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MAEBZM AR, RAKRITELEREBITICT /I BRI B 3 R A 52
SMEEEKOEWE, Bt TRETRS MR B 2 EDERE - BERRSHE
FRAKERR, LYRZANXR, RARSBEREROILHRY, SRRUEPENTS
BB T K. MEEHN, FOZRRAEREBENNERFEZHATFNHE, FEZ
SHREWKZ; BRENAKSHAR. REFRFENZSHRENER KRN ENEE
RER LA X, EARZGETHENZQEYRAZBME , AR THE—BEN&H
BE. BIESBMENTES BAGREE ERAKET REEEILK. A5 F0EE
TEREYFHBEFHRFHFEN —EEE.

XA FH0E BHE RBRILR: HAES: MRS SWRER
LARgR S

B % (Avena fatua L.) R—FERAPER, FHE BREATHERETH
BRI 70%, fUNERT 10% 4R QREIRS%, 1983; 1988). Hs5h, FaeR M
Rk, WHEADOEARBRERRE. HILHER, ESHSPYRHXRERXIA
(EFREROER, FHHATTHLHIE (Begon %, 1982; Haizel, 1972; Marshall 5,
1969) , FERVERBIF S, EENRERMEWRIPEABE LR, ERAFRATRRGY
EUEFRENEENEREZEA/D. B2, HYNFHARFEZESIEASIE R, [
HREBHFMRAEMABZ UL EHERNE, BAREARANARNEZEXRERM
FEBUBA USSR E R B & YRR NS SRR RS ARARRE, ]
G RAEBGT S, i ARBRT AR R X, BRI 0 H Rt
Y EKHBARMN LR —EBRENZE (Motomura %, 1986). A LS, &
B3 B ZE T8RN E BT QR A M =B X R, THRELEROER. MK

A& 1994 45 B 10 HikH).
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RFERNAEFFHFNEVTRRHRITEELER, RITRARBERFIELE (replacement
series exper iments) B} (Armstrong, 1985; Firbank %5, 1985; Harper, 1977; de
Wit 25, 1965). #4177 EB B (B . 2 MR LRSS BIREBEFDEZMEHE
EHEBR-BEPHEE, 35 10 MHE; 2R TERPHESERERERATARS
BT 2 MM EEMBERE, 3617 MR, 5 4BEHER 3 K.
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Fig. 1 Experimental design diagram, showing the combinations of two species densities ,
spring wheat (p,) and wild oats (p,) in pure and mixed stands. Values of K indicate the

mixing ratio (pw/p,) between the two species
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1. BB T

B-HATRGEY TFHERSEENXCRNE 2 fix. BEZE0ERERR B
BT RBEERN UMIBEA, 1980; Suehiro 25, 1986), A FRAER:
W(W)_l = Awp(w) + Bw (1)
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Fig. 2 Relationships between mean weight per plant and sowing density in pure stands of

spring wheat and wild oats
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B SR T] 1, /)N BT e S P bk T IR Y R O B T T M, RRREC MR BETE 600 BR/OKT DAL
AHEA—B, MARKEEREN, F/NEK PRI R 5 EFHEH 8 B 5N E b
HUR, AIEEBR—BEANBYFE - ERENFMATES.
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RGBS, EHBETLARRENENER, WHENETERGTHERNS
F%%E T2 —BEkPH MR FHERER. WRRSHEPEDIZ RO THER
BTEHAERSEETE AP TFHER, BAEHERRZAFREZOER: RZ
WM Z 25 -

T EREE, HiRA R EH/NEMEHE G FBE D518 oo Moo B, (oute) B
Fst /AR N R % T /N R — B R o0 MR/ X AR R, B
BABEFEER oo FEFHE MANF/NEAEKKERTTRENZEEN " —pu) T
kB SEERER. B

Pw' = P
= (3)
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Pw" = Pw + Qulo (4)
ERSHET, HF/NETHERY W., BEEHRDE TN e, W
Wl =An B (5)
# @ ARA G Aig
Woi' = ALpe + 4AL0 + By (6)

B g EXAERL, FHa=1, W 6 RXFWH
W. '=A.p.+ A0, + B, = A.(p. + p,) + By

Xif, EEEEMFNERNEWNETEHE/NEESRNER, PRABEEPHENENMETEY
HESHE -HEPEE SR METFEER B 3 .<1, U HEE N E/NER
EWNTEEBFEMNER;: .1 HERES FAHER.

R, xTEHEEmNS. IR

W, 1= Ap, 4 g,Abpw 4+ B; )

SHARESHGHENENTRECSEEASTHREET (XD, LY
HEEFRBEETAKR HAZMREYMERRAL. ENEMFHEEN  EFHH
0.10 #n 1. 87, H =% (10.10—1.87|=1.77) KFLSD 1% i 5B E /K% (0.56), A
HZRMHEEEWIESEE, MHERASHER, —RERTEEHEPIE HBRS. 5
FELTHLEHA. YHEFEAAMENEFERN, oo HR7A, HBRSEES
FENERNERERACRZHRENS . i B S5FESHEE T 8 —BEAD A M H R
AR, BRELERKKREEREE PENPZE, FHEZIWH.

®1 RAEWRETS-EHRASNERET

Table 1 Density conversion factors for each combination of plant density in mixtures of spring wheat and wild oats

Pw/Po Qw 9o Pw/Pa Qw Qo
100/100 1.02 1.33 320/80 —0. 60 2. 32
200/200 0. 46 1.77 480/120 —0.19 118
300/300 0.78 1. 06 640/160 —0.43 2. 46
400/400 0. 20 1.97 80/320 —0.12 218
500/500 0. 06 1.66 120/480 0.03 2.83
300/100 —0.08 1. 02 160/640 0.18 3.38
450/150 —0.57 0. 67
750/250 —0.16 2.10 SR 0.10 1.87
100/300 0. 83 2. 26 Mean
150/450 0.12 2.18 1% BB EER 0. 56
250/750 0.10 1. 50 1%LSD

E: w o RHIRAFDEAMFHE. pw. po RARHHENEE, v 0 HFHENEEHBRET
Note: The suberipts, w and o, correspond to spring wheat and wild oats, p. (p,) and qw (qo) represent plant

density and density conversion factor, respectively

BREXNG 2 HHEYK S EREELBRAE —EXR (Suehiro %, 1980), {H
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MR LRER L, FAENFREMEELL k=pu/p) T 10, BEHE (@) —M
R, RzMB/, k<1 #f, qu F3H 0.19, k>1 B, qu H—0.35) . BAFIHHEHE
PERE B, qu=0.50, Sl k>1mF, B o HE/DN CFHH1.63), R
ZWBR CFH20 2. 38) . RBIFR/DEER GBS G HEIEN, B iR m/hTH
BEEEEMR, RZWHEAERRT BE /NP R,

¥ aw Flqo B HIRATR (6) F (D) J5, AT BIHHHR A A 2 FhaE Y ) 8 bk
FHEE. FEMMEERES, K+ 6) Lr'=0.93, (7) Ar'=0.90, IFFEIHH
MRS LM REWEIE, HMHRE-BOAEH 202058 (H 3.
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Fig. 3 Comparisons between observed values (W) and calculated values (W) of mean
weight per plant in mixtures of spring wheat and wild oats. Dashed lines show relative

. error range of £20%

3. EMERPHMAES

EEYHERSES, AMUERFRFENERMFIFEFELTHEFHES, mH
RMEYHNMEEES I ESEFEAEEAL, ARRAESFEREERENR. AE
2 AR (D (2 "TA, dlF/NEMEEE R —FANEY MERZE TRATES
(EAFAXMES, WHATESHRREYTHERTO . dTREHENEY
WESEMEESHFEMAESE RS, SEE, A SCERICE BRI EY
b P 5 4 ) AL

—okE, EHHBFATES, SRR PR Y B R RS AT S R R
FA ¥ (Ross %, 1972), W, KB bR T IE B 5 bkt Y T E & Z M7
FBVIWMAERXER (B O, FPD FRmknTFHER, Y R MEFyER, mEz
EXFRITF:

Y =a + blgD (8)

A, a 1 b R LREFE WA R, b GER M R ALk [ EE R R v R
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Fig. 4 Relationships between mean distance among plants and mean weight per plant in

monocultures of spring wheat and wild oats

HEE 4 FRMZRITE, TTRLAYREE R (B ki FRIBEREN) F/0
ERFHAZFHLFRZNHMATRERRI. H5b RAMKTHERZERYR,
LEERE—RHk (RN EREY) SR M ERERBRER, HENHLERE
RAMI: B —EER G, Eimab sy MR B bt i A sk B st 2w, B
E2FHER.

4. REFRBEHFENEZSHFRENEWEXR

HEFHES 2 MEY, A THEFASEWNEREZRFELRMAERR, P
B BRI FEEY BCR LIRS FAT AR E A B fE
RBETFERSREEYE. HH APROSKOEMEYY R, K. FoEERE
BREZFHNESAHBRENELEHRIER. ‘
ERAREYENINRTHERSTFEZR, NHEINENFRESAEDRY y.—
Wapws yo=Wop, B, HIERX (6) 1 (7) 774§
v = (QeAsPs+ Bp. ! + Ay (9
“les=rlaL Aule B s A (10)
— R ﬁﬁii%%‘i%ﬁ%?&?%ﬂ‘bﬂﬂ%%ﬁ My 'Me ' WRRHRH
KX @EEMEK, 1973),
WIBELBRLER, ROVETRMAT THE/NEMEFHEE N L — IR AR P8 by
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Fig. 5 Response of mean shoot dry weight per plant and stand yield of spring wheat
( (a) and (¢), respectively) and wild cats ( (b) and (d), respectively) to the density

at harvest

. WERRHFRERE B/ KD, SEREIEBFE G/ KD
Note: W and S represent density of wild oats (plants/m?) and spring wheat

(plants/m?2), respectively

KRR, TERBHNE QS EL—-REGHETHALERTE, SHERZNXRA
* (B52); EREHET, FREMNFNEZHWAMHEFRRTHEELHERR (B
5b). MBAFET S, BABRKTENENAYBERLFA TR TREE TR —#
h, SHHREFFILELR, TEME/NEEERMET TR (B 5); B2, FNENFF
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fExT B A Y B FE A H B MEER (B 5.
mTREHAEFRNFERFTENENEENNERL, FrUANAZEEMFE
PR FEXR. EHREEEMHNEENERE, EMNZEPHXEARELBEERET
(B 6), REFETEDBNHE—MBMETHRNE—M. 7 15 KB, FNE-FH
RES BERY 76500, BF#EE— O GIRBEMBE DM LAY, it 23.5%. £R
FREFEENENEENZmEE, FNXESHREZNERTERSARAME. H#A
EAYZHELT (H4720), SEREALEYE FRMHTRZEBL 50%.
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Fig. 6 DBiomass relations between spring wheat and wild oats in mixed stands. Dashed

lines indicate the relative error range of +50%

BERATHAEYHEYERXLR, —BRERINNTARSEENHEE (B, %
BT UhIEA, 1980),

: (0. 00112p + 0. 27220)y, — p

= (9.47 X 107"p 4+ 9.14 X 107®)y, — (0.00104p + 0.16768)
R0 HEEE, vo. vo BXRRT, HAZRBES DX B/ NEMBFRETHE H R,
FEE 7 FRKEZ T, & a1, BHEE TN, HRAKBREBANESXE,
BRR S EWRRT R —BENEY R #a.q.<l, WELH LN, BERAREDS
| YRR, RAEYER TR BN EYE. 7 20, HEFNSHEN
B RAE A A Y, B/ AETHEE B R A KT — R . ZER—
BEAHT, BEFERRRLBORT & AR BE. £ NEEEENEHNTENE,
RZMAER TE#E. ARV, BIERE—BRETHES, FURLEDET
= BEMEETEE. :

5. RRRIIZHW AR
EHITERR, — KA THR—FEETHAEYNESER. e, BER
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Fig. 7 Spring wheat-wild oats biomass relations corresponding to each total density in

their mixed stands

e A SRR R AR, RERAFRTRMEY SR
M FEER—BERRE R, ARLHEKEL (HS. ME T LLE R T #
FR Y 7 —FB SRR A KER, INMESFMRRESEFER. HEH
EHERM, BPLAXFRAE RBOR N EBKHE. :

IR E SRR R R, TURE—RIABANSE. ATOUREH
%f =gt (relative yield total, B4 RYT) LB #FTHH. ERE X

s O

MM,
R O, My, HENELERSRE—BEDHEY R, O M, W FFHRELRE RE
a4 Y. RYT —UR B R A RIS WA TR (de Wit 25, 1965). ik
AREAR RYT K %4% 1, ROREAPEY R EAMNEA —BHR, FAFRRE LHRT
A, 1 R A Y R R B 5 1 R A B AOAR IR s # RYT> 1, RGN
BE Uk B AR X VR R PR AR TOR . 1 R YA Y B A3 B BEREE 5 1 AR
MR R EOR >, R R R — AR, RA A A Y ) B — AR AR
BREENTEAS. K2, & RYT<1, SHIRES I AR ER. HEAFME
R, WAEPGEN, SRESMK, A& RYT KA (Martin %, 1982),

2B 8 T, 7E 200 #R/KD RSB, RYT<L, RHIRGNRET RS
(Harper, 1977; Khan %, 1975). Bfi&&E M 400 B/ 02 B hnE| 1000 R/ K RYT
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Fig. 8 Replacement series diagrams for spring wheat and wild oats at five total growing densities
(a) 200 #k/K2 (b) 400 Bk/#2 (c) 600 BR/HK2  (d) 800 BR/H?E  (e) 1000 ¥k/k?2
FENRFNE-FRAEDR, BERBEFHEMETE
(a) 200 plants/m?  (b) 400 plants/m? (c) 600 plants/m? (d) 800 plants/m?
(e) 1000 plants/m?
The numbers in brackets are absolute biomass (g/m?) of monocultures. Relative yield

totals are indicated by dashed lines
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MR A B RAT 1. R RFF YA — 7 R b2 2504 B R f
GRE, JRETRER ST HENKE, PSS I S EEH AR A %
P8 (Helgadottir %, 1985; Martin &5, 1982), XMFESHPEFIEEX.
HERAR, BNEENEREROR AT, G SEREETER. Dk

B0ER BT, KHASSMRERWERBENE: FRERETRALRE
THAES, BREDROENERE (B0, ZUBLA—BREENRITE. 35
% 200, 400, 600, 800 Fl 1 000 /K HSL T, /N %t BF#e 60 KA BT (B
8):

1. 68 0. 98 1: 20 1. 18 1. 18
BV % BB R X R B RS RA. AR, 1 LRARKS, LI EMSE
FHINE SERE R YR A F 0 |

2-11 2. 32 2.43 2. 50 2-55
BT R, FEERABKNNAYRILERSHMNTTEFATREN, MM
Bk, BARRRERENE KN TR RS A - ERENRE: BAENEK
SRR AR KR ER, BN SEREHERE—MRRNESE. AE
8 ch 7 /N AR P R 1) b, ARG MO RS 7B R R T B SE B AR 1 T
FUX— A, FAERTER 9 M AL L REPEE SRR, TR T ESE
RRERGES. BAENEYEBEEEIFNE, LRESHROLERS 2 Ml
PER SRR RS SR, REARHTH. WRER. EXRFFROEETEN, T
MR ERAEELAZEE S RN ELES, REGRARABHLTRGH L
. BRA LR — A KE T RS B 3% 933 7 (Begon %, 1982; Harper, 1977
Khan %, 1975; Krebs, 1978). B /AN 5 BF % 2 LAO A M B (R B R K TR T
BAE, FENEBSTERS hH.

M. 3 ®

FREYARKESRE, 5 FHENERENRERGEYBRRTHEN LS
B SERHAEN BERAKAE I, £XRP, BOERNREFRIBTEHREZ. B
Y& QARG E—BET, BTHAZESOER, BAEMNFRENETHER
43 ¢ B AR 1) B R4 1 R MG (L /N2 AR B T B A . SR AT LK
A —BEPENENREEREERTHREZ. ETRAHKPHFHAEREE,
WRBRE S, X RKMT, BRIEER (Hsa5b) MRER, REFEFTENE
FHREROREIERLASEERNER BRENTFRAFEELRE/N. A
HHELEGEROREIZEAATSNER FATSFHTRKZ. HERKEDR
77 T R B B9 25 R S AL (8 5e 55 d) . WX R E A BLAK, BATES U (AT
U MAESRBIN— &SR - HRARSHBENNEYERE—E, WHATH
o 61 35 4 i ) SUBRR I B AR BB B 3 — ) R TE R T R Rl P 3E R 4 e )
FHWHER: RN TEFENRBN—T, ERABKSZRFEZES N ETBRK
FRHAZFOER. BT AR LA XX ERHGE, AU RE N R
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Fig. 9 Input-output ratio diagrams for mixtures of spring wheat and wild oats at four total

densities

(a) 400 gk/4* (b) 600 Bk/2K2 (c) 800 Bk/3K2  (d) 1000 Bk/k?2

E: A TET 1 RARHEYERSRENERSER 2 A EFERSER. s ER TS
R

(a) 400 plants/m? (b) 600 plants/m? (c) 800 plants/m? (d) 1000 plants/m?

Note: 1 represents theoretical outcome of no advantage, 2 actual ratio outcome, and 3

future trends of competition

TRPAENMAZSFEE, #1777 LRWE e, AEREEMNERSFERMIES
JERIBEFR TAE A FER, EXEPREFENESFRMAZRFEROLK.

BRERH, FNESHRECEK EAEE LRI ZMER. RFARFETZSK
EWMERRE, FPENFRENFEDEERNERLTFRASEN, BPEHER
K BPEANEANREHE TR EE R K FHEE NS TR, LRie Sl
NP EBEERRRARO TP RBESE. B2, BERE, H0EESTHRENILELE
K, BAEYWERAFER. €A 17 fibsh, FhE4YRE 7 FA3E 5 R %N
R A LRI, 16 10 FhAbIE R e, BOH PR T W AR . Btk
22 AR X B BE v B 5 L — B AT L AR R, 2 R ZE A SR A R T S SR
GRETHFEDIREYR S B F TR 29.1%.
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ERRFLERMNESFAEL RN, RAWESRERELIZT D &, H
M EFENEZBEAMETUEL, ENEFHNBEREEESTRKER. Hiln, & 200,
400, 600, 800, 1 000 #k/K* WEBRIL T IREBEFWEREL R 1+ 1 BF, EFHEN
BPIRER LR/ E MR AR HIWT

—51.8% —31.4% —31.0% —8.5% +23.1%

EIpEE R E B ENRLEH N, BRENFIERERMERIRE ), FIEHHE-E
BWNAEEE I HER - BEAFHETR]. SRERY, KE—EN, FOEEFE
PR AN EERRNETEEI R ERSEE T —FHAPRE~ ], RZUME. X—
ZRERMBE—IEE, PRBEFHEZRGRAZENERERNOGT? NEYRF
B R ERBREKHEREZ A, Ehlbs| RIFERE, WERFERS ML (Chan-
cellor, 1977), Z%¥EXfBREEFI AP IO M AFER (LeBaron %5, 1982). MIWKMEZ
EEHARGEESFEROHIRE OUSORESR, 1979; BEES, 1973), EYHRE—
e e B A PERR R EN L B, SRRBESREREWER. WHEXR
BB, URAATRERELBEK, RESEEERESE —ERE T . £
FHEHEEFEEHNEZABRAIBEE MENER, ERFESHRSHE, £0ELR
B 5E X2 B R X T SE T R A PR R 5 B B O vk 5 K R B SEBR A LA BT 225 -
m, PR AN LR BRN MRIEZRSE RO T HEEE T IBF R TAR, W
MDD A RSN R -BAZIMHEE. T, E—HEETHERERAGE
TANATRSEETHREEY. XHEEBHEREGHFSEHTNEEN.

BA-SHEREEED RS PONA XEFA L SIPRHEEFHRETET
— ., AZLRPHER (B NEHYFHETES S BRUMRRRES P —F KR
(Harper, 1977; Krebs, 1978), ZFHEHNEENHAMNEET, | FEDEDEES
TCHEAELDDETH, AR—TIEGORE, WELBILTHieEHE. LRRARN
YA K (Harper, 1977), _

ERYHBRZFOPRF . E4HEKA S Lotka-Volterra J5 8 K755 R A
HBRERMELIESBENSTR. BRHANRKRRIIEE, SRARRSA 1 FEEZR
PR BRI 7R 5 % LBl R 35 48T, 1] Lotka-Volterra J7 A fE (R i s 8 BE AN
FEHHE R, HEMRESFHTRITEMMHEAR B R AE R BRR 7] LRE R
(Connolly, 1986 ; Goldberg %, 1983; Hill 4§, 1973; Norringto..-Davies , 1968 ; McGilchrist
%, 1971; Snaydon %, 1986). H, HPFEHLRIR, REABHEAEDER
AR ESEES, MEREFERAFESHTREDEN—ETPRIPEL. HK
wREESEHHSHE WHFE (D, @), 6. (D PHEP RYT, RCC (HHF,
1991) %, HE5HEPEKBBAX. BT EREHR, BiEREHRNEE, fERPHA
A4 K TPt S R AR (Martin 48, 1982), H4h, WHEYNTES.
12 B RS & AT AR S R (Eagles %8, 1971; Jérgensen, 1992), FrlA,
EMESERNERBESR RBLRERN, FFHRAXEEGERFITHFNR.

YREXENRES%, EXEIBYMEHRARER Holt, 1977). [, &
INEMEFREZRMER, FMUEEZREREITFIEET, #HAT R H—F 20
FRBAEHARERL. BELEHTREME, F0KE T —HEFIATRERBHER, 1
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EXPERIMENTS ON COMPETITION BETWEEN PURE AND MIXED
POPULATIONS OF SPRING WHEAT AND WILD OATS

Xiao Yu, Zhou Li and Huang Xiangguo

(Northwest Plateau Institute of Biology, The Chinese Academy of Sciences, Xining, 810001)

The study, from the view of ecology, dealt with the intra and inter-specific competi-

tion between spring wheat and wild oats and their influences on the growth performance

by using de Wit’s replacement series experiments, the probable results from competition

were discussed. After systematically analyzing the growth performance of spring wheat
and wild oats in monocultures and mixtures, biomass relations of two plants, and some
coefficients which were utilized to show competition intensity and outcome, the results
showed that, spring wheat is a superior competitor to wild oats. The growth of spring
wheat individuals in the mixtures was retarded by intraspecific competition to a greater
extent with increasing total densities, and the interspecific competition from wild oats
come up to the second place; and the opposite was true for the wild oats situations. The
growth relationships between the two plants in mixtures were closely related to their re-
spective densities and frequencies, the biomass of spring wheat was sometimes hindered,
and sometimes improved when intercropped with wild oats in different conditions. The
ultimate outcome of interspecific competition between spring wheat and wild oats was
fundamentally independent of their frequencies in the mixtures. The biomass relationship
between the two plants was damped osciallation in monocultures and monotonic damping
towards equilibrium in mixtures. In addition ,some problems in the study of plant compe-

tition were explored.

Key words: Spring wheat; Wild oats; Repalcement Series Experiments; Intraspecific

competition; Interspecific competition; Biomass Relationships
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