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Abstract: To determine the adaptive strategies of different plant species to stocking rates, the leaf anatomical characteristics
(total leaf thickness .upper and lower epidermis cells area.mesophyll thickness or area.upper and lower cuticle thickness)
and their chemical components (total C ., total N fiber and chlorophyll content) of seven species ( Melissitus rutenica,
Agropyron cristatum, Cleistogenes squarrosa, Artemisia frigida ,Caragana microphylla, Potentilla acaulis, Leymus chinensis)
were studied under 15-year different stocking rates at the Inner Mongolia Grassland Ecosystem Research Station in summer
2006. The results showed that the cuticle thickness of these seven species increased with stocking rate increase, while other
leaf anatomical features had inconsistent response to stocking rates. Higher stocking rate did not affect leaf total C, total N,
fiber and chlorophyll contents for A. cristatum ,A. frigida and L. chinensis, whereas it decreased significantly SLA ( specific
leaf area) of C. squarrosa and chlorophyll content of C. microphylla and P. acaulis. It increased total N of M. rutenica,

fiber content of C. squarrosa compared with no-grazing. Therefore, the effects of different stocking rates on plants are
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species-specific. Some indicators, such as cuticle thickness, area of epidermis cells, leaf thickness and mid rib thickness,

are most sensitive to grazing.

Key Words:; stocking rate; plant leaf anatomical characteristics; chemical component; Inner Mongolia steppe
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ZFPERIALE], MR S IR YRS AU R & WAL S ERS P SR EYRER RIFNES,
SRR R I, ORI A CRMEA) RN SRE )L (HE A ) X 258 26 0 VB A SRS AR IR) 4 , T 386
TR ASE (AR A 3 (R A R) R, YN R BARENERNE, SEREKS,E
Ateer, B2 REESNFE . EKHAYAEEEYERNEE T  EYH 5 7R S 2 R4
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255 (Leymus chinensis) FI K43 (Stipa grandis) B VZ 5347 £E N 28 i v JR B SR, B el o BEBOHC
CRBEKEFRML, B F 20% 24 # HL R 55 = H R AL ¥ 8 (Aremisia frigida ) | B % B 3R ( Potentilla
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BARBEBGER SR AL EEMY T BE AL, B, A SGEBEAR R BUCE T 2 15a JE M BIR R
LH 7 FEEEY(RE T AR AR RSOEE DR ) 7015, MBI LUT 3 M2 (1) KK
BAAE R B R/N R I B e A 0 e S S5 M7 AR IR Rh T RERR BRIy it A 5 A X TBCBC R e g
R REAFE? (2) M F BB AFRE (MR Rk 2% B2 X 3O e B anfe] 7 (3 ) XS B AR TR
ZRAUNT 7 BRESHEBR T AR B B2 L 5 ARk
1 HREER
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BoAALLE 43°26" ~44°08' , 4 116°04" ~117°05", Bk T REFEA 5, L ZEA T, EZRMEHE, £155
1R -0.4C,1 Af7 A FEHSESHHR -23 f117.9C 4EHFEM & 350 mm, FEETTE6 ~8 A, %kt
HAE 1989 4FE R LARY , B LA E/NRECh BRI R, 1990 4EFF 46 #E1T B B BUA S, P& T 6 ™MK
##(0.00,1.33,2.67,4.00,5.33 H2E/hm’fl 6.67 H¥/hm’) , SRR EEE3 N1 '’ WBBUNK ., B
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HRERE S RT—H,

2 HHRERE
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o « 18] FHTE | FPEPoe £ SR (ANTERREEE 3 A J) TR R ER e . RERN—MEBUMR, BT
HHAB 3 /N BRE— B BTER X3 M PATRER MR RERERINER

F1 TRREYHEARATIERMERR
Table 1 The functional group and life form of the experimental plant species

YFb Species #} Family IhREZ Y Functional group A& Life form
35 G Melissitus rutenica G #} Leguminosae C3,84 ZEATE JR
YKEL Agropyron cristatum AZ&H} Gramineae C3,824 HELTER BE
WP F L Cleistogenes squarrosa KZ# Gramineae C4, BH: EAELRAR, J
W Artemisia frigida 3%} Compositae 3, R4 BEEFER
JNH-ER 38 )|, Caragana microphylia Z#l Leguminosae C3, B4 ZEEREAR
BEHBHF Potentilla acaulis WAl Rosaceae C3, 24 EEAREER HEX
2B Leymus chinensis RAFL C3, R4 FEAEE RE

E A Y Xerophil ; Z4E4: B 2K Perennial herb; £ 44 MK Perennial semi-shrub; Z4F4: # K Perennial shrub; 4R Axial root; A4 Cluster;
482 Stolon; #23£ Rhizome

2.2 FEEER
2.2.1 HER(SIA)

FREF Sl (BE Y 15g ££4) REST T BN A YKL B B8 BUER VKR KL IR , B BEHF Bl 3
=R 40 B EEEn A, FUREEARVLEMN, REFI MG Arcgis 1HE M T RGHEXEH F KA
TOCHA PR EEE, fR e ERR(SLA) :SIA = HEFY/ TE,

2.2.2 fREIGEW

BT TS H R E B A FAA B2 (B 50% : B/RIM: 28, =90:5:5), FARFEERE(75%,
80% ,95% ,100% ,100% ) FAFMK MK , —FHZEEH B8 G, R ERAa8Y R Fa-BEgLe mek
WBE i, A Axioskop40 (TEE R R] A FIAEFS) BB, B S BHEEARZER Nikon BAHNLIAR, BOKHEHK
7 200 £5F1 400 £, # 4 Axiovisiond. O WU & , WL £Z 20 NLEF, W B R 4nA vt i B A2 EE P 41
¥
2.2.3 {LEEIRbRIE

HGESENE FEEH 0.5, WERER, BB K E.L T8, AR5 A UV-2550 466 E il E R
FRKFE 663nm Fl 645nm IR, AXS % Armon 1k, HEEFEBITHTHALITE:

Mg a=] (12. 74 —2.69445) x V/1000]/W
M4 E b =[ (22.94,,, - 4. 684,) x V/1000]/W
HERLR=MHEEa+HEED

KA, Ages Aus I TEE 663nm F1 645nm ZbHRGEE(E, V HREURIKRR, W S H 44 E ,

HAM A TREEE, WHTHER .2 N RAYKRE 2%, AN (BUCHI K-370) ™ , £ C RAES
RREBSMA (TS ) B, MR i), A X S B R ARR-IRIB AL EmE
2.2.4 BEESW

B4, R One-way ANOVA F1 Univarite J5 ¥ 4337 8- YR I BCICER X B 3 14 ELAE XA 0 B4 &% 4 BT U 48
W, R G, FESIRERE (AR A FDEA R B BN RIA 1 B (AR ML) IR MR LR
BUBUR AT REBE A EAE XY S W E R Em R AR BN SR ERNEFREEE BE,#
T Spearman BAHR AT, B R T MRAEY 8 S35 45 SLA Ffb22 B S HM M, BT 78 0. 05 K
Wb BE, B SETE SPSS #1 EXCEL 34 R4 T 58 Mo
3 &R
3.1 YFKF LR AL
3.1.1 fHEH

BUEXT T MM EAREEE  TARZEE . E R AREH . TR EARER . H A EE .
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FRE KRR AR ERF(P<0.05) (X2), BEEZK L. TARBRELFEN EARZEEE
b, EAFP R b T AR R B SRR R R B R TUI AN (3R 2) o MERR TR BT R BL A 40
MEREFEYF T RN, BBRERIEMME/ #4805 B BRI 3 inm E8, B ROmE S 8 &K
TRAMBR . BB FBOEE TR IR IKREREAR. /A48 X8)LE o f BB k)R
BEERHAM TR (E2),

F2 FEHBETT #HEYH ERSHAEL
Table 2 Leaf structure of seven species under different stocking rates

WAL A4

~ — ERE THERE
taRE  TAEE MRER  ARER HAMEER A

M IR BRI B

- B BE JEE  prea of upper Area of lower 2% Palisade Leaf Mid rib
Species Stocking rate Uppfzr cuticle LowTar cuticle epidermis epidermis mesophyll mesophyll thickness thickness
thickness thickness cells cells cellzs /spongy (um) ()
(m) (pm) () (o) (pm?) .mesophyll
thickness (pum)
s CK la 1b 428. 66a 417.86a 274a 1. 14ab 206.06a 284.05ab
Melissitus LG 0.75b 1.19b 379.42b 403.2a 246b 0.99¢ 199.7a 285.66a
rutenica MG la 1.29a 406. 89ab 408. 84a 254b 1.19a 185.91b 278ab
HG 1.05a 1.21b 377.58b 401.42a 252b 1.09bc 187.31b 272.62b
TKE CK lc 1d 293.65a 269.28b 249ab - 207.82a 359.82b
Agropyron LG 2.67b 1.27¢ 299.48a 370.07a 268a - 214.95a 392.03a
cristatum MG 3b 1.53b 294.9a 284.69b 243b - 205.18a 378.56a
HG 3.48a 1.82a 287.8a 305.08b 249ab - 207.17a 322.67c
R TE CK 1d 1lc 27.38b 42.58b 57.4a - 138.25a 181.39a
Cleistogenes LG 1.35¢ 2.13b 32.77a 52.75a 59a - 134.25ab 176.93a
squarrosa MG 1.52b 2.52a 35.84a 52.53a 57.7a - 127.05b 165.75b
HG 1.9a 2.76a 28.65b 43.8b 58.3a - 124, 54b 165.82b
BwE CK 1b Ie 248. 86ab 265.5a 462a - 210.73a -
Artemisia LG 1.03b 1.11¢ 174.25¢ 212.74b 262¢ - 183.09b -
frigida MG 1.3b 1.46b 265.7a 213.61b 313b - 180.59b -
HG 2.73a 2.84a 233.64b 211.71b 300b - 189. 66b -
NHEETE L CK lc 1d 270.7ab 274.83a 194¢c 1.01la 184.14b 230.01c¢
Caragana LG 1.1c 1.28¢ 302.27a 256.73a 259a 1.19a 229.81a 289.42a
microphylla MG 1.46b 1.69b 265. 54b 260. 89a 220b 1.05a 196.63b 228.74¢
HG 2.19a 2.45a 269. 18ab 245.33a 227b 1.1a 201.3b 255.35b
JECE S CK 1d 1b 370.64b 170. Tbe 163be 1.83a 134.65b 178.23b
Potentilla LG 1.39¢ 1.22b 476. 1a 173.22b 151¢ 1.65a 152.22a 211.38a
acaulis MG 1.72b 1.72a 454.9a 198.13a 181a 1.3b 160.04a 207.95a
HG 2.26a 1.9a 413.35b 149.23¢ 174ab 1.25b 147.8b 204.99a
- CK 1b ib 189.63a 258.16a 247a — 216.33a 296.2a
Leymus LG 1.05b 1.03b 179.91a 259.51a 250a - 201.69b 284.77ab
chinensis MG 0.98b 1.04b 197.11a 271.64a 242a — 211.8ab 301.26a
HG 1.15a 1.15a 157.57b 241.03a 214b — 188. 66¢ 271.91b

CK RHUBL; LG SR BE i s MG s BF OB HG . BB CK; No-grazing; LG ; Light grazing; MG ; Moderate grazing; HG ; High grazing; R} HifE)
HEERERR I BEKFE(P <0.05); FF Values with the same letters within columns are not significantly different at P < 0. 05; the same
below; X F_ . FAREEE , REE M FARBSMA TEMEY AR EER MK LS For upper cuticle thickness and lower cuticle

thickness, the value is the ratio of different stocking rates to no-grazing

B W g (L ARZIRE T ARZEE . B3R5 M A T 32 B 40 M I A - 1A 40 M T
ML S/ R AL R R E KRR ) R R YRR 25 B3 (P <0.05) , 3F BAFFE BUBCR MR A 38
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HAER(EK3),
£3 FEMBENOHIFENEHE BRERNEITS
Table 3 The effects of stocking rate and species on the variables
$4#7 Indicators ‘ TR Stocking rate Yfh Species . THCHCER x %ﬁl.
P P Stocking rate X Species P

kA EEE Upper cuticle thickness <0.001 <0.001 <0.001
Ffa i 2B Lower cuticle thickness <0.001 <0.001 <0.001

b Fe B 4 MO A Area of upper epidermis cells 0. 001 <0.001 <0.001
TR PTG Area of lower epidermis cells 0.017 <0.001 <0.001
B4 i [ #H Area of mesophyll cells <0.001 <0.001 <0.001

M R R Leaf thickness <0.001 <0.001 <0.001
W/ W45 20 41 )8 Palisade mesophyll/spongy mesophyll thickness 0.059 <0.001 0.003

Fr iR Mid rib thickness <0.001 <0.001 <0.001

3.1.2 HHiEA(SLA)

HCBCRX YF HM R (SLA) 6 B2 M, (B R AP TR OB A 6 ) B 28 AR (R 4) o T
HRT W E I M E BTN THE 6 MMM ER(E D, BRI RES KERE BEER
B ERM M ERERARE (B D),

#4 LEMHERBHSESH
Table 4 ANOVA of specific leaf area

W H Item BHEd # MS F P
T Stocking rate( SR) 3 1891.3 3.535 0.02°
Y Species 6 11895.8 22.24 <0.001***
PRb x U EE (SR X species) 18 844.3 1.578 0.098
250 -
B8 Jotk No-grazing
a O %% Light-grazing
200 | ab B 4 Moderate grazing
) a, 2 c b HE 4} High grazing
: i 2
c = 150 + a *.1b
Bl | &8 . B Y
%3 = =T 2 e : 15
R~ » I » > a » =
8 100 |- 31: >: >: bp > =/
8 ’1= ’c ,c a a a 1’ ’4=/
2 it= i) i a < >1=/
@ ’{E i i) ] E :/ < ? =¢
50 | :¢= :< :c ] =/ :; c: :<=/
] < < < — ] 4
’(; ,‘ ,‘ < =4 ’=/ " > E/
’15 i i o E/ & > /
0 =A B P < 1 _/J | B = /.0
R KE BERTFE S AEBRL BEREE FH

E1 REMEST R L ER SR (R F R RRIE0.05 K ELERBE)
Fig.1 The effect of stocking rate on SLA ( different letters indicating no significant difference)
FATE T Melissitus rutenica, YKL Agropyron cristatum , B5IA T3 Cleistogenes squarrosa ,¥3 ¥ Artemisia frigida ,/NH-48 59 L. Caragana microphylla,
B E B Potentilla acaulis,*E-5E Leymus chinensis

3.1.3 fe2Eisy
BT A SRSESN AFRYRHEAN A 2ASR AEXSE HERSEN ONAFESBERR, 8&
b, BT iR A28k 2 AL C/N WA B E, RN M AU A RSB W E

http ://www. ecologica. cn



6 BEH  FARRBBCE IS SRR R T R SRR 2911

(%£5)

ERRYIFH T &, MR BB T RAE M & R R (R 6) /M EJLAREET AT ARR
FHA S YK A SRR (P <0.05) B TR EMERNAER SR, BETUKE RENEERR
BERMMEE a+ b, /MR ILIM G R ob TRERA, MAEMTESZREN O/N,HE WAL

(%6).

£5 TRBGEMHMICER TS ERORM
Table 5 The effects of stocking rate and species on the chemical variables

D 7 Stocking rate Species X

##7 Indicators R StPCkn’lg v Ppecw Stockir;u:ifx Sq?et?es P
M- Fr 25 4 & Leaf total carbon content 0.053 0.516 0.996

- F 4% & B Leaf total nitrogen content 0.184 <0.001 0.584
44 E 5 & Fiber content 0.018 <0.001 <0.001

M4t & a/b chl-a/b . 0.027 <0.001 0.824

Hi&E& a+bchl-a+b <0.001 <0.001 0.81

/R N 0.9 <0.001 0.992

£6 TEAHMBET7HEWHLERSSR(THE + FlEER)
Table 6 Chemical content of the seven species under different stocking rate(mean x SD)

- BUBI¥ £ BR(%) éﬁ.(%) ﬁfzﬁ?i‘(%) HE o/b mHgE a+b 2B/ 2R
Species Stocking Total carbon Total nitrogen Fiber content Chlorophyll Chlorophyll Cz_ubon/
rate content( % ) content( % ) (%) -a/b -a+b Nitrogen
mEE CK 39.7+2.57a 2.17 £0.13a 17.4 £0.85a 1.45:0.17a 1.87 £0.30a 18.310.71a
Melissitus LG 40.3 +£6.87a 2.320.14ab  15.06 £1.42a 1.41 £0.18a 1.81 £0.29a 17.5 £4. 14a
rutenica MG 39.7 +£8.49 a 2.4 +0.16ab 16.1 £1.22a 1.47 £0.24a 1.69 £0.11a 16.8 +4.52a
HG 39.3+1.9a 2.64 £0.21b 15.54 £1. 1a 1.32£0.02a 1.78 £0.1a 15.0£1.32a
KE CK 38.4£1.68a 2.23 £0. 14a 20.1 +0.56a 1.88 £0.04a 2.69 £0.01a 17.3+1.59a
Agropyron LG 39.5 +1.49a 2.11 0. 14a 18.3+2.89% 1.67 £0.21a 2.61 £0. 14a 18.8 £1.83a
cristatum MG 37.5+4.44a 2.12+£0.16a 17.8 £1.18a 1.76 £0.25a 2.45 +0.40a 17.8 £3.06a
HG 36.3 £6.9a 2.11 £0.36a 19.1£1.92a 1.72 £0.14a 2.43 £0.32a 17.6 £5.45a
BT R CK 39.7£1.45a 2.16 £0.12a 13.3 £1.46a 1.87 £0. 16a 2.73 £0.28a 18.4 £1.15a
Cleistogenes LG 36.8 £2.51a 2.13+0.04a 14.5 £0.58a 1.74 £0.15a 2.66 £0.21a 17.3 +1.46a
squarrosa MG 36.0 +3.76a 1.97 £0.24a 22.1+0.8% 1.83 £0.19a 2.72£0.13a 18.6 £3.88a
HG 37.5+3.87a 1.98 £0.18a 16.9 £3.63ab 1.74 £0.24a 2.56 £0.04a 19.2 +3.48a
bow4 CK 40.5 £0.91a 2.41 £0.04a 17.9£1.77a 1.48 £0.23a 2.05+£0.49a 16.8 £0.48a
Artemisia LG 40.8 +2.38a 2.15+0.35a 19.4 +1.05a 1.27 £0. 14a 1.67 £0.12a 19.5 +4.53a
frigida MG 37.0+1.47a 2.15+0.17a 22.1+2.51a 1.27 £0.26a 1.73 £0.25a 17.3£0.75a
HG 35.413.b8a 1.95 +£0.51a 20.5 £3.55a 1.23 £0.14a 1.67 £0.18a 19.0£5.34a
JNEHER RS L CK 40.1+2.37a 2.80 +£0.02a 14.1 £0.24a 1.92+0.11a 2.69 £0.23a 14.3 £0.86a
Caragana LG 40.5 £0.51a 2.7+0.22a 13.7 £0.55a 1.7 £0.22a 2.17 £0.20ab 15.1+1.18a
microphylla MG 37.6 £2.07a 2.47 £0.38a 12.0 +0.25b 2.18 +0.79a 2.04 £0.28b 15.5+2.87a
HG 37.3 £8.81a 2.65 +£0.34a 14.2£0.4a 1.57 £0.05a 2.13 £0.07b 14.2+1.79a
EETHR CK 38.9+0.91a 1.68 £0.02a 14.4 £0.56a 1.54 +0.08a 2.04 +0.07a 23.2+0.33a
Potentilla LG 37.8+2.02a , 1.61+0.11a 14.0+£1.29a 1.36 +0.05b 1.78 £0.11ab 23.5+£2.88a
acaulis MG 35.6 +2.86a 1.51 £0.31a 14.4 +0.37a 1.33 £0.03b 1.66 £0.19b 24.0£3.18a
HG 34.8£0.92a }’1.461:0.433, 13.9x1.7a 1.38 +0.05b 1.83 +0.11ab 25.1+6.57a
XE CK 39.8+1.04a "3.25+0.23a 17.2 £0.73a 1.69 +£0.1a 2.36 +0.2a 17.8 £1.66a
Leymus LG 38.1 16'978. ;: ;2.03 +0.15a 17.7 £2.65a 1.63 £0. 16a 2.32+£0.28a 18.8 +2.76a
chinensis MG 36.9+4.49a - 2.07£0.18a 18.4 £1.6la 1.67 £0.04a 2.05 +0.24a 18.0 +2.88a
HG 39.1£3.15%  1.9420.27a 19.2 £0.67a 1.62 £0.13a 2.11 +0.03a 20.4 +2.92a
.,.';
3
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3.2 TURBEEKF BRI
3.2.1 fERISHME IR TEDIRERK P R

(1) AP L

BB B R R RS B AR X R B A AR M AT AR R R KRR R A B E . RF
HBHE, f SRR R B R AR A A S H G B R SUR B M R E A KR B
ER(RT) . RARKTAREREEERTER R AEHHER, HHA N EREARERBEERTRE
B GRS, SR T R AR E AR R (3R 9) .

(2) NFEDEETREREEY LB

BUHRR BB RS THEER S EAE X T AREREREA BE , ARDE S IRERN £ TRE
AMEEAL M AR E R M RE FRBEEEREECKRT) ;5 CEYHL, CEYLES RN L. TR
B AAMa I AR N AR A R AR kR B ERR (R 9) .

(3) NIFIA: TG RIDRERERY LB :

TR B R A 1 B R AR X EAMBRUEREE, b T REARER. o5 RE . bR EZ WA
BE AREBRNTARZEE M ARRER M HS BRASEENERFBEGRT)  EAREHAY
TRRZRERE M/ RHLEEEERTEAIIRHE, EARRNH A REREERTERER
(%9,

F£7 FEMBEEMIHERE I BEIEREMNEIT S p &
Table 7 The effects of stocking rate and functional group on the anatomical variables p-value

WREHL
- _ st 34 TRE MMM BRHAEE

] ERTE - FARR mwms @WER @R Palisde s
Ei7 2824 B "R el

A . . . Area of upper Area of lower Area of mesophyll/ . Mid b
Indictors Upper cuticle Lower cuticle . . . . Leaf thickness .

. . epidermis epidermis mesophyll spongy thickness
thickness thickness
cells cells cells mesophyll
thickness
BB SR 0.001** 0.001 ** 0.829 0.917 0.202 0.003 ** 0.866 0.782
# Family <0.001*** <0.001*** <0.001""* <0.001*** <0.001"** <0.001*** <0.001 *** 0.003**
SR x F 0.963 0.948 0.885 0.995 0.123 0.001** 0.771 0.97
SR 0.175 0.344 0.885 0.989 0.975 - 0.847 0.943
y e Ph, heti
HRETNBER Photosynthetic ; 3q 0.58 <0.001°"*  <0.001°** <0.001*** - <0.001°"*  <0.001%**
functional group( Pfg)
SR x Pfg 0.979 0.947 0.999 0.997 0.97 - 0.984 0.977
SR 0.207 0.437 0.996 0.992 0.883 0.746 0.945 0.931
3

ﬁ:jﬁﬂ ]'Jﬁﬁﬁé(Lfg) 0. 141 0.033* 0.839 0.939 0.033* 0.03" 0.182 0.814
Life-functional group
SR x Lfg 0.914 0.985 0.997 0.983 0.922 0.456 0.978 0.954

B ThEEREN C3 i CA THEERE A TS RITHRE R I E AR (R F5 ¥ AK) fIEL A Photosynthetic functional group is divided by C3 and C4, Life-

functional group includes shrubs(including semi-shrub) and herbs

3.2.2 WM EATEIREREKE B AR

(1) REBHE LS

TR KB R AR AL AR RIXT SLA BRI B3, RIRIRFLA] SLA 2R 8 E (£ 8) , BRI SLA B
FRTRAD ERAFHEBH(RI) .

(2) RREDGATRERF 8 LB

TR BRI RO D RER I ELAE %) SLA P24 BER W (R 8) , AR E A TIRERE SLA 2R B ¥,
C,HHYIH) SLA BEET CHPIHI SLA (R 9),
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(3) IR TSR g
R RO R AR TS R R A EAR A B2 SLA, R4 15 B AR BEAY SLA 2R B % (5 8) M
K SLA BEH T4, |

F8 BB EXTRTHRERAY SLA fL EIBRR MM ST S p &
Table 8 The effects of stocking rate and functional group on the SLA and chemical variables p-value

#h5 wopmp O ona R HASEER  pepen  semad  dEEarb WK
Indicators Specific leaf area carbon content  nitrogen content Fiber content chl-a/b chla +b C/N
SR 0.506 0.015 0.143 0.244 0.104 0.008 0.783
Al Family(F) <0.001 0.181 <0.001 <0.001 <0.001 <0.001 <0.001
SR xF 0.98 0.94 0.551 0.3 0.772 0.965 0.898
SR 0.006 0.216 0.746 0.003 0.523 0.493 0.97
fﬁiﬁ?iﬁ 2‘2‘;2')“}“‘3 <0.001 0.384 0.393 0.936 0.009 <0.001 0.98
SR x Pfg 0.045 0.686 0.982 0.005 0.994 0.731 0.906
SR 0.207 0.015 0.358 0.962 0.079 0.044 0.886
ﬁfiﬁﬂﬁiﬁéﬁ: <0.001 0.484 <0.001 0.567 0.697 0.057 0.003
SR x Lfg 0.99 0.534 0.771 0.909 0.549 0.609 0.941
R AETHEERXNEMERNEI
Table 9 The effects of different functional group on the indicators
#l Family ﬁ%’glﬂﬁﬁﬁ? K R EERE
L . gy . . Phot-osynthetlc Life-functional group
Indicators RAF a8 % HA functional group
Gramineae Leguminosae Compositae Rosaceae C, C, B4 Herbs MK Shrub
AR B E Upper cuticle thickness 3.06A 1.99B 1.68B 2.21AB  2.38A 2.81A 2.66A 1.884
T A FE R B Lower cuticle thickness 4.97A 2.11B 1.76B 1.9B 2.33A 2.88A 3.79A 1.93B

bR MM Area of upper epidermis cells  168.7C 337.5B 230.5C 429. 1A 301.6A 30.99B 266.6A 253.8A
TEE4MEF Area of lower epidermis cells 204.2B 333.8A 225.8B 172.4B 271.8A 48.06B 238.7A 242.7A

M- P 40 B TET R Area of mesophyll cells 182.6C  240.9B  334.7A  167.7C  245.5A  57.89B  194.5B  279.5A
fffg/y ﬁ?ﬁfﬁ :fc 151 “iis:de mesophyll/ - 1.1B - 1.51A  1.23 - 1.3A 1.098
MK JEEE Leaf thickness 181.3A  199A 191.5A 148.8B  191.8A 130.5B  177.6A  197A
o1 KB Mid rib thickness 274.84  265.2A — 200.3B 276.7A  173B 261A 250.9A
He M R SLA 129.5A 123.7A  69.97B  112.9A 108.5B  168.1A 129.3A  86.13B
48 Total carbon content 37.97A  39.32A  38.44A  36.78A  38.38A  37.48A  38.09A  38.65A
44 Total nitrogen content 2.00B  2.52A  2.16B  1.57C  2.16A  2.06A  2.05B  2.41A
#F4¢ & Fiber content 17.89B  14.76C  19.99A  14.16C 16.77A 16.7A  16.77A  16.74A
42 % a/b Chl-a’b 1.74A  1.63AB  1.31CD 1.4BC  1.56B  1.8A 1.60A  1.58A
M42% a+b Chl-a +b 2.484 2.02B 1.78B  1.838  2.07B  2.67A  2.21A  2.02A
£8/2 % Carbon/Nitrogen 18.33B 15.83C  18.15BC 23.96A 18.4A  18.37A 19.17A  16.46B

3.3.3 LRI TEDIREREK Y _E B R RE

(1) AFRIBHA HE

BRI BRAB LB R A 2ASE AR SE HEE b M N XBERW, REFR
ZEXJLMERER P (P <0.001) ,HEHK a +b ZHHEN B EXW, HEARMEZRBE, L
BEBNZEBRERNBEL (RS , SR N SR BES TRAR SRS, SRR A SR 4
REBMETREBFZER:, HHAH C/N Bl (3R9),
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(2) ARGETREREHI HLEL

TBCHCR RO R A S DI RERF B9 SC HAR IR A e R & B B2, A RDE A DI RERF A 4R R /b 4%
K a+b ZREE  HAMLFERA T RS e AL HEAE AN B2 m (£ 8) ,C P& E
a/b MHERK a+b BERT CGHEYKEE(EI),

(3) A4 1EBIThRERF ) LB

AREE R 2SR RE a +b FRZIECRN B ERW, 2R &/ O/N LER
FAEFNRHEEREEGRS) EANEN FREER TRAHEY(KI),
3.4 1EPRZZI6]AY) Spearman AT

BEBRRENBNMEZ BRI RE MR (R 10) o A S A 3% 5 40 T AR - p 40 B T R
[BIFFAE B EHIEASR (r =0.587, P <0.05) , Hem S BMMEE a +b HIFFEBERNEMRK(r=0.643, P<
0.05) (£ 10), IKEKMFERFTRTHRK a+b FAREZFEMK(r=0.86, P<0.05), R FEMRZ
BESH R REFAERETAMHRX(r=-0.692,P <0.05) (X 10) . ¥ #9240 RAI P 4R AR #E
BEFMHEX(r=0.916,P <0.05) , £ SLA fIEASEEFEAMHX(r=0.615,P<0.05), /N8 )L H B
AT AU T f R B S IEAH R (r = 0. 839, P <0.05) , i/ i AL R R BB EEMRK(r =
0.641,P <0.05) , & N It 4¢ K a +b BHIEMR(r=0.608,P <0.05) , FHNATEREMFEREER
FIEMRK(r=0.59,P <0.05), FHif, HALRE BN R a +b WHEEBEAMR(r= -0.748,P <
0.05),

F10 7 AR EMEROBRESH

Table 10 Correlation analyses between variables based on seven species

RS TKE KR T H wHE INHEREIL BERER FH

TehR-184R

L . .. .
Indicator-indicator Mehss?tus Ag.ropyron Ci g Ar‘. : C.amgana Potentt%la Leymus

rutenica cristatum squarrosa frigida microphylla acaulis chinensis
ﬁa)ﬁ}%ﬁﬁ-i&ﬂﬂ@ﬁfﬂ . -0.021 0.14 0.336 -0.221 -0.343 0.028 -0.14
Cuticle thickness-area of epidermis cells
R R B - R E .
Cuticle thickness-leaf thickness -0.552 -0.217 -0.692 -0.487 0.168 0.406 -0.189
ﬁ}ﬁ};—é}%)ﬁ-ﬁé&i 0.014 -0.189 0.453 0.375 -0.088 0.098 0.594*
Cuticle thickness-fiber ontent
R Bz 40 B AR - - 4 O TR
Area of epidermis cells-area of 0.587" 0.503 0.378 0.916" 0.266 -0.07 0.28
mesophyll cells
P AR - R R
Area of epidermis cells-palisade 0.488 - - - 0.396 -0.293 -
mesophyll/spongy mesophyll thickness
HEHME Y HRE

. . -0.1 . . . »

Area of epidermis cells-leaf thickness 0.35 0.161 0.112 0.434 0.399 0.552 0.881
Htﬁ]ﬁ[ﬂﬂﬂmfﬂ-ﬁ'}#lﬁ)ﬁ 0.413 0.434 -0.252 0.538 0.839* 0.119 0.441
Area of mesophyll cells-thickness
W R SR -1 R
Palisade mesophyll/spongy mesophyll 0.018 - - - 0.641* -0.28 -
thickness-leaf thickness
M- R B JE-SLA leaf thickness-SLA -0.126 -0.063 0.294 0.189 -0.392 -0.329 0.056
Lo ER-B% SLA-Carbon -0.231 0.217 0.35 -0.115 0.357 0.414 0.053
b T #L-5 SLA-Nitrogen -0.021 -0.42 0.322 0.615"° 0.469 0.385 0.573
Bk-H4¢ %K a+b Carbon-chl-la +b 0.643" -0.413 0.182 0.175 0.175 0.354 -0.007
#-H4%%E a+b Nitrogen-chl-a +b -0.231 0.86"" 0.063 -0.056 0.608 * 0.448 0.3
FHFE-HZE a+b fiber-chl-a+b -0.077 -0.343 -0.077 0. 448 0.081 0.021 -0.748 **
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4 itig

B b BT o S AR L i TR PR B R A SO R A K T 4R, ELR TR AR 4 B R AR B A R
(R2), FARENIBILRYIR, ey I AP0 2 281 70 TEM & T, DB BB R
&P 2 T S BOE R AT R E K DRSO b7 EFR RIS T2k Bk 4o AEEHEAITBH :
BEMRETERE EEREE FEX S MEYNARZEEMAERSBIEAL, P, LENARE
BEEMAERSBDEEMR(P <0.05) , XA THLERMEMNS M 5Z 0008 ER 300, Bl geFEE T
REHREBRE,

AR R R T R —NMER, TR AR A BB, NS LR R R
S JREE AT BRI KT 3 , B BCBCR 36 0, DL Rk 3, A R TR SR U A T . WTE
G RERR TR R R R R kR B Y B ORI KRR K. TERRFR L BEE RBURR K,
FEMRE SRS P AR B, U R T8 A E SRR XM ES T ETEER
FREMERERASIRN S, 7EBLBE T, ¥ rEE B RNE , 2B 7E R b iR 2B AR, 4
YIrEFE SRR, H A AR X A | e W X O EE B R, Ho v R B R O SR TR, B T E R B0
Yo /AHERISILR T HRERT 28, Kot b EEARBERA T BB, MERREY R BRTEMS
BRAM - SPEBEREFTER, BT HREERREBRERINN T I 5EERREEAR B NN
BHE X,

BEE BRI R, mfE & 8 M AR IR E Wb, B/ AARERE BT CO,%R
BN T ZERIDCEYAT, 7T E SHTE K 44 Bhed B KL A B 2538 L5 2 H CO & SR T IE
FRE 1EK A3 M HE 2R, SX LORRAE AT A B3R AR 6 A R AT K 2 O R BRI . 53 40, /Ny - 1y 40 19 48
FRUBETERE A , DA TTT RE GR35 40 B P B P AN AR R SFLTT B, B Lk R Sk SR A v AR A5

0% a + b S EEWEMDKOCEERD . MG R I 75 A 5l BRSO A Y
JeafE AR R, F RGP Y R R BUR R B KT —R L R EREE
HERSBREABENTH, XIS RB Y FERARBAE X, RRTFEANRENHSESENT OB
N EEBPHTRER K, KR BB T EOMHRE S BTN B TRAER, A, EEEH
BSR4 K a + b MK o/b R/NHHIXG LI MR a + b B BHBUBEENE K 8.5 T R, UL REE HUBE
B, EBRERA/NIAG LKA I FTRER TR, ARIBHAIRFEAE SRR 2K a +b 23
RN BELW,

o Pt T FR (specific leaf area ,SLA) BAEYIM F HREMMRZ — , A SHYWERMAEGTX KA REN
BRR , BB R A Y% S () 4 58 0038 B AR, LRV Y R A BT R P I 3. ERE
BRC%) SIA SAEMIRI IR A K R A H R B IE A, T S M K i 5 2 SR % 5 I, SLA
A LA B AR B B TR R BE 7 , (R SLA IAH W RETE S8 N R TR SO M T B A 5T, & SLA ME YR ERNE
FRHIBENIBER ., RILEABARM SIA, XX FEMNRFEABEMNTRENFRELEE -EHE L. AHRHEmS,
FERBCHRCRIIHE K, S BB VE I 1858 , TR T8N, SROK FIFe K BEh FRE, B BEIR T RS, i 3%
B, BEXRTH, SHEETREMT , BT H I SLA FERUSCRE AT B2, LUE TS N 5 58 B jK
BAARABEMT RN TEFE ., IR S, COCA T RERE X B R R B BUR (£ 8) .

5 #ig

(D KPBEAET R ERESUEARZNEERE L AR ERANERW T A F RS
1, A FE R AR RIZhRE#E R AR A .

(2) BERR FE AN LA i e R B BRI B E W, IR S, LA DI N SLA
FBRERNBERW, AFEYLE RSB RRE R PRBCERN & W,

AR Z MG TE B E MR KR , S T8 X B S L 58 Uk
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