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B SO R AR BGE & B BT A R Ao = A AL BE R SAL R BER R W), BB IR 55 ( Kobresia humilis) 15 L1 &
PAEE ( Thalictrum aplinum) FEFEPEIREL ( Elymus nutans Griseb. ) FIFRIETL ( Gentiana straminea ) YE IR H R, G5 R FHMES
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Effects of temperature increase and grazing on stomatal density and length of

four alpine Kobresia meadow species, Qinghai-Tibetan Plateau

ZHANG Lirong' , NIU Haishan"* , WANG Shiping®, LI Yingnian®, ZHAO Xinquan®
1 Graduate University of Chinese Academy of Sciences, Beijing 100049 China
2 Key Laboratory of Adaptation and Evolution of Biota, Northern Institute of Plateau Biology, CAS, Xining 810001, China

Abstract: Low temperature is widely recognized as the primary limiting factor in plant growth in alpine meadows of the
Qinghai-Tibetan plateau. Warming is thus supposed to alleviate temperature limitation in the area. Livestock grazing is the
predominant land use in the area and is the main anthropogenic factor affecting plant growth. Grazing, while diminishing
total leaf area, may raise the level of nutrient elements in the soil, and thus have the opposite effect on plant growth.
Stomata apparatus play important roles in controlling the passage of CO, into and out from plants. Since it is difficult to
directly measure photosynthesis rates for most species in the area, changes in stomatal characteristics could be used as
proxies to understand how the assimilation rates of plants change under warming or grazing treatments. A two-way factorial
design (warming X grazing) experiment was carried out at the Haibei Research Station in Qinghai province, China. A
temperature free-air controlled enhancement ( T-FACE) system with arrays of infrared radiation heaters deployed by Kimball
et al. was used to elevate vegetation canopy temperatures. The setpoint differences in summer were 1.2°C in daytime and
1.7°C at night-time, while in winter daytime and night time differences were 1.5°C and 2.0°C respectively. Two sheep per
plot (3 m®) grazed once a month from July to September, representing a moderate level of above ground biomass utilization.
Four alpine meadow species were selected in August 2008 after two years of treatment: Thalicirum aplinum, Kobresia
humilis, Gentiana straminea, Elymus nutans Griseb. Fully mature leaves were selected to measure stomatal density (SD)
and stomatal length (SL) and the length between the junctions of the guard cells at each end of the stoma using a Motic
microscope system ( Motic BA200, China). Warming decreased the SL of all four species (P =0.037), by 3.3%,
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1.9% ,3.9% ,2.7% in T. aplinum, K. humilis, G. straminea. E. nutans, respectively. Warming affected SD in a
species-specific way, as indicated by a marginally significant ( P =0. 086 ) interaction between warming and species in
ANOVA. Grazing increased the SD of all four species, by 12. 5%, 15.7% and 15.9%, 2. 4% in T. aplinum, K.
humilis, G. straminea. E. nutans respectively. Grazing had no statistically significant effects on SL (P =0.907).
Potential conductance index ( PCI) was also calculated for all four species using the formula ( stomatal length)? stomatal
density. Grazing increased the PCI for all four species (P =0.000) , while warming decreased the PCI, but with a lower
level of significance (P =0.068). There were no significant interaction effects between warming and grazing on SD, SL and
PCI. The decline in SL subjected to warming might be the result of warming-generated soil drought. The rise in SD and PCI
induced by grazing may imply an increase in assimilation rate per leaf area at a given grazing intensity. Since both SD and
SL contributed to maximum stomatal conductance, their responses to grazing and warming counteracted each other in the
case of maximum stomatal conductance. It may be the tendency that SD increase and SL decrease in grazing alpine meadow

under future warming.

Key Words: stomatal density; stomatal length; potential conductance index; global warming; grazing; alpine meadow
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RTINS R, SR R IR BT RBUEE R 7K o O A 20 ) 3 3ok 8 8 5% 38 T B TR A4
RO, LRI EE 4 LI SRR (WNG) RBGIR U (NWG) RS IR B (NWNG ) Fig IR i
B(WG) 4 RER ,IL 16 NMNX, BAN/NXERN 3m, KX [EFE3m, IR K%EJ 1000W B &L 50k
#n, BIX 6 MREIEASATEN 6 A E 3R X 5RNE IR X b $ s (B IR B 2 R ) B B B AR 1 R B
B HE R4 (CR1000) B 3f5RAR , MR 478 I A8 IR BE 2 SR VR 35 £ AN B iy 1 D 32, AT A8 B 4 TRLBE 22 38K
R KW ERESFR:BEGS H1TH-—9HA20H)HX1.2C 8 R 1.7C;¥8FH 1.5/2.0C, 3
A3 E B 2006 45 H 26 HEFIHIETT.

BN B/NX I 2 R4 E, OB [ A R G T R , SR B R %24 50% 2245 ,2006 4 H i
17— (8 H 16 B ) , BHHT 5 AE 45 BE 23 51k 8—9cem Fl 4—S5 em (A = BE N TEUBUINX BUBLRT /5 50
AN EEEREME) L 2007 47T 3 stk (7 A 13 H.8 H3 HAI9 A3 ), BTG MREBE B 21
3 6—Tcm Fl 3—4em!

1.2 BORURIJ

HUR S A 4 M I C3 YRR, B & F (K humilis) , EFEHHNE (E. nutans) , BRAETL (6.
straminea ) FITE LI EVARE (T, alpinum) . 78 B F0 FE AR DY 08 B0 2 % o W ) R LA HF, BRAETU 08 WA R
MR, X EROEE R ERREZ PR, BILEREL TRE TR EAAXZ., mH, 5EMEHML, 5
PEREFEESE,

£ 2008 4 8 H RBUMZHI KA. B TEREZRE , BYMEN/ DX BEHLERE 3 Ak, SRR LR
1 S A Jr, F FAA [ SE W (70% 0K ZBR: AR/R RIS TR = 90:5:5) [E B /A7 . 2 i shARFELT i
FREER AL HEAT AL A B B o RN R (R A 2 B AR R ], 20 T S 360 48 30 AT AR AS 4 By b
R

(1) BEEWBGRKE BEREAS B BT R, WBOm B R 228 40N, 8 S o gk E
H0.1% HIFLLIEW(50% PEHEHCH]) G 10min, H K (Sg BB + 30mL Z&187K +35mL Hl +0. 5 fiix
) B, R B . A TIRAE L.

(2) #mE  F 10% B REBRIE ZM R b, FEKGEE SRR, T RS m e BT RE,
SR, B L. ER TR S E AR,

(3) $EHMMENICEE A FAA B i fr, FIIRARIR T 24 FAA, it B T REHSI NG —Z &I
B, XT 5 RIS B A BT 48 FM B B T8I b, SR s, R TR ILERE,

B B 36 2 7E Motic B USUHR & 4t ( Motic BA200, A [ ) 2 84 ( Motic Images Advanced 3. 2) 3 F& I
B, 78100 fEHIORF T 8 5—6 MLE (R AN 3—5mm’) i FSALBENE . <A RIWI4£ T 40
SNER AR, EHERD 30 MILATRAKERNNE , B m B I EOR SR 400 4%, & L FE AR
FRIETC IR #8100 4%

1.3 B absers:

SRR/ N R SRS AL R R Holland 28 A1 7 gl AL B H9°F 5 1 <LK
R FTENR , 5 AL BEIRARE SN AT FE S L5 BE 46 %X (potential conductance index, PCI) . #1777 253
Hrest, F I GLM AR ALK Ja 38R U W S 38 BAE RS AL B VR FLA BE AN PCL s, b3 iR el
BB B ER R . A 4 Ay fox 3 IR A0 2 i o 72 R R, K AN BG IR (NW) A IR (W) 1B BN 4
WEREAT ¢ A5, RUAHCBCRAF T BAAIE IR (NWNG) 5343 (WNG ) AL B AU, BUK AR R AR (NWG)
IR (WG) AbF ST, 3t 32 21 ;4 b o e ORI TR AL B A 7t 4 E 3R D7 By, i Ak B 32 4,
R FE 16 HEHE
2 R
2.1 4 PP AL BT 3 TR RO A HE Y i

ARSI EEZFRER, ZBNG M BE K (R 1) . SABER/DNIF I FILERE > &S
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A RV ARTE AL B b X3 3 B Wi S A B IR 5 D7 22 0 M e, SR S I AP ELAR B P {EN 0. 086 (£ 1) o
B R R RRAE U I R R R AL BT 4. 7% (10. 8% 1 1. 1% , f6 e 1L BB #A BT [ 10. 8% (1A
1A) o SHAth 3 YyFiAE L , 38 IR AL BEX B0 <AL BE R/

B T RALE R AAR K, BB G B E K (R 1,R 2) o BREBBBR RS LT (2. 4% )
S, HE 3 AR TR T AL R BTt R LB A R R R AR U0 BT 12.5% , 15.7% F115.9%
(B 1B) . H5HE 3 MR L , OO RS 5 <AL B R/

BRSO S EARRBA BERSALEE (R D) BR, SAMEIRA B L, 38 B 6E 4 R
AL BRI 0, 55 LR R R R B PR AE U R R R 3 R 0. 3% \21.3% \27. 7% F1 3. 6% (K 2,
B 1C) o 3RS HCROFBE R W2 3 EL AR RONE , PR G P 38 3 AL B B 3R AT By o S IR A 1
T, RLE A RS AL B AR B/ (B, SR X Ry L R B AL B R A SRR, T T O A R ) IE
UL o

F1 SABE SAKENBESASERYEN —MERER(CIM) &R
Table 1 The result of GLM statistic analysis of stomatal density (SD) , stomatal length (SL) and potential conductance index ( PCI)

S ltem SALEBE SD SALKEE SL PCI
DF F P DF F P DF F P

B 1 0 0.967 1 4.60 0.037 1 2.660 0.109
e 1 11.14  0.002 1 0.01 0.907 1 10. 440 0.002
Yl 3 59.18  0.000 3 259.43 0.000 3 51.450 0.000
B < 1 0.12  0.730 1 0.13 0.722 1 0.410 0.527
B x PR 3 2.33  0.086 3 0.13 0.942 3 1.850 0.150
O x 4l 3 0.95  0.426 3 0.50 0.685 3 0.640 0.591
B < B x WrRD 3 0.26  0.852 3 1.24 0.306 3 0.040 0.988

T WG 0 S 2: LA 22 T B A L S D, SD i SL S iR AL A AL EE

xR2 RABESAKENBEESASEREMBEE KIEER
Table 2 The result of T-test of data in pairs of stomatal density (SD) , stomatal length (SL) and potential conductance index ( PCI) of W-NM,
G-NG and WG-NWNG

SALEE SD SALEKEE SL WAL PCI
i H Item
N T P N T P N T P
W-NW 32 -0.04 0.971 32 -2.21 0.035 32 -1.79 0.083
G-NG 32 3.5 0.001 32 -0.12 0.908 32 3.98 0.000
WG-NWNG 16 -2.84 0.012 16 1.91 0.075 16 -1.02 0.326

EHHp W-NW,G-NG il WG-NWNG 435l IR 5 A1 BUHCS R BB IR -5 AR O L, SD\SL #1 PCT 43 514X3R stomatal

density, stomatal length and potential conductance index

2.2 4 FRR S FLC BERHR R A B o

AEYF AR EZNRR, XBN G BE KT (R 1) 4 MR R : RS > BRAE
T >BEE > JILERE,

SR X HIR A R R (R 1,3 2) o BERME 4 MR SFLRK B0, & LB AR B B R
SRR S HIB 3.3% .1.9% \3.9% F12.7% ([ 1D) . HR 5 HAAbTE K B4 % FL K BE B 3%
HWARRE,

OB S ALK BB S BIGE 3 BT (6 1,38 2) . USSR AR LB B 24 B
EKT (R 1) ALRBREBEEESILKE T 3. 3% , 206 HAL 3 YRS B, RIE L R F s L
FEA S LT 1.5% 0.4% A1 0.4% ([ 1E)
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~@— Thalictrum alpinum —A— Kobresia humilis —B= Gentiana straminea -O— Elymus nutans
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Fig. 1 The relationship between stomatal density and stomatal length and warming and grazing treatments
1 B & SRR BER P BERER, b W NW,G.NG NWNG 1 WG 4 SRS, ARG, B, U, A5 IR A BUHURI 3 IR U8
Ab

B AUAR BETIR H R W R — B3R 2)  WRAETL R RR IR I 8 5 g L AR B PR R AL
KA 2.5% \2.3% 5.1% f12.9% , (K 1F),

2.3 4 FhYRETE AL T BEAE B PCT X R A O AL 22 B v

AFFR ) PCI ZRARK, IRBIGEHA R BE K (3R 1) o PCI R RIDUF 2  EREP A > B 5 > iR
0 > RILEME (B 2) .

TBHOR PCT BSE IR BG4 B BEE HKF (3R 1) | [RIE, SN ECHOM B, O 4 A4 #h PCT 3 B
(FR2) o WRAETU IR G B 1y L1 o s o R R B 2 P T8 23510 O 18.9% 8. 6% (12. 8% Fi1 3.5% (8] 2A) o
HESHNRZE KNI RBB G EE

BRI X PCL RAF TR , F F— R AR L7 22 0 A i P =0. 109, s %0dfe TR B P =0.083 (%
133 1) o HEIRAES LA M TR G PCT T 16.4% 1 4. 9% , (%W T FRAETL LT 0.3% F12.8%
(K 2B),

SRR, TE B B ¢ R P A BB G B E K (3R 2) . BIEXN 4 MR BT,
BRI v LU A BRI B R PCT TR 5. 7% H1 1. 5% , {58 & B FRRAE T L7 8. 7% F1 21. 9% (&
20),
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-@— Thalictrum alpinum ~&— Kobresia humilis —B— Gentiana straminea -O— Elymus nutans
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Fig.2 The relationship between the potential conductance index ( PCI) to warming and grazing treatments
1 B & SRR BER P BERER, b W NW,G.NG NWNG 1 WG 4 SRS, ARG, B, U, A5 IR A BUHURI 3 IR U8
Ab

3 itig

4 FhFEYIXS G IR e B, BER B — B P EE R o Horp BU— B e R AR I T A B S
LA PCLiRR (R 1,18 1B) ; IR IALKER/N (R 1, E 1D) . [FE, 35X LB E R m <K
BEXT B FIma R, AN R R R AEAE 22 5

BESRIGE I (WG ) b BT AL B A — B R, 4 MR ER T % (B 1F) , 3F B R 2512
0.075 7KF L3 (£ 2) ,(HiX BRI RN AR, B iR 5B Z B A B EAE(R 1), i B
PO SALKEREMA 3 M2 EAR (B 1E) , B IS ROZAERS I B (W) X SALK ER
—BUH B — R R

JC PCL A BB (38 1, 18 2A) , T B0 8 52 i S FL 2% BE T -l 1 5 ma <LK BE A A PCI
EAR. FHABBESARERERSG (R 1,R2, B IB) ,MIAKENS, M | M TR, 1M
EF, 52 AMFILEAZE (£ 2,E 1E),

BRI PCI A B B A TE 0N , (EE i [ e 33 ( B WG Ab 38 ) H1 A BRI —BEMRN (£ 2) o
AV R R R S RIS . B— 5T, A 2 MR EG PCL X i 44 A0 s 38 35 A SR R AR A I B (T 2) 6
BRI IR AT = LB A B R FLEE A BRI AR VE R (B 1A 1B) R BE X5 LM ESILK
ERAEMERAAK(E IDE) . 57— F e Eim it , 76 L% B 5 B 3 IR 12 ne # AR 055 (B
1A, & 1B) B 24 SALK B 7w a3 A0 76 48 R 3508z (Bl 1DL1E) . 58 7l iR A 2, BESR PCI 32
SALEESIALKEILRIER, i EAnR , KILKEEZH IR0 T R, [5 o <L B 2 o me B, B
DA R I R 26 PCT RO “ X o™ T
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