHREAEE SRS, RELEH—BE, KBNSV HERH
BEREMERE. REEESHEEFREFBGHEXER.
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BEN], FHRENH ERES T REWEE, REE KU, F 1% 0% o
& 1455, BETRETRE: WEMRNETHE. S8, MBSTH REEUN
LA K A B BUK S ERAE . BATRIEM 75 4, TR EERENH G TR
. Fidb. AR ILEY 4SS (Yang et al., 1987; ZEBEMi%4E, 1987, 1988), REIEH
AEASE. FRBEKR. AREEHOERETRE, HPRTKERERRA T ERE N
#. HE. FE. R AEE. TE. WA T4 SAMBERISEKX, HRES
B RTEREL S 31°25 Lk, A R BRI AL 50°15 (9 B ; TR I B BE R
AXTE#ASERPOFEEIRE, HREEREFELIRG 540 X, REHEHRE
BB FE/RTH 4350 K, SRR PERPR AR RS T 4 900 K. FrABR DB X 2=
BRK. EEXEAMBAERAS, BAREE XRALRNT:

KEE% 72 B B 170 %
PEEA 7 980 Bl R 270 %
FRALEA 122 -5 Xty AR B 250 %
i 440 BRITH/RE B 170
ARA 164 L6 2 A 190 %
nf & B 31 3 FHAER 3] 180

KERS 14 BT Y 150 2
xR 2 973 T Tde i3 550 %
IRF 674 HEGELR IR 590 %
ERF 806 P 3% 7 v R il 630 %

FHEES 302 AR I &k 1250 %

=% 2 450 R RLA AT ) 1 050
N 4 69 P8 R S i Hokih 1200 2
FTH 119 Py 8 o AL A HEEM 1100
FTH 534 P 4 i HEFR 610 %
hEEA 8 485 PSR &AM YRR 1 450 2k
10 4 75 P T B ik 11 1 350 %
i 484 HEEET it 1450 %

BAMRS ? PR R 1 800 3%
Z 76 MR IR R i3k 1950 %
EHWBA 7 223 Py S AL BRI WA 1350 ¥
o 20 630 LT B % 1350 3%
¥ 6 059 ek N 1 380 %
BEAEX 1851 AL EN YiE 1 280 3
L P5EA 428 TP NG| Tt 1 100
EFBA 7 103 B P A Tl 1 400
EEE 2319 B vy R 1 100 3k

FlkE 286 THER= B 1150 %
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BB 3163 THEM =% 1370 %

V- 130 HAAE K 1900 3k
WAk 3445 e R 3 360 %
HFHEA 8 397 Higge E-x 3 3 000
BAIkE 11 877 FigEsmn RHEH 2 800 %
FHI 333 HEKER bl 3 100 %
EEXE 52 HERE b d:: b 2 100 %
#E 1851 FEEE {REH 1 200 3
#1E 895 BT RS T 1700 2k
N 10 697 S it H 540 2k
#1-8 499 TS E AR NGRS 1700 %
*Tek 1034 FELH w4k 550 %
R 613 FEET B 700 K
S 1190 FEME I Hf 2 500 3
FREEN 699 HEAE Bl 2 300
HRBA 4275 FEER . BEEH 4100 %
E NN _ 150 #ETH KEH 2 500
FREER 10 588 R AR K3 1760 3%
PO ST EBA 2 218 ot Ny ITF3-8."} 3500 %
RERE 1160 L bEpo) 3 650 %
A 870 573 B HER 3 300 3
A 870 104 L HEEEN Il - 3120k
TR 3008 TR ERT 3 33605
FH#EBA 5 062 CEBEAERT bE b 4 350
BRIA: 6 FHEEAERT TP 3 700 3k
HRE 1508 FERREG o 3 900 %
TIRBA 3 628 TRA + Wit 4200
HERA 8 370 A+ VERHE 4 900 3k
HEEA 8 728 i g 4 400 %
HE 8 608 EEER ifg 4250 %
=110 7903 it % e BERES 4 300 %
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NETHERZEARGE. AEEER. ARESRNEROHFRESH, KIET
KEMM R EEHHKAR. SABHKE. SR, BESRBAR, X5 E4HMpaent
W _FHH e F SR AR (Poaceae) . BHAK WA} (Pooideae) , /NFEjE (Triticeae) ,
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#B (Hordeum) WM EELEWILEE (Metcalfe, 1960; PRFRZ%, 1987; ZEBRMNSE,
1987) . BPEABAFARERAT. FAHFI TR LR bkE, Bk EfcE, BEa—migk. b
% Jz PR IE B A ORI STLES R R, BRIk 2—4 I E £ TR RS, 81
MEERTT; SHnG, WAASEETRANRE, B4EZELETHFE, T4E
%5 A MBS BB AT R ERBKE, B EEH, KEZH, REFEMH; K
EAUERARBR R, FEET LRERL, ZEHERE. A, EESAENR
REEM ERT BTSN, ERENTHBAE—SAME, e MERUEBERBEEAE
35 Jiz 455 4 41 D ) O AR L S8 R LA, T EL B B R WSS K R RSB e B R L o
ST ENERAELSYRER. HMUERAEXREEEEEL. AENEEAE
B RN, RIEEREERAEH AN TREL, FERMRN SR 3 S RAE
SR, DERENE. KSHENEREEE (BRI, _

L. KARERRE, KaMEEE®RS, NARERE. TEERS <
FLESTRKE 1 0 1 FIKE A 2 5. HFEXERE; REARREAREERD, BER
oE; REETRE. KE, SRR KBREREKEEES FTRE—M
KRMHM. TREH, BAZRANERIESHTRENASE Y. BRI, Hik I
. Wb, T, BEA. TE. HAMEESEX, FERIBOIEETR. ROL
R R BB R L.

KRARR . RERERER, KOF5HEDEE, MEETECRE . BTE:
ST 1 M1 FISARS], HEPMERTEH: A SR, AL (544
4, 2em i A A BRI A5 T B R B AT A T Bk . Bkial, (BRI,
AR BAEA; BEEAEE L. TR R R T T A 35 % 7 P
NG, TR SRR A R L R

THAER. REKME, KEFERRE. ARERE. TERERSH: <
LBTRAEEZY. 2HO8HF, HEAER; BETEMARSEARREL: TRl
g, HERERKLE. BKE, HRHBEMH. EERGREBMGERE. HEE UM
FREFEMK/FZECL TSN EERAE, R K SRR, ¥ 5 REE.

DAL 3 AEEA T B 35 K L 1.

T A S
1. HEREEE SRS

MEE R WEELE T A, S TE A B T B ST LIRS SR 4 S 3 AR,
EREX 3 MR FTHIRARSMRTE SN B, A58 5758 Tsvelev (1971) RISMNEE
BERTILHEE 3 MEMRL—, MAGERZANMARBTETHEERE H.
brevisubulatum ssp. brevisubulatum) , Bl K /PRI BRI 28 B T8 5 A3 (H. brevisubu-
latum ssp. nevskianum (Bowd. ) Tzvel. ) , B LRI BRI ZKEE TR AE (H. brevi-
subulatum ssp. turkestanicum (Nevski) Tzvel. ). X BHFRHY W%ﬂ%ﬁyﬁﬁiﬁ'ﬁﬁf*ﬁ%?&
ZRMHVEH, WHSAER T UMENSNRE S REMFIE. FE, Z—HEE
wEM L, FRUMEEREZEREFEMGTEIL. FIEEALEREB X, BRX
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Fig. 1 The geographical distribution of the three basic types of the leaf epidermis

structures of Hordeum brevisubulatum (Trin.) Link in China



EERETEMGTHBEENBEASR NS, BREKESHTREFENHEKAR. BHE
LB IH (Bothmer, 1979; Yang et al., 1987; ZEEEARZE, 1987, 1988), fijiXis
KBRS R IE 53X 3 M EARBHHBIRTEE SRR, R, FTEEAN
L2 B AR BEEESN B SR 4, T E A8 B m 2B R W7

2. HRrRESGHHRLES

EERENM R REZ AR 3 M EARR, X 54 BN RN EE
BA. REMSHREREEN AT, TRIBERMES 0B EEREE 5]
W, KERGKE, ROEE Sl SABMEY, SARNESSER, HBHR
I/ R BB FIR B HALE, MR EHRERENRERT PEERARAK, K
o B B AR RPN E . KA BEE K. EARRHRERHEY S AR
%, HEE/NERE (Stebbins, 1972), EEMBAFMMRE RIS, HFHREARE
BREKER, MHFHRRARERESEH LN FERERFIBNINE, FREENMH
K. RREVEEERENRARE . HEERARIRLN, KARTMHERFEL
R, RIS . KARGENEERER. 3E, XFBEAREENEE 3 MERK
HEWRE, WHRREHMEEEE: (REE) . SRREHFARAERE. UER
% MERBREHNRABERNL. SREHI, REMEIERENEHER
£; SABEFTREFRMERESHTIKE, $HSESHEET); AREEHTES
EfLihass, F50, SeEtaisis 3 MR HRE SHEMERESY. Fl
ERENREESH TRESBEEASOALMELBK, XRERAETFHASEEN
REEM SN, BEMARASS. KEKEE. SIEEE. NELTasm %
BEHRFETRERE. RRNTEER: KECHREENHTREERASDE
REEFMK, HEEDRRE, SEHBRE, Bl A SHtEsARmiEs
R, WRREARIIBHEE. KARMERK. SILEORERT. WEBORLS. G
HORGHINH 2 B I AR A5 T BB LR T AR BT S0 B RN B 4046 T B n
CORRBERBK, A SRR TIERRRGAEEE, EmEaRsIES. Rk
SRMEGER L, AR ESEE AT R, aRnERmEREmEEE
 REREBRKRE, SIWSBHIISER R ERR FRPESE. FhLER &
- EEREERREN S RSN, ERSHERRESLNEE, RESHBELK
2 MEAGERRNEL. '

3. MrRERESHMMERNEE

HARKEHNECEERBSIHRERWSHHARK H SEEFTRIAN, FE
RXMRAA M H EER T HHA MR N R, BEMBBAIFRIFENER. &
HEEREPRARBOAMWSBRMERAM. EAK. B & BREAAS, ©
TEMETH P IR R EHRA. A%, EARNAN— % —&k. BImeT
RRERZNENHEGWIRERERAERE T RARS 0 EA R WES. SR
ShEEFE R T R B BABUEKMRIM T AH%E (LR HNRFEE
KUBERAEAT) MR b GRS MRS LR RE, MR 45
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Fig. 2 The mutual transformation among the major types of the constituent cells of the leaf
epidermis of Hordeum brevisubulatum (Trin. ) Link
1. Long-cell; 2. Underdeveloped long-cell; 3. Short-cell; 4. Hook; 5. Barb; 6. Macrohair
with a hook-like base; 7. Prickle; 8. Macrohair with a prickle-like base.

4 BEXRZNRULERGRE

B BE AR X S KRR R EALE T 5T M4, MIBLEH SRBAXIKER, W
MTRBRHEAERT2HTT. BAFERZSRANEEMEEKELELRRE
K, ARBECRBHERRKEZRCERER, MALHASEOBERAZLERLKTR
B ERGAF L, BRAMEFAEZVIRETEAKZHERKE, MERKE
BEE B TRRRMHREREERE . HLXMEARREEET 1988 FHlfFd HE
MER, AYERKERASSERREIRK, MAEERUNES L ENEH
BAMFERN TRENKURFNFESHERAGEE IFEN. BRREROEER
EEMEFE/MEFY BEEETRE, BEWE, LR 12 ZXRETER, FAMMELE
ERAY L FERE SR EAE R AR F AR AR K, SIESRTRE, &
W 2—3 2ok, FASMEHBTEANE; T2 TREAR, NEFMRERFREN
RATF, FHRREERKES, THREFESKEMNTFERIBROEE. BE, W#
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RREIE EF, EE LSRN ETMEERETREET ARG KX (Hordeum innermon-
golicum Kuo et L. B. Cai) (ZEECHHZ, 1988), XANETHAEEFAERBELRESK
EAFPE/MES. BEETREUERZEE. ERZINHELMER, MHETFAREK
EXREA L EEENSE, HPEFdn. THE PRMESATE 2 ENAZRE
R AR PERIEFEFEFUR. MMET BTN R, TR N AR
BT FE RERAETIEE.

5. EEAZNHFIBRAIRER

A 2R B M AL X B BEE LR EDIE AT, R T AT REM TR
#. BRAEMFEMESKEZEHN R G LXR D RERRFERETEKZ L
felRAd THE LT AENLL, MXMHEAXLRBEEE M EEL A IES.LE, WE
EFHNEHEAENERTMEERERREMIMESHTHEE. 8. BEUREHR
B, REEMTIMES. EAFEERETLEEATHERERFEAZHHAZER
KT CEBRESE, 1988). RATREUANSHRF L AT —LXE; MEA TEEAELZL
PR e A E IR E 2 4 = B4 A T R A B R  L K b B A B AR R, B
AHERGEEAREGERT, MM PLOTETREARPLELRE; ETHEERAKZEAME
TR B RE A ZE W 3 B0 T o B R R BRSSO DR R R B AR X, Hoar Al R A
B X R KRB R E—E . SR, WRERESKREZENS AT RBIE,
BARUMERZIFEERZ I BINFEN TP ARE (H. brevisubulatum ssp. iran-
icum von Bothmer) 14K & (H. brevisubulatum ssp. violaceum (Boiss. & Hohen. ) Tzv-
ell) T. XA RBARERS LEAKTPEEBHAMNELE, MEEBLENTLEE
MEMATHFEUA, 263 THHESMESKSNR, EE7RA T LEHEEMN
(Nevski, 1941; Tsvelev, 1976; Bothmer, 1979; Bothmer & Jacobsen, 1985; ZZEX/K
4, 1988), HAMMELEF OHENESPEERZAE. MEMEERKZRBHIHE
RFSAE R ORME, B TEEAZHHEFERNRDA, IBBREERTHEN
Fh (XFFLED) . BREFREFL. EHTHRAAFESH; BRETERFKS
IR R PEtR.

6. MEREZENRYT SHERSROEH

EERE MRS BT B AR BT M A B AR, EEmE g, X5EE
K3 BTkt B s R A AR S SR FT I E R . P m AT BA R SRR ERA
%, EitEEYT RAUBSESKRENREIEIATF. FEXEMEGASRE, REH
PR AR KRR E R WA 702 Xk, EFIANBRKENE R TR TR
JRET. [BRFEHRZH WREAFREERNIVE, W ABRETERERN LS LR LB
B, AN, MNERKENMHETHEEAZNASATEEP. KHLEEFEEREHE
RIS IERE » BRKENR TRIFRMNRFBRF LKA BB EmRAR, X
HAFRRENRARERRKEMEZERAEEAE (REM) FY S8+ F i
T8, ERMEXMBEFARTARERKEREZ, WAAZPRHEERZASRKER
A BETENFRARESZELEFEAEN. FXE, ASFREERYBETZNAT
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RYE R E R AT (RIER) 45076, i 2 X7 R 7+ 2 B B 66 R R 7k s i Bt o » 3
SEBRFHRDEE (REK, 1960; FHEHE, 1979; Ef4E, 1992), BERBER
FHEHYB TARHXAFE. AARNEH, KEBRNWEEATERTE=2, hiFEd
AR B ELKBRELTET (Bowden, 1959; Bothmer et al. , 1981)., MR XA, W
BFAERFEHMBHERAZLEERARTEE=4, O HMRET N EEERE
FHY#HENE, HEMNFETEENRAZLEFE=ZCNREH#T, EHFF=ZLARE
KPR, FEAETETCAEZEMEN ARG, X% EAANFRESELAA. ¥
sRET R EAFEH (FEHHF, 1979,

A, ARAZNERKEZLEREHERKTERA, BAABEHEXRKEE L
T B R R A R R, BT ENX - ERRGMEL, YRR ERE
S0 L TEON, mEAMRES LW RERE, HP/ A, RERZEERDAX
— IR R RGN FFE, HEREWR/R—FHTREERRZ, EWiEn Z2RZE RN
[, WE SRR AE, MALARAENERKE, BTHEER
firE, HYEARNEEE, RROBESEWNERERGRIRZE, EHnLERRYSR
th, ZBRHEERKE LB HTT.
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EPIDERMAL STRUCTURES OF LEAF BLADES OF HORDEUM

BREVISUBULATUM FROM CHINA AND ITS
SIGNIFICANCE IN PHYLOGENETIC RESEARCH

Cai Lianbing
(Northwest Plateau Institute of Biology, The Chinese Academy of Sciences, Xining, 810001)

Yang Chunhong

(Xining Botanical Garden of Qinghai Province, Xining, 810008)

The leaf epidermis of H. brevisubulatum (Trin.) Link belonged in the genus
Hordeum of Poaceae has been studied anatomically in the present paper. Based on the
laboratory observation of 75 specimens representing different latitudes, altitudes and
habitats of this species,the basic types of the leaf epidermis structures of H. brevisubula-
tum (Trin. )Link in China are summarized , their systematic evolution and pattern of mu-
tual transformation among constituent cells analysed, and with the viewpoint of combin-
ing external morphology, geographical distribution and ecoclimatic adaptation, the classi-
fication, the phylogeny and the migratory path of this species, as well as their relation-
ship with the upheaval of the Qing-Zang Plateau, also approached. The main conclusions
are as follows .

1. The leaf epidermis of H. b&revisubulatum (Trin.) Link in China may be divided
into three basic types: Brevicell-multiprickle type, Longicell-oligoprickle type and Prick-
leless-multibarb type. Moreover, the three types are found to be correlated with the ex-
ternal morphology and geographical distribution of the species, their corresponding taxa
are three subspecies treated in past classical taxonomy. That are , H. brevisubulatum
ssp. brevisubulatum , H. brevisubulatum ssp. nevskianum (Bowd. ) Tzvel. and H. brevisubu-
latum ssp. turkestanicum (Nevski) Tzvel.

2. In the structure of leaf epidermis, the various types of constituent cells are a sin-
gle entity of mutual connection, transformation and transition. Their mutual variation
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not only causes the structural difference on leaf epidermis, but also brings about the
margin of evolutionary level, of which the Brevicell-multiprickle type is the most primi-
tive, the Longicell-oligoprickle type is intermediate and the Prickleless-multibarb type is
the most advanced among the three types.

3. According to the corresponding relations of structure, morphology and taxon's
evolution, the H. brevisubulatum ssp. turkestanicum (Nevski) Tzvel. with a Prickleless-
multibarb type probably derives from the H. brevisubulatum ssp. nevskianum (Bowd.)
Tzvel. with a Longicell-oligoprickle type ,and the latter also originates from the H. brevi-
subulatum ssp. brevisubulatum with a Brevicell-multiprickle type. The H. brevisubulatum
ssp. brevisubulatum is located at the initial stage of species formation, and in origin,
maybe derives from H. innermongolicum Kuo et L. B. Cai which is even more primitive
in systematic position.

4. H. brevisubulatum (Trin. ) Link is widely distributed in some countries of Central
Asia, Western Asia and Eastern Asia besides China, and spreads from east to west to
form a belt-shaped distribution area. The migratory route of infraspecific taxa starts
from Inner Mongolia of China (or eastern Mongolia), via Central Asia of erstwhile
USSR to the Pamirs and the Iran Plateau, and to Caucasia of erstwhile USSR and north-
ern shore of Mediterranean.

5. The distribution and the dispersal character of this species show that the rise age
of the Qing-Zang Plateau is after the derivation of the H. brevisubulatum ssp. nevskianum
(Bowd. ) Tzvel. ,viz. it was possibly risen during Neogene. At present, the H. brevisubu-
latum (Trin. ) Link on the Plateau is invaded by the H. brevisubulatum ssp. nevskianum
(Bowd.) Tzvel. which came from Central Asia of erstwhile USSR via Pamirs and
Kalakunlun, and in the process, the high-elevation populations at the Pamirs and the ad-
jacent regions were evolved into the H. brevisubulatum ssp. turkestanicum (Nevski) Tzv-

el..

Key words : Hordeum brevisubulatum (Trin. )Link ; Leaf epidermis ; Evolution ; Migratory
path; The Qing hai-Xizang Plateau
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