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1 #R5HEE
1.1 X a K&t

R 50 B A v R 27 B 7K R K A R R A 90 4 AR 250 o, b 4 s X0 T 8 5 5T b SR B
PERECE VY 12 km (B H A FL AR (35°14" N, 107°41" E) R 8 + 5 JR 45 436 B AY SRR I8 XL A7 B SR g F K ik
HMWR S FR LS 2 DATE . ST AR 813 km? , b 3k w5y g A, b 35 0 Sy At F 305 T8 R0 R AR VA R K LG 43 S
7 R TET R Y 3520 6500 BIKIGIRZY 1 220 m, A0 R B AR 2 N0 I DR B M A L A IR 9. 1 C L AR BIRE K
584. 1 mm, R IA 171 d 2245, HU R /K335 °0 60 m, 4R34 H BB 4L 2 226. 5 h, A B E 4 i 4 835.75 ] /em” , 4
T =0 CAETE sh AR 3 688 C, =10 CAEIE Sh A 3 029°C . 3 X 38 g vp 498 Jo BB+, 4 351 7 + 338 o b i A%, LB
R 500N AEA REMRELE, ZRAHKBMRIIF L, 8RB C BN, £ A SR B 2R H
FRAR LR Bl AR 3 118 /N B 5 s D R A3 FH M, LR AE Y J& /N2 (Triticum aestivum ), £ K (Zea mays) %5, Wi
W RS VAT E CE S 70 % UL b JCREMR S E L B T LR ) AR X T
1.2 X s A

A E R 2 B R AR AR 1,
1.3 Xkt

SR 5% T81 7 71T 40 o 28 32 70 Ak 1) 2R ) R ARG 3 8T Ak 5 1. YD AT RE R A 43 it 3 AN 30,120 Al
480 RL/m’ , FLRE AR 2 B XL 5 # AR = E IR A H AP IR R o 45 e, w53t — XL & AL BRI E AT 3
UGB AL 9 AR, 21t 27 AN /NI G 3D, BRI ILER 2, 2005 4F 5 J#EF, 2006 45 4 HR T . [F B #F 172 X %
T 1/2 AN B RED S 1/2 /ANRRRED 43 BIAE 5 R 7 T 403 1k, BAE S B 5 cm, 8 F A A i 4 ¢
FE MR A PRES A
1.4 MEFHEFRKFELE

AN AR R ER AT /N X 2.5 m X4, 0 m, 2%/ X AT 58 A BEALHES o 4 3 o v 52 35 55 i it
m” Jiti i 0. 6 kg RFMAEIRA . 2006 4= 8 H 16—24 HXF 2 Fh G RHECEL 43 51 VA O bR = L o0 BOR L B K4 B
KM BB #h EAE Y.

R A8 AH O S A W A SR S A X B OC R (RY T relative yield total)

RYT=Yav/Yaa+Yva/Yvv

F 1 it ar
Table 1 Tested materials

i EA & a1 KRR TR TR E AT
Species Kinds Origins Germination Purity Thousand seeds Ecotypes

rate (%) rate (%)  weight (g)

VWATIE A TR Astragalus  BREVY % %€ Ansai, Shaanxi 95.2 97.5 1. 285 A 2 N T fP Semi-wild and -breeding species
H s C E 188 Medicago il % %4 Zhaodong,Gausu 98.5 97.6 1. 943 N T f Breeding species

A: A. adsurgens; C: M. sativa; F[i] The same below.

®2 XKHEMRRAKET
Table 2 Random design of field plots

W ¥ Sowing density CHi Seed/m?) YHFTRE A B C VATHE/ B fE A/C(1/2:1/2)
D1 30/T1 30/T2 15/15/T3
D2 120/T4 120/T5 60/60/T6
D3 480/T7 480/T8 240/240/T9

T. 4P Treatment.
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P Yao HIRFEHYIF A I EE Yoa NIRFEHWFV B0 E A, Yaa N EEFFEH DR A B EME Yoo g5
FErb WA VRGIEE . RYT (0] LLR W] 2 Forg 49y (8] A9 AH BLOC R X W] — BB e i g A S 00 . RYT>1 I 4
Pl o5 A AR A AR S AL AT [R) B BE 3 R — 28 AR SC R RY T =1 I, A ) ) A R L R A9 5 5 RY T<<1
FoR MR A BRSO RS

LI 5 4 T B9 R/ T 58 G R 3 L B

CRa/v=(Yav/Yaa * Zav)/(Yva/Yvv * Zva)

KX, Yav Yva Yaa Yoo R BIR F L Zao FIRFEH YR A B HH] . Zoa HIRFETHYFV By A, 2 CRa>1
B RR AMES 1>V, CRa=1 B, &Ko) A IV 585 Jy MR s 24 CRa<<1 B}, %R A 354 Jj<<V,RYT,
CRa/o T+ A Y i # 2 HT LA B

LR AR MO PR S5 AR B BB T/ C AR D i R AR A thAME SR B R, R R=T/C. Up,C 2
XPRRME . T RACFEAE . 24 R>1 W 3R 8 AME R0 5 2 0<<R<T1 B, RR AR o BHis 43 B il i Excel
2000 FiI SASv8 5Ehk .
2 HERE5HW
2.1 N Ex; 2 F2HKELIE KRS

2 T GARMICRETE A X E 24T (& TAD 38K A3 SR AT e 2 28 S ERERAETE 0~300 em L2, P34 4%
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R A 15 o A E N TS e o s D 0 B NP DO R K LR s e QA L O s o7 1 D e 1 Y
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R KA E 12% ~16 YUk 3, 25 A48 SR IR 0~50 em + J2 K 4H48 1, 50~300 em 4 J2 7K 435 2 B, 300~
500 cm 2 1K S GEAB G 5 i AL B 1.2 15 X 8 BE Y V0 T R SRR R ep IR BE A BB AL B 40K
oW 1R R SR S RN e HAL B 4.7 F 9, X R A BE A D AT IE B R v R TR AR AL B R B 0~
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Fig. 1 Spatial variation of soil water use of both leguminous forages under cutting interference

A ARNEILEFE No cutting treament; B: X #| 4 FH Cutting treatment
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em, A0 B S BURR K R IE I, HHEE8 K 15 % A . MBS 300 B 3 R 5K o RS TR AL 3
A8 My K o A FH RS AL B 7 A9 S AR/K 23 R AR B 1,2,4,5 A6 SR SRk A R BL, RPEDIRAS T . 4%
b3 550 BRI TR] S 45 7K 43 R R T 90 FT RE 5 il B4 285 132 185 0K X 80 3 B0V 4T HE K 43 R TR BB E 4 3K 4y
Tt AR AR IR R AL PR K S 8 E B TR 1 R RE KOK RN B IR BEIR R (T3 R R A
BAER (T8) X E S BUK 3B 8K F H AL B, 0~80 em + JZ /K 4> 2RI, i 80~280 em + )2 /KA FEA & ;s 5
B RE TR A UDAT IR AL B CT7) AR A6 AL B CT9) 70 R 0T8T 7K 43 B S A o (FL B 4 J2 % B 1 5 0 38 /K 70 i 52 B A
K0 e HA s oAt 5 R AR B, H 3K S R 25 TS I SR BE )2 TR R3S oK oy RIS . 0~80 em )2
T K RBEIX 80 em LAF A K 4 R i IX
2.2 XEFHEE®RG ST EHI N

PR T T X O B B VD AT RE R i R A3 A R 3 IR T 0T R i R O AR 5 BE R WY R TR R g
1R TS N ST S A R 4y B T 33 00 R0 29 Yo 5 X1 AR AN G B — BT, B K R 5 8 U AT HE AR =
F 3 BOBGE T B o 1 i AE 0 3 T 38 05 () 5 2% B X B I o R AR 0 Bk R L A3 R EORN A A i BN
XiF B 5 U0 FT RE AR BL Bl 2 B 1 R X1 BOH T AR KA B BRI (36 3D,

®3 AEEMAXMZELETEN 2 HEMNMEERKNEIN

Table 3 Effects of cutting treatment on tested forages growth under different sowing types in various densities

Rl 77 2t e i X Cutting treatment %} B8 The control
Types Forages SD 7= B E fif THE R = 4B fif T &
PH BP FwW DW PH BP FwW DwW
(em) (g/m?) (g/m?) (cm) (g/m?) (g/m?)
D1 8. 87 20. 00 235.00 45. 64 10. 67 25.67 306. 45 81. 15
YHFTRE A D2 8.67 18.67 427. 67 90. 87 10. 97 21.00 322.95 77.66
D3 7.97 13.33 606. 67 100. 66 20. 33 15.67 471. 86 111.17
HRE MO
D1 51.63 48. 33 1 108. 00 236.19 46. 00 86. 33 1 028. 30 174. 33
B C D2 54.33 40. 33 1 323.67 249.59 66. 70 40. 33 1 575.53 274.98
D3 50. 93 22.33 1361.67 250.78 61.83 53.67 2 229.67 371.62
D1 7.77 16. 33 79.99 14,17 13. 44 19. 00 81. 81 20.67
YHFTHE A D2 18. 43 10. 33 55.04 9.18 15.03 15.67 199. 83 34. 89
D3 14.97 3. 00 20.53 3. 54 15. 83 11. 00 35.07 4.79
R #% MI
D1 47. 20 80. 00 872. 33 174.04 45.79 71.00 1 142.07 155. 34
BE C D2 49.97 45.00 1 186. 00 209. 81 60.93 59. 33 4 848. 36 1037.97
D3 44,77 17.67 1 060. 00 195. 39 52.10 26.67 1 740.43 415. 88

MO: Monoculture; MI;Mixture; SD: Sowing density; PH: Plant height; BP: Branches per plant; FW. Fresh weight; DW: Dry weight; F [d]

The same below.

TR 7 U X8 5 BOb ST E FE A8 bR o0 SCEORI L b 3 A 1y e 2 /8 1 0 B b b 4T IE SR 33 A1) 1 4ab B )
T BR % LU SRR B 5 S AHL 2 RBORN A= 7 3 AR 5 TR A D 5 5 R Ak AT LA IR A T A 0 0 K (H
(SN NIk s O (% e AP S 3= € A D RN TR QRS NS B 2 o053 NI L5 G D 7 NN s & 4 1 D
R FENBHRCGE .

ANTE AR IR T TR R AL B AR N ELAR S S AR B L AROR™ B T YR AT RE L AEX R A S T B AR
AR 7 L 20 BRI ™ St 2 8 28 D AT E S U AR K 22 S A LU A TR AR (3 3D
2.3 X E ;2 Ay 2 A ST SRR e AME RS 09 e

TEA R A R GO B R TE R 8 2 B BRI AR 72 SR AR o AR SR 3 S8 79 B AN 3TIE O B A A 56 &% L ¢
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IR A S e P 3 B IR O R AR B 25 10 A8 XD AT RE 1 58 4 7 5 BR PR R 20 5 S0 BRI ™ B K R W A L
UPATHE R 32 4 T3 R B AR FE XU ITRE A 32 T3P 208 S 2 (GR D).

TEXEN TR A EOXT B B A 5 ST BT U5 4R D BT IR L e R BRI L AL R R I T 2100 (HE A 10 52
G I3 T VD FTRE AR XS 58 5 38 1720,

FgE T UT X T SO0 FTIE I A RON -5 58 A 5% 8 HR R e Al AR RO T AR R R i T A
2 RO — PR AR (3R 5) 5 1 e 7 IR BE N A SR B A M RO o i 2 P38 R B2 S50 E % i 5 5 T i 4% 75X

R4 ORBOETXE X 2 Fh =R T 8] 208 B R

Table 4 Effects of cutting treatment on both forages relationship in the mixture

KA =% fiF X% Cutting treatment X i Control
Growth SD F % R 98 X T HE 354 ) Fi 3 R 96 % 4T HE 35 5 )
indicators Interspecific relationship Relative competition Interspecific relationship Relative competition
D1 1.79 1. 04 2.26 0.79
¥ PH D2 3.05 0.43 2.28 0.67
D3 2.76 0.47 1.62 1.08
D1 2.53 1. 89 1.56 1.11
Sy K% BP D2 1.63 2.16 2.22 1. 97
D3 1.02 3.52 1. 20 0.71
D1 1.13 2.31 1. 38 4.16
ot FW D2 1.02 6.96 3.70 4.97
D3 0. 81 23.00 0. 85 10. 50
D1 1. 05 2.37 1.15 3.50
& DW D2 0. 94 8.32 4.22 8. 40
D3 0. 81 22.17 1. 16 25.97
-1 Mean 1.55 6.22 1. 97 5.32

x5 BRBLOETXNEXNAEEE 2 #E AR MR R #10

Table 5 Effects of cutting interference on both forages compensation in the monoculture and the mixture

1% )7 24 Sowing types #MEZ R Compensation 25 SD #%E PH 4345k BP ff& FW T & DW 1 Mean* %4 F1Y Integrative mean®

D1 0.83 0.73 0.77 0.56 0.72 0.88
YHATHE A D2 0.79 0.95 1.32 1.17 1. 06
D3 0.39 0.85 1.29 0.91 0. 86
Higk MO
D1 1.12 0.56 1.08 1. 35 1.03 0.85
B C D2 0. 81 1. 00 0. 84 0.91 0. 89
D3 0.82 0.42 0.61 0.67 0.63
D1 0.58 0. 86 0.98 0.69 0.78 0.68
YATIE A D2 1.23 0. 66 0.28 0.26 0.61
D3 0.95 0.27 0.59 0.74 0. 64
R MI
D1 1.03 1.13 0.76 1.12 1.01 0.72
iE C D2 0.82 0.76 0.24 0. 20 0.51
D3 0. 86 0. 66 0.61 0.47 0.65

o ORI RN BE T 0T AMERUI 5 & 278 BT 15 R0 % BT AR A BRI AR
Note: * indicated the mean compensatory effects in some sowing density of tested forage. # displayed the comprehensive compensatory effects based

on all desities treatment of tested forage.
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R T BV AT RN A A A 22805 TR A 2 BE A O, MR T B g 4 B VD AT RE A AR O 0. 61~0. 78,
EIfE AR 0. 51~1. 01, KW T 454 BRI T 5 i A9 AN N o8 T U0 FTIE . B T A0 %) 3 SO 7 B U T IE B
AR AME 2O R REAR T 3. 400 s TR T X AT 75 5 B A LU TS o AR B0 L LR I T 5. 9%
2.4 XAFHRT2AAIAKFELRAAXN

ANV B R 2 ol O B8 e A A K 5 2 R O S RO G (3R 6) s RO 7 i 5 2 B O TR M O Tk g 5
JFETEIE F A AR 8 BE IEAHOC » (HLAE X R Ab IR D 4 B2 SOAH G . NIIAR B R BRSO A K S 3 G RN 2 2% .

N FIAE BT 2 Fof G Rk A B0 8 100G 28 I S 4 380 L1528 BE AT i B A OGP (GBR ) 0 AN IR S XI5, 2 i e
(0 1] 5 R 55 9 8 I SOAT SR Ak o i AR B S A 5 O IEA DG . MWAE RIEHRE  AXIERRES T 58 R R L2
H 0 1 A AR S A AEXSE TP T I S A 4 S s R A R R S

NF AT B4 Ak B 2 7o A0 B A BRI 22 5B 1 & b v R0 A ™ 3 4 BSOBE P A o 8k oz 3% 5 3 E =5 A
SR A B AR R AMEAE N T PR 5 % B D B SRR G L T U T IE AR K A N, 5 %R 119 O AR MO [R) 19 2R R
AR (G 8) . TR AL PR 2 Bl s AR XIH 40T 1Y A2 R A RN 55 58 T I 35 AH OG5 5 BB AU 2 7 Ab
o RN AE R R 5 % SR O 3 T 0 3T I D) € B Ay A (] A K A5 s 68 7 14 2 880 07 S 7 B A [ ) B8 R S T 4

F6 NEFHT2HEMBERS SRENTESTENXER(Y=aX+D)
Table 6 Relationship between sowing density and plant height, branches per plant and aerial

biomass of both forages under cutting treatment

Qb B A7 = M i PH S RE BP fif F FW T & DW
Treatments Sowing types Forages a b r? a b r? a b r? a b r?

HEE MO YHHTHE A —0.45  9.40  0.91~ —2.67 22.67 0.57 185.84 51.44 0.99* 27.51  24.04 0.88*
MES B# C —0.35 52.99 0.04 —13.00 63.00 0.95* 126.841010.80 0.86" 7.29 230.93 0.81"
Cutting  JE#F M1 ¥HTHE A 3.60 6.52  0.44 —6.67 23.22  0.99* —29.73 111.31 0.99* —5.32 19.59 0.99*
B C —1.22 49.70 0.22  —31.17 109.89  0.99* 93.84 851.77 0.35 10.68 171.73  0.35
HiE MO VHTHE A 4.83 4.33  0.77*  —5.00 30.78 0.99" 82.71 201.68 0.82" 15.01  59.97  0.66"
Xif i H#H C  7.92 42.34  0.53  —16.33 92.77 0.48 600.68 409.80 0.99* 98.65  76.35 0.99"
Control B4 MI  ¥4THE A 1.19  12.37  0.96"  —4.00 23.22 0.99* —23.37 152.31 0.08 —7.94 35.99 0.28
B C  3.16  46.63 0.17  —22.17 96.66 0.93" 299.18 1978.60 0.02 130.27 275.86  0.08

e x FoR P<0.05 /b BEMRR . TH.

Note: * mean the least significant difference (LSD) at P<C0. 05. The same below.

RT XNEFAT2HEMBNERSFHANEEENXERE (Y=aX1Db)
Table 7 Relationship between sowing density and interspecific competition of

both forages under cutting interference

X #] Cutting treatment X} 18 Control
Tﬁ%ﬁ*’i »- N Fie Ak ) - o N Fie sty > "
. il i) 2% 2 AR XU AT HESE 4 ift ] 55 2 B RPN AT IESE 4+ )

Growt

Interspecific relationship Relative competition Interspecific relationship Relative competition
indicators

a b r? a b r? a b r? a b r?
e PH 0.49 1.57 0. 54 —0.29 1.22 0.70* —0.32 2.69 0.73" 0.15 0. 56 0.47
R BP —0.76 3.24 0.99" 0. 82 0. 89 0.87" —0.18 2.02 0.42 —0.20 1. 66 0.50
ffH FW  —0.16 1. 31 0.97" 10.35 —9.93 0.91" —0.27 2.51 0.43 3.17 0. 20 0.84*

+H DW  —0.12 1.17 0.99~ 9.90 —8.85 0.95* 0.01 2.17 0.51 11. 24 —9.85 0.90*
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RS NBEFTHT2HEMBNENEHNEEENRXER (Y=aX+0b)

Table 8 Relationship between sowing density and compensatory effect of both forages under cutting treatment

Aoy B M PH 43R BP fif T FW T & DW
Sowing types Forages a b r? a b r? a b r? a b r?
% MO YT A —0.22  1.11  0.82* 0.06 0.72 0.30 0.26 0.61 0.71" 0.18 0.53  0.83"
H#HC  —o0.15 1.22  0.73* —0.07 0. 80 0.05 —0.24 1.31  1.00* —0.34 1.66  0.97"
BHE MI WATHE A 0.19 0.55 0.72* —0.30 1.19 0.97* —0.20 1.01  0.91" 0.03 0.51 0.82"
H#HC  —0.09 1.07 0.88* —0.24 1.32 0.90* —0.08 0.69 0.98* —0.33 1.25  0.87"
3 itie

3.1 RAE EAAE LK FRAN A 2 X 6 e B

HE R AR YA FH 7 53 FOK o3 e AR R 808 SR ) 00 22 A% WA 5 3 ) B 240 ot 5 A T AR R XK
oy MVE SR B T RE S5 0y WSl B9 DD REARBL . bl AR R — A B R D R A A i A2 2N AR G O b R ON) S S X
bR AR R AR A B LI T 3 U 5 AT 5 R AR R (0 R U5 R PR T L AR R BN AT S BOR R AL B R O AE
FIYLFT BE - 37K 43 ) F 25 (8] B8 20 em, 7K 435 4 RN L 7K 43 R PG N T 25 %0 76 45 w] g 2 ORE X 1 48 s AR X+
HEFR O WA B SE T  E MERT R AR DA E T GE T K A ARG B A YD T RE 2V R
Az 25 AR B I B ) R B Rl AR A S0 11 B DX | A o AN S PG AR e X T 5 A A R
W B v LK 43 B USRI P S 24Tt el A e R e AR X T A O A ST S R Y S S L SRR
A A) 1 4k B AT B g 5 AR A M b A O3 AR W R L OIS R AR A R e KR X R 2R AR AR E AR
fi) AR R TR HE R 1] AR I8 58 48 A AR 5 AR S 80 /0 R 2 B 0 A1 8 A RS SR 1] 22 AR b AR A1 7 3
2B LAt 3 o ] B 7 b S b A B A AR R . 2 RO A B AL BRUS  ES K R SR B 3 ) R AR
SR SR TNERSE: o %5 A% o PSS

WO K S ) P A B AT RE 52 0 B LA AR K oh B st G D DR AT RE R b K ) B B i R iR D Y S
G RGBT FNIE TG R RS T OB S R 2 b A ) b R P D O R R 0 ) AR A I A A
()35 FE BT T A B R HT 5 A Fh o R R 5 (Chloris virgata) (il s 3¢ (Taraxacum of ficnala) R
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Response to cutting treatment of interspecific relationships of leguminous forages in semiarid regions
ZUQO Sheng-peng'?, WANG Hui-mei' , MA Yong-qing®, LI Feng-ming®, SHAN Lun®
(1. College of Environmental Science, Anhui Normal University, Wuhu 241000, China; 2. State Key
Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water
Conservation, Chinese Academy of Sciences and Ministry of Water Resources.,
Yangling 712100, China)

Abstract: The growth response of simple and artifical communities of Astragalus adsurgens and Medicago sati-
va to cutting treatments based on a biological replacement method was investigated. A relative study of inter-
specific relationships and compensative effects of both leguminous forages was done at three sowing densities
for monoculture and mixtures and compared with cutting grass. The possible mechanisms for communities
maintaining stable and successive status is discussed. Compared with the control, the cutting treatment led to a
competitively spatial increase of about 20 cm in soil water utilization by A. adsurgens and M. sativa. This in-
ducible effect increased soil moisture absorption by about 15%. In particular, the cutting treatment significant-
ly enhanced water use of mixtures by 15. 6% in low density sowings and by 33% for monocultures of M. sativa
in high density sowings. In addition, cutting treatment induced an aerial biomass increase of 29% in A. adsur-
gens monoculture in the middle and high density sowings. However, plant height, branch numbers per plant,
and aboveground biomass declined under the cutting treatment compared with the control. A. adsurgens and
M. sativa showed weak resources-sharing with a decline of nearly 21% if artificially regulated by cutting and
the relative competition of M. sativa to A. adsurgens was increased by 17%. Whether in monoculture or in a
mixture, cutting would increase the compensatory effect of both forages. It was also found that cutting caused
drastic density-limiting effects. The low productivity from additional cutting resulted from the synergistic effect
of pressures such as arid circumstances, interspecific competition and allelopathic potential, which can be allevi-
ated by coexistence and compensation. In the present study, the growth response and interspecific relationship
resulting from cutting can indicate some potent mechanisms for maintaining the biodiversity of communities and
the sustainable development of the forage industry.

Key words: interspecific relationship; cutting interference; leguminous forages; density-dependent mortality;

compensation heterogeneity; biodiversity maintenance



