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Inter-specific competition between Avena sativa and Vicia villosa in mixed sowing grassland
in alpine region of the Qilian Mountain in response to grass density. ZHANG Jing, ZHAO
Cheng-zhang ™ * |, SHENG Ya-ping, ZHANG Jun-xia, SHI Li-li ( College of Geography and Envi-
ronmental Science, Northwest Normal University, Lanzhou 730070, China). Chinese Journal of
Ecology, 2012, 31(7) : 1605-1611.
Abstract; The intensity and transformation of intra- and inter-specific competitions in mixed
sowing grassland is affected by the relative density of mixed sowing grass species. From June to
September 2010, a replacement series experiment was conducted to establish an Avena sativa-
Vicia villosa mixed sowing grassland in the upper reaches of Shiyang River. Seven treatments with
the relative density of A. sativa and V. wvillosa being 1 : 0 (KY), 8 :2 (A),6:4 (B),5:5
(C),4:6(D),2:8(E), and0:1 (KM) were designed to study the changes of the inter-
specific competition between annual grass species in mixed sowing grassland under effects of the
grasses densities. Affected by the relative density of A. sativa and V. willosa, the intra- and inter-
specific competitions of the grass species in different phonological periods were transformed in dif-
ferent degrees. In all mixed sowing treatments, the relative yield of A. sativa (RY,) increased
with its growth, while the relative yield of V. willosa (R :
ments A, B, and C but increased in treatments D and E. At the seeding and tillering stages of

Y, ) decreased with its growth in treat-
A. sativa, the two grass species were in a hostile relationship ( RYT<1) in all mixed sowing treat-
ments except A, but at later growth stages of A. sativa, the relationship transformed to symbiotic
(RYT >1) in all mixed sowing treatments, and the competition of A. sativa was stronger than that
of V. willosa (RCC,>1, RCC, <1). The competition in all mixed sowing treatments was beneficial
to A. sativa (AG<1) in its whole growth period. It was suggested that the intra- and inter-specif-
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ic competitions in mixed sowing grassland in each phonological period showed an obvious density-

dependent phenomenon, realizing the cooperative use of resources between the mixed sowing

grass species.

Key words: Avena sativa; Vicia villosa; mixed sowing grassland ; competition; density-depend-

ent; Qilian Mountain.
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Table 1 Indices to quantify the ability of competition

TEbR 2R 455 Y He B

FAXT e RY* RY, =Y,/(p.Y,) Fowler(1982)

HE 7 S RYT,, RYT,, =RY,+RY, de Wit(1960) ; de Wit & van den Bergh(1965)
et AG AG=0.5(RY,-RY,) McGilchrist & Trenbath(1971)

FAXT B BB RCC* RCC,=P,Y,/P (Y, -Y,) Freckleton & Watkinson(1999)

# FORNETH o TN b, Y FOR ARG 4k, o b AARIHIT p, p, FRTEREFHT o b HABILH (p=d/d,,) Y, TR YR
b FFTE TR o WAL, Y, FORTER RN o FEAE THIFN b BYLEY I, Y, FORWRY o BRI Y AR i, Y, FOR R b BAh R AE I 19 A= )

=)

H,

2 H R FH w200 At 5 5 Hb iF 17 — IR 3000
m’ « hm AR
1.3 ik

M 2010 47 H 17 HFFLR, [ 10 d FH &0
WA T SRR B A 0, 4% /N X HORE TET AR 50 em x
50 cm, FFHLETXIE], WORAE & 43 0 SR e F B
T IRREAR T, SR J5 F2 DXL K 44 L 20 31 B 1 65 °C
LA 8 h RIEE S 2 MR T,
1.4 w5 ESE

DLA= Yy o R BRI 52 S e bn I IF SR, BB B 1 /R
T e SR R B B RS A R, 2 B R I 29 L
il AR AL AL AR S LI, AR R A 5L
I35 45 h5 ( Williams & McCarthy,2001; Weigelt &
Jolliffe ,2003) , A<M 55 BE B LA T 4 T 45 A I B 7 40
FIYTEEE S (R 1) . FIH Excel F1 SPSS 16. 0 %X
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X M MEBE T RBIIRT 1 S/hTF 1
BEANREREIN B T S WA e PR g, 22
Gy BT R PRORRE A A K B B A X AHE 2 A X
WH R (F=5.777,n=10,P <0. 01 ) FI &2 TH Xt
PHFRE(F=5.352,n=10,P <0.01 ) & . Z M
M, AR BE R TR AR AL A rhaHe A AR X4
BFrRBORT 1, H A IR A% b B v a8E 22 AH X 3R BT R 8L
ANT L AR S B BRI | B A TR A A B e 2 A
YHIETREKT 1, A EFFLEEE TP R
BAEARF DI NT 1(3R2)
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10,P <0.01) FIEBFH FHIX =i (F=5.683, n=10,
P <0.01) %A WEVER w78 A o BRI TR #5
AEEE A TR AR PR RT L, AR IR R AL Bl b
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PR AN KT 1, KRB EH FH
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Table 2 Indices to quantify the ability of competition of Avena sativa and Vicia villosa

E=L7n M i (W0 LB
A(8:2) B(6:4) C(5:5) D(4:6) E(2:8)
RCC, 7-17 ) 1. 62+0. 08 0.51+0.01 0. 95+0. 05 0.9320. 02 0. 44+0. 01
7-27(SrEEH) 1. 63+0. 03 0. 64+0. 01 0.92=0. 01 0.93=0. 08 0. 81+0. 03
8-07 (1 H) 1.440. 03 2.19+0.05 1.841.04 4. 690. 22 3.24+0.08
8-17(FFAEH]) 3.2120. 12 4.4120. 16 2.4420. 15 5.40=0.28 7.30+1. 44
8-27 (JMEI) 1. 42+0. 03 1. 45+0. 07 2.2220. 61 5.09=0. 14 3.2420. 08
RCC,, 7-17(HH) 0. 85+0. 04 0.270. 07 0.3120. 03 0.39+0. 25 0. 12+0. 01
7-27(5rEE) 0.92=0. 12 0. 15+0. 03 0.36=0. 02 0. 1220. 00 0. 07+0. 00
8-07 (#173H) 0. 89+0. 02 0. 15+0. 02 0.22=0. 01 0. 16+0. 03 0. 12+0. 01
8-17(FFAEH]) 0. 48+0. 03 0. 07+0. 00 0. 13+0. 01 0. 13£0. 00 0. 13£0. 04
827 (L) 0. 47x0. 04 0.07+0. 01 0. 12+0. 00 0. 18+0. 01 0. 09+0. 00
RY, 7-17(HE) 2.00=0. 08 0.70+0. 03 0.95+0. 03 0.98=0. 12 0.49+0. 05
7-27(SrEE) 1.94+0. 15 0.810. 12 0.90=0. 01 0. 96=0. 02 0. 85+0. 03
8-07 (H A7) 2.34+0. 12 2.27=0.07 2.07+0. 04 3.46=0. 12 2. 18+0. 07
8-17(FFAEH]) 2.710. 14 1.73+0. 11 3.11+0. 13 3.1120. 21 4.69+0. 28
8-27 () 3.1020. 23 2.49=0.21 2.3520. 08 3.2420. 13 4.47%0. 12
RY,, T-17(HHEH) 0. 86+0. 05 0. 34+0. 05 0. 4420. 04 0.3220. 04 0.32+0. 03
7-27(5rEE]) 0. 95+0. 05 0.25+0. 01 0. 54=0. 02 0.2420. 02 0.28+0. 01
8-07 (1) 0. 83=0. 08 0.24+0. 01 0.3420. 02 0.2820. 01 0.3520. 02
8-17(FFAEH]) 0. 5420. 01 0. 32+0. 00 0.2420. 03 0.2820. 01 0.3420. 03
8-27 (M) 0.52+0. 03 0. 16x0. 04 0.20=0. 01 0.36=0. 02 0.34+0. 01
RYT 7-17 ) 1. 84+0. 15 0. 52+0. 03 0. 69=0. 09 0. 6220. 06 0. 43+0. 06
7-27(SrEEH) 1.46+0. 18 0. 55+0. 06 0.77+0. 28 0. 69=0. 10 0. 48+0. 05
8-07 (¥173H) 1.60+0. 18 1.2120. 15 1.2320. 05 1.82+0. 13 1.2320. 16
8-17(FF4E) 1. 63+0. 06 1.03=0. 15 1. 63+0. 16 1.570.24 2.43+0. 13
8-27 (BN 1.93+0. 10 1.49=0. 05 1.200. 17 1. 88+0. 06 2.37+0.09
AG 7-17(HHIN) -0. 37+0. 36 -0.2320.05 -0.05+0. 03 -0.0320. 01 0.51+0. 01
7-27 (S EE) -0.90+0. 16 -0.17+0. 02 -0. 02+0. 00 -0.08=0. 01 0. 13+0. 01
8-07 (#173H) —1.45+0. 05 ~1.24+0. 06 ~1.17+0. 08 -2.50=0. 07 -1.25+0.02
8-17(FFAEH]) -1.68+0.21 -0. 83+0. 08 -2.21x0. 1 -2.07+0. 16 -4.93+0.21
8-27 (EIH) -2.35+0. 11 ~1.78%0. 11 —1.42+0. 05 -2.3220. 103 -3.3720. 09
RCC fRFRABXIHIHT REL, RY ACRARN = 8, RYT FCFAHXS 7= i SR, AG ARG Buks 1 BUE 0 P E bR iR . TR
#x3 FAEMEHHRZSEZFHS (cm)
Table 3 Plant heights of Avena sativa and Vicia villosa at different phonological phases
LYl st ] W E
KY(1:0) A(8:2) B(6:4) C(5:5) D(4:6) E(2:8) KM(0: 1)
W 7-17 36.5+1. 8" 34.2+2.0° 26.8+2. 7" 20.8+1. 8" 16.5+1.9¢ 15.7+2.1°¢ -
7-27 47.242.4° 41.4+3.1° 31.3x1.5% 26.7+2. 8" 23.3£2.4°¢ 22.1+1.7 -
8-07 63.7+3.2° 59.7+3. 8° 49.7+3.6" 40. 4+3. 6 42. 1+4. 3% 48.0+2.5¢ -
8-17 91.424. 6% 83.3%6.2° 55.2+6. 1" 44.2+8.2" 60.9+6. 1° 62.0+4.9° -
8-27 130. 5+6. 5° 97.8+3.7%  68.3+8.3¢ 60. 8+1. 2" 89.7+3.9° 90. 8+5. 4" -
EHF 7-17 - 15. 60. 5° 13.8+1.1° 11.9+2. 5% 9.8+0.1" 9.4+0. 3" 9.1£0.5"
7-217 - 21. 622. 4° 20. 420. 5° 17. 1£3.4° 14.942. 3% 14. 4+0.9° 13.8+1.0°
8-07 - 39.4+4.5° 33.2+1.8° 27.422.1° 29.342.7° 31.2+2. 6 23.6x1.2°
8-17 - 55.11.0° 37.6+3.5" 33.5+5. 4% 42.2+5.8% 45.2+5.6"  28.9+1.5%
8-27 - 86.3+1.2° 42.445.7" 36.5+8.6" 60.3+4. 6* 65.9+6.3"  35.3x1.8"

[R)AT AR ) B e AR AN [l 23 A B ) 22 57 B 2 (P <0. 05)
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Fig.1 Biomass of mixed sowing grassland at different phonological phases
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TEE T, HRRFARE STE THE 2D TE
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2010) , B 0B 25 B 110 36 0 AR 40 14 A K, N 5
GrZR WAL, 7] ARAFPE PR R BR R SR K
BT IBPETEE (Li et al. ,1996) , T W A4 Tt B A
AR, e R B AR K R A R
LR T i N A A Y (VA< N
PRXTE TSR 5 G R, I8 (A8 348 o s 2 ok 3K A%
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FEIRIRES T B AR fF S AR T EBE 7251
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I X T R BTG R  AT DG IRT AR BEE
REHTARK, BEH TN T IREAAEITHR IR
M7 BT ZEFT BB A m) b A K 1 08 A 0 T iy %
IR ITE S, B Tk e DB N {2 i A 1) B
WA R S EH TR LR A BRIIE S35
IRRE PR R IR SE S Rl TR 24l TG
Mo R] OC R I BB 5 5w g (1 S AT, e
TR b S0 S B 2B W i R T UL, R I A
PR FE L DX IS I T3 T TS 47 e b A (] 174 ¥ A
126 8} 1. B ( Brooker & Callaghan,1998) .
TRA% st AR P R) 5 4 SRR E AN
FEYIAS B (55 4 BB T A G, L 55 4 ) AR G 4% B2 25 1)
2 (Li & Akio,2008) , TRAF & HAYHE R T 750
T R R R R R A AR R a AR v R e ) S A s
K ANV R BE (R G Ak (86 1 45,2011 ) . 7 H T Y
R BEI 45285 B Ak 2 [va] Aol Py A i) 5 4 04 B 2 S )
0 IRIEAI A hE tkm s T Y 7, AN
SRR TEYE T, S MDA B, e R,
PR AR R M Fh N SE 0 RS T B H 1Y
A G RN A PR STBRE S T B, &
HFOTHWME, BAEY & THSHE, HRR
AL PR B3 1 A 2 B K TIRRR AL S A, B
T XoF FHE S T 5 S M R | JHE S P S i S o 2
AR A S B FHRE M, S ASMES,
PR R HARREHE e 5 B H e
RE 98 55 5 ik 1) R ) 58 e iR AR A AR G S B0l
2 B T 0HIR AR FRE () SR A 24/ T WU ,
YR/ N TR, TR BRI AR A
22 R VR I B R, B E N T
PAFTE ZCBEUR M B B )R £ 2R Y AR KRR
] (e AR e R T B T, M e R IR
TEH T, SR b 1R Py 5% 4 7B 1
e R AL B B .C.D R E Hiit RY, <1 20K
RY >1, BIVER 400 iy 1) 7o 1) 55 4 DR b 1A 58 4 78 Ay o
WIER R TR TE4, HIELI A B .CHID T E
T X TR Fh ) 55 4 0 55 A R T HEL AR K, &
OB AR T HUNE ;RGP E BT 0
PP SE AR 2 T MR A K REREY)
WALT A (B 1) o 18 IR L | JHe 22 )
EH BTN, B 0 T IR TS 6T
U, AR 0 T Z5FF B ) ARG B T AR

P To s %of 56 B 5 Y B 4, A fol He 22 1) B s b AR G
PR, FEFREAZ AR 25 B R T35 T B4 TRV IR 75 4
(A B A1 C) Hr e 22 BT /R HIXS B 24 1 1532 i 45
9, o1 TR A o ] 5 588 5 TR R AH R 2 B /)N
FEHFHIRELL(D A E) hEH TR N4 4
5, (R 5 7 R A o ) S G A

L5 LR R AR R A L PR R HEE B T Y
Fofr ] 5 ol P 6 4 0 B8 A7 T ) 2 S R R X 5
RTEEET Y T B9 B 22 PN 58 G400 5 0
e AN B B2 /N T B - 1AL B e 2 B N S 4 F
B TN M PR 5 G s . AR AR Ko
TR oA 5 R ) 58 4 A A () B S 1Y 56 7%
FRIAH B OC 2R R B B2 5 55 4+ (19 3 2514 ( Broo-
ker & Callaghan,1998) , TR & PR A K i 1 He
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