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Quantitative and structure characteristics and the influencing factors of grassland

communities in a typical watershed at loess hilly-gully region
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Abstract: The Grain for Green Project (GGP) has been implemented for 20 years in loess hilly-gully region on the Loess
Plateau. To know the current situation of grasslands in the region is of great importance to select protecting approaches and
choose regulatory restoration measures. 22 grassland communities in the Zhifanggou watershed in Ansai District were
selected, and their classification, structure and the influencing factors were analyzed using Ward clustering and non-metric
multi-dimensional sequencing (NMDS) methods. Results showed that; (1)23 families and 83 species of plants appeared in
the basin, among which the importance values of Gramineae, Leguminosae and Compositae accounted for 75%—85%.
Grasslands can be divided into five associations: Setaria viridis association, Artemisia capillaris association, Glycyrrhiza

uralensis association, Artemisia sacrorum association, and Bothriochloa ischaemum association. The vegetation coverage,
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above-ground biomass ( AGB) , below-ground biomass ( BGB) and root ; shoot ratio of S. viridis ass were significantly lower
than those of the other four communities, but the Shannon-Wiener index and Pielou dominance index were significantly
higher than those of B. ischaemum ass and A. sacrorum ass. There were no significant differences in AGB, BGB, and
diversity index between A. capillaris ass, G. uralensis ass, and A. sacrorum ass.(2) Functional groups had significant effect
on community structure, and short Leguminosae had significantly positive effect on the AGB and BGB, while tall Gramineae
had a significantly positive effect on BGB, and short Asteraceae had significantly negative effects on both coverage and
BGB.(3)Soil organic carbon (SOC), total nitrogen ( TN) and total phosphorus ( TP) content were all relatively low
(6.21, 0.82, and 0.53 g/kg, respectively). The SOC and TN significantly affected species composition, functional groups
and structural characteristics. In general, the grassland in the Zhifanggou watershed recovered well, and subsequent
regulation measure selection should consider the types of grassland community and the differences in soil carbon and

nitrogen contents.

Key Words: Ward cluster; NMDS ordination; association; community structure ; Zhifanggou watershed
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FEIK, R B A 25 S A5 D7 R BRAR S 5 07 vk, B A 4E 71 - (DB U TR Vi 26 20 K L) i AL ISR e 7% 45 4 22
St 3 @55 L B RV 20 S B AR N ER T R 2
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N TARFR Bl SRR R0 A 3 | 760 s M S AR AE 0 F 2E 5 ( Bothriochloa ischaemum ) |35 2 B T
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Fig.1 Geographical location and distribution of 22 grassland plots in the study region
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T 56 0.15 mm 380, JEA7 90 LI AR BB S R IIE . LHOH HLIE (SOC, g/ke) W5
R B BRI — AN (H,S0,-K,Cr,0,) s 2L (TN, g/kg) RJTHELER SIS (FE [ SEAL-AA3) 5 ; 42
BE(TP, g/ke) FFEIBEDT H I 5E 2 | 5 4R T SIE 3 UG U910,
1.4 S50
141 BEET-H B S5 IR 4

TRETE IR 25725 2 (WH ) P45 0 b B 509 I RT3 o B2 2 AR A (A5 1), DO RERERRAB VS P 16 T
25 AR ST ME SRR DI RE S 7 T T A AR R R B S A FEREE T o B 2 R 2 0 A
TS RE T 522 o T R R Y B — SR A0 25 Ve U AR L W 5 7 25 T e T, w1 Sk 2
IO AT DIRERERI A T ARG 22 ASRE LTS3 R R 31 om X 83 IR 4 8 B HEAT INALF:
B B E B = 31 em KRR, < 31 em RIER L F ARBITOR PRI N R AR B (TG) RARHE
B(SG) HRHE R (TL) G RHE R (SL) ARHE R (TA) AGRHE B (SA) FIZRIE 8 7 KINRERE™

S

n.
WH:ZNLxhi (1)

St S IR R n, IR § IR N A SRS b IR | TR
142 YR ZrEEREL
U R IR 45 R T 1V) 20 | BEE o S REVERS BOR FIE 55 (R) . Shannon-Wiener %

FEPERSBCCH) Pielou 2751 BEHEHC( 1) A Simpson JE4BEHEHC( D) LRI E

R=S

1V = (B RS B+ T 351+ R A 490 ) < 100/3 (2)
S AT S = SR S AT W 2 4 MK 0 = 56N R 5 5 0 5 B 2 i AR A 2
B = SR 6 AT R

H=- i P.In(P,) (3)
J=H/InS (4)
D=1- Z(R)2 (5)
Kb, S YRS, PR S — A B A S BT Y R S R Y LR

1.5 4ot

i Ward RIS H RS AT 028 25 5 AR B 1 2 4R B2 HEY (NMDS) I Br s b BV v A 25 5,
i3 NMDS 585 25 MR FNERS5E I R UL, 0T RS WA B 95 40 A 22 SR BRBE IR R 0 foff FH 4 7 il R A R 9 28
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Y PD M 56 Coverag FETE B2 B WH M /B9 AGB M /B i BGB FIARE . R/S) , U
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TP BIRILA B

RO (Ward) HEF (NMDS) LA AE /R FPATIIFE R 4.1 P, HE 3 225081 (ANOVA) 78 SPSS
20.0 F5EAL, SEM ZHTHE Amos21.0 H15ERL . IR EIAE Origin 9.0 H5E A%,

2 GRS

2.1 EHEEA R

22 MR R I 83 RN, —AF AR 21 B ZARARRAC 54 Fi ERETRAR 8 B 83 MMFN 4R 26
Bl 65 &, Hoh2g8L 23 A RAEL 11 A, SR 10 Fh (£ 1 A13) , XF 40 i WANEE 63 ASFE 7 1) 1 ZE AT
Ward 2, 254 Mantel 5087, 7656 3 FR IR LR BT BF 0 B e L (B 2) , e 280k 5 2%,
ANOSIM 2% 553 it 43 28 25 A TR B0, 4L [R) 25 574 i 3% (2 = 0.73,P = 0.001) ,
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Fig.2 Ward clustering and Mantel correlation analysis
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L MR (Setaria viridis ass) : AR ASFF—4F A= 11 ) M F& 750 L 345 8 A= 4 38 56 5T ( Roegneria
kamoji) JEE(Salsola collina) P IRZESIUELL (Aster altaicus) 55, 3 MEH A HBE, 70748 T 3%, BEVR 44 5
JE(35.0£15.0) cm, FEV5 55 8 5 I (55+10.8) %, AGB e/l (112.6+32.0) ¢/m’, BGB Ik H (127.6 £52.4) g/m?,
MR (1.1£0.3)

I1. 15 B BE A (Artemisia capillaris ass) » VLA R LB, PEAE AR FBK (Poa sphondylodes) | #T >
( Dracocephalum moldavica) 55, 1£ 2 ASFEHL T 8L, Y953 45 T B3k, BEV& V15 (40.0+20.0) em, 5 i
(61.6+17.7) % ,AGB }(239.6+62.2) g¢/m> ,BGB }7(396.1+178.9) g/m’ , AR L (1.8+0.8) ,
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L. H FBE M ( Glyeyrrhiza uralensis ass) ; LA H #
( Glycyrrhiza uralensis) PR, A B BORBRIR 8055
(Astragalus melilotoides) ¥ ( Patrinia scabiosfolia) /)N
2125 ( Dendranthema chanetii) 58, & 4 TFEHL, R 9
SHUANE AT T, BT R (35.0+13.0)
em, BFVE 5 B 1 (74.0£19.2) %, AGB 24(197.9+82.6)
g/m’ ,BGB 5 (281.7+164.4)g/m* MR (1.5+1.1)

IV. AT EBEMN (Artemisia sacrorum ass) : LAERFT 5
IR FN A K S B T (Lespedeza davurica) 54
2 B 2% ( Potentilla tanacetifoli ) . ¥ 5. %f ( Fragaria
vesca ) 55 o AE S MEEHL A HBE  FE IR AL B YA A0 AT
TEVE -2 (32.5+13.0) em, 75 5 (68.0+9.9) % , AGB
H(204.3+65.4) g/m> ,BGB 4 (395.8+236.5) g/m’ , iR 7
(2.1+1.4),

V. HEEFLEEM ( Bothriochloa ischaemum ass) : LA
FHROR S, B ARG K5 B B (Oxytropis
racemose ) \WHAAFEIL 3 ( Polygala sibirica) %5 . 7E 8 4~
e b 3, 200 A0 T R 8, VR T (25.0+
8.0)cm, 35/ (70.0£18.2) %, AGB H(195.2+59.1) ¢/
m’,BGB 4(403.8+160.5) g/m” M (2.4+1.7) ,

L HHREMA
Glycyrrhiza uralensis ass

777777777777777777777777777777777777777777

V. BATHEREA

Artemisia sacrorum ass

777777777777777777777777777777777777777777

3 V. FERREM |
n=8 Bothriochloa ischaemum ass i

n=3 I. fiRERA

Setaria viridis ass

n=2 1. BRI 3

Artemisia capillaris ass

B3 22 MEHiFd Ward BESITER
Fig.3 Ward cluster analysis results of the investigated 22

grassland communities
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F1 RKYDATBAREELAD 21 METHTER Y

Table 1 Major traits of 21 indicator species in different clusters at Zhifanggou watershed

P e P o e oy
ﬁ}i\é\éﬁ! I*:(ﬁj;r Imﬁiffce Iiad?za{ti Ef}i\ééﬁ! f:(ﬁj‘?n)r Iﬁfﬁce Iiili?;a{t%r
Association type species value values Association type species value values
LA R TR 10.1 78+ T HREEA HE 184 33
Setaria viridis ass ELCp A 7.8 29" Glycyrrhiza uralensis ass FORIRR B 17.0 26"
LRERE 7.6 3 Wt 8.0 37"
SLE 49 62" /N 5.1 33"
B R ZR AR AE 4.1 2 LN H S 34 40
REH 34 62 il\rlten%ii iffo};}ztm ass G 168 a7
LR 31 31 VFERREA ERE 206 50"
s 1.8 56+ Bothriochloa ischaemum ass BB 2.8 30°
W L5 90 """ PHARIEIL 2.7 33*

1L B PR iR 8.6 53+

Artemisia capillaris ass T LR 6.0 31"
e 2.9 33

w ACRYIFE /R A FIRE A 225 1.3 (P<0.05)

2.2 HEMNDIFRALL

B RREAR A S R G b B S 2 s A o A

2
P

IR — W00, AT TRAETE Rl e B A A

FRPESER R, AR v i A K AR B DL SRS B0, 83 FhRleb A 25 T O 5 i LA W)
Fift, GERAA R AR A DY P 2H A CE AR PR FIIE S, B AR IR AS SRR, 21 Ry R e AN [RI T A )8 7 (i f0 25 22
5 (P<0.05) (£ 2) , WA LEATRVRE A5 18] 70 A5 A0 4= BEAFAE S 25 22 5%, AT/ X2 A TR R DA B 8 s W 7l Her 62
PSRRI SEAAS B 3 MR F AP IR YR ER 2 (9 Fh) | HREHELL 5 ol B4 R E HE AN 9 5 F H
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N3 Bl EFFEFENAL 1 AP, AEE B BRE AT E I B 2K (Salsola collina) | Y ET 5 XU E 2 ( Saussurea
japonica)) M4 ( Parthenocissus tricuspidata ) T35 323 (Ineris polycephala ) TEAN[FIRE N /R AR B & 225 N
SREG RPN, WG RAOR R TER N BORARAR 6 AW AN R A IR R H 2 0 3 25 % W ES R
P, EERD R AT R SR R 5 B R RN AR Fh |, X R M I 25 A A S e A
B
2.3 BEATIRERFEE(E

4 R RAFL GRS FL O B B2 RE B RAREHE TG [ SAMER SL [ Zekis
L H 7 B9 o KR 8 75%—85% , B FE o ool Joiiobdin
48%—82% b b E W 5 52%—82% , ¥t T E 100
22 BHAE W B, RSB Y ) A B S R
21%—36% , G RV N 5%—24% , 3B N 28%—33% , H
MR L 15%—24% . HE 22 B JSIERL 4 Fh 22
FE3 Rl SR SR LA R AR IER X SR
TERHY &S 2 B A AR MEER R SRR
EER ARMRL PR AR AR R e
BB RN ANY HA 1 fl, 5 BB AR ZhfiE
MFEEEZE R (E 4) R A RAFR & R
ZR i A B e (27.8 1 18.3) , U RN BT 20r
PHER AR (5.3 F10.4) , BRREFEA R ERHE &
T (18.9) 4h, Hoe 6 JEINBERFAY EZ(H 5 5 4 4 0 - " o e v
FEANTCH 225, HEREARAR &S G RME R BT
B (9.2 F18.2) , TGRS B (16.4) , HRHER 4 Assoctation type
PHRIZR M EZE S e AT R 25 BATE B4 5EBMRREDERYMESHEN S
BEMNARMA S B 5 (26.2) , T IAE#EFR Bi{l{ 5 Fig4 The proportion of important value of different functional
FUERRERIT , 1 2E B AR AR5 2 T Tl fp 8PS In the five associations
(16.6) , 24 B H ZHHAKAL(15.7) .
2.4 FENGERRRRE

TSRS i BEUR SRR R R A S BN R R T 22 T A AR (3R 2) , IR R R A
FHEIN(7.86 ¢/kg 6.25 g/kg Fi1 6.38 g/kg) 1Y SOC 7% it i 2 /5 T B Bk s MM R B AN (3.22 o/kg,4.04 ¢/kg)
(P<0.05) , Ji R W Fp A HEM (0.58 g/kg,0.64 g/kg) 1) TN £ & i F KT HE 3 MHEM(0.85—1.05 g/kg)
(P<0.05) , A B BE B (1.05 g/kg) . TP &84 0.49—0.57 g/kg,5 EREMAI LB E 22 5%, 3 pH 255
B, 5 SEHE A TG 0 3 25 S BRAT s A A e (1R (8.40) (P<0.05)

6 MR SR IES B0 TR o0 B AE AN TR A R) 28 52 AN W 3 T AV B 28 18 V5 35 )% L AGB . BGB R 76
Fb 2 W3 (P<0.05) , HEHUBEVEA YIS B N 145—261 Bk/m? , ZeFT i BE A B i, 14 o v E A AR 5 BRE VRS- 1
R 25—37 em, BIBRE REN R &, FIERRF AR AR, BEVE TS5 55%—T74% , L Bk Fi i F 2
ERTMERRA(P<0.05), HBRE B AGB 5 (239.6 ¢/m?) , Jij B H A B E LT HE 4 ANHEA
(112.6 g/m*) (P<0.05) . FIFEEEA BGB 55 (403.8 g/m?) , W35 T AR HAEM (127.6 g/m?) (P<0.05) ,

FHER 2 AT, 5 BB A £ 5 BEAE 10—17 Z 8], BE A JC i 2 22 %, Shannon-Wiener 8404 1.99—
2.36, Horof R A A I R T D R AT RS SRR A (P<0.05) s 5] BEEHE KK 0.80—0.87, B M [H] 22
S5 Shannon 15 BUH— 20 ERETEECN 0.70—0.84, B A FE B E R T HE 4 A (P<0.05)

80

s
SRR
60

H %{H Important value
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Table 2 Community characteristics and environmental variables of different association at Zhifanggou watershed
sehn Zﬁ%ﬁﬁ&\ Wﬁﬁa‘?}l\ Héﬁ‘f#\ %‘Tﬁﬁ%&\ |’1$%H¥—£\
Index Setaria Artemisia Glycyrrhiza Artemisia Bothriochloa
viridis ass capillaris ass uralensis ass sacrorum ass ischaemum ass
W T Altitude/m 1237 1174 11155 1211 1162
Environment factors Slop/ (°) 22 15 15 13 22
SOC/ (g/kg) 4.04 + 0.79b 3.22+0.28b 6.38+2.51a 6.25 +2.53a 7.86 + 4.01a
TN/ (g/kg) 0.58  0.04¢ 0.64 = 0.14c 0.85 = 0.24ab 0.73 = 0.28bc 1.05 = 0.36a
TP/ (g/kg) 0.57 + 0.03a 0.54 = 0.04a 0.55 = 0.03a 0.49 + 0.10a 0.53 + 0.05a
pH 8.50 £ 0.25a 8.70 £ 0.37a 8.56 £ 0.15a 8.40 £ 0.14a 8.50 £ 0.26a
2| PD/(N/m?) 205 + 107ab 145 = 62be 255+ T4a 261 + 127a 241 + 112a
Community structure ~ WH/cm 35.9+15.2a 37.5+20.1a 35.8+ 13.1a 32.1+12.9a 25.5 +8.3a
Coverage/ % 55.1+10.8b 61.6 + 17.7ab 68.8 + 19.2ab 74.5+9.9a 72.7 + 18.2a
AGB/(g/m?) 112.6 + 32.0b 239.6 + 62.2a 197.9 + 82.6a 204.3 + 65.4a 194.0 £ 59.1a
BGB/(g/m?) 127.6 + 52.4b 392.7+178.98a  281.7 + 164.4ab  395.8 +236.5a  403.8 £ 160.5a
R/S 1.1+0.3b 1.7 + 0.8ab 1.5+ 1.1ab 2.2 + 1.4ab 2.4+1.7a
ZREPEFREL R 15+ 1a 12+3b 13+ 3a 13+ 3a 14+ 3a
Diversity index H 2.36 + 0.19a 1.97 + 0.32b 2.17 + 0.23ab 2.00 + 0.33b 2.07 0.31b
J 0.87 + 0.05a 0.80 + 0.05b 0.84 + 0.04ab 0.80  0.07b 0.81 = 0.08b
D 0.76 + 0.21a 0.59 + 0.22h 0.84 + 0.04a 0.80 % 0.07a 0.77 + 0.15a

YA +HREZE Mean + SD; FIFTECF G AN/ NG FRE LR BEM ] 22 57 1 3% (P<0.05) ; Altitude: 3% ; Slop: 3/ ; SOC: Soil organic carbon
FHEAHLER; TN Total nitrogen 2% ; TP: Total phosphorus 48 ; pH: 3 pH {H; PD: plant diversity #I#)% % ; CH: Community Height 7%
JE; Coverage: BEPK75 ) ; AGB: aboveground biomass #i |- /E ¥4 ; BGB; belowground biomass #5 F A= ##; R/S: Root/Shhoot HiE I ;R Richness
F BB  H: Shannon-Wiener index 7R ZHEMEFEEL; J. Pielou’s evenness index #J5JBEFE%0; D Simpson’s diversity index 13055

2.5 FUMMEHIE A oA 5B C R

HE P v A 0 AR AR 2 5 00 A 3 A S B A A RO, W DT BT | B R W A R AR B, A — o
RIS A A R, IR S W MR RS R RE A T — 2B, SRR H
B AR NS R A A B Bz 1 I A R B R O R AR A R S 3 R R, H R R
T EERM, FEEERE AN T8 =0 AT SR T H RS I E R A Z ]

NMDS HEJP 45 SR FBH W4 B ) 38 pH AN BEXHET7 /A A 7= A2 & 52 ( P>0.05) , (H 3
MLk (SOC) FIAZ (TN) 5 s XL 7 43040 7= A2 i 352 ( P<0.05) , SOC Ml TN 7 i 555 — &2 B 35 IEAH G ¢
RUE R AT A T M C RN B RN A B AR LR B T R B R R A S A i
S IEAR DGR R T A T & IR AR S TR R = B A AR R RO I A AR R, SRl A e AE AR
AR T M B ERE A - PR B - A -AT B FEA— AN 5 SOC 5 TN Bam s miAHR . F1E
BLHE NS T SOC FITN 5 3t (e (9 DI, M R B | p s AN H BB AR B2 . IABEVR 45 10 R Rl Z AR PE S 400K
B, H RN S SAT AR SIS R B W = T E R
2.6 IR T RERE S5 R TE 2 R R e R

S5 77 R AR (SEM) Z5 £ B, SOC TN 5 MY Th 6ERF M 55 % . AGB . BGB [BIf7 76 B E A X R (K
6) . FHIILA EE N 0.496, CMIN/DF 4 0.980, RMSEA 4 0, SEM — {3k 75 {8/]N , P>0.05, CMIN/DF>3,
RMSEA<0.08 , B AEIUL & FEAT 5 le T 3835 43 & 5 X B V& D RE RN 25 A RRAE A 52 ), T REARE X A o 2
¥ AGB BGB Y SRR 43 51K 8% ,45% ,42% . SOC % TN A 535 1E 540 (0.74) | f# B K 73%., TN X R
AR B G R A PR AR B R S TE RO (0.31 1 0.34, P<0.01) o AS[RI S BERELE #E V% vh My b o {7 0 FE 7K
RS2 AE7E 35 25 5 RACRHE B S RMH Y A2 B i3 B0 AGB A 5 3 IE RN, RAE & FEF O M
FXF BGB 4 i 2 IEALUN (0.20 1 0.26, P<0.05) , 458 = B0 b Az 4 A7 A dnb 35 53400 ( -0.40, P<0.01)
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Fig.5 Grassland plot NMDS ordination with environmental and community structure factors
D RS FEFEEL Simpson's diversity index ; WH: V& IIACE4 1 B Community weighted height ; SOC: $3E4 HL#K Soil organic carbon ;TN 4%
A Total nitrogen ;BGB: R A Belowground biomass ; R/S: R 5% . Root/Shhoot.

SOC Fl1 TN ¥ 5%k 25 B 3 1FAH ) (0.46 F10.46,P<0.01) , RAF S 5 GRS BMAATEWR B E FMHXE LR

(0.31) , RAE & B 5 45 B i I AA AR I 3 A S R (-0.54,P<0.01)

3 it

R TTEA R B HE K- HE 5 AT 13- B[R] 25 5
BRI M RBEE L R Matel AHOCH: R
RN Anosim ARUPE 53 7 256 I8 K R 73 5 Fh R
M(r*=0.73, P<0.05) I, FF S HIMIHE AT KRB WSLPR,
TR A AT A S B AT 14 R 75 T DA DA — 4 2Ry Fel
&2 HERE NN AT & i AW b 0 35 B AN e 35, 14
FHRPFAAZAEE NER TR AY R, X 5 R W2
BARIE MR 45 A — 80> RIS T R =F B A
Bep O ER R VR Sy S A WA E R M, Bt
Fr B8 DX B b 3 T 91— R Il — A A AR (i R
TR LA R E SR ) - AR A RO (AT
ZEE ZEb SR T T LR R R R AR IR AT E R - 3R
GARR A ) - 22 AR AR MV E R B (RSB i
R AFD) . NMDS HEF 45 5 Bk, A —BE
R A FREMAAE W i 7 3 R85 RAEHE Y
P A5 BREFI0AIE . I 505 — b A A 1) 22 MU0 A1 B )

#=31,df=32, P=0.496, CMIN/DF = 0.980, RMSEA = 0

El6 #MINEER HEMRHES L1 CN HEXXRNEHRTE

A

Fig.6  Structural equation model of the correlation between

species functional groups, structural characteristics and soil C

and N content

TG : RABHH B SG: RABHE B TL: SRk & 55 SL: ERHE
TA - 45} 5 . SA 2 BME L ; Others - 228

FERERE - B KT DA H R A -BRAT T A DA - R R DA, DA o 2R LA B A 3508 YL 0 A v A B e A 10

W 5 BENFEAMR T HHIKE ARG BL,
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Table 3 Basic information of 62 non-indicative species in grassland communities at Zhifanggou watershed

Wb HEME Wb G g
Species Important value Species Important value
KT Stipa bungeana 12.9 HAEJK Cynanchum thesioides 2.8
B BHIR T Lespedeza davurica 11.2 MATH Lepidium apetalum 1.5
AT Viola philippica 1.6 W LY Glechoma longituba 1.3
S Artemisia mongolica 5.8 4 Incarvillea sinensis 2.7
B2l 38 Potentilla tanacetifolia 5.8 YL Equisetum ramosissimum 4.4
& Polygala linarifolia 2.5 T Sonchus oleraceus 3.8
BAFTHE Siphonostegia chinensis 10.2 TR Wil Sophora davidii 2.0
AU K Artemisia giraldii 6.4 WALk Klasea centauroides 4.7
TEHSSE Youngia japonica 2.5 WAL Taraxacum mongolicum 0.9
TR 3R Potentilla bifurca 4.0 INEFE Conyza canadensis 4.9
K JLZE Cephalanoplos segetum 2.8 ¥ TEH; Artemisia scoparia 7.9
FRAERR T T Cleistogenes chinensis 5.9 836 Symphyotrichum subulatum 7.1
AT Oxytropis bicolor 2.2 AL 2, Allium yanchiense 3.9
21 Plantago asiatica 4.4 ¥ Imperata cylindrica 1.7
B ZEBL SR Potentilla discolor 1.6 k% Pulsatilla chinensis 3.8
HHEL Leymus secalinus 5.5 HEBEA Thymus mongolicus 19.3
W ELR} Fragaria vesca 4.4 Rk Kochia scoparia 3.0
-5 Artemisia Japonica 16.6 WAL Artemisia annua 4.5
B & Medicago sativa 6.8 K858 Astragalus discolor 1.5
HUZEP53E3E Laeris sonchifolia 2.9 #E Chenopodium album 2.8
Hi BT Rehmannia glutinosa 1.0 R B 5 Viola dissecta 3.2
KL Periploca sepium 5.2 F%F Rubus parvifolius 3.9
Ly Phragmites australis 15.1 PEEF T BEAE Ther mopsis lanceolata 8.2
KGLTE Leontopodium leontopodioides 4.7 2224 Pharbitis nil 1.6
He4 )L Erodium stephanianum 4.3 PGB Rubia cordifolia 1.9
Wi &L Vicia sepium 6.1 VPR Hippophae rhamnoides 2.3
SCE Artemisia argyi 7.0 M EZF Carum buriaticum 3.3
B 285 Thesium chinense 3.7 13 - WE # 4 Ampelopsis aconitifolia 1.2
2890 Bupleurum chinense 4.9 724 Dendranthema indicum 2.2
KELSF Stipa grandis 12.3 15 B Leonurus japonicus 1.2
L E- 5 Hypericum japonicum 22 Wb Ulmus pumila 2.1

FHMHL R 40 Tt WA b ARG s

22330 20 4F [ ARBSE, 4007 1 I B N B MR R 55 B (55.19%—74.5% ) \AGB(112.6—239.6 g/m’) | F- &
(9—17) FIZFEVE (1.97—2.36) i T i B Ji 2 | 5 g FE 7 5 RIS 0 B JEURR A ) 106 I et Wk A2 30 5
LE7KF-, WFSE X B HL SOC I TN 254t (4.04—7.86,0.58—1.05 g/ke) 1% T 25 2E 55 i 280 Fy i 780 #4557 320 Tp 47
G AR AAE LTI 25 5, R C N P S ARG, 1 B XK - R, S B TOC
FITN F S ARG, I B Ay P o 0 b B K AR ) S B R 3RO NMIDS B 15 25 4 O R AR R 445 S 4%y 3%
W VAR MR i) | 3 pH (H A R RN B3 [ SOC FI TN & fst i b 2, RUI7E /N R I, +
BEFR oy Oy 0 R ARV R B T KT A R A R T B A H R AR AT T B A— 1 SR R A
G377 5 SOC F TN 3§05 1a AR TR] , SR BTV )7 17 5 SOC TN & i A [A] 204 SOC *f 6 > E 2 IfE
FEIC 0 2520 (D6 TN 7 A6 G 28 R 800, 55 % i B DA B 38 R A DG OG 3R , SOC WV 1 52 1 5 R &2 B Bt
FHOCPETT g, M R RERE A SOC SR 5ek b SR 1%, B /5 FEE 2808, T 11 S R DA 18 A B2, A 400 6 3 ¥ 1) b T 3408
YR R A RIS SOC BRI/ AR SR ZLA IE M2 HEMEH Y, SOC EZERIE TAEMA TR SR &
AyUh, SRR ALY 1) AR C SR R SOC 5REE A RN, TR AL Thig
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FERC L2 AN 25, TN 5 SR B () AA A 0 2 TR, 5 LR BT [ AU RE I ARAT  ARRE TA B T 1 18
N BB AR T ARARHEY AR S TN SERAEL & B0 2 RABHE Y R AR 2 BA 5w i AL
PR A2 A AR T A D RERF A T & ) N Wcae 3, GURME Ay o M B R 52 R ) S TR B33 i, 22 B
TN XV 52 WA PR I AE X D) RE AR 15 5 1

DIRERER AT R 5 ZERFBEVAE 4540 0 5 22 RN FE IR R > ARBFSE i RARE | BRI 4 L) ol o 2
{E L1535 75%—85% UESE = KAHEE T R IX R R i b 9 2, MR R A2 Z L AGB Rl BGB
Y5 3 5 AIC, 11 Shannon-Wiener #8501 Pielou f8# E F8 50 B 38 5 T HAE AT E HEA (P<0.05) , X 57
FERREN P AR AT R B L5 10 SR AR L IR OC . A R A A b iofiy R R B SR AN B AR
e B3 7 B T AR AN AL S B RS RO IR SE Pl S S R (B MR AT SRR A IR IR 2y 1
FEE A7 RE ) AR A Z A B2 h B KA TS RG Y . DG RS RH SRR AR 5 E
A FR A B A L | i B R 0 55 B AR (EH: AGB i BGB AAUIR, R W] TRk i 3 5 AR A &
BN FEIREREAN S B BRI 1R A Ty, BR RSN TRV R R S R T R R R, IR AL
T WL AR A A A IR B R AR A R oA B R I LR ) B T AR A R A
FE . FIEREAERE S S A R RAR S TR R ALA U R AR S TR R 4 B
(R % AR K b4 w2 T A 7 0, AR B HE T BB A T AME Y R S R R ) Y R SO e R (A
6) , SRR FIAR AR oy B 50 e e e S T vy T R e e R U v T R R R AR S A O R RR A 4
THREEYRI AR BN T AR R s R RE Y R R S 1 SE R A R A AR R R 45
HRERF A I B AR AL

FIERT 3K 5 B 7 R p B S5 84 S 2 T B IO RBCRT  ABTE 5 Z2RBE AT LU BIMTI R R BG4 i R AR
o A LR B A LR AR 2 R T G SRS WU R L B SR, B E REM —Fh iR TE R
Py, 1 BRI S Ao el B ) A O T 0 R e R 1 s T B b S SRS A 3 4 i, B T LA
TR . BEVE A M3 E SR Z R A AAE TR DCOC R, 2R T B3 T R 2 H) 55 15 b o PR T4 i B
PEFWKAZ T, PRI T SV HE s T e o i S e A0 A s 235 0 RN A Ve Z2 A, 185 I 5 il 1 PR R ki ok e
AR FIAFNESE B R R E M S B . WK ) IR I 0 A0 22 48 AR W R | TG I 55 bR
REVSR S UL

4 it

L5 LTI AR5 10 /N N AR B ARV KO LA, e M R A R R 2 B A R B A R K (H
IR C NP B R, IR BRI F K S B R B TR S R ERE A DA R AN L H A
PN ERFT @ AN A SRR AR T RO A A AN B, SOC I TN 5 g {1 5 B 0k 42 A EL AT [
AL BT RN D BERE A7 AR B AN S BUVE T ARARE 1 W 15 SRR A7 BE 1 3 B g MR 0 RO
AR AT, T 2 e B A S LSO AN ) T R A 7 e, SRS S AR A (e SR R AR 4 R s A ) T
AL AN AR LE W A KB AT Ty DR 2 R AR P R SR DA CBRAT AR AR S BN ) B B )
PRI, B T8 I A CH TG R 450, 9 IORARL S R L), S st A etk S v, BRI S,
ISR AR5 1/ NI R AR R R SRR ) T A R K SR VR A Tt e P 10 7 R e L A AR A
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