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' Table 1 The cellular types in the stems(upper rank) and the roots
(lower rank) of the densest cushion plants
-1
B YA %K Vessels
Names of plants BE (B e (ER kS5ERZIL

Lengths (pm)

Diameters (pm)

Proportions of lengths
to diameters

Arenaria baxoiensis

149.3(82.5—262.5)
135.0(82.5—180.0

11.1(3.8—15.2)
16.7(13.3—20.9)

A. breviperala

123.6(52.5—210.

)
0)
120.8(75.0—150.0)

¥l K(Li9=512s1)
20.9(11.4—34.2)

A, bryophylla

124.5(82.5—240.0)
122.3(60.0—150.0)

17.3(7.6—22.8
17.1(9.5—28.

A. ginghaiensis

148.5(90.0—232.5)
145.5(82.5—225.0)

)}
5)
12.4(5.7—19.0)
15.6(9.5—19.0)

A. densissima

172.5(120.0—262.5)
165.0(112.5—232.5)

14.3(7.6—19.0)
18.8(9.6—36.1)

A. edgeworihiana

108.0(82.5—135.0)
132.0(75.0—232.5)

15.8(11.4—24.7)
17.5(11.4—22.8)

A. festucoides

254.3(112.5—345.0)
117.5(75.0—150.0)

8.2(5.7—11.4)
16.2(9.5—22.8)

A. kansuensis

106.5(75.0—187.5)
138.0(90.0—262.5)

13.3(7.6—22.8)
17.7(9.5—26.6)

A, kansuensis var.
acroperala

112.5(75.0--150.0)
126.5(82.5—172.5)

17.5(7.5—28.5)
20.5(11.4—28.5)

A. polytrichoides

191.3(112.5—337.5)
164.3(75.0—232.5)

13.9(9.5—15.2)
19.6(11.4—28.5)

—

A. pulvinata

147.0(97.5—225.0)
181.5(82.5—232.5)

15.2(7.6—19.0)
27.2(13.3—43.7)

A. roborowskii

134.0(79.0—247.5)
157.0(82.5—210.0)

14.6(11.4—20.9)
16.8(9.5—36.1)

Thylacospermum
caespirosum

183.4(127.5—232.5)
227.3(112.5—435.6)

20.7(9.5—28.5)
25.3(15.2—34.2)

Acantholimon
diapensioides

103.5(75.0—135.0)
114.0(75.0—150.0)

18.3(7.6—24.7)
18.3(9.5—32.3)

A. lycopodioides

117.3(60.0—172.5)
89.3(52.5—157.5)

16.9(7.6—30.4)
13.7(7 6—19.0)

A, hedinii

112.5(60.0—157.5)
101.5(37.5—142.8)

12.7(5.7—20.5)
16.5(7.6—24.7)

A. borodinii

108.7(60.0—135.0)

16.7(9.5—26.6)

Draba alpina

71.3(45.0—97.5)
100.5(45.0—127.5)

12.6(7.6—15.2)
18.1(9.5—24.7)

D. sp.

103.5(52.5—187.5)
181.5(82.5—232.5)

12.4(5.7—19.0)
27.2(13.3—43.7)

Sikbaldia teirandra

158.3(97.5—225.0)
185,3(120.0—232.5)

17.3(13.3—28.5)
27.4(17.1—38.0)

S. macropetala

138.0(105.0—172.8)
132.8(90.0—187.5)

24.7(13.5—34.2)
14.9(9.5—22.8)




£i#: 1 Table 1 (continued)
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Names of plants

H I\
Tracheids

KE (k)
Lengths (Jtm)

HE  (BR)
Diameters (Wm)

KSHRZE
Proportions of lengths
to diameters

Arenaria baxoiensis

41.8(32.3-72.2) 8.8(5.7—11.4) 4.8

: 135.8(75.0—247.5) 6.1(3.8-9.5) a1

4. brepipeseia 138.8(97.5—202.5) 8.4(3.8—13.3) 16.
144.0(112.5—172.5) 8.2(4.8—13.3) 17.6

A. bryophylla 134.3(90.0—210.0) 10.3(3.8—13.3) 13.1
Sl 159.8(112.5—210.5) 6.3(3.8—9.5) 26.4

A. ginghaiensis 156.8(120.0—202.5) 7.6(3.8—11.4) 20.6
1 161.3(105.0—225.0) 9.9(3.8—13.3) 16.3

A. densissima 189.8(157.5—300.0) 11.1(7.5—15.2) 17.1

; 114.0(75.0—135.0) 9.9(5.7—13.3) 11.5

A. cdgeworthiens 135.6(97.5—157.5) 7.8(3.8—13.3) 17.3
; 163.5(172.5—412.5) 7.6(4.8—13.3) 21.5

A. festuloides 118.5(90.0—165.0) 9.7¢5.7—13.3) 12.3

: 172.5(112.5—212.5) 8.6(5.7—13.3) 20.1

A. kensuensis 138.0097.5187.5) 7.003.8—9.5) 19.7
A, kabshensis var. 133.5(82.5195.0) 8.6(3.8—14.3) 15.5
acropetala 145.5(97.5—232.5) 8.6(5.7—11.4) 16.9
S 144.0(112.5—180.0) 8.9(5.7—13.3) 16.2

A. polysrichoides 174.00120.0—225.0) 8.4(3.8—13.3) 20.7
: 138.0((90.0—240.0) 6.5(3.8—11.4) 21.3

4. pulginazs 211.5(157.5—277.5) 10.1(5.7—13.3) 26.4
= 138.8(82.5—225.0) 9.7(5.7—15.2) 14.3

A. roborowskii 154.5(90.0—412.5) 6.9(3.8—11.4) 22.4
Thylacospermum 195.0(135.0—277.5) 9 1(3.8—13.3) 21 a4
caespitosum 209.3(135.0—303.5) 8.6(4.8—15.2) 24.4
Acantholimon 193.5(127.5—360.0) 7.8(3.8—11.4) 24,
diapensioides 135.8(105.0—172.5) 7.8(5.7—11.4) 17.4
= 124.5(82.5—142.5) 5.7(3.8—11.4) 21.9

4. Iyvopodicides 114.8(75.0—142.5) 6.3(3.8—9.5) 18.3
s 127.5(82.5—187.5) 5.6(3.6—7.6) 22.8

A= Rekinii 120.0(90.0—165.0) 6.7(3.8—7.6) 17.9
A.horodinii 112.5(90.0—150.0) 6.7(3.5—11.4) 16.8
Dratedolpina 122.3(87.5—172.5) 6.9(3.8—11.4) 17.7
D.zsp. 211.5(157.5—-277.5) 10.1(5.7—13.3) 21.0

; ; 213.0(112.5—375.0) 7.6(5.7—8.5) 30.4
SEbalgitirendve 207.8(120.0—300.0) 11.0(5.7—17.1) 18.9
298.5(127.5—495.0) 9.7(3.8—19.0) 30.5

3 Weyopriald 7.4(3.8—9.8) 23.5

174.0(90.0—300.0)
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SRR A

Fibrous parenchyma cells

KE  GeR)

EHEBZI

Names of plants HE (BOE) -
2 Proportions of 1 th
Lengths (Am) Diameters (m) 5 pem lgiamzterzng i

: _ 163.5(75.0—195.0) 9,2(5.7—11.4) .8
Arzagiin Pasateuris 149.3(75.0—187.5) 10.3(5.7—15.2) 14.5
" $123.0(97.5—157.5) 8.6(3.8—15.1) 14.3
2 Smeiipeiile 110.3(82.5—157.5) 11.605.7—17.1) 9.5
140.3(97.5—202.5) 12.6(4.8—19.0) 17.6
4. beyophylis 150.8(97.5—187.8) 11.9(5.7—19.0) 12.7
e 165.0(97.5—232.5) 10.1(5.7—15.5) 16.4
Ao pinghudeniis 156.8(90.0—195.0) 13.3(5.7—28.89 11.6
i 183.0( 142.5—232.5) 13.1(3.8—19.0) 14.0
Ao Sanrisri o 207.5(157.5—262.1) 13.9(5.7—17.1) 14.9
) 114.8(82.5—158.0) 12.0(5.7—20.9) 9.6
4. edgewerthione 127.5(97.5—165.0) 15.1(7.6—22.8) 8.5
; 300.0(135.0—487.5) 10.3(3.8—17.1) 29.2
4. festwloides 129.0(75.0—217.5) 10.1(5.7—13.3) 17.8
. 149.3(82.5—225.0) 10.1(5.7—15.1) 14.8
i NS 129.8(97.5—172.5) 13.9(7.5—17.1) 9.4
A. kansuensis var. 173.3(97.5—202.5) 12.0(5.7—17.1) 16.5
acroperala 148.0(105.0—180.0) 14.8(5.7—19.0) 9.6
G4 5 185.3(135.0—232.5) 12.2(5.7—17.1) 15.2
2 poloriekeiter 212.3(127.8—337.5) 13.5(5.7—19.0) 15.7
. 162.2(112.5—217.5) 10.6(5.7—15.2) 15.3
& elwigite 209.3(112.5—247.5) 11.207.6—17.1) 18.9
E 171.0(75.0—270.0) 10.3(5.7—13.3) 16.6
A. roborowskii 165.8(105.0—210.0) 9.3(3.8—19.0) 17.8
Thylacospermum 189.8(112.5—240.0) 13.1(9.5—19.0) 14.5
caespitosum 217.5(142.5—300.0) 12.7(3.8—22.8) 17.2
Acantholimon 110.3(75.0—232.5) 8.8(5.7—15.2) 12.5
diepensioides 103.5(67.5—127.8) 9.3(5.7—13.3) 11.3
= 135.5(97.5—180.0) 11.2(3.8—17.1) 12.1
B 114.8(82.5—157.5) 10.7(3.8—19.0) 10.7
e 127.5(142.8—397.5) 17.5(9.5—22.8) .3
&y Fptiati 120.0(75.0—150.0) 9.5(3.8—15.2) 3
A. borodinii 352.5(247.8—562.8) 14.1(3.8—19.0) 25.0
; 86.3(52.5—120.0) 10.1(5.7—15.3) 8.6
Draba alpina 124.5067.5—172.5) 9.3(3.8—13.3) 15.4
* 102.5(60.0—157.3) 9.9(3.8—13.3) 16.4
: P 209.3(112.5—247.5) 11.2(7.6—17.1) 18.7
i : 186.0(105.0—285.0) 8.9(5.7—15.2) 20.9
Sibbaidia sesrandre 186.0(112.5—247.5) 10.4(5.7—15.2) 17.9
285.0(158.0—547.8 8.0(3.8—11.9 35.6
S. macroperala C ) 7-5E3-3—19-0% 32.6

247.5(90.0—540.0)




#Z= 1 Table 1 (continued)

B B W

Names of plants

g %
Fibres

BE  (feR)
Lengths (JAm)

HE - (FeR)

Diameters (Jkm)

KSHBZH
Proportions of lengths
to diameters

A ié'B 5 ; 300.0(15.0—502.5) 14.8(5.7—22.8) 20.2
TEETt R0ty 232.5(127.5—472.5) 25.9(20.9—36.1) 9.0
A. brevipetala = 7= e
A, bryophylla — — Pt
A. ginghaiensis — = =
A, densissima et = v
A. edgeworthiana — — yeie
A Gatuloides 277.5(1520——345.0) 11.6(5.7——20.9) 23::9
A. kansuensis — = s
A, kansuensis var, ek A b
acropetala
A. polyzrichoides — == b
A. pulvinata — 5 s
s e 324.8(225.0--450.0) |  15.6(7.6—24.0) 20.8
Thylacospermum iz ;)¢ S
caespitosum
Acantholimon 246.8(150.0—390.0) 16.0(7.6—24.7) 22.2
diapensioides P— — e
o 219.0(105.0--315) 16.0(7.6—24.7) {5.0
4. 13ebpddioides 187.5(127.5-292.8) 15.2(7.6—24.7) B2
et 396.8(157.0—810.0) 13.3(5.7—20.9) 29.8
4 Brdinit 194.0(90.0—-307.0) 14.1(5.7--20.9) 13.8
Apberodingi 192.8(127.5—247.0) 12.5(7.6—20.9) i5.3
Draba alpina e — -
425.0(225.0—525.0) 9.2(5.7—11.4)

D. sp.

‘Sibbaldia tetrandra

S. macropetala
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HTRARAER, REZMIALAES. %%, ARENH WIS A r—BRRRE
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0 M B TN 5 A B A R A R A B R R R R R R (R 1224, L 223 T)e &
AT A WRE, DAL . R AR R ERETHE, ELEENRIEBOFE
FLRDARETRE. BTHAOBRAR, HENSRDAR. EX0E X TFEM
RILEATF IS, OO SR AR, BRI By, i 48 2—3 51 (B 11:1—4 I
224 B0 FEIE RN E PSR AR 2 o, T RS, 4331 20 = v s v - PRI AR 102 5,6, J1L
224 T0o HEEHRBER B, ELOLRMFETERD, 3 MEERHFIRT AR ERE
B, 2N EEERHFUR AR, h ISR AL L EENES R, 5 2%
BERATHARR, SEHE B AREKEHERNEY. 2ERPARTLEFBRR
BEMEARAERER, IRAKANETAMEERX: EEORES, EEFBLTAR
A1, P R N AR FERS, A TH SR MEZE NS ERERD AT
AR ILRAER KSR F NI . AERSEM sk /D UL, (BM-R Rk
E(ER 12, 223 TORMEE (BRR IS, T 224 T HROEEME FHREWH
WP ELEERERR. ;
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ELE R 4N

(DEFEREREDT AL FEER, NLES RE(4renaria edgeworthiana) 1
HRERY (4. polytrichoides), HAFE K 80 £ L, ANERMZEFEHLRRE
BIRE R BN SRR e R B R AR R, RENAREREEREEZ—(EH
X,1980), (FREAEEROEREGLRYE (Borger %,1972b), 1EHEINN, HIRE
wh R R Z R, B K H BRRKESZRN, bRBERSEN TR RBEEANEFEY
*F. Hit, REMERANE BB IS, ik YRR BIER, S5ED
PRIK AR P, AR TXEEDRERELERVENARET, AR TRE RINZ
KA AR (GRS 92,1963 FL3EHER,1964; Went, 1941), BREFLB/NRER
— =R W Ve FIAN(EE AR, 1987; Adoms, 1943; Coile, 1937; Kramer, 1946), E & EZHE
BTRORK . BN, EEOKE™E ¥ W3 ER RSy eerE B RE, KRz
FIRREl. ERENIED, XRBREDLER T —FOERANZER, HE5H
g (ERRIV:7,8, ] 226 TH), HR BB AKD, EERENVEEEAZNGSHAR
Z,REREd GBS, R BEAEERSE. FELEERNWRAE LR, BITHRT
BAZBERRERARER AN 2 BOAEERE, bhT HEKREREDIIEE
EBRREZHOFE, RRAREDERNREEERAZ —

Q)R EY - EEREER, FHTREENR ORI G. & | i, iEHE, %
MEERMA4REREN RS, BEYRER, A RUKSHE. NEARANEEY
KRES, ML BERTEMRLEARIIFEBRWIFIEZ —o KIEFE D, E AR 4
N, PRSI T AR RO RTE , BN T B RAA T, NS T il p R e =i, fE R
SREPEKFERREZEIRPREERLAENWRERG(EAEIBR,1958), FAN,HE
hMEFEEHOANEY, THEEBETREREGES, BAARABHERAE SRR
(iR, 1987; W/R#EHFK,1956), 128 THRMBEBEE, BIIRT K, BO8R T ikl
(Victor, 1973; Daubenmire, 1954), 4 g8 & (B ARk fUA AL FO LT 4 IR S R 4 i, [
FE - ERRAELEAE—E, EREATEERNKEENRE, 58N KBRS
RENZRHE, BEEFHREAARMER (Msauckas, 1962),

COM A EHNEFMIEREERET .. FEIREDNH 2R ERER, Bar
Al o HFEpe4mia, AR ik AT v i B F E R (B KR 1:3,4); SMEERERE
R, AERNAENEEE, ARBLRE R ZAOVME R E S REE, NHEEZE
MR, MERER. HArhaRNTSNEERRE -EXRORTHARNERERSE, RS
BRI, KM RAAZIRFRP. #UEERNESEREEYD,.HFBRE, HE
P EHROIRAS, EEREESMTOERE (BR1:2, 1223 )RMAEE, Miaes
HAME, KFEARRRARER LEEEARE U EER. HREAREEHS,
MR EH R, RERENARERERZE U EBENERE, LRBRMH A
PaR”, B R VR A, PR R AR SR B, H R ARE AN ER, & N ER IR —F &N M
FHEERE—ENREIER, HRz2RREET S BHREE T A RMEREZRA(Hu
%,1975) HAHZEMBEASAAR, b2 BEEYMO—FEE(EH X,1980; ZEiE,

» B »



1958 Bi/R#&BR,1956; Korstion, 1925); HAMESR G, SAEFENHER, FY
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ANATOMICAL CHARACTERISTICS OF THE DENSEST CUSH
ION PLANTS AND ANALYSES OF RELATION
WITH ECOLOGICAL ENVIRONMENT

[Wang Weiyi| and Huang Rongfu

(Northwest Platean Instituze of Biology, the Chinese Academy of Sciences, Xining)

For further discussing the influences of the environmental conditions on the structures
of cushion plant, the authors have examined the cross-sections of the roots, the stems and the
blades, and cell types of constructing the xylems in the roots and the stems, and have done
the SEM of the blade surfaces and the xylems n the roots of a lot of cushion plants. The fol-
lowing structures express the drought characreristics.

‘1. The thick periderms are widely formed in the peripheries of the roots and the stems
or branches. The reasons are mainly for the long-days and the low temperatures, in addition,
they are connected with the strong wind and the intensive radiation. So the periderm with
suberized secondary cell wall can not only prevent freeze injuries  from low  temperature,
control evapotranspiration, and maintain water equilibrium, but can also greatly lighten the
destroy of intensive ultraviolet ray to the internal tissues of plant body. Because of absorption
‘of tap root is greatly restricted under influence of low temperature of soil, the stem root, ar-
ised from stem or branch, plays an important role in solving the principal contradiction be-
tween limiting function of tap root and excessive evapotranspiration. The stem root is structu-
rally simplified and the water absorbed by root hairs from shallow layer of soil passes through
thin cortex into internal tissues of stem or branch, and then transports upwards to the photo-
synthetic organ.

2. The xylem of root and stem are mainly composed of three types of cells: vessel, trach~
eid and parenchyma cell. They remarkably elongated along the longitudinal axises, in which
parenchyma cells with pointed end, strongly thickened and slightly lignified wall and dense
inclusion in cell cavity, dovetailing each cther., These metamorphic cells are tiled up with ves-
sels, tracheids or fibres, and formed a skeleton with rich elasticity or tensile strength, which
has act as 4n architecture in resisting strong wind, hailstone and snows. Meanwhile, it is also
highly important for them to reduce temperature of freeze point and to improve the ability
in the defying freeze of injury due to with dense contents.

3. In Arenaria, Thyllacospermum and Acantholimon, the leaves are typical organ with
narrow or cylindric blades covered by a thick cutinized and suberized epidermis. The epi-
dermical cells, particularly ones at veins and margins elongated distinctly along the longitu-
dinal axises and the vas. bundles with well-developed xylems enclosed by the bundle sheaths,
go through the mesophyll from the base to the apex; and the developmental bundle caps re-
spectively combine with vas. bundles. They construct together with the leaf framework being
of great advantage to resisting against a variety of mechanical injuries, in which the centric
mesophyll with the intercellular spaces is dispersed. In some species of Draba and Sibbaldia,
the leaves are organ with flat blades covered by a thick cutinized or waxy epidermis. The
vas. bundles and sclerenchyma are weak-developed or lacking. However, a lot of simple hairs
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or clustered ones have constructed a framework as in Arenaria, Thyllacospermum and Acan-
tholimon.

It must be emphasized that some aspects of the structures of cushion plants possess no
drought character, such as fibrious parenchyma cells which have the dense contents, thick wall
with no or slight lignin, and the stomatal apparatuses which raise over or level with the leaf
surface and always opening in day, as well as the mesophll with more or less intercellular
spaces and no developmental bundle caps etc. The simultaneous existent of drought resistant
and non-drought resistant structures in cushion plants not only have relation with cold and
dry climate, but also are affected by the composite environmental factors, each of which de-
mands the unity with the relative physiological function. So it is very important to unite both
the morphogenesis with the complex environmental factors and to combine structures with
functional physiological statuses in researching the morpho-structures of the alpine plants of
Qinghai-Xizang Plateau.

Key words.: Cushion plant; Anatomical characteristics; Ecological environment; Adapta-

tion
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REHPFRAE (X400 BB

1. The outgrowths of blade surface of Acantholimon diapensioides; 2. Simple hairs

and wax on blade surface of Sibbaldia tetrandra; 3, 4. Blade epidermal features of

Arenaria bryophlla and A. densissima (X400 SEM)
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ERXEER: RESMEREYOENRERALS E B 1
ERTFER RN Plate 1I

=6 FHIAMPFREAZ FHERAZ HHSAZ Lol Sl ESfTEitlEE
FIRGEIES 7,8 2L LN B RIE S R G Ay i 4 40HE(3,6.56 X37,8. 112X 5 $h 4 28 %),
1—6. The cross-sections of blades of Arenaria festuloides, A. chinghaiensis, A.
kansuensis, Acantholimon borodinii, Draba alpina and Sibbaldia macrapetala;
7.8. A few kinds of cells in roots of Sibbaldia macroperala and Arenaria
polytrichoides (3,6, 56X; 7,8, '12%: The rest. 28X).
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.u%ﬁ?&?%]}%ﬁ Plate IIL

1—4. Al AEE S HRERE SEEER ERNTESAZNRARBANE:S,60.THER
ZMBETREMATDEIE (2,4.400X; Hax 800, HEBIHD,

1—4. The longitudinzal sections of roots of Sibbaldia tetrandra, Aremaria polytrich-

oides, A, bryophylla and A, chinghaiensis; 5.6. The cross-sections of roots of Arenaria
chinghaiensis and A. bryophylla (2,4, 400%; The rest 800%. SEM).
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Plate IV

FLECERE MR 2 IR 2 AR B L3.ARETAZNHENSAZNR; 2. 84S

REMZE; 4.5 BUBHNEETRERMART; 6. £HELHESNRREL; 7T.8. FRTRAETA
FEFRZWEER(—5,26 3 H 4 53x),

The cross-sections of roots, stem, rhizome and stem roots 1.3. Roots of Arenaria

chinghaiensis and A. kenswensis; 2. Stem of A. bryophylla; 4.5. Xylems
Draba alpina and A. bryophylia; 6. Rhizome of Sibbaldia macraperala; 7.8. Stem
roots of A. roborowskii and A. densissima (1—5, 26%: The rest 53% ).

in roots of

« 226 =



