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Abstract

Cleistogenes songorica, a perennial herb, is the constructive and dominant species of desert steppe
in northern China. With excellent palatability as well as heat/drought/cold tolerance and tram-
pling resistance, this species has significant effects on the restoration and conservation of desert
steppe. In order to understand the response and adaption strategy of Cleistogenes songorica to
grazing, we carried out field experiment to examine the influence of different stocking rates on its
blade anatomy structure and N/P stoichiometry. Leaf samples of Cleistogenes songorica (3r4 totally
matured and sun-sloped disease-free blade from the top) were collected from a controlled-experimental
platform with four stocking densities, which has been lasting for nine years on the desert steppe of
Inner Mongolia. Using paraffin method, upper epidermal cuticle thickness, lower epidermis
thickness, upper epidermal cell thickness, lower epidermis cell thickness, upper epidermal cell
area, lower epidermis cell area, main vein thickness, leaf thickness, measured using high-power
microscope. Total N and P contents were measured by Semi-micro kjeldahl determination and the
H.S04-HClO,. fusion method, respectively. All leaf anatomic characters of Cleistogenes songorica,
except for upper and lower epidermal cell thickness, showed significant variation among different
grazing rates (P < 0.05). However, there was no consistent pattern for the changes of these ana-
tomic characters with the increase of stocking rates. Leaf N and P contents showed limited changes
under LG and MG levels. Grazing significantly increased leaf N contents (P < 0.05), with the highest
value in HG. Total P contents in HG were significantly lower than the 3 others (P < 0.05). Leaf N:P
was highest in HG and lowest in MG. In the control plots, leaf N contents were negatively corre-
lated with upper epidermal cell area (P < 0.05). In the MG plots, total P contents were positively
correlated with upper epidermal cell area (P < 0.05) and negatively correlated with main vein
thickness (P < 0.05).
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EEBRFEANZEABEATARE, EREERNEFMAREM, AMUEOEF, TEEAIH.

PR, MEMWRESREE, SMEEFEASRANKENRTEAEEER. ZXUNEEREER
TEETERNFENSR, ST ARRERAB.. BEBRK. FERE. EEBRAON TEETEH
Fr 5 SN PALZETHBARIE B, DAR TR TER R B b PR ot SR8 5 By o 75 38 X 3%
ERERA: FRARBRAFET, EERTFEHFBENEHRT L. TREAREEZS, H{MOERS
FEET BELZ(P < 0.05), HFEERERNEMEEHEA—BHZIE. A KB E Y B %Y
T EERTFENFHHENTE(P < 0.05). BEMFERBEA EERHHFEPEER, TEEBAX
BERERTHANEPEEP < 0.05). EfIBAALEEH I N:PHBBE EEHH. FECKEHT, £
BTFEMHRHENSES LR EMRERZ RFEEER AR (P<0.05). EMGEH4T, £2PSES L
R B AN MRTE R 2 BIAFEE R E R IEMARX(P < 0.05), FNS5EKEEZ HFEEREZEAMHER(P<0.01).

Hit, EAFRREET, LEETFEN B EREHEN. P BRSNS A —F 2 B AR
E—ERER .
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1. 5|8

A BT S (ecological  stoichiometry) BE A2 W 78 A2 ) R 4t e = P 1 2 B0 22 o 3R (R Ik &
Ak RN, R i oo R P 5 AR S S AR A BAE I — Mg, &R Y TR B
FIEE ] [2] [3] [4], HENBFFRBRC). BN SHEP)ETCRAES RGBT RS R R/ T —F
LEEITIE2] [4]. T CHEMWFINRERIF G M LA e = AT &AM, M0 N 5 P[RR SRAIF| AR
FERS L. R N P ALSATFEHRAIE, BFE: N. PIREZE. N:P ) N. P[] Rid 55058, A FIDIREH
AKX, KR SE IR DL FREER BE N A AE B B AR AR (4] [5]

TIPSR AR (14 5 M) — B TR A A 2 A ) B A . —, HLAIE N 2 o B LR TR R A A
FREE. BRGS0 520 DL JECHON I8 s2 R (6] B JEURE A0 0] TSCH I N A I, BRAHR A Skt A2 AR A7
KB RIS AT X[ 7] KBRS, S B 2 FuEMALH], LR 5 R A VIR 5 Rk
W B RIAR, RS 5 AR A DR RR R AF I 564 (8] [9] TBUBOMAEM TR & & S Ak 2 1 B 2
FEMIVE B SR 52 4] [10]. &%, BUBu@Ed Y - LI8)Z 0 s EH S Y TR & 2t
BRHE. BUBCE IR R W B BT, DORNS S A s A R e A, B R
P, GERERE IR IR ORI, AT S MR DA N T 3R AL 22 T B DR R [4] 110 SRTAT, X SSsl
SR B AE i O 6 BT IR A A TR A R ME DAERR () FLok, iioE s o R 2 i 5 40
B, BT SE M A ) AR K R b o 3R A R A ST RERRAE[4] [10].

UbAh, F25r TR LA AR5 R R IR 2 A, AE S PRI A ST, RAE R M.
MK A VELE S AR B A, SRS (Bl k) T — L858 B A B AR AR e R, Hrh B S5 7 T
(R3&E SRFIE. A, BEAEFREEN 1 10, MEYILE TS5 bt ISt seeqh,, Horbsz g LUK
TRV E TR E[12] [13] [14]. AR, KIABAGRE T, T8RO A 57 2 5 B B B 2
ML) T RROR /NS s 1 R R S5, 3R T s IR AN 3R A 2B e IR . ANEII R, TheR:
TR T TP R AR FEANR], H S5 I AR A A R 3 52 B U B 2 3 52 [ 150 BRIk, AN TRk
BRI N REYIM A AESHEE Ny P AL SRR BB UK BE B A B R A B AR S R A AR A
FRY M) 2 AL

Tt Ba ¥ i (Cleistogenes songorica) k& R AT 2 A2 5k B A AT, W2 FALE 57 (Stipa breviflora)
S HL R L L —, R IRE PR LR AR, R RG A M. T HAAER . i
At RGP REME, SO — PR A S BN E AR 16]. REBEFEET R, FRAERZ,
VIAh 2 18] 36 4 32 SR XK 3 BR AN IR 73 BRI 36 S o R R AT OGS R E 1) 288 E
HAEHFFAEAAUR AR BRAE A A A, R PRSI Bl o o AR5 5 0 11 EXCA s 52 i) HG A 35 ) 20
BTG M) R A, BRI 45 R R AN RS S Bl T AL PR R AR A, O BR A 48 s A4 ) BRI )0
TEFEFIXS 55

R RN, ACULA S B E TE TR T RO AN R, SRR AR 1) Btk T
F ) S5 1 A TR R A B AR AE M B AR A 2 2) TSR T R B NG P AT B RHIE 2 75 B 4 & A T 2 Ak,
R G MR AR AN, IR TGP R T Bt A R 45 A Ny P AT ERHIE S D Re IR0 40 &
e SRR AOE R B, B TR R FUR AR S RGN IR E S ORI SR A

2. MMERHE
2.1. REXERER
BB AR 3 S AR BOL BB Y 5 E RIS, A E Y. 111°53'41.7"E, 41°46'43.6"N,
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PR 1456 mo WFFIXAL TR KRR R X, B, KRHERZ: BFR
M BEmAEST, HERM: KEKERK, BRZERED: 2FEBKIMEL, UERTER, ZEBIERR
Ao bER . ARV T ERRREE 1961~2010 F RSB BoR, ZAFHRERN 3.6°C, K
BN 311L4mm, EEEPE6~9 H, HEFEEFKER 70%LL . TREHZ) 90~105 d.

WIS X AR LUAEET 5 @R A e B 5 5, M BEVE RN RIAEEE 5 (Stipa breviflora) + 1878
(Artemisia frigida) + TCT2FRT 5L, MWL, PSR KA 8 om, HMEEEEMEL, FEHN 12%~18%.
FhRETT =, HEVIREE F 2 20 RAEMA N FEDEERARBYNTEAEE 5, LR, FIRSR
WA (Heteropappus altaicus)~ B KJiEAt(Convolvulus ammannii)« VK (Agropyron cristatum). =E ¥ (Leymus
chinensis)55; —. TAFEARAEYIAE Bk E (Artemisia pectinata) ¥ E3E(Salsola collina)%% . A /NY-HE
ARVEE (Artemisia frigida) IR MR (Kochia prostrata), FEHEARIEM-E03S JL(Caragana stenophylla), FEA /N
XY )L(Caragana microphylla)ss, Hrh It @ ERAEREE P A E T G HEN 20% 0L Fo BRI
+.

22. ARARERE

2.2.1. iR

BABGRIETT IR T 2003 4F, EARIGHEER V1L, CHEA 9 FMIESL UL % . KM e RHLX
Hit, HAXHANE 3 ANEERACT 1 AT, 0 m AEER(LG, 0.93 H/hm™
) PEBALMG, 1.82 H/hm™F4E), HEEEHARHG, 2.71 H/hm™ )Rt RIX (CK, A8k, %
REFRE AT 3 UK, ST 12 AMREEIX o SR X AR SE A AN S, 458 50 hm?. (ER2E Ko 2 B 5 B8 .
IR ERS 6 N HG AYIE 11 AXK), MRS RE XM AdRE, "R EEKE, 4
EHL,
2.2.2. HMRE

7E 2011 4F 8 AHA] M IR 12 ANBUHGRIE XU R 765350 /N X BEHLE R BT R Hpk A, FER
SELHTEENT o R R RERRE Y MIBATH . SE A RN TS 3 AT ) R HE . K A DR
0.5~1.0 cm HI/NBHRHE TN FAA [ 2 W (70%0545 : VK 208 : A8/R GARIETR = 90:5:5) 1 117, B 175 Hal
SG B AT A R

[, KB 55— G AH F R AE ) TE T Ra 1 B e e B T 4048, ARl e e Rl s i = .

2.2.3. Y1 RHIERMM K BRI 1S BRMNIE

4 5E B B, e FHZR TR AKIE Ve T, S8 E AN R FE(70%, 85%, 95%HIT 100%)PAE fk M 7K «
S T HIREH L B ARSI SRR, SR AT AV 10~12 ym ERYI R, B AL
gy, RIERMERMEKE R, 780 THEE, £ Olympus 62 R4S FEATHR, BT
Photoshop8.0 3R AF T W 1 L3R F7 £ 5 2 SR (Ctue) « 3R 5 A1 2 J5 E (Ctle) 3% B2 40 i )5 & (Tuec) -
TR (Tlec)s  ERZAMITHF(Auec) MR LM F(Alec) ik EFEMve) FIH & EE(Lt)
%5 8 Wifehs, MOUEFRESE 5K, BILFIE.

2.2.4. R N # P TRAUE

WS R AT S, BT 65 CHEIR &M PHTREH G, FHERE(Retsch MM400; Retsch,
Haan, Germany)EAT#E. R iEre i B4 N & 2R UL IR B0 E3E T 5E (Kjeltec 2300 Auto System I,
Foss Tecator AB, Hoganas, Sweden), 4= P & & HAHE P LL Bk T2 [17].
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2.2.5. BUiEALE

T %6 H Excel 2010 Xf BT A [ R 488 AT 0128 047 L AL ER . 485 H SAS 9.0 #X4(SAS Institute, Cary,
North Carolina, USA)X ¥ #4775 22 531 LA S & BRI 2 Fa b Z 8] L A5 10 i 5 & FR e [ (HURA DG 1
3T

Ff 1E B 27E Sigmaplot 11.0 (Systat Software Inc.) A58 T 56 .
3. BREN
3.1. TERFEMH R NEXRBHIEMIHE

TR TR R DN A K AT, R M RAYEE R (] 1 CK). o, 38R i 2 40 s
B, RZAMIEETE, HHEE, KAA—, U m s ERIERE. e BmME T, b FRE
B BRI TZ(Cof R (& 1 LG). M AR FRE(Le). MHZHSAFEAALN . 48 HWEH(Vbs)
2 Eafe, AR, MBI M E B, HEARWERTHAERE, sk,
R RBe)BRIE, FIEFEAR 2T AR B
3.2. HMERMN LR FEHHBHEHNRm

ANAHR B R AR TR T 5 o Ctues Ctlew Myt F Lt 2975748 B E 5P < 0.05) (4 2(a)), 1H
BEE B R A A — B R . Ctue RILA CK > LG > HG > MG, £ MG &3 /M HAth 3 M
& HIKH(P < 0.05), H CK. LG F HG [HJC &3 2 7:(P > 0.05). Ctle #¥ ¥ MG > LG > CK > HG,

Figure 1. The anatomy structure for foliar transverse section of Cleistogenes songorica under different stocking rates (x400)

1. AEHERTRERFEM A EYIERRIZE(<400)
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Figure 2. The character index variation of Cleistogenes songorica foliar anatomy structure under the different stocking rates
(Thickness including Ctue, Ctle, Tuec, Tlec, Mvt and Lt) (The different lowercase letters identified in the histogram
represent significant differences at the 0.05 level. The same as follows)

2. FRHEETEERTEH ARSI RNER(FEORE: b TREAREERE, L. TREMREE,
ERERAN A BES) EREFFROTENSFBRTE 005 KFTERMDE, HUTF)

£ HG HZ /T HAh 3 M ERKT(P<0.05), CK. LG Fl MG [T 53 2 F(P > 0.05), {HIX 3 4K
S R R R AN R S . T, MG M HG R ETE A TR Crue T Ctle SM 23, 1
LG Xf Ctue fll Ctle IS AL . Myt £#H CK > LG >HG > MG, CK fl LG &% 5T MG fl HG (P <
0.05). Lt N CK > LG > HG > MG, X4 Ctue 7£ &# & FE /K1 T AW EHAH—F. 714, Tuec M Tlec
— M CK. LG. MG Ml HG [H¥ R EZEREP > 0.05), XEWRHATNIE, BUCTHXF Tuec il Tlec
e o RTE AN A

Auec I N MG > HG > LG > CK (] 2(b)), HrA CK Al LG Z [477E .3 %2 7 (P < 0.05), H CK &
Z/NF MG (P<0.05). Alec A MG >LG > CK >HG, LG fl MG &% T HG (P<0.05), X3 M&#E
KTV CK BT EZEZEREP > 0.05). M2, MG X Auec £ Alec HISAMAE K, 1 HG 464 T ) Auec
Al Alec 5 CK 2511 N Auec Fl Alec Z [AIK A 2% % 5 (P > 0.05). £ BAIAl, LG X G2+ Bt il
T G5 46 &R AR 1 E I AN B 2

33, BERNEAERTFEM A N P SERATEEHR

LT PR A4 Ny 2 P S RAEANFRERACE N MEXAHFEE 3). A4 N FEE
CK LT LG, MG 1 HG (P <0.05), UiMZIms &I 4 N A RERW, H24 N EEX AR
BREACFRBA .. 4 P F8E HG BE K THARL 3 NMEERAKHP <0.05), UWHAP SEEREE
WEER A R

ToreRa R i AL (N/P)TE HG fem, 76 MG fefik. BHUICATAT, MG Fl HG %42 N: 4 P (15200
BR, ARTEERTFENFAEN 254 P SE2NIEREE, NEmEMIMHIRT EK. B2,
LG {E—EMEE BN 7 By e N &8, A THEYIER K.

34. HERAETHAERTFERRSIAEERS N, P ZEEXXR

AFEE FACT R TR T S R SSAHITEAR S e N S EMN A P SR EIR 1B R
KA D)o Hot, ££ CK AT T, B fa 7 5 A& N &85 Auee Z A 7L &3 7KK R (P < 0.05),
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Table 1. The correlation between index of Cleistogenes songorica foliar anatomy structure and N&P under the different
stocking rates

= 1. FTRBEXRTEERTFEM R FRISEMIRIERS Ny P EIFEXMES T

RE® 1 i TN Total Nitrogen content (g/kg) TP Total Phosphorus content (g/kg)
Stocking rate Indexes n - P n - P
Ctue (pm) 9 —0.165 0.895 9 —0.223 0.857
Ctle (um) 9 —0.995 0.067 9 —0.987 0.104
Tuec (um) 9 —-0.289 0.813 9 —0.345 0.776
Tlec (um) 9 0.485 0.678 9 0.432 0.716
cx Mvt (pm) 9 0.886 0.306 9 0.858 0.344
Lt (um) 9 0.552 0.628 9 0.502 0.666
Auec (um?) 9 —0.997* 0.049 9 —0.991 0.087
Alec (um?) 9 0.1 0.936 9 0.041 0.974
Ctue (um) 9 —0.078 0.95 9 —0.228 0.854
Ctle (um) 9 0.995 0.065 9 0.968 0.162
Tuec (um) 9 0.635 0.562 9 0.511 0.658
Tlec (um) 9 0.696 0.51 9 0.58 0.606
te Mvt (pm) 9 0.866 0.333 9 0.781 0.429
Lt (um) 9 0.807 0.402 9 0.709 0.498
Auec (um?) 9 —0.703 0.503 9 —0.802 0.407
Alec (um?) 9 —0.791 0.419 9 —0.875 0.322
Ctue (um) 9 0.982 0.122 9 —0.734 0.475
Ctle (um) 9 0.735 0.474 9 —0.112 0.928
Tuec (um) 9 -0.411 0.731 9 0.493 0.672
Tlec (um) 9 -0.07 0.955 9 0.763 0.447
MG
Mvt (um) 9 —0.589 0.599 9 —1.000%** 0.001
Lt (um) 9 —0.953 0.169 9 —0.808 0.401
Auec (um?) 9 0.56 0.622 9 0.999* 0.024
Alec (um?) 9 0.467 0.691 9 0.989 0.093
Ctue (um) 9 —0.492 0.673 9 -0.52 0.652
Ctle (um) 9 0.569 0.615 9 0.595 0.594
Tuec (um) 9 —0.886 0.306 9 —0.871 0.327
HG Tlec (um) 9 —0.732 0.485 9 -0.7 0.506
Mvt (pm) 9 0.01 0.994 9 0.043 0.973
Lt (um) 9 0.547 0.632 9 0.574 0.611
Auec (um?) 9 0.861 0.339 9 0.878 0.318
Alec (um?) 9 0.487 0.676 9 0.458 0.697

r, correlation coefficient; p, significance level. * and ** indicate that the regression coefficients are significant at the 0.05 and 0.01 levels.

ry MRREG p, BEMEACE; e RoR B35 HIAF] 0.05 F10.01 KF
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Figure 3. The N & P content and N P ratio of Cleistogenes songorica foliar under the different stocking rates

E 3. FARHBFERTEERTFEMA N, PEEK NP LT

2 P BRSNS SRR BAFERZERHCKR. /£ MG %M TF, EERTEHRF2 P 58S
Auec 2R EMIEAHIKK AP < 0.05), F5 Mvt 2HRAHKKRP <0.01). AT, £ MG &4 TN
a7 4 Py i S 5 A0 A BB A G R R

76 LG M HG %M T, TR TS N &8 &S P& il i 455 e br Z A A 5 R A
(P> 0.05).

4. g
4.1. TTERTFEM R BRHS&SHExHEZR A

WERMAF W T IR TR i i . P i AR E NIRRT, & REE YR
REJIHI— AN EZARAR, RIRROEE (EAEYI A /K o 20 260 o B0 1 A 02 2 BRI AR Ao 1 P, BT LA
M 2 D\ A R A7 £ o A T R Do R A7) i )6 5K B G ) — PR B A B 15] [18] [19]. MM T4 R E
TR 5 A Ctue F1 Ctle £ MG 23 /NT CK. LG 1 HG (P < 0.05) (/%] 2(a)), CK. LG #1 HG 4% it [7]
BT 7 (P > 0.05), {03 ANKPEHMEE R 3GmimmEri&s. SRt r, LERSHZ
FERAC[15] [20], FEYN T G B G R AEAF IR S K 20 FIF 38, 75 22 B R & B T e 2R (R K .
TERRTFEI F ) Tuec Al Tlee X4 & AT M N AN Z (P > 0.05), 1] BEARAE 6T FE 78 B R 2 ik (1 2R 25
I IIE B S Bl . TR 7R R K — Z AR e, DL RS R et e R R
A 2 HORN JE R AT e R BN RS IR AR, 2R R TR I s i UL/, X 528 05 22 S5 AR OCAITF e 45 1
FEAR—F21].

Auec Fll Alec ¥7E MG IAE|fr KMH. HH Auec 7 CK 1 LG 2 [AIfF1E 3% 2 5+(P < 0.05), CK &3
/N MG (P < 0.05). Alec £ CK. LG FI MG %/FF, 2IMPEERE ZHEINMAE K. Ctue F Ctle 1)
BUIELFAH S, 7 MG i Bld5 /M, 10 B2 /N T HoAh 3 AN 8E KK (P <0.05). B1oka1H2 R AEEY,
Inag T BRI BREE[22] . I ERAGRAGIE, EHUEYIRR IR/, BEVE TR BOASVE R TE O, BT R AR
FRERIN, MR ZARIR[18] [23]: it R RN 5K & B 5 52, PR GRS M EREAC, H I
FRIKUR B JIE R0 5y T T8 AR, AT T 7% T 3R A5 (10 7K B KR FE FRAIS, 508 1A AR K /N BR S,
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YR P A 5N R A G R, WA R R AR R OR A aEE . R A0 s
Ko

Lt 52 R BAEYIPT R0 55— M ebs, PSRRI A B8R [15] [18]. AFFFLRIL(E 2(a)),
TETERR T H Lt A1 Mvt ¥7E CK 214 NIk 2 K H - Lt 78 MG KT 34 3 A3k & HKF(P < 0.05),
WO PR B A A AR T R ey JE R AR, R I AR . IXER Crue RIUAAE . EFK)E
FEFE CK Al LG E.E & T MG il HG (P < 0.05). ALK, WiEE. RERFE, B, F2EHH A E
JE T 3 K 5 P88 25 W 2 TS AR 3 KT AR 150 ASHFF TR BH, To 7 e S i 85 R X6 A [ A 458 R 3 1003 I 1
Pecim. MRV R B E R B T AR KA B, 2K o IRBEDGE . M & 1R B S IR It s,
F BRI (SR AS AR Ak B FEE (1738 A S PR 0 g 65 40 PR 22 S 18], IR AE AN L P 15 31 T 50 01E

4.2. TERFEMHR N, P EES N: P UHERMR

PR Ny P OATECRIIRR . A A KSR DR IR S AN R S, B O B R A
A N. P I IR IE — A T R [5]. Bl AT R Ny P LA T EAAE B 22 e[ 5] [24].
AW TN S Rt — 2D R N[ROSR e B AR S R G LA R FIRAAE R E . L
TR 4 N S EE CK B KT LG, MG Ml HG (P <0.05), 7£ HG #it/H. 4 P &8 HG &
FRT HAR 3 MEE R AKCH(P <0.05), 7E MG B T HAh 3 AN EE 2K SRR TR 4 N
4 P EEARE LGy MG ZALIEE R /N . NP A M it AR Y004 E F5 IR GURD 4 WA A B % 52 75 0 BRI 175 ol () 2
HIEFR[25] [26]. ABFFH, Tk 7Rt A1 NP £ HG 5, £ MG &K, £ MG Al HG %5
Far Bt 4 N: 4 P RISEmECK. vl%1, HG 4 N SEL s, M4 P 8K MK, MG #
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