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ZWRR FEE) NATRE AN LR (TOH R A EE ) T AR R 4 (R BRUR TR BE 3R B 4 I TET AR L 1A 40
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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. Tt 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

TER R T R R, O R & A R ) (6 R IR R 210 TE R AR B AP e — 2 I8 R
“HEIFAR T EHBES RGP R EE SEREE . — i, MY E KRG B, B 2P
ZFE AL, LU 5 34 MR AU R & PSR RS h S R E R R R m 4,
RIS R I, FECRE) W8 CRMEA) FI/INH48 X8 JL (A ) X 45 2 ME W 1) 2 107 S AR [R] 84, T 433 o
TXBIEASE (ARl Fdh B3R (IEM AR IR . MM B EREESFNE, SERE K E
O, TR B E B B RN , e R EYAIE AR R R T M H e 51 b 7 S
AT AR KR . BRI 1E C R Kranz B A 514544 b i TAEE RO E TR T 2R R
ST P 5 I EL - AR B e B R s B F 78 Al T L B S S £ 2 B SR B, B X SR A B
BE SR E T . E, AR KBRS, T AR R e A X T A R SR A Ak B R R 5 3
%%[8'-13] .

2E# (Leymus chinensis) MIKETSE (Stipa grandis) B2 400 76 P9 5% 186 SR S A , fEL pl T3 B2 M
ESERHFLEL, O F 20% 724 i 4L 7 2 J5 72 5 1B 4k Ry ¥ 8 (Artemisia frigida ) | B %6 22 % 3% ( Potentilla
acaulis) F/NREEEEFN o 7020 X B8 1 2 BF 5850 B U B SRR M REVE A 72 0 A W 2 R M A F
SR R TV A G T BT SR AR 0 O S A R R 33K A3 R e ) A T AR T RO
B MEFNLE . Fol, T2 %™ 3B B FR R 13 58 B M #5250 M 24T TGS, &
PR R R R SR I AR R A LR S, SRTIT, AR I 8 5 25 M X RO R /N B o
AT REAXT G , 7E 2033 KR RIRCHCR BT (15) IR T 262502 e ms sfems ') 4 05 T 3 ik
WA, KT i AR B 55 4 750 B S S 3 7 A T 72 A 0 S 5 T 280, T X 3¢ 8 1 B A A B Tk — 2
38 7R O o A L R AR B LR BRI , AR SCRESE AR R % T S 15a 5 LA B
BT R B (RR TR RBEEE R SOCE DIRERE) ST I5E, IUE A LT 3 MRLA R (1) KK
WS T BRI QAT A AB I - R S5 H B 7 R RIS B AR AL P 8 55 AR i o
HMR AR (2) M H BTE A HAE (Hr T AR) Rk 2 B4 X ORI R BE AT 7 (3) X B H0 A E %
R 7 TR AR X RO B 5% B AR 2
1 HREER

A% SEIGTE PN 5E ML BRI PP R 5 P 5% vl B TR A 25 R G R ST S U T B R R o AT , LM
B HIL4 439267 ~44°08' , FR 4% 116°04" ~117°05 & T R &SR, X B W T, A RAEH, F£H5
R -0.4C,1 AF17 ABFHSESHH -23 #117.9°C  EHFETTE 350 mm, FEEFLE6 ~8 AMy, %k
H7E 1989 4F FEIRE LART , S LA B/NR L 0 5 AR AL 2L B, 1990 4EFF 1G4 RS AUHGRT , HoP i B T 6 ik
##(0.00,1.33,2.67,4.00,5.33 H2¥£/hm*F1 6. 67 ,E{éﬁ/hmz) SR R E 3 AN 1 hm* RN . B
EHAHGRI I B IE LS WK 4 Hirr 2001 ~2003 4EHUBSE S — 13 11,2004 ~2005 45 X 4kSEHEFT,
MR E 5 LR —E
2 MRS HE
2.1 #H

2006 47 A3, 2EK AR IR 460 F a8 4 AR (0.00,1.33,4.00 /hm’ 1 6. 67 2£/hm”) (4}
BIF CK.LG MG HG /R ) 4B 7 Fh R B MY N BT Tt 4, B BAR FRARAE L3 1. R0 2 4F BoA MU
TERF R 3 AR N (X BB AR TR A —AN/NK) H, BENLSRAEIX 7 iR 4 B3 e 1, I - 25 R ofe
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O < 16 PR P 3R 58 2 e C A TR AR 3 1S ) T HE Ry f M o TR AL — N BUN X, 8 T
SHAbE 3 A/PXBUE—B BRI 3 MPATHES R RERE M E R

x1 ZBRREWHERENERMAFR

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

YyFh Species Bl Family ISR Functional group H: 15 A Life form

it 45 & Melissitus rutenica TPl Leguminosae C3, 584 AR B AR
VKEE Agropyron cristatum ARAP} Gramineae 3,584 ZARA A R
HEFRFEE Cleistogenes squarrosa RAF} Gramineae C4, 54 LAEH R W
Wi Artemisia frigida 357} Compositae C3,84 LAEH: EHE R
JNHEE RS L, Caragana microphylla TPl Leguminosae C3, 584 ZAEHFEAR

S BZEBEIK Potentilla acaulis 7Bl Rosaceae C3, 84 LA A HEZE
2EFE Leymus chinensis RAF C3,h 24E ZAEERA W

EL YY) Xerophil ; Z24E A BEAS Perennial herb; Z24EAE K Perennial semi-shrub ; Z24F4:# K Perennial shrub; $li#3 Axial root; 4= Cluster;
&£ Stolon; H3ZX Rhizome

2.2 FEEEK
2.2.1 HMER(SLA)

FriEE it i (B 15g o) R &R Ja SL N2 A SERL B BHASIF AR A VKR M IR A8 b, BB (1] 55 0
R AEY) 40 FoFE et R, R REGSARYLIRAR , AR5 R RIS Arcgis THE M AR AR5 42X 22 A
TOCHEAEHHLRAETE , gtk KM AR (SLA) < SIA = HEFY T &,

2.2.2 R

BT RO R PO A FAA [ € R (T A 50% : f8/R Bk SR =90:5:5) . ARV (75% ,
80% ,95% ,100% ,100% ) FEREH U MBEK , —FHZRFER] (B0 A3, R EH AU r FLL-FESg 6 gk
WHEEE -, Fl AxioskopdO (FEE 28R AR A7) BB WSS, FEA -5 BIEAHIE R Nikon FAHHLIAM, BKAE %L
k1 200 5 F01 400 fi , 3K /4 Axiovisiond. O Ul & , WAEE 20 NLEF, W B HEHR A M7 R BE A 2 R BE L - P9 40 B T
&,

2.2.3 AfpEaERnlE

MR S BEIE SR R 0. 5g, PRERARE, BHS BUA) K B0 kU, SR J5 A UV-2550 J3tot BE T e $2

BURAE 663nm F1 645nm R, AXSH Amon Jiik, MRS EINTH NI AXITE:
MR a=[ (12.7TAg —2. 69445) x V/1000]/W
422 b= [ (22. 94gs —4. 68A45) x V/1000]/W
R MR = IHRE a+ HEZ b

T, Ages Agus 73RS 6630m FI 645nm b HIEEEEME, V IR BURIKRER, W i i 5

HAM A THREEE, WH SR 2 N RAYKRERYE, €& (BUCHI K-370) i ", 4 C RAESE
FREPAN IS ) 2, IR AT & ) PR & B R A BRI RRIR A Wk s
2.2.4 BEESW

T 4%, R One-way ANOVA I Univarite J7 3557347 581 W) R FH A 530 B 1 285 1) ELAE X AR 1 4% A B i 48
PRI R G FEDRERE CR IR A FEDE & 2B BN R A I B (AR FIELA ) DhREHF ) M2 IR 4 il e
CBCR AT BERE (4 38 ELAE PR AE 4 4 T 8 T Am B2 B A [F] D REREXT S e hn i UM Z R 2 B B2, &Ja, i#F
T Spearman FRAHIC T, H W2 T HEAEY) A A% HI 46 55 SLA FIALF B 5 ARG . B B E 0.05 /K
V- EBE BRI SPSS il EXCEL 34 RGE T 58 Mo
3 &R
3.1 YK B R
3.1.1 f#HEEH

PR T A0 b SRS R BE N A R R BE | 3R R A A TR T 2% B A0 M TE R L PR 4 B T AR
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FrIRBE P RKIR R AR BE R (P <0.05) (R 2) o BRmTE S BN ARZEEE KFER=I LA FREREE
Sb, HAt AR b T A R BE X BE BRSSO A (32 2) o RERR T REA9 b T 3R B 40 M T AR P 4
MEHARTIEFT A VIRt i/ . B BTRBR AL/ 408 21 27 5 B2 BB HCHC 3R B0 8 fim T e A1, L PP B0 2 0 8 2 M1
FRAAERC . BRI T BORE RS T 5 B R B BE AT KR BEREAR o /1N Bae LBy i JBE BE o ok T2
BETERBUORMF PR (£ 2) .

x2 AEBBETTHEYHHBHNEEHETL
Table 2 Leaf structure of seven species under different stocking rates

W/ 4
g TR gt REE Cwwmemn mem L
Hyfh )il ES JHE . JHE .. Area of upper Area of lower Area of Palisade Leaf Mid rib
Species Stocking rate Uppf:r cuticle Lowz.ar cuticle epidermis epidermis mesophyll mesophyll thickness thickness
thickness thickness cells cells cellzs /spongy (um) (um)
(pm) (pm) (um?) (um?) (pm*) .mesophyll
thickness( wm)

i fE & 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
vKHE 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 322.67¢c
] el CK 1d lc 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
Wit CK 1b lc 248. 86ab 265.5a 462a — 210.73a —
Artemisia LG 1.03b 1.11c 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 -
NI CK lc 1d 270.7ab 274.83a 194¢ 1.01a 184.14b 230.01¢
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 228.74c¢

HG 2.19a 2.45a 269. 18ab 245.33a 227b 1.1a 201.3b 255.35b
BERER CK 1d 1b 370. 64b 170. 7be 163bc 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
EX 1 CK 1b 1b 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: AT LG B BE UG MG« i BERCHE HG - TR CK: No-grazing; LG : Light grazing; MG : Moderate grazing; HG : High grazing; 5% £} 4H 7]
HERRNRZEFRRBR B EKFE(P <0.05); F[F Values with the same letters within columns are not significantly different at P <0. 05 ;the same
below; X F I F A IRJZEREE , HEUE A ARXT FA RS T & Ry f )2 R BE S I AR LB For upper cuticle thickness and lower cuticle

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

P IIRE B aEhn (B M RZ R T A SRR R BE | b3 B 4 M T AR | 3% B 200 e e AR I A 40 g T A
R /@Qﬁéﬂm\"’rﬁgﬁ\*ﬂﬂ(@ﬁi)Eﬂﬁl%ﬁlﬁ]iﬁﬁﬁﬁzw <0.05) ,Ff HAFE AR A 52
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HAEF(EK3) .

®3 FEBBERMYHIFHEEZNEREWO ST
Table 3 The effects of stocking rate and species on the variables

$5 47 Indicators TR Stocking rate YiFh Species TR < PiFh
s P P Stocking rate x Species P
FAMF)ZJEE Upper cuticle thickness <0.001 <0.001 <0.001

T JRJZJERE Lower cuticle thickness <0.001 <0.001 <0.001
RN Area of upper epidermis cells 0.001 <0.001 <0.001

T REYNMEFL Area of lower epidermis cells 0.017 <0.001 <0.001

H P4 TET AR Area of mesophyll cells <0.001 <0.001 <0.001

M- HJELRE Leaf thickness <0.001 <0.001 <0.001
MRS/ Y 45 2H 21 )2 Palisade mesophyll/spongy mesophyll thickness 0.059 <0.001 0.003

phyll/ spongy phy:
ik JEEE Mid rib thickness <0.001 <0.001 <0.001

3.1.2  HAFEF(SLA)

AR Py L T FR ( SLA) B B350, (BN FELE R RN o (] 7 S 2 AR SO0 (R 4) o« ZEFTA K
WERT , AEN T EREEE N TFREE 6 MMM ER(E 1) . MBENRES KERE EEE
BRR FEMEH AN AREE(E L),

x4 LCHERWFESHT
Table 4 ANOVA of specific leaf area

Wi H Item H B df ¥ MS F P
TR Stocking rate (SR) 3 1891.3 3.535 0.02*
YyFh Species 6 11895.8 22.24 <0.001 ***
YiFh x R (SR x species) 18 844.3 1.578 0.098
250
8 Jo4k No-grazing
a O 4% Light-grazing
200 = 8 "4 Moderate grazing
) a, a % @ 4% High grazing
£ I =
) =
]ié § 150 a = E ; a a
< s> = a
}'; 5 o= = ’ %‘E a % a
T ENE ==/ by EE =
2 5= =B aita = = E;
7 W ERE =) B = BE =/
E =) SH4 3 oE =/
Q= = ’ =%ZY =] =E =
0 =1 = AER=0="/N VA | = I 1A
| E A bl SE R % AL BBRER H

BT IR BB R b v T AR R (R [ 5553878 1E 0. 05 K R 225 B 3%)

Fig.1 The effect of stocking rate on SLA ( different letters indicating no significant difference)
i 48 5. Melissitus rutenica, JK¥E Agropyron cristatum , KEFST 5 Cleistogenes squarrosa ,¥3 1 Artemisia frigida ,/NH-433%8 )L Caragana microphylla ,
BB Potentilla acaulis, f-FE Leymus chinensis

3.1.3 fb2Episy
BT A 2R BN ARYHET A 2ASE SEXSE HMERSEN ONYFEREER, Bk
b RO SRR Rk 2 R C/N BRI N B3 TGRS B AU AT 4 R R R B
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(£5).

EBE AR T & , BB R E N T 7 S A IS RE (K 6) /N X LR 2 A S AR
FHAh S MR RS RE(P <0.05) BRI T WEMFERNAER SR BRTIKE RENESR
BRECHIM 4R R a + b, N HIG LA SR o/b SRS, MBS T 2BREHKKN O/N, HEWA L E
(%6).

x5 TEBBEERMPFILER D EMERHH T
Table 5 The effects of stocking rate and species on the chemical variables

#ithr Indicators e StI(;Cking e o f’peCies Stockiiiﬁf::feﬁes P
| 4Bk &% & Leaf total carbon content 0.053 0.516 0.996

M 4R & & Leaf total nitrogen content 0.184 <0.001 0.584

£ Y FE5 & Fiber content 0.018 <0.001 <0.001

H4%#% a/b chl-a/b 0.027 <0.001 0.824

H4%t2% a+b chl-a+b <0.001 <0.001 0.81

/R C/N 0.9 <0.001 0.992

F6 TEBMBETTHEVMHUFERSIECTFHE = HEE)
Table 6 Chemical content of the seven species under different stocking rate( mean + SD)

W 13‘5(4'[5(‘% 4R (%) & ﬁf%) éﬁﬁi(% ) M43 a/b MigFE a+b ExZEA
Species Stocking Total carbon Total nitrogen Fiber content Chlorophyll Chlorophyll C:'irhon/
rate content( % ) content( % ) (%) -a/b -a+b Nitrogen
JRAE CK 39.7 £2.57a 2.17 +0.13a 17.4 +0.85a 1.45 +0.17a 1.87 +0.30a 18.3 +0.71a
Melissitus LG 40.3 +6.87a 2.3+0.14ab  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
TKEE 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%a 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
RERR T 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
Wi 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 35.4 +£3.08a 1.95 +0.51a 20.5 +3.55a 1.23 0. 14a 1.67 +0.18a 19.0 +5.34a
IS 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
JREEE 0 F 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 1.46 +0.43 a 13.9+1.7a 1.38 +0.05b 1.83 +0.11ab 25.1+6.57a
EN- CK 39.8 +1.04a 2.25+0.23a 17.2 +0.73a 1.69 +0.1a 2.36 +0.2a 17.8 +1.66a
Leymus LG 38.1+6.97a 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 +1.61a 1.67 +0.04a 2.05 +0.24a 18.0 +2.88a
HG 39.1+3.15a 1.94 +0.27a 19.2 +0.67a 1.62 +0.13a 2.11 +0.03a 20.4 £2.92a
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3.2 DIREREKF RO
3.2.1 IS AIEIRTE D RERE K P L B SR

(1) AR B He

TECBOER BT AR B 52 LA P 3% B A M TR AR P A T AR I SR B KR R AN B . AR
FRBHIED , £ 5 R TR BE 3R B A M T AR I PR 4 T AR M A 8 i i L R E IR B A R KR BE A B
ZH(RT) o RAPIT AR BERT SR PR, 53R L3R 5 40 M e AR 38 K TR A
B GRS, SR T R B AR R (32 9) o

(2) RRDLEhREREAY ELE

TBBCR BT ADE S D RERE RS ELAR FIXE b R A RZ R B3, ARDE S hRERER) b TR &%
A A AR A R R B PR R B (R T) s 5 CEYA L, CEYDEE hRERF B TR
B A T AR A i T AR TR B AR BRI BE R B E IR (R 9) o

(3) AN[F) A= B RE R FA) HLL

TECHCER B O R R AR T B S ELAR X M SRR BE, b T R B AR M T AR R BE o kR BE M A
B2 AFABERE T ARZEE M AR ER A e RASN )RR N ERBEGRT) , F AT RERE K
TABRZRERE M/ e A LR B R TR AR RERE, BE R D RERE A9 - PA 40 e 1T AR 3B R T A Th R
(£9)

R7T TRBEEMINEFNENMEHEREMOSEIT 2T B

Table 7 The effects of stocking rate and functional group on the anatomical variables p-value

WALy
R TR WA RS
HMaEZE TABZ .
: R TR gpmm @R @B Palisade B
£ JRBE JRBE I JE o
; . . Area of upper Area of lower Area of mesophyll/ . Mid rib
Indictors Upper cuticle Lower cuticle . . . . Leaf thickness .
. . epidermis epidermis mesophyll spongy thickness
thickness thickness
cells cells cells mesophyll
thickness
T SR 0.001 ** 0.001 ** 0.829 0.917 0.202 0.003 ** 0. 866 0.782
Bl 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
AT Ph, heti
Ko NRERE Photosynthetic 364 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
AT Lf;
EE{E&J jjﬁﬁﬁ( &) 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

A IHRERE N C3 I C4 ThEERE, A= TR BUSh BERE M HEAR (U FFEHEAR) MFLA  Photosynthetic functional group is divided by C3 and C4, Life-
functional group includes shrubs(including semi-shrub) and herbs

3.2.2 LM ARTED RERE K F L B SR

(1) AN[FIFHE HgE

TBCHCER B O SRR S B P SLA RN B2, AR BRHE] SLA 225 B3 (K 8) , 35FH) SLA B
FIRTARAP EREHP (R I) .

(2) AFDEE T RERE LU

TBHCER B R RDE & ThBERE R ELAE IR SLA =4 BE RN (3R 8) , RRIKDL & T RERE SLA 2R B3,
CHEYI SLA BT CAEYIN SLA (3£9),

http ://www. ecologica. cn



6 3 BEH 4R FCRCR R A SR SR R Y R R A5 A B R T 2913

(3) IR A= 95 R  EL A
TECBOR B TR AR R AR 1 TR S BRI B B 20 SLA , AR ARG RUDh AR Y SLA =R B3 (R 8)
A SLA BERTEA

F8 MPEIIAELEERER SLA MU FBIRH WSS p E
Table 8 The effects of stocking rate and functional group on the SLA and chemical variables p-value

A A
sk g ot SRERER  pppan weked  weEa B/

Indicators Specific leaf area Fiber content chl-a/b chla +b C/N

carbon content nitrogen content

SR 0.506 0.015 0.143 0.244 0.104 0.008 0.783
Bl Family(F) <0.001 0.181 <0.001 <0.001 <0.001 <0.001 <0.001
SR x F 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
ffﬁiigizﬁﬁgtheﬁc <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 0.9%4 0.731 0.906
SR 0.207 0.015 0.358 0.962 0.079 0.044 0.886
%fffizﬁff;fg <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
®9 FETHEERX EMEIRAIRM
Table 9 The effects of different functional group on the indicators
Al Family ﬁ'ﬁ%IJJﬁEE‘? He FE R T R
by y e y y PhOt‘OSyl‘ltheth Life-functional group
Indicators KAF} o8 P} SR functional group
Gramineae Leguminosae Compositae Rosaceae C, C, 24 Herbs WA Shrub
FAMF)ZJEE Upper cuticle thickness 3.06A 1.99B 1.68B 2.21AB 2.38A 2.81A 2.66A 1.88A
T 2R E Lower cuticle thickness 4.97A 2.11B 1.76B 1.9B 2.33A 2.88A 3.79A 1.93B

XN Area of upper epidermis cells  168.7C 337.5B  230.5C  429.1A  301.6A  30.99B  266.6A  253.8A
T REYNMIEFR Area of lower epidermis cells  204.2B 333.8A 225.8B 172.4B 271.8A 48.06B 238.7A 242.7A
H P4 TET AR Area of mesophyll cells 182.6C 240.9B 334.7A 167.7C 245.5A 57.89B 194.5B 279.5A
MR/ Mg 43 4H 4R B Palisade mesophyll/

eponey toesphyll thivkness - 1.1B - 1.51A  1.23 - 1.3A 1.09B
M B JEBE Leaf thickness 181.3A  199A 191.5A 148.8B  191.8A  130.5B  177.6A  197A
o1 kB Mid rib thickness 274.8A  265.2A — 200.3B  276.7A  173B 261A 250.9A
HE R B SLA 129.5A 123.7A  69.97B  112.9A  108.5B  168.1A  129.3A  86.13B
4T3 Total carbon content 37.97A  39.32A  38.44A  36.78A  38.38A  37.48A  38.09A  38.65A
4R Total nitrogen content 2.09B  2.52A  2.16B  1.57C  2.16A  2.06A  2.05B  2.41A
£F 4% Fiber content 17.89B  14.76C  19.99A  14.16C  16.77A  16.7A  16.77A  16.74A
442 a/b Chl-a/b 1.74A  1.63AB  1.31CD 1.4BC  1.56B  1.8A 1.60A  1.58A
M4t a+b Chl-a+b 2.48A  2.02B  1.78B  1.83B  2.07B  2.67A  2.21A  2.02A
47/ % % Carbon/Nitrogen 18.33B  15.83C  18.15BC 23.96A  18.4A  18.37A  19.17A  16.46B

3.3.3 (LRI TE D RERE K LB SR

(1) AN[FIFHE HgE

BORCR KRR AP BEAE X A 2R &8 FAER TR TSR b Ml O/N TRZER 0, ARF
ZIEX LR SR B3 (P <0.001) , 4% E a + b 2RI B, HAE A FRRHEIZ 57 B3, A K4
B BN Z BRI BEE R (R S) , BRI N &8 EBE RS TRAER SRR, 3 R A SR 4 4
R BT ARABZERL, A C/N &R (£ 9) o
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(2) RFEPEEYIRERER LI

TR B R FOE & D RERE S EAE X S R S BB E , SRR D RBRE M4 K a/b i 4%
% a+b 2R B HAEERAZ BRI S TR R Z E/EAMBEZ(FKS) ,C MK E
/bR a+b BERT GHEYHER(EKRI) .

(3) AR ERITRERE A LI

AFEAEFERIDRERE M 2k & B MK a +b S EZIFHMEN BE LW, 2R S &M C/N LER
FAGERYRHAEFBE (KRS EANEN FERER TEAEM(EI) .
3.4 #EFRZIA]) Spearman AHE 7 AT

BEZRFM S MNE Z R RE WA (K 10) o WA 2 A iR B2 40 A AR PR 40 B T AR
[EfFEBEIEM K (r=0.587, P<0.05) , AR EEMAILE a+b RIFEREMIEMERX(r=0.643, P<
0.05) (£ 10), KKEMIHHFLASTEGHERE a+b FAERFIEMHR(r=0.86, P<0.05) , R FEHAKZ
RS R R EFIERE R (r= -0.692,P <0.05) (3 10) , ¥ K2R B 40 M T AR AN P 40 B T ARAAAE
BEIFEMAK(r=0.916,P <0.05) ,H SLA fi&AHFEBEEMK(r=0.615,P <0.05) . /N4 LA
Y RTE AR A B BE 3 EAH DR (r = 0.839, P <0.05) , WA/ ¥ 45 4H 4R B A 7 JRE B 38 IEAH SR (r =
0.641,P <0.05) , 4 N fIH-44Z a+b BEFAHE(r=0.608,P <0.05) , 2 ERNAGEEEMAHZSED
EIEMRK(r=0.594,P <0.05) ,[FEf, KA ERXSEMHGE a+b WHAERE MK (r= -0.748,P <
0.05)

£10 7 Y ENEREEXES T

Table 10 Correlation analyses between variables based on seven species

s & KR &5 Rl ANHERXE L BBEBRR FE

TEPR-1ER

. e Melissitus Agropyron  Cleistogenes Artemisia Caragana Potentilla Leymus

Indicator-indicator . . L. . . Co
rutenica cristatum squarrosa Jfrigida microphylla acaulis chinensis

ﬁaﬁi}%’@)ﬁ-ﬁ&ﬁﬂﬂ@ﬁfﬂ . -0.021 0.14 0.336 -0.221 -0.343 0.028 -0.14
Cuticle thickness-area of epidermis cells
ﬁﬁﬁ}%’]%ﬁ-ﬂf}%‘}gﬁ . -0.552 -0.217 -0.692* -0.487 0.168 0.406 -0.189
Cuticle thickness-leaf thickness
ﬁﬁﬁfz’g}ﬁ-ﬁéﬁi 0.014 -0.189 0.453 0.375 -0.088 0.098 0.594*
Cuticle thickness-fiber ontent
2 B 40 M T R PR 4 T AR
Area of epidermis cells-area of 0.587* 0.503 0.378 0.916 * 0.266 -0.07 0.28
mesophyll cells
2 B4 TR R M A/ A LU B
Area of epidermis cells-palisade 0.488 - - - 0.396 -0.293 -
mesophyll/spongy mesophyll thickness
R BT AR R .
Avea of epidermis cells-leaf thickness 0.35 0.161 -0.112 0.434 0.399 0.552 0.881
ﬂfmﬁﬂﬂ@,ﬁfﬁ-ﬂf}%‘EE. 0.413 0.434 -0.252 0.538 0.839** 0.119 0.441
Area of mesophyll cells-thickness
A/ 2 A0 L R BE - R
Palisade mesophyll/spongy mesophyll 0.018 - - - 0.641* -0.28 -
thickness-leaf thickness
I JEEBE-SLA leaf thickness-SLA -0.126 -0.063 0.294 0.189 -0.392 -0.329 0.056
-1 R - SLA-Carbon -0.231 0.217 0.35 -0.115 0.357 0.414 0.053
He -1 AR -2 SLA-Nitrogen -0.021 -0.42 0.322 0.615* 0.469 0.385 0.573
k-M4%% a +b Carbon-chl-la +b 0.643* -0.413 0.182 0.175 0.175 0.354 -0.007
&-M4%# a+b Nitrogen-chl-a +b -0.231 0.86"" 0.063 -0.056 0.608 * 0.448 0.371
LY R-M4% %K 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 g

BB BT B R 4 U TR B S BE AR A3 RT3 VR (ELAS (AR A B4 B L A B A R
(£2). FBFZNIRIIYIT, BB IR Ko 3 4 28 2 eV T, BB L HB B R
(K5 A0 T G BUE AT () AR AR R K MR AR, A BRI 2R I TR 07K 4 ARSCHE AT AR 1 <
S R T R H  BBRR EEX 5 MY A R R A 4R S B IEAMSE, K, R A R)Z
JREMAER SR BEEMRK(P <0.05) , R TLF4ER W38 -5 /A B2 138 5= — 20, BB T Al REREAR T
KEHREBRE

I Pt 2 S AR A 5 ) — S 4 , BT RSB A A A AR R B o N ERAS L AR B R B
SR B L BB OO I R T, B O R S, D R PR 5, A R T R SR BETROBOR I T AT . A
B RERS TR Y R TR P KR BT R BE R BRI R TR . ER ARG L, BEE HURCRIE R,
SRR TE LR L BIBEZ AR, W BORE B T 25 0 S S R B AR S A B I s T i 2 o
FREMEFIERAIIRM ™ . ERIBE T, % BEE R IR, 3 RAERETE b RS IR, A&
WA 7= SRR, FLAE S TR A A ), 3 Ao B B R, LR TR B A OB 1 T D B T R R O
Yro /NHERXG LR TSR TR AR YD , Hor RO T B . BER ORI R RS B T AN
HRAN— B W RBRERIENR, R THREERTEEREON TS TS EBRERAAHRE M
BHA K,

BEE TSOBCR M3 K, 28 B Y I A G A 0 M T AR S 2 N o /N I Y A T VR B T CO, 36
AL T ZEFEDCE T, A& S HRIH K 2 R B AL S PR A A 25 H 28 {65 2 B CO, 5 = 3 i R I
FIBEL 1k 7K 43 2 5K , S LEREAE T A B3R R A 0 1 0 A SRR 7K A3 ORI R o 3 5, /Ny o i 40 A ) 24
FROBE SRR , A TIT RE AR 40 M 9 1% FE A 3R LT BE , B 1 PR SR K XA 4 - 3 LA

MR IHAEER a +b S RPMBEHY GG ER T kb ML FE A S BRSO A
eV F B R e A B, 2 B S T B R RS 7R B B TRUBUE AR B K T e — 2R LA L BB T A B
AR S REBA BE NN, XS IR S RA A K. BETEMSE KSR SRR LHR
AN, SEBP OB R B, RS AR T R R S B BT IR A U A, 2R
BRI 4R a + b HARER a/b K/NH ARG LI 4R R a + b B REHUBCERIG R EE T R, Ui BEE o R
WK, BB SAV NS LA AT REA P A IR R A 15 B Zh RERE A 4% 3% a + b 323
TR I B2

ELH T AR (specific leaf area ,SLA) EAAYIM F EE KPR Z —, 1 SHEY B A KA KA RE K
BRZ , RE LW 7 (7] A2 B8 038 LA AE , 6 L B0 M ) b A S 24 A P 0 B e 94 . AR E R
BT SIA S MM A R SRR el R B AR S, T S5 AR A I - B 75 i 52 57U 5% 5 IR ef, SLA
AT LS WA 3RS IR B E 71 , M SLA ROMEY) RESE 47 18 N SR ST T R 3R 58, 1\ SLA IR I AN E
FEHVBE IR . R EAA B SLA X3 F& R BHR AR A T R RA — BB APFH+,
BEUBCR BB R, Sh BRIV P A48 , A T, PROK TRk BE D T W PR T LRS54 , i 0
B, BBEF TR, PR EETRMAT . BT R SLA BB K 80, LA IE L 155 5 B 9 7
BORMFRIZE T R T30 5 . SRR = , DU E DO RERER ORI S LUK (3R 8) o
5 #Hit

(1) KRIABBOORAET , i R 1 B3890 T2 8 ke B A0 L 0 T B R/ NS 52 T AL e o 1 45
), AN A Rl DD RERE S DL AR AN Ao

(2) RERR T E A/ N B XS L B LM T RS2 B OBCR B B8 0 . BEDh RERF T & , b DhRERF O SLA
SRR B E N o A R 916 Bt A [R) R BE 32 B MR I S8 2 5

FRII AR Z A AE 38 ROAR IS 2R, i1 G O A X TR PR S o B AU o
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