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Effects of experimental warming on the growth and stoichiometrical
characteristics of two dominant species ( Kobresia pygmaea and Kobresia tibetica )

in alpine meadow of the Tibetan Plateau
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1 Institute of Mountain Hazards and Environment ,Chinese Academy of Sciences ,Chengdu 610041, China
2 University of Chinese Academy of Sciences, Betjing 100049, China

Abstract: To investigate effects of warming on leaf morphology, anatomical structure, root activities and above— and below
—ground parts of Kobresia pygmaea and Kobresia tibetica in alpine meadow and alpine swamp of the Tibetan Plateau in
China, a warming experiment was carried out using open—top chambers to simulate climatic warming. The results showed
that the warming significantly increased the leaf length and leaf number of the Kobresia pygmaea, and significantly increased
the plant height and leaf length in Kobresia tibetica. But there were no significant effects of warming on the thickness of

upper cuticle, low cuticle, the cuticular layer of the low cuticle cell, the length and the width of mesophyll cells in the
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Kobresia pygmaea and Kobresia tibetica. Warming significantly increased the root active absorption area in Kobresia pygmaea.
Moreover, warming decreased the N concentrations of aboveground in Kobresia pygmaea, but no effect of warming on C and
P concentration was detected, warming decreased the C and N concentrations of aboveground in Kobresia pygmaea , but have
no effect of warming on P concentration. Increasing C/N ratio in aboveground with warming indicated that warmer
temperature could increase nitrogen use efficiency in both Kobresia pygmaea and Kobresia tibetica. Warming didn't affect C,
N, and P stoichiometry in the belowground part of Kobresia pygmaea, but decreased the C concentration and C/N ratio in

below—ground of Kobresia tibetica.

Key Words: Kobresia pygmaea; Kobresia tibetica; C, N and P stoichiometry; anatomical characteristics; root activity

DL BRAR R IR, CO, M BE T o FEBRFIE Y 2 BRI AR AL TR AR AR 2 Bl A= A8 R G S5 14 FI T RE , 1l
W NI A A7 S AR PR 22 30 145 B U ARk R e R A B AR AR L 1T & B 4 (TPCC,
2013 ) 55 LR AL PPAG 45 2T ,2003—2013 4 K- 34938 B Lt 1900—1950 4F - F+ T 0.78 °C, fE R &ER
SRR R RBURR X, T 98 o R 3403 4K 4000m DAL, TR 38 D A 408 5 Tt 2P R R e BRI B, A
WFFE A AR A ] 1 FEAE 2 R G s A RO, 1) AR A T

A W S SR RN MR T R L ) 2 R MR R A A O AV A A R R R o
Farm O A RO R 00 SR 5 R R VR A R R R 2 B SR BN AR Ak, RIS A R K
f AR th R (02 KR BRI R0 B AL R AR NI I R 2 N R P E Y ) AR RIS TR R
A JI SRS R bR AR R TG 75 A A RE R, DR R W fE T 5, NI PR UE T 36 58 3l F AE P X FR T R
AR BR (C) VRN R (P) MM A K BT 0 T3 B8 FR 00 R |, BARL S e AR e A A e AR K
BEHA —E AR S B C N P =& Z Rkt LA R A R E g SR BRI ¢ NP i
5 3% BVSARAS WR aim ZUAE P T & AR AR AR, I SEma AR 9 19 A 1 C BB B8 A N P 543 BRI R, -4 1k
MK R AR R A AL RIS R —

SRR AE AL TR 25 i 2 i 2B 25 R G A A5 A RN D) R, T AR 5 T R T B M X R BSR A A v R
o LA s PRI 5 ) T TR B 17 g FE ) AE 25 R o LG 55, o 4 BRAE A RN R 58 A8 Ak B4 e 17 B R iR, R gE
o) R v FE VR 2 7 R i T L TR () g S R LA AR SR R AN A A AR K 22 5 /N B ((Kobresia
pygmaea ) F 5 5 ( Kobresia tibetica ) 53 M Ay 8 s J5 XU LI IX g 5 0 ) AR vy FE TR PR L 34, X 3 % 119
USSR AT B S E R, B AT, JE TR R ) = FE R A I W 5 2 A AR W R I AL R 2 R AR
Py i 2500 S TR SN R 7 O A RAE S A A R AR ST A D e T R R R B
LA X TR e o 8y o g o ECAIF S SR R 2 R AR B 5 DA 7 A v i e S ) /)N 5 R R v S B A A
FEF G AR 8 X 8 7o D XL K L DX/ N i R s B A T S R AE L 54040 B SR s R Ak 2 T 2 R
PRSI, FH8 718 8 A AR 1z Ay e oy A X B 2 55, A T A SR A8 A8 I 1 5 1% DX Sl e A v 445 ) R ) g il
AR T REAS SR B pE R A

1 #MREFE

1.1 ARG IR Sl i i

SO XA T 9 g B I R VTR XA XKLL X (92°50—93°307E, 34°40"—34°48'N) | M3t J 75 8k e
B RS AEE R -5.3 °C L, FEM & 270 mm, H. 80% ([ /K & e E K (5—9 H ), 28k & 1478
mm, FREEHIR O A BWAE 4 AU JR IR Bl SR Ay v 9 ) FNYR R ) O e e g e ) R B0 T L
B BE I BABE B TH L ME b FIT 25 B i, 20 A E R AT 3A 5200 m 2647 5 i FEVR T 1500 A 7E 14K 3200—4800 m
BATAT B S | HE AR R W 4 S 2 W b 1 ) 2 b TR 9 M v e | L VR K R R LK A R 5%

http ; //www.ecologica.cn



12 1] SEBTRE A5 T S D e S ) P DL AR ) ) A R G CNP A A 1 X A U1 084 1 ) i )7 3

i S AR

K H E BRZR 53T K ( International Tundra Experiment, ITEX ) It >k #4895 8h o 08 i ——HF T U R R 7k
(OTCs) , ft it FF /NI 38, T 3 R A MLB B A 4t i, I T e 7S B & R FF T/ INES /NS i v B
40cm, HARIUER & 19 1 FF H 2Ry 60em, B 5 R S5 H T Y2 A 3458 60°, 2012 4F 8, TEWF 5T IX Bl £ A% B
3 AT AR 45 5 — 5 v S ) e FE VR R AR R A S 4 BERLAT 1 6 1> 11 m® BYRE DT, B U (9 B 5
K 3—5 m, BEPLIEHGL T 3 AR XS IR 5540 3 ME VRSN OTC BEIRAREE . @ 7E OTC PN AR FEAE 1
WL EARIRES , LI E OTC P54 B b <R AR 20em - BEARXS & /K &, B 30min ME —Kk, X5
b BB R B, 28 ke,
1.2 FEALIRIE R B

2014 4% 8 AW AERAHED v BEALIESE 10 ARAEY), I Rk & S B R AE 09 I 3 72 B A 57 B T
FAA [87E W (/R ShAR—DKEE R —09A5 ) 1815 o >R R R 8500 7 el 0o LA R . AR R SR A T R
TR R AT T R R P Y A 3 R 3 00 A7 i S 2 S T PRI P45 3% BER R A T AFR: TR 2% S MR A T
TG BRI AR A i RO RS R T R U R 4y, 5 b AR — R BT R
FEH C NP &m, MY A B C N &R HITE 9 Hr{02% ( Elementar, VarioMacrocube, Germany) ,P % &

5 SR FHBR VA —$RAEPT L 232, T 700 nm &b A Z83 6 He £y, 1 52 235 S 44 FH 2Ry B 10 3500 & & o R LAk
B A A R4 C/NL.C/P R N/P
1.3 FdEkb s

HH Microsoft Excel X 4% T & 54 HEA T A ESE 1, R H Origin9.2 GoiT 4k 2F 3547 5.8 & 5 225081 ( One—
Way ANOVA) ,FHAER, SCHHSZIEUE LI IE AR MER 22K, LU P < 0.05 1E 25 5 0 3 Bhn e,

2 EHRE5S

2.1 SRR

M1 ATAL R AR FE (5—9 H) W OTC TR 34 TEAE FH B ., 56 BEAH Lo = 98 5 f) H OS2 30R R =
T 2.59 C, BFEBEEESER 3.10 €, 72 OTC BERAMEH T IR E N 0—20em 27K 0k B, Horb = FE R fa) R
T 1.83%, SFEIRFERAR T 2.53% (Kl 1),
2.2 HERGTHERRIE S ALK R

BATRLA FET /0N A I I 5 A 240 X R L 43 BB 40% \73% , BT AG I0 2 et o A AR
T R A (8 5 06 BRAH FE A3 BTN T 12% 19% , B 4656 W3 (P<0.05) .

x1 BELAEMNEEMFEERS MK A HRENZN
Table 1 Effects of warming on plant height, leaf length, and Leaf number of Kobresia pygmaea and Kobresia tibetica

Wk b3 73 RN R B
Species Treatment Height/mm Length of leaf/mm Number of leaf
N1 CK 53.83+7.98" 36.03+3.96" 3.67+0.58"

oTC 65.66%3.09° 50.45+5.17° 6.33+1.53"
P CK 123.74+4.96" 77.26+2.71" 3.67+0.58°
oTC 138.50+7.18° 92.166.75° 5.33+1.53"
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Table 2 Effects of warming on leaf anatomical features of Kobresia pygmaea and Kobresia tibetica

RRERRE b TR AN R BASENRS - P 2 5
) TEREIRE : :
Yy Fih Qb T Thickness Thick ‘ Thickness of length of Width of
Species Treatment of upper | lf: l'_]iss/o lower epidermis mesophyll mesophyll
cuticle/ pum ow cuticler pm cell/pm cell/pum cell/pum
INEHE CK 22.16+7.7° 19.88+3.27° 6.04+2.57° 24.01+1.84° 15.5+2.08"
OTC 19.28+3.91* 13.79+4.45* 3.4+0.31" 19.95+3.49* 13.42+2.86"
R CK 14.29+0.62° 9.17+0.73° 2.93+0.13° 14.77+1.18" 10.64+1.44°
OTC 14.91+1.27¢ 9.93+1.43* 2.88+0.41* 16.22+1.1° 10.01+2.27*
%3 i%i&xﬁﬁ%iﬁﬁM
Table 3 Effects of experimental warming on root activitiesof Kobresia pygmaea and Kobresia tibetica
! RO AR TR BRI T AR B T RSO AR B R BRI AR
ik st} . . . : . .
. Total absorption Active absorption Total absorption area Active absorption area
Species Treatment ) N . N . )
area/m area/m per weight/ (m*/gFW)  per weight/ (m*/gFW)
INEHE CK 0.59+0.09" 0.21+0.03" 1.2+0.16 0.43+0.07°
OTC 0.67+0.14* 0.31+0.08* 1.23+0.17* 0.58+0.16*
R CK 0.79+0.18" 0.3+0.14° 1.33+0.26" 0.51+0.26
OTC 0.68+0.22° 0.24+0.07¢ 1.24+0.4* 0.44+0.15*

2.5 S R C NP SRR
/NEFFEGE RS C N P A A TR 38 B AT AN [ A e B AR AL, e e Bl 0 25 AR 1/ e e
Mo EARAY N S 0 H C P S RN B3 R R BORGE R By C N S BIRRAR T 31% 44% , 5
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Fig.2 Effects of experimental warming on total carbon, nitrogen and phosphorus content in the above—ground of plant of Kobresia
pygmaea and Kobresia tibetica
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Fig.5 Effects of experimental warming on the C/N,C/P N/P in the below-ground of Kobresia pygmaea and Kobresia tibetica
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