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Abstract

Aims Our objective was to explore mechanisms underlying the effects of transgressive overyielding and plant
diversity effects associated with legume-grass mixtures in Zhaosu Basin, Yili Prefecture, Xinjiang Uygur Autono-
mous Region, China.

Methods Replicate plots (n = 3) were sown in 2013 as legume and grass monocultures (8 in total, including V-
cia sativa, Avena sativa, Onobrychis viciaefolia, Bromus inermis, Trifolium pratense, Phleum pratense, Medicage
sativa, Dactylis glomerata), a two-species mixture (AM2, annual legume and grass; PM2, perennial legume and
grass), a four-species mixture (PM4, 2 perennial legumes and 2 grasses), a six-species mixture (PM6, 3 perennial
legumes and 3 grasses), and three mixed-ratio combinations (legume : grass = 6:4, 5:5 and 4:6). Total plot produc-
tivity was measured as forage yield (dry matter) each summer between 2013 to 2015, which were used to calcu-
late transgressive overyielding effect (OV), transgressive overyielding effect 1 (OV)), and transgressive
overyielding effect 2 (OV,). Plant diversity effects were determined by calculating the complementary effect (CE),
selection effect (SEF), and net biodiversity effects (AY).
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Important findings The OV amplitudes of AM2 in 2013, 2014 and 3 years average were less than those of PM2
and PM6. The OV amplitude of AM2 in 2015 was greater than those of PM2, PM4 and PM6. The difference be-
tween the productivity of the mixed community and the yield of the most productive product species in the com-
munity components and the average yield of each species showed similar laws. CE of AM2 in 2013, 2014, and 3
years average was greater than PM2, PM4 and PM6 in the respective years. While SEF were much smaller than
CE in AM2, changes in CE were relatively stable in PM2, PM4 and PM6. Fitted curves of species richness, spe-
cies evenness, and forage yield (community productivity) predominantly showed a single maximum in PM4, yet
productivity was highest in the 5:5 ratio plot. CE, SEF, and AY in perennial legume-grass mixtures decreased over
time, which also led to declines in OV amplitude, OV, and OV,, and their stability. Thus, in the initial study year,
CE and SEF jointly dominated OV, OV, and OV, in perennial legume-grass mixtures. Over the next two growing
years, SEF became the main factor that influenced OV, OV, and OV, in perennial legume-grass mixtures. OV, OV,
and OV, of annual legume-grass mixtures were all influenced by CE from 2013 to 2015.

Key words species richness; species evenness; transgressive overyielding effect; complementarity effect;
selection effect; net effect of biodiversity; growth years
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2005; Finn et al., 2013), MI{EYFh/FREEF & B
RS /5 F(Cardinale et al., 2007; Atwater
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T I G R AE B 7 258 (Loreau, 1998; Nyfeler et al.,
2009; Hector et al., 2010), 7& 3L S —MHIE A
T % i (Cardinale et al., 2007). jifi AE fF) 5% 5% 5 i
(Nyfeler et al., 2009; I/N&%%, 2010; Finn et al.,
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et al., 2010; de Mazancourt €t al., 2013). Biodiversity-
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RIGHh A TR sE L B R B IR X AL T L H
A N FE 5 EL A B 95 3% (81.05°-81.08° E, 42.63°-
43.25° N), J@ iy REiPEE 5% F 550
2.7°C, =10 CHiR1416.8 C, J7E HI85-100°K,
EREKESL2 mm, FAKEFTS-8H, AHEFR
B K B [1168%, FR K E1261.6 mm, & [MFKER
2.5M%, TS8R, HIEE20-60 cm. {58 /N X
2013 B 2 4 N LB, 1B 20134 A
T PR A 2 TR SN AR B (1 b ) o BREVR 2 AR
PRl A . M9 3 (Dactylis glomerata) . G T 4 #
(Bromus inermis) . #7 58 $% ik = (Elymus sinkian-
gensis). Ji & & (Phleum pratense). % 5k 75 (Phlomis
pratensis). % Ji %5 (Geranium pratense). KM
- (Ligularia macrophylla)%s . 5 /£65%-100%, %)=
125-85 cm, BEELFEE103 905 kg-hm 2. 35y AT
+, HEEVLR S EN13.63%-14.89%, &R &
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B A AR SR 8459.20. 14443,
473.58 mg'kg '.
12 RIEMR 5t

A7 IR B A #ESZ (Avena sativa). RO
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TRFEFNR, 2 B BRI IR AR AL B4, 45 6Fh4k
BRI EL KA, bR N T ORISR LB, 43 ik
6:4. 5:5. 4:6 (WIS AR AT Z W FhR I,
RS PR IR LLBIAR R, SRR XTI (CK), 3
24N bFR, AR, FLE3ANNX . e BAER R
BON180 keg-hm ™, F7e B Wi 8 I (10 4% BN 120
kg-hm %, SEACEFE . 0 AEREE R R AR (4R
BON15 kg-hm 2, W835, Jor 48 2 gk (3% R B N30
kg-hm >, B B AR (1% BON60 kg-hm ;) IRFELL
ol e b o B R S PR AN (B PR S R
TERAFRA) KA, RIE S PR E A X
3mx5m, 535, 1THE15 cm, FEMIRE2 cm, )5
BrIESL. WiHEVNENE, BAEE YA
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Tablel Mixed sowing ratios and sowing quantity of legume-grass mixtures

1.3 BWAERT[E FAE ALk IE

AR R TR R R A b A U E [
RNEFERTHIOH LA, 204 ORI R R o A B
Hhy b AR i T R AR 7 H 1S H & AR/
XHIXFAZRESANT mox 1 migREDT, SEHb X)),
65 C MEIRME T R=E P&, pMPRE. DI
VI ERIERTE & .
1.4 #8FF. By M BN E HE

= (OV) IR IR FEVE A2 77 )1 5% 0 41y P
F& A ) Bz oy F AR IR A5 1 A I 22
fH.

OV = Byioy— Bimo (1
K, Bpoy NIREHEVE &, Bmo NRIBHEIEH &5
Folr e (1)~ 35 B P O ARV AH AR AR 4 & 1 P

OV >0, KWL

Qb FR G5 VELH7 L TR Legume

ARAFHUE Grass

Treatment Mixed ratio Wyl SRR Wy Iy R
number Species Sowing quantity (kg-hm™)  Species Sowing quantity (kg-hm™)
AM2-1 6:4 FOREF B G Vicia sativa 72.00 #eF Avena sativa 60.00
AM2-2 5:5 ROTHBIE V. sativa 60.00 HFE A sativa 75.00
AM2-3 4:6 ROEHBiE V. sativa 48.00 MFE A sativa 90.00
PM2-Al 6:4 IPfr® Onobrychisviciaefolia 36.00 FTEHEZZ Bromusinermis 12.00
PM2-A2 5:5 I O, viciifolia 30.00 T4 B.inermis 15.00
PM2-A3 4:6 s O. viciifolia 24.00 TT4EFE B.inermis 18.00
PM2-B1 6:4 I O, vidifolia 36.00 Ji % Phleum pratense 6.00
PM2-B2 5:5 IPEE O.vicifolia 30.00 MiEH P pratense 7.50
PM2-B3 4:6 IPEE O.vicifolia 24.00 MiEH P pratense 9.00
PM2-C1 6:4 LI 4 Trifolium pratense 9.00 T B.inermis 12.00
PM2-C2 5:5 21 R4 T. pratense 7.50 T4 B. inermis 15.00
PM2-C3 4:6 ZLAEHIEE T, pratense 6.00 TTEHFE B.inermis 18.00
PM2-D1 6:4 ZLAEHIEE T, pratense 9.00 HiEE P pratense 6.00
PM2-D2 5:5 7R 5 T, pratense 7.50 Mi)E% P pratense 7.50
PM2-D3 4:6 IR 5 T. pratense 6.00 HEE P pratense 9.00
PM4-1 6:4 IR O. viciifolia 18.00 TT4EFE B.inermis 6.00
21 R4 T. pratense 4.50 HiEE P pratense 3.00
PM4-2 5:5 IFEE Q. vidifolia 4.50 TorE#FE B.inermis 7.50
21740 T, pratense 3.75 MR EL P pratense 3.75
PM4-3 4:6 I O, viciifolia 12.00 T4 B.inermis 9.00
ZL AT T, pratense 3.00 MR P pratense 450
PM6-1 6:4 P E O, vidiifolia 12.00 Ti=4% B.inermis 4.00
IR 5 R T. pratense 3.00 MEE P pretense 2.00
IEE T Medicage sativa 3.00 3% Dactylis glomerata 2.00
PM6-2 5:5 IFEE Q. vidifolia 10.00 TorE#FE B.inermis 5.00
ZLHEHE T, pratense 2.00 MRE P pretense 2.50
HIEETE M. sativa 2.00 B3 D. glomerata 2.50
PM6-3 4:6 IPEE O. vicifolia 8.00 TTE#EFE B.inermis 6.00
LZERNE T, pratense 2.50 MiJEH P pretense 3.00
S£IHETE M. sativa 2.50 183 D. glomerata 3.00

R DGR EOR AR S PR AR, 2RS0T IR % EL B TR o

When multiple species of Leguminosae or Gramineae are mixed in the table, the proportion of mixed sowing of species in this family is the same.
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1, Bimmo-max JIVR IR 7 2H 3 v i i 7™ 0 i ) B
77 OV > 0, K BIAEAE - RN o

RN 2 (OVL) TR IR AR A8 7 il i
VN B RS2 B

OV, = (Bpioy — Brmo-mean)/Bmno-mean 3)
I, Brno-mean N TR IR AE VR H &AL 20 Fh B -1 2 B 7
OV, > 0, REIFAEH N . OVLfifke 1 IRFERETS
A7 0 SRRy AR AR I Z ARG R, OV,
SR TR RN o) ) 22 e 5 R8N ] I 2R
(Siebenkds et al., 2016).

1% 8 Loreau fll Hector (2001)H 7775, IR #ERE
Vo R AR 7 D R T (22 R I RN ) 73 S R
BRONE RN HLAM SN o

AY =Y — Yg = Nmean (ARY x M) +

N cov (ARY, M) 3

K, AYNZ RSB, Yo TR RHETE IF SEBR ™
&, Ye N LALRE = s g AR alH B H R VR R A O A B
PR, MOYTRIETE h &R B - 25 7 &, ARY
DR ARAE U b S oA X 7 R 1) AR A R (% P A Y
SEBRA P HH A 8 ), NIRRT
WAL, N mean (ARY x M)NE AMENAE(CE),
N cov (ARY, M) A& N (SEF). MAY =0, HEHY)
ZREEN A I TR (), HAY > O, R
FEV& T S2 A AR AL BAME 2R, AY < O, 3R
ANTEVE T 2 YRS S 3 BURVE I o
15 #HIEALE

i# it Microsoft Excel 20105 F 5 Bl #k A7 9] 25
BEPFIHEATHE, TR FHSPSS 19.08 43T Feit4>
A, R — A e M AR Y 93 B 0 il AT XA R 7 %2
ST, Giit 5¢ s FH Origin 8.0 & o K FH g6 56
(SNK)VE A e /N 22 57t dik 25 (LSD) V0 7= L ™7 &%
Riy 2 FEIE RN AT 22 5 i 2 Ve I

2 LSRN

21 —FHEMEEETREBEMKETE. 8BF
FNEB =R B9 bL B

HR2FT 1, MWASEAEEERE, 2013, 20144
AM2= BB 2w T 2 FARB L (p < 0.05),
PM2-CFIPM2-Dj= & i Ik T FRPM2-BAF HAth 2 4F

AIRIBEHL(p < 0.05); 5 HFEAALL, 20134-PM2-A
PM2-B. PM4FIPM61 =5, 1450.28-0.42 kg'm >,
20144EPM2-A . PM2-B. PM41¥ =45 75, 750.17-0.28
kg'm % 5PM2AHLL, 20134EPM4ARIPM63E 77 43 5l A
0.4210.32 kg-m 2, 20144F (1 43 5 40.29 F10.23
kg'm?; 5PM4HLL, 20134EPM6E 7 90.32 kg'm 2,
20144E 1 0)°50.22 kg'm 2. 20154FEAM2FIPM2-Dj™
HIEE T HANZ SRR H(p < 0.05);, S5
FHEL, AM2IE 85, 1£0.16 kg'm %, 5PM2AIPM4
FHEE, BIRPAE . MWIFETIMERE, AM2/ &
DERTZHEAERFEE @ < 0.05), PM2-CHI
PM2-Dj* & i F AR T HAh 2 AR A R B b (p < 0.05);
EHMEMLL, PM2-A. PM2-B. PM6E =i, ik
0.14-0.19 kg'm?; 5PM2AHEL, PMARMIPM6IE ™ /3
5250.22410.20 kg'm >, SPM4HILL, PM6H A 1]
B S EM KE T HMEPM2-DE AR B BT
HALRIE FHh(p < 0.05), HAREEHKE R~ =
L33/ T40%

MIBFEFIEKE, 20134EAM2 IOV, & E KT
PM2-A. PM4FIPM6 (p < 0.05); 2014FPM4[FJOV,
B m T HARE M K < 0.05), AM2FIPM6H]
OV, H A 7E; 20154E AM2 KOV, i 2 i T PM4All
PM6 (p < 0.05); M3EFIMEKE, PM2-A. PM4K]
OV, . % i T HAMIRFEFI K (p < 0.05). MIRIELLH
K, SR LB OV 7E & -4 S 3~ IMA R T8
BEZEF(P > 0.05); MEEHEEMRIGN, %%
tblov, & T I . MWSIRIBH G KU, PM2H
PM4#% 205 IOV, B3 = T H AR R (p < 0.05). M
IRIEFEKE, 20134EAM2 OV, i K T PM2-A
PM4FIPM6 (p < 0.05); 20144EAM2FIPM6HIOV, i
FLTPM2-A. PM4 (p < 0.05), HI¥JA1E, PM4
IOV, 2 2 5 T PM2-A (p < 0.05); 20154EAM2[¥)
OV, &2 = TPMAFIPM6 (p < 0.05); M3E-FIMH
KE, SRR ISR R To 22 % 7 (p > 0.05). M
TRIELLBIRTE, IR L3 1] OV 7E & -4 L 34FF
PHERITC 2225 > 0.05); 20134FE0V, = T HiAh
Ay o NRIBRA SR, SIRIBA SOV, 2 %
Z 5 (p>0.05).

22 —FEEMZELERBRBEMREFESH
43R Y BE AR

1R &0, MIRFEYIFRE, 2013, 20144
AM2[1)CESS i35 & T H AR FEFh 25 (p < 0.05); 2015

DOI: 10.17521/cjpe.2020.0048

©U 00000 Chinese Journal of Plant Ecology



28 fHMIHEZS R Chinese Journal of Plant Ecology 2021, 45 (1): 23-37

F2  RFREERS FHCET R PR S AP R R L LR CP R AR A )

Table2 Comparison of forage yield, overyielding and legume yield proportion under different mixed patterns (mean + SE)

A Vst Rs 775 Yield (kgrm ) 7™ Overyielding (kg:m™>) BRI = RUN2 SRR
Yor o Temner TWEGE REAN SEEAE SPRAL SOV peone o e
Mixed Monoculture  Difference by Difference Difference effect 1 (OV))  effect 2 (OV5)
treatment control monoculture by PM2 by PM4
control
2013 AM2 126+0.11°  1.22+0.37 0.04 0.07+0.14>  0.08+0.05°  12.33+1.52°
PM2-A 0.70 £0.06°  0.39+0.12 0.28 0.77+0.13* 0924024  21.67+5.40°
PM2-B 0.68+0.12° 0.40+0.15 0.28 0.15+0.09°  0.62+021" 27.03+17.02°
PM2-C 0.28+0.07° 0.22+0.06 0.06 ~0.09+£0.04° —031+0.17°  34.00+5.53
PM2-D 0.28+0.05° 0.24=0.13 0.04 —0.13+0.11°  0.08+0.03°  81.67+3.47
PM4 0.73+£0.07°  0.31+0.06 0.42 0.42 0.86+0.15° 1544035  29.33+3.79
PM6 0.63+0.10°  0.28+0.10 0.35 0.32 0.32 0.62+0.15°  130+024" 3233+18.13°
2014 AM2 0.75+0.05°  0.79+0.33 —0.04 ~0.15+£0.06° —0.06=0.06* 32.33+1.53
PM2-A 0.33£0.01"  0.14+0.02 0.19 0.55+0.17°  0.19+0.06°  10.00 + 9.64°
PM2-B 0.26 £0.04*  0.09+0.03 0.17 0.23+£0.13"  0.07+0.03 21.33+£11.59°
PM2-C 0.19+0.01  0.16+0.11 0.03 0.02+0.01° —0.15+£0.10"  15.67£5.13%
PM2-D 0.15+0.03*  0.10+0.07 0.05 030+0.12°  0.10+£0.02° 5233+1557°
PM4 0.41+0.03>  0.13+0.06 0.28 0.18 1.01£0.17°  036+0.03"  13.67 +6.43%
PM6 0.35+0.04* 0.32+021 0.03 0.12 0.22 ~0.76 £0.02°  —0.07£0.04*  12.00 = 6.56%
2015 AM2 0.36+0.03*  0.21=0.10 0.16 0.17+0.14°  0.80+0.17°  29.33 +8.33°
PM2-A 0.25+0.04°  0.27=0.07 -0.02 0.01£0.09° 0.64+0.18°  433+1.15
PM2-B 0.29+0.02° 0.39+0.16 -0.10 —0.04+0.06* 025+0.11°  10.67+0.58°
PM2-C 0.33+0.03" 0.37+0.15 ~0.04 —0.30+0.12¢  —0.08 +0.04° 8.33+231¢
PM2-D 036+0.01° 031+0.13 0.05 —0.06+0.13> —0.18+0.11°  80.67 + 4.04*
PM4 0.25+0.03° 0.87+0.29 -0.62 —0.08 —031+0.06° -0.07+0.06° 42.26+4.62°
PM6 031£0.01°  027+0.14 0.04 -0.02 —0.56 —0.21+0.06* 0.29+0.06" 21.67+231°
IFEFIE AM2 0.80+0.25° 0.74+0.34 0.06 0.03+0.07°  027+0.10° 21.33+2.08°
g:arf: PM2-A  046+0.10° 0274008 0.19 044£010°  058£012°  21.00+10.44°
average  pmp-B 0.43+£0.07° 029+0.17 0.14 0.10+0.23"  0.15+0.20" 23.33+1041°
PM2-C 0.26+0.03° 025+0.12 0.01 0.04+0.10° -020+0.10°  19.33+1.53°
PM2-D 0.23+£0.05°  0.22£0.09 0.01 —0.01 £0.08° —021+024"  74.67+4.04°
PM4 0.48+0.01°  0.44+0.12 0.04 0.22 0.52+0.14°  0.61+0.18"  29.67+2.89"
PM6 0.46+0.04>  029+0.13 0.17 0.12 0.02 —0.09+0.12°  0.51+0.14°  28.00+11.53"

MRS FIFIA NS FBR R Z R B #(p < 0.05). KBS S FKL,

Different lowercase letters within the same column of the same year indicate significant differences (p < 0.05). Treatment number see Table 1.

FEPM2-AMCER % = T HARIEFI 2K (p < 0.05);
MIFEFIIMERE, AM2IICER. 2 T HAh IR F Fh
K(p<0.05). MBIFLLEIKRE, SIRELLGIECERE
B 3PS E A G .35 22 7 (p > 0.05); 20134F
CEm T HALFEm . WEIRIFHEGKE, AM2-34
AM2-2 2 [W]CEJC .35 22 :(p > 0.05), {HE & & T H
HIBFEH A (P < 0.05). MIBIEWFKE, 20134
AM2[ISEF 2 E K T PM2-A . PM4FIPM6 (p < 0.05);
20145 AM2 [ SEF . 2 Z Ik T'PM2-A. PM4FIPM6
(p < 0.05), PM2-ASEF . Z K TPM4AIPM6 (p <
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0.05); 20154FEAM2 [ SEF U 2 35 i T HA TR #E Fh 2k
(p < 0.05), PM6IJSEFZ % 5 T'PM2-A (p < 0.05);
MIFE A K FE, AM2SEF & 3K T PM2-A .
PM4HIPM6 (p < 0.05).

MIRFE LG R, & Rk LU ) SEFFE % 417
M3 IMA TR T 35 22 57 (p > 0.05); 20134F SEFIX
FHABTEA . AM2S VR AR A (R SEF T 535 22 5 (p >
0.05), AM2-3 .2 75 T-PM2-A . PM4FIPM6 1) 518 1%
HE (p < 0.05). 2013FAM2IIAYH B EK T
PM2-A. PM4FIPMG6 (p < 0.05); 2014 AM2IAY Y,
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JR#& L] Mixed proportion NN 6:4 [5:5 446
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Bl AFRARYA . TR LA AL T R (AT BB bR E 1) ELAN N . RS AN 2 R RN I LU ANRVNE - RER

TN AL PR A 2 7 W 3 ( < 0.05). VRABVIFI AL R 45 [F K 1.

Fig. 1 Comparison of complementarities effect, selection effect and net effects of biodiversity under different mixed species, mixed
proportion and treatments (three years average + SE). Different lowercase letters within the same year indicate significant difference

(p < 0.05). Mixed species and treatment number see Table 1.

LT PM2-AFIPM4 (p < 0.05), 201 54EAM2FAY
M &% = T PM4 (p < 0.05); M3FEFHMEKE,
AM2IAYE Z K FPM2-AFIPM4 (p < 0.05). MIEI%
ELBR R, 5 TR 4K L I AYLE 35 4543 S 34 T M
G Z 57 (p > 0.05); HEBE FHEEH. W%
RIBHAKE, AM2-110AYE Z (LT PM2-A. PM4
%404 K PM6 (p < 0.05). & &, OV,. OV,.
CE. SEFMIAYIIK 2R T7 2 /3 Hr(K3)EK M, ASFER
AR A P B, OV, CE. SEFAIAYZ 3l i
F(p < 0.05); NFANEIEEBIN LidiEhsE R A EE
(P > 0.05), VEIEFNE 5 W LA 18] (1) 58 HL AN 22 57
AR (P> 0.05).
23 YIMEEEMHEENHEFEMEIT

H 27T 5, WA R AR S S &

Z B FE2013F120144F 2 — IR & R &, HlS
B4 5) Ay = —0.0448% + 0.3618x + 0.0347 (R =
0.386 8, p < 0.01), y = —0.0309%* + 0.2544x — 0.0947
(R =0.560 4, p< 0.01). RIS YA 5 1
s B, AR EOL Bl — K@) 5 T A
SRR R E SO E B R b
TE-T B I C R, AT REAR R N B & TR B YR 1)
BN ALE 25 1) 45 40k B R sk - 3857 4 1
TR TS 201 S = B YR = & FEI 9%
RARAWE, AR F KRB AT 524 R A AL, T
GRMRE AL TS S B (P B R E T AL
B B B AR Y R DT R 23 31 N5.68% 6.77%
H18.03%), TCiEX M) 2 FEME-LEAS D) Re ™= A 1)
IE A .
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R3IRSEYIFN IR L R R 2
Table3 Two-way ANOVA analysis of mixed species and mixed proportion

Z¥ Parameter AR5 KYR Source of variation BEE o B F p
Mean square

FehE TRIEYIFP Mixed species 6 0.852 12.756 0.000™

Yield JRHE LB Mixed proportion 2 0.005 0.080 0.923
EM Year 2 18.983 96.640 0.000"
IRV R IR FE L] Mixed species x Mixed proportion 9 0.017 0.262 0.994
IR EAS Mixed species x Year 9 2.746 13.978 0.000"
TR LI x4 E 43 Mixed proportion x Year 4 0.013 0.068 0.991
TR IE R IR L <-4 Mixed species x Mixed proportion x Year 12 0.046 0.235 0.996
%7 Error 171 0.067
Bt Total 192

NI TRIEYIFP Mixed species 3 0.665 10.564 0.000™

Complementary effect JEIE L] Mixed proportion 2 0.030 0.473 0.625
A Year 2 0.285 20.190 0.000™
TRAR MR < IRIE LB Mixed species x Mixed proportion 6 0.070 1.106 0.365
IRAERYIRIEAS Mixed species x Year 6 0.130 9.221 0.000"
TR LI <=4 Mixed proportion x Year 4 0.018 1.258 0.295
TRABYFIOIRAE LLBI<4E 4> Mixed species x Mixed proportion x Year 12 0.006 0.445 0.939
%7 Error 96 0.063
it Total 108

BARE33 A TRIEYIFD Mixed species 3 1.324 12.407 0.000"

Selection effect JAEE] Mixed proportion 2 0.004 0035 0966
SEMY Year 2 0.337 1.148 0.323
TRAR YR < IRIE LB Mixed species x Mixed proportion 6 0.033 0.313 0.929
TRIEYFh<EH Mixed species x Year 6 5.210 17.742 0.000™
TR A% LU <44 Mixed proportion x Year 4 0.134 0.455 0.768
TRABYFIRAE LLBI<4E 4> Mixed species x Mixed proportion x Year 12 0.137 0.468 0.927
%7 Error 96 0.107
Bt Total 108

LR RN TRIEYIFD Mixed species 3 0.143 4.168 0.008"

Net effect of biodiversity o s b1 Mixed proportion 2 0.022 0.630  0.535
4 Year 2 1.405 15.086 0.000™
TRIE AR LB Mixed species x Mixed proportion 6 0.022 0.637 0.701
TRIEYIFIEL Mixed species x Year 6 2.450 26.300 0.000™
TR A% LU <4E4} Mixed proportion x Year 4 0.007 0.077 0.989
TR IE PR LB <4 Mixed species x Mixed proportion x Year 12 0.058 0.625 0.815
nZ Error 96 0.034
Bt Total 108

# <001,

PR B3P 2 I IR BN R R, U
BN B B — e A PR AR S b P e
BHA RS, 2 A G 2= A 5 8. H 2 AT
AT, AM2IARCRL = & 5 )P 5 B R AR LA
ZAIFE2013 201 55 M3 12 (#5224 ok
KFZ, AVBCR = 58 5 ) Fh 2 5 B B3 n g b,
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Wb a8 2] IR B g K (BRI AR L 45:5)
JEIT s 2RI T BT 20144E RLRMEREOC R, |
PR BB AE YR ) 5] FE RGN S 2 1 T B g

PM2-ARJHCE = B 5 5 5] B 2 [ ££2013.2014+
201 54EMI3EE- I (E #R 22— X i 28 PR K 2 PMAHY
PR R SR S 2 1A14E2013. 20 1452 I3 4R

©U 00000 Chinese Journal of Plant Ecology



5 RN AR SRR E RS 2 RN R LR 31

L2 03 LT 2014
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o8- 8. o
8 O T 8 0.6 o
06F © 97 © 6 o
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. 04F o TR
0.4 ° © o . B Z ~8
| 8 y=-004482+03618x+0.0347 o} o © o
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“ S Q-nmmmee
0.4 1 9 S g 04 g “““ 8 E
o o g
& L 8 021
g 02 8 o g g 32 —0.0234x2 + 0.1902x + 0.1058
g 1 1 1 1 1 1 0 L 1 R2I=0.12?2 p<|0-05 1 1
2 0 2 3 4 5 6 1 2 3 4 5 6
ﬂﬂ;‘i YiFh=E E B Species richess
- 147
25 2013 2014
° 12
20F .
1.0 . ° : g
08| e
0.6
0.4
02
0
257
FHE
20t Average
L ]
1.5¢ *
10f
0.5
of
70 02 04 06 08 10 0 02 04 06 08 10
YR Species evenness
e AM2 ePM2-A 4aPM4 *PM6 AM2 —PM2-A -—PM4 ---PM6

E2 PFhEEENSE SHE S ERER. AM2. PM2-A. PM4, PM6AIZK I,
Fig. 2 Relationship between species richness, evenness and forage yield. AM2, PM2-A, PM4, PM6 see Table 1.

BB AR 2 IR R R B R, 20155 2 =T R %L
KZ; PMOMA R = & 5Y P8 5 FE7E2013. 2015
AP IE A R IR ZR R A R, 20144F R 2
P N
24 ZREMEMIN SHEFEHN . #BFE RN FR iR AR A i)
FESEN

HE3 AL, KOV, 5CE. SEFAIAYHHT LA,
RILOV, 5CER FMH K IR FE#H(p > 0.05), iS5

SEFAIAY 5 5535 IEAH G OE R (p < 0.05). HI 4] 40,
PM2-A[JCE. SEFFIAYH)EI20134 8.3 512014
5E, 20144F 5.2 = T20154F; PM4FIPM6[FCER B
R2013 120144 2 S5 AN B B H B 25 5 20154 1M
SEF N20144F & 2% & T 20154, 2015 R & &m T
20134F; AYEI20144F 8 3 5 T 2013 F120154F; M
EBRIE AR L a4 R EPM2-A. PM4AIPM6H]CE.

SEFFIAY S Fifi A IS (] (1) JE K 2 R E . HIElS
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AT, E A I A] A AE K, PM2-ALLFE OV, FIOV, [
A R M RN, PMALLFIOV, AR 7 R B

RA T S P S AR G R AU A Y

Table4 Function fitting models between species evenness and forage yield

2RI, HOVLAA 5 REUE N, PM6
AEFROV, FIOV, A8 5 R A1 21 &

A Year WbFR%'5 Treatment number Y& %k Fitting curve p
2013 AM2 y=—1.3682x2+ 1.0218x+ 1.1065 02825 >0.05
PM2-A y=-1.0161>¢ + 1.4789x + 0.1569 0.688 1 <0.01
PM4 y=-1.6284x +1.8951x+0.1763 0.667 3 <0.01
PM6 =-1.3567x + 1.624x + 0.1476 0.601 7 <0.01
2014 AM2 y=-0.0333x+0.7827 0.002 7 >0.05
PM2-A y=-0.6501>C+ 0.5594x + 0.2012 0.416 8 <0.05
PM4 y=-1.2421>¢ + 1.2671x+ 0.0981 0.777 1 <0.01
PM6 y=0.3897x+ 0.1251 0.769 9 <0.01
2015 AM2 y= —0.6322% + 0.8796X + 0.0887 0.782 0 <0.01
PM2-A —0.2212x* + 0.1058x + 0.3687 0.307 4 <0.05
PM4 y=-1.125x" + 17721 — 0.7338x + 0.3097 0.603 1 <0.01
PM6 y=—0.1765x2 +0.0925x+ 0.3122 0.5354 <0.01
I AM2 y= —0.7384% + 0.7472x + 0.6114 0.042 2 >0.05
Three years average PM2-A y=—0.50245 + 0.6473x + 0.2434 0.164 4 <0.05
PM4 y=-0.9286x + 1.0004x + 0.1930 0.2587 <0.05
PM6 y=—0.5301x2+0.7211x+0.1922 0.2375 <0.05

AP 5 TR

Treatment number see Table 1.

F AN
Complementarity effect
oL o ==
o h oo
T 1

R2=0.07 p>0.05

Fig. 3 Relationship between transgressive overyielding effect 1 and complementary effect, selection effect and net effect of biodi-

versity.

=4
[V, I
1

H AN
Complementary effect

e e v
S = N W N

EEERLN Selection effect

EEERLN Selection effect

+  R2=0219 p<0.05

ZREMERUN

Net effect of biodiversity

-1 0 1 2 3 4 5 6

#BF=3LN1 Transgression overyielding effect 1

B3 B RN EANEN . S FERON AN A R RN 9% &

NN

ZREHERUN

Net effect of biodiversity

2013 2014 2015

A4y Year

PM2-A [Z1PM4 PM6

B4 HAMIN, PRSI A RN F 4 B (B AR CP B hR HEIR) . AFRVNS FRE. KRG REa’s b'Ale

JNPM2-A. PM4FIPM64ERR 1) 2 7 B3 (p < 0.05). PM2-A. PM4. PM6FIF1.

Fig. 4 Change of the complementary effect, selection effect and net effect of biodiversity with establishment years (mean + SE).
Different lowercase letters, uppercase letters, and a’, b’ and ¢’ symbols respectively indicate significant differences of PM2-A, PM4

and PM6 treatments from 2013 to 2015 (p < 0.05). PM2-A. PM4. PM6 see Table 1.
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FARASE: — AN B A BRI B 5 2RO L 33

240 - PM2-A 240 - PM4 350 PM6

210 — OV R2=0.636 p<0.01 , 210 °  OV,R*=0.05 p>0.05 300 OV, R*=0.07 p>0.05 .
S 180F —— OV R*=0.197 p>0.05 R 180 - OV, R*=0.271 p<0.05 250 OV,R*=0.414 p<0.05
S1s0r o 200
> 200, pa— 8 150
£ 120 - 0 & T -
W 9ol 7 100
o ol - g R 50
60 30+

30 or * 0
2013 2014 2015 2013 2014 2015
£y Year
AQV, o0V,

E5 PM2-A. PM4FIPM6ALEEE = B (OV)Fa e 73 Hr. PM2-A. PM4. PM6[AZE 1.
Fig. 5 Stability analysis of transgressive overyieding effect (OV) for PM2-A, PM4 and PM6. CV, coefficient of variation. PM2-A,

PM4, PM6 see Table 1.

3 Wig

3.1 A AR [B) X B = RS F0 55 A TSR B 2 i
= RS AR R ) 2 A E SR VR B SS
R 77 IE A e ) B B E i (Hector et al., 1999;
Tilman et al., 2001; Beckage & Gross, 2006; Li et al.,
2014)0 XF AN A R, RN (OVy, TRHE/
TRAE B 8 e T 2E 0 v e e v TR B R R B K
o B B SR Y, KT T8 S5 m Tt
P ARG EE LS, 2006), 8T N R AR B %R
S BRI RCRLL et al., 2014) A0 -3 2 [a] (1) F1 FH 2%
RESICEE, 20060)2 51« A KN TN L&
i DA R AR AE A (AR AE 56 R B PR 6 7= RAONE, I Fh L
W) 2 K SEEVE BUAE S R4 11 IEM SR
T, 1R 2 02 DL 2 4 al DL — S A i/ 1 E D)
IR BAENIEYE (LD et al., 2007; T/NE%E, 2010;
FFHEE, 2019). W LLZ AR Y) A B TR IR
VERETR, MR BLBE S A K ] O RE K, 7 25 A
ZREPERON Y 2 R AR AR ARG R, 20134E T A R
WA E L= T P08, 20144 T (2 A4k
FORIRH S WA TR RN, 2015 A
PM2-DAIPM6;™ 4 [ =808, HE ™ R0 2 %
B (FK2); 201SEA RV AF R AR R L oV,
BI/NF2013F020144E, 201445 R R I RS AR 7%
L IOV, I /N F-2013 F120154E (K 1) MR 7T R
IESE, EKZEE, AURYM < LT R R G
W, AL R P R T R P ) K 9D
(Kiichenmeister et al., 2012), 54 A 1AM B s
AV T T IR BN OV, k208 55; L)
ol R T SR AT, A P U A UL A A

R4 %€ (Frankow-Lindberg et al., 2009), OV, A1k
PRI ASA /N o (R, VR R 8 1 G 2508 )
SURTE JE AP A A AR A L 5 R (LA U) Y
AAFEIR T RN AR IS, 201 34F AN [F] VR FE Fl
RN EL A P AN ROR K F-2014 8120154, 55508
MR R T 2014 M120154F (FRAM24Y), 22 FE 1 15 808
M5 B AN R B H AR A (B, 4. RTT,
ARARIG I EANRNE L PRV N 2 R I 1 R N I 3R
Dt B 2B R R R S KT T R, ki S a0 T
R P 285N ) e R = 2 S AR 1 ) T B (S) o X
5 Tilman 55 (2001) A1 2% & 55 (2012) B AfF 5T 45 SR A —
B, XATREE FRREIA 2] T AR T R e (it
[i[SYEEP

ST A =S QNS - A s VA E A =2
PERNII R R . ARIEH, B N5 BEANEN 2
IEFRR R, 5B 5N F 22 B 1 1 25500 ) 22 47 A
KR Z(E3), HEFEPAE DT HANISL(ED), 3
B} RO A R AR = 1) T B DTk . 4SBT E
TV S5 AR S (Loreau & Hector, 2001; fCa145,
2009; 25514, 2012). HOV, 5 B AMEN 2 Fikf 5%
R, 50RO AN 2 R T 1 RN D) B IE A O SR R
(E13), HEEEKFERMAER, B85 2 ek
RS A AR [ (L, E4), X R LZEE
SRR RS, BN A RAR YR
(P I S ELANRGONE, H AN R R e AR T
RPN WO ARG J5 3, TR 8L R A P U B
K. RVUE QO A IIE P 2 FEE 5 4
ORI PN SBvirk = S VAR AL | N VYA S S TS N
RIS REAY G . ARG 10— FE T RIRE
B D R KA R 22 B 1 O A B[R] AR AL v
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TEARAk,, F I 850 R 34 36 2850 WU ) s S 7 1) A A
(B 3R — AR TORIR IR FE O (18 7= 2B 3 257
HAMISIIRm, 52 A B ORIRIE R AR — 3
32 EKFEXMYMEEEMIOESESNE
e 3:0p-A )

P& 151 R DAL GER 77 35 B0 ) A2 WA A B A
WIRE(HE = )RR e M) M N FENLE 2 —, T
RRSLIR R AR A1) 5 398 98 285 F NSN3 ) )
5% Z (Hector et al., 2010; 5k 5t E M KM, 2016). ¥
Folt = B BRI 26 7 T B (AT 7 1 oA B A AT HE
kS E, ERE RS RGNRIEM RS L,
VIRl E BRI AR = A IR NG B T 2 50%
# HIAE SZ (Hector et al., 1999; T/NEZE, 2005; Finn
etal.,2013; Lietal, 2014). AW —DUELE
AR R YA B AR — R VR A
PERE B A RIEE R, FHASb R B A )5 (2013,
20144 FN3FEF3MH), Bomtrh+ 8 R A B S A
= A (E2), XS5 /NE %2005, 2010), RV &4
QOIHIIBF AL R — . KPP FEEESE )
KA MR B TR RE, I N TR A = g
TE AR PP 3= & B i) g i 214 AT (Hooper et al.,
2005; AKVUE5E, 2014). (HAERRMDFIFE E AR
VAT I BB O R PN, 20155 I 5 X
K JR(E2) . BT IR BB R (1) 55 4 A RN P A £
JEME(IT AR . A K TF . A R i 52 1
ReSF) B AR KA IR KT = A2, W)
ol 8 1 K FLAH LA P RO ) A K B A &
A= JI R R ) E T F % (Pacala & Tilman, 2001;
Hector et al., 2010; KPU =45, 2014).

YFh 2 FEPEELIE YR B BR 2 XA 14
P, AR FN IS 5] B B VR A R AR ) &
4341 (Wilsey & Potvin, 2000). #FH34 5] FEAML 2 Th
Re 2 AEVER E B 2 (WRAB 5%, 2016), 102 s Pt
B AR S ARV A5 S5 1) B B2 A &R (Thibaut & Connolly,
2013). X T EARIBIE RS R UL, Y0FF TR L,
R A T ARMRCRE (VR % LA T LA R a8 &) R
TEFh 2 B M 5 Dh e 2 FF V£ (Nyfeler et al., 2009;
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