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Table 1 The anatomical characteristics leaf blades types and habitat of C,,C, plants in alpine meadow

RSk
h % TEERER HEE AR Vascular bundle sheath » B -3 B
Hiky
chloroplast
Name of species Kranz | Vascular bundle sheath i A . Type Habirtat
Size Quantity

RAF
Gramineae
RlkE 2 $ek ik K M F R
Agropyron cristatum® Developed Big Much % Dry steppe
EMEE % 24 X % o | AL g p
Aneurolepidium dasystachys Developed Big Much 4 Farmland, wasteland, roadside
R o — s £ 5 2 24 R
Roegneria kokonorica® Common Small Much 4 Alpine steppe
o G 7 ¢ B % N 4 i 2 1 R
R. grangiglumis* Developed Small Much = Alpine steppe
SR 1 —fi A 5 o, | MR
Helictotrichon tibeticum Common Small Much % Alpine shrub or meadow
b . —i X % o | FmeEEEm
Elymus nutans Common Big Much # Wasteland, rodent damaged place
s At H k — A o | mmmA
Achnatherum chingii Common Small Much i Alpine shrub, grassland
SEE _ £ik /b W b BERBR
Stipa aliena Undeveloped Extreme small Little e Alpine steppe
2 S ¥ R Ak B/ » o W
Koeleria eristata Undeveloped Extreme small Little % Grassland
5 ¥ K&k s b i B
Festuca ovina Undeveloped Extreme small Little ’ Alpine steppe
LR g A ik B/l b § i
Poa sp. Undeveloped Extreme small Little 4 Grassland
KB : A AR K s b c P A B 7 3 T
Deschampsia caespitosa Undeveloped Extreme small Little ” Shrub or marshy bank
#wE & AR b » o | Azmm
Avena sativa*® Undeveloped Extreme small Little 4 Artificial grassland




WHF

Cyperaceae

4 R

Blysmus sinocompressus

G

Kobresia capillifolia

%W
K. humilis

ANt
K. pygmaea

BT

K. tibetica

S

Carex heterostachya

BmE

C. atro-fusca

Uk Sk B

Scirpus distigmaticus

Wit

Compositae

EARMEA

Saussurea stella

EJTPEE

S. superba

RENER

S. nigrescens

KA

Leontopodium nanum

AEEN

Anaphalis lactea

2H

Leguminosae

Trigonella ruthenica

S oK 10 4

Gueldenstaedtia diversifolia

5

Thermopsis lanceolate

ZRWK

Astragalus polycladus

Undeveloped
REEK
Undeveloped
A KK
Undeveloped
REB
Undeveloped
Undeveloped
Undeveloped

p
Undeveloped

REE
Undeveloped

—

Common

—

Comimon

— 1

Common

— i

Common

—

Common

Ak
Undeveloped
AR
Undeveloped
Kk
Undeveloped

A KR
Undeveloped

i
Little

G,
.
of
e
G,
C,
G,

Cs

o

c
Gk
Middl type

Cs

Cs

Cy

Cs

Cs

] i
Flood land
1 S )

Alpine meadow

18 M T )
Alpine meadow
1 A 151 1)
Alpine meadow

i L

Swamp meadow

R )

Alpine meadow

ity S )
Alpine meadow

il M B i)

Shrub or meadow

) i O
Meadow marsh

i A B4

Alpine meadow

A B 25 )

Shrub or meadow

1 2 L )

Alpine meadow

o 7 B )

Alpine meadow

[E ]

Alpine meadow

T S i)

Alpine meadow

1L
Grassland of slopes
L1 3 B

Grassland of slopes




ﬂ! 1 Continuous Table |

He RSk
i % ?EF{;E HEE TR Vascular bundle sheath Byl 4 1}
T chloroplast
Name of species Kranz Vascular bundle sheath % A o Type Habitat
Size Quantity

PER T REik Ll g 5
Oxytropis ochrocephala - Undeveloped — - C, Grassland of slopes
AR
Rosaceae

b : RIS FEHEHL, B -
Potentilla anserina e Undeveloped — Y23 Gy Wasteland, rodent damaged place
ZRTM Y Ak L BT
P. bifurca 5 Undeveloped — - {6t Grassland of slopes
KHERR A&k B R B
Coluria longifolia = Undeveloped - = C, Alpine meadow
L BmH Rtk TR o0 4 T 0 B
Dasiphora fruticosa o Undeveloped - = Cy Sides of the streams, flood land
L 04 ik Ly
Spiraea alpina A Undeveloped - - s Northern slopes
HF
Polygonaceae
P ) N 3 3 FrREHL RS
Polygonum sibiricum = Undeveloped - e, C, Wasteland, roadside
HFY i T
P. viviparum = Undeveloped - — C, Forest edge marsh
g ki AR
P. tenuifolium = Undeveloped - = C, Alpine meadow
ol ik i A B
P. alpinum = Undeveloped - - C, Alpine meadow
EERM
Ranunculaceae
Bl HE BT RRA A T )
Thalictrum alpinum - Undeveloped — P Cs Alpine meadow
ZTE0 4 = P&k X B o (] 7Y LUy g B
Adonis coerulea Developed Big Litle Middletype| Grassland of slopes




RIF

Gentianaceae

BRIE : ARk : (i3 B

Gentiana straminea — Undeveloped -] -~ Ca Grassland of slopes
i T

Thymelaceae

B : y Ly 5

Stellera chamaejasme - Undeveloped 4 - Cy Grassland of slopes
PR

Rubiaceae

Galium verum - Undeveloped - o Cy Grassland of slopes
HEH

Iridaceae '

L Ak 7 e i #4

Iris potaninii - Undeveloped W S Livl Cy Grassland of slopes
Um,l’)el]iferae ]

b <] AN Fk LLdgz B
Bupleurum condensaum - Undeveloped - — Cs Grassland of slopes
BT

Labiatae

Wt e A HA FEHEH LB A
Ajuga lupulina - * Undeveloped o - Cy Wasteland, rdoent damaged place
HEFH :

Elacagnaceae

Rl < A H ik i e

Hippophae tibetica - Undeveloped =5 - Cs Flood land

B

Salicaceae

JEH-Ly 49 A ik 1Ly B A

Salix oritrepha - Undeveloped ; — - % Northen slopes
%5

Scrophulariaceae

ZhHE : A keak ¢ : 1Lyl B

Lancea tibetica - Undeveloped - - Cy Grassland of slopes

* PR Cultivate species + #5 Present ~ JE Absent



ARG FABLGUERERER: BIERBTEL-BSNERGE, EXET
B TR A BRI E S M, R A R BRI

ERBgEER

R4 Crookston (1974); Hatch (1966); Williams (1974) ZMpFsiE, C.C,
WX EERRREM FRERSESETEX, C B g asS (chlorenchyma)
DA RROH 0 2 ORI HE 1, P22 K B 45 SR 41 (Vascular bundle sheath cell )1
MM ST ARGk, ok BRI I 4R RO SRR K T G B0 2 BB 7 »
SNE BRI Y 4R (mesophyll- <ell) #4957, bR gl fHEFHERTE T3, B L XUHRTE
R (Kranz) 3, 1 C MMM ERER RS, WEE —CEENERE, B RSH Sk,
BRMDEY, AER/NEIHSAR, FBE AOH A T s i e BRI, Kranz Z5#E C,
HY RS R R Y — (AR S, 1979 R %5 55,1980 Smith %5, 1973),

RIEATL Kranz HRERHERTLE C\ C, ALK S, RITHBENET %
A 51 FEsH I A . M RILE Lo

HE1AUED, SEEEREX AT ENET C &Y, CEINERAR TR
B7 Mo Bi1E: BEYKE(A4gropyron cristatum), R RN EL (Aneurolepidium dasystachys).
HHERSEE (Roegneria kokonorica), e (Roegneria grandiglumis)., #5553k % (Helic-
totrichon tibeticum), FETEBIBRE (Elymus nutans), HMH-FEHEE (Achnatherum chingii)o it
I BRBERNELY (Saussurea nigrescens) FIZFEME = (Adonis coerulea) T FhiE M- iy i
EIRIE, EAZBER C MWL, XART C M. M-l A RsE
%,2—3 B AR SRR 1/3—1/2; SHER MBI KN ERA—, BT 5L, A
BRREK. HERHH—BANRSOMEMI AR, N AT RER, HER LM S K
fio MM FEWE , BHBR BHIGE S R RE AR G4, B e R, &
FBOTREES], A HEH Kranz £, SIIRET C. C, M¥ayrhiaZe,

IR EREMPERBRBY C,. C EYNESEBIES RO T:

(=) C; MBI SSIFE

L mRkE

BEERR, 753575 BEXR MR 2—5 ZX, LB HETREE,

MR LSAE, DREE R, SEREM FHEZX 212.1—303.0 #%; g
M, B 122.7—166.6 fik, HHF 4—5 MR, REAREEL 9.1 8%, &K
15.1—30.3 HOKAURIR Bo AR MBRARASCREE, HR AL 2RER, BR
FE R 1 B AR 22.9 BOK,. L 8.0 oK, HKM T RAEETEE R, Bk
SRR E&EHEF, :

HRKSPAT , RIEIBEZY 20 139.7 FOK, HE R4 90.5—121.2 Bk AESHRMERY
36.4—60.6 HORAKI/NEERZBHT, AR EBE R L THEEEES, NESHEMTE
Bo MB/NEBRUZHEREENS, EEREOREMEAR, AlE “U” BnE

A



HO . BE AR RRZE B> S B R BE AR ZE R, AR K40 16.4 BIOK, B4 135 Bk, &
FEARBA, BB BE UM R, AT 7 M RE AR Kranz i (ER 1:1—2)

2. ElME

ZHEERER, F& 0 REX, MAE 47 BK, ZDHIERK 3200 KL FRIK
HFE R R B S5 o

MR MM EMEEEAREESY 2.8 MK, THERZAREEY 4.5
K HERKIE 36.0—63.0 FOKAIRIREB. MEALMBRAAT CAHE, HAAREE
KEER, DEERATOLERHRERY, REEERBN—BEHRARRKY 15.7
KL, L 9.7 Bk

M 17 DM ERARSHR/NEBERZE FTHT], RAIEL 145.1 FHoks HEEHE
HRERMARAR, N8R/ EREEIaA R SME R R B A AR, iRy
16.9 FOK, 49 10.9 FOK, N ETERBABER S MK, B4 LD HASREH
SFHMIEHEE R B R EHS, RAER Kranz 25k, (B I: 3—4)

3. ERMEE

ZELEER, 755090 BEX, HAE3—5 8K, FERETHEIRMNFFHER
B E BB ER,.

HERLER.HFEHERE AREEY 1.8 ik, ZHEERARERELY 4.5 &
Ko MEAZRBRASS LAHE, HAHRES 2REER, PUEEEFRO PO EBH IR
HEZ, R EE R — B AR R Y 16.8 FOK, A 105 FrK.

HAE 23 DMRNRE LS R FTHES], WAL 945 Hok. 4EERIMHM
JZ 4 48 1R, PR S El /N O U B T 5 A P A L 5 SRS 2 1341 BiOK, B 116
Ok AR R N AT RBR BERZHIH K, E 06 .M RaHHRE
BIEA Kranz 2. (B 1: 5—6)

4 BHBERE

BELER, FFES0—70 BEX, ZERESEEMIRTREER,

MR T . RN B, M AT SE R AREEY 2.7 fok, EREAREE
2 6.7 Bk MEALAMBRALADEAHE, HAER2EEER, DEEFFRNITLE
W AR B B S R A L R Y AR 4 13.2 BOKLBE 4 9.9 ek

M-EAE 6 AMRATHERIR A R, REIEL 85.5 fick. AEWIBMNERRAR, N
il e /I~ g T A 4L R MRS E R4 11,0 Bk, BE2Y 10.8 ROR RO BRANBAE AR, A Y
N ORI, £ BEOD T, HMESGARANAIRHSIES, RAHERN Kranz
o (BRR I: 7—8)
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HE R, MNS  EHE 2SR, SERLM FHEEX 137.3—180.0 FHUK, RiE
T ,HAMEMNE 2—4 2, B 76.0—90.0 fk, MR EMEEEATRZEELS 1.4 HOK,
HEWRER 5—6 MORGM; THERKARERY 2.3 8ok, HEORORNRE.
PAZRMBRHARFCAPE, H SR L BE AR, R EE, BRAETRBENI1
B R 16.6 FOK, L 14.4 FCk,

HREE 10 MRARSHEEREITHES], BEN 41.4—765 Bk, HAEZ 109.1
Tk, HERBOMNEHEAR, NBHB/NOURIMERNEEMBAER: SMEBEK
29 12.6 OK, By 11.6 UK EEARAR, REERE/NTIBERDNM S, &F
SRR AN, HEFREHEEN Kranz 8, (ER 1I: 9—10)

2.4&REE

ZHEERR, FE 520 EX, HAEE 1.0—35 X, 2ARKERRFHMERLRE
B, BB EE :

MEE, B V'FR. LERERRK, AREEY 45 #MKX. HAPEUELE
8—10 MEFEARRGN. TEREERE /N, AREELD 3.6 frk,. MEEARMESE
S AHE,HAAREMER, 5E F RN 2—4 B/ B RETER
M 2—3 EgKmHEFI gL SERAE RBHOMEHS, FEEEHAMRSIE,

MAH 12 PRARENEE RS HLTHES, AL 62.8 filike BAMER L
TEAEEREHL, /N IR T A BB A a4 S e A 4 M 4L R, TN
HB/NOEEE MM B AME RS 124 RO, 4 9.6 HOKAIR R a4 Bk, R &4
RoM T Kranz &5#, (ERg 1I: 11—12)

3. ZEE

BEERER, 520 EX, SAERKERERM,

MR R LIRT A, bR ARESD B 2.3 BOKFI 3.6 Bk, MMM M HREARS
AR, H ARSI L B4R 14.8 HOK, B4 11.3 HokER R, HEFIS K8, S8R
(] — 2 B K B 4 T B 4 44

HRHE 10 MRNRERNEERZ B FTHS], RAEL 61.6 5k, HERBHFA
JZ AR EE B, PR B ER /N TR R 4 s MBS E R4 113 80K, T4 9.9 ok e
L RR s 7 2 P e i o 4R SRS S BE S i L P S 40 i /N, 5 Kranz 2540, (R 11: 13—14)

4. BRAF

SEERER, WHEMR, T EER, B4ARKEN B, 5 R S,

MAERR AREANRE. HRSAOHBROMEASAREEHES. MRS 2 E,
HEMERN2/3, L 24K 36.0—52.2 fK, 5 6.3—11.2 BeKAKBERR, HFEHRE
o WAAR 23 F, MEZEMWEIK, KANAR— HEAG L, HRE %,

WURFE K, ERKRIIKEM FEOE, BRY, PRASHEFEI K. HEEY
110.9 HUR. EERMHE—ERY 17.1 ik, WL 135 Gk e miask, S5 R
BEBEATHEGEK, ML Kranz Z5#, (B 1I: 15—16)
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5. SWE

ZEERER, | 1030 BEX, S0 ESEEGRTES L,

HE#ETE,. ZERARBEAHE, REMEKDA—HFIAEF HHNMEDT LD
M H AN HRAL, MEARE 3—4 B, K 225360 fiK, % 6.7—13.5 HOREE
RAMAE R, HEFI BB MBS BEHAH 3—4 ERAASNARAER, HFl&koma,d
RIEHA T =,

BURERK, RMEIEEL 99.9 Fik. BERWE 1 EA/NASNEEMIRAR, MK

15.7—31.5 Bk, % 13.5—18.0 Hk , A &M &K, HAE Kranz &, (B O: 17—
18)
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(1) C, A C EYHHAERSTEEHENER, MR (Kanz) EHE
C, WM F S M ERRIE Y — MIEEL Krnz SHEFHIE, EREAR P LR
HUKE. EEHE.FENTE.CHE, B . EREBENAY EETESE 7 70 C,
By, BERNEEANZEMES 2 foghRE, K4 42 MEMBHE G #W.HAP C EY
SR REE 13.7%, C, EYh 824%, HEENS 39%, X—HRSHHEEFSE
(1980) 9 E AT MRl MN1iNA, CEHEES AERTREREEEX,mCETE
B0 A0 A 3G S A BT R BB X 0 SR k.

7 F C, B ERAREY, ENEBWEORAREDBBEN 0%, SR
53.8%, X—HFS Downton (1975) Fr&itHy 13 Bl 843 #iEH ., C, ENHERSZNE
FAR, & C M RBEN 70% , AF I 60% MBHEAREF, LRERTASEER
AWK C, EY S, CEMEESHERERS, HE, CGEATHFERE
H EREE, EEERERANEREEHEAN C HHENK (Zea mays) RUMREFE
FEEL, T (R4S TR R A A R R R, H R TEIRER he XERIEAESaEEEH
R EREFEE X

(2) 7 fC, MMESRTENEBEAET, ZAHEN R, ARKEAE EEE.
EWAEFEREER A, EMNEEBNEEHAR A THENTERBHE, XHASER
RS MY, B R TR T R KT,

(3) WEHFREBEXS C\C BOREEETEZ— BEARE—NTE. L
TR ATEEL, EEYSELHAEBRRBE, BEN —EETHRENPHEFEN &L
% Mg iE ki 9o

$ £ X B
EARM EHED XHEEHGEEEE) 1979 BUEEYE,L 1411445 66—74, BEUR,
HEEB(ERESE) 19814 G.0.CAM BEnaEe =k EMIRERE, (12): -8 fRRLHZ

Bz diR,
Crook ston, R. K. and D. N. Moss 1974 Interveinal distance for carbohydrate transport in leaves of G

. 9 .




and C, grasses. Crop Sci 14: 123—125.

Downton, W. J. S. and E. B. Tregunna 1968 Carbon dioxide compensation-its relation to photosynthetic:
Carboxylation reactions, systemutics of the Gramineae, and leaf anatomy. Can ]. Bo:r. 46: 207—
215.

Downton W. J. 5. 1975 The occurrence of C; Phowsynthesm among plants. Photosynthetica 9: 96—105.

El-Shackaway, M. and J. D. Hesketh 1965 Photosynthesis among species in relation to characteristic of
leaf and CO. diffusion resistances, Crop Sci 5: 517—521.

Gallaher, R. N, D. A. Ashley, and R. H. Brown 1975 “C Photosynnate transIocatlon in C; and C; plants
to leaf anatomy. Crop Sci 15: 55—59.

Hatch, M. D., and C. R. Slack 1966 Photosynthesis by sugar-cane leaves. A new carboxylation reaction
and the pathway of sugar formation Biochem. 101: 103—111.

Kortschalk, H. P, C. E. Hartt, and G. O. Burr 1965 Carbon dioxode fixation in sugar-came leaves. Plant
Physiol. 40: 209—213.

Smith, B. N, and W. V. Brown 1973 The Kranz syndrome in the ‘Gramineae as indicated by carbon iso-
topic rations. Amzer. J. Bot. 60: 505—513.

Waller, and J. K. Lewis 1979 Occurremce of C; and C. Photosynthetic pathways in North Armerican
grasses, Journal of Range management Vol. 32. (1) pp 12—28.

Williams, G. J. 111. 1974 Photosythetic adaptation to temperature in C; and C. grasses. Plant Physiol.
54: 709—711.

A PRELIMINARY STUDY ON THE ANATOMICAL
CHARACTERISTICS OF C,,C, PLANTS IN
ALPINE MEADOW

Wang Qiji Yang Futun
(Northwest Plateau Institute of Biology, Academia Sinica)

This paper deals with the anatomical characteristics of (;, C. plants in alpine
meadow. Materials of 51 species of plants were colleted from Alpine Meadow Ecosys-
tem Station at Haibei, Qinghai province, during growing season in July 1981, The plant
materials were fixed by F. A. A. liquid. The section was made by waxy method. The
structure of leaves was observed under an optical microscope. According to Kranz
structure and other characterstics, It was preliminarily decided fthat seven species of
Graminese are of C, plants, they are: Agropyron cristatum, Aneurolepidium dasystachys,
Roegneria kokomorica, Roegneria gradglumis, Helictotrichon tibeticum, Elymus nutans,
Achnatherum chingii, And others are C; plants, Except Soussuree nigrescens and Ado-
nig coerulea, Which are intermediate forms. Evidently, most plants of alpine meadow
region are C;, This may be a general phenomenon in higher elevation and cold clima-
te.
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C, WP EE SR 1.2 Bk 3.4 FREE: 5.6 BRERE: 7.8 MR,
B ARS; M @dkani: Mc fEA; P OHEE: S FEEAING Sc BEHEMHARES
St KfL; VHEEAE,

Cross sections of leat blades in C, plants: 1,2 Agropyron cristatum (X350, K250); 3,4 Aneurolep-
idium dasytachys (¥30, %2350); 3, 6 Elymus nutans (X530, X250); 7, 8 Achnatherum chingii
(%30, %250).

B Xylem; M Bulliform cell; Mc Mesophyll cell; P Phloem; S Sclerenchymatous cell; Sc Vascu-
lar bundle sheath chloroplast; St Stoma; V Vascular bundle sheath.
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C, EWIT R A T 9,10 358 11,12 i,

Cross sections of leaf blades in C; plants:
L1L,12 Blysmus sinocompressus (%48, %238); Kobresia

17, 18 Pelygonum alpinum

£
Bk
e

13,14 BB 15,16 BHE; 17,18 B8,

9,10 Koeleria cristata (X 48, X238);
humilis (X48, X238); 15,16 Potentilla anserina (%48, ®K238);
(K48, x238),



