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Effect of different densities and mixed community structures on seed yield and quality of
Vicia sativa in Vicia sativa-Avena sativa mixtures

GUAN Zhengxuanl, Naerkezi 1, ZHU Yaqiongl, ZHENG Weil’z, LIU Yuehanl, Ailifeire '
(1. College of Pratacultural and Environmental Science, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China;

2. Xinjiang Key Laboratory of Grassland Resources and Ecology, Urumgqi 830052, Xinjiang, China)
Abstract: This study investigated the effects of population density and community structure on seed production of Vicia
sativa in a cool climate region. We analysed and compared the seed yield, seed quality, seed yield components, and other
biological characteristics of different sowing rates, sowing ratios, and patterns (mixed cropping and intercropping with Avena
sativa). Results show that seed yield increased with increasing sowing rates. The seed yields of mixed cropping and
intercropping were less than that of monoculture, but seed quality (germination potential) was better. Seed yield and quality
increased with increasing V. sativa sowing ratios. The mixed patterns affected seed yield and quality. Population density and

community structure influenced shoots per plant (Sh/P), pods per plant (Po/P), and, in some cases, pod length, seeds per pod,
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and germination rate. In the mixed cropping and intercropping systems, A. sativa was a stronger competitor than V. sativa. To
increase V. sativa seed yield and seed quality, the competition ratio of V. sativa in mixed communities needs to be improved
by increasing the mixed ratios of V. sativa and using an intercropping pattern. In conclusion, V. sativa seed fields need higher
sowing quantities (equal or more than 120 kg-haﬁl), 75% V. sativa seeding rate + intercropping pattern, and higher mixed

ratios in cool climate pastoral areas.

Keywords: sowing rate; mixed cropping; intercropping; mixed ratios; shoots per plant; pods per plant; interspecific

competition
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1.2 PRI

AW FE 5 A wn A FT R CSR A 5% STk (1, 8],
WA E CERERER, allE) MBEESEN
(LR 7 R RoR, bIRNE) AR ZE, 1T
N 22.5cm, FEFOTRONFKRE. HPBEEE R
YB3 AMEREACE, 251890, 120 Al 150 kghm °.
TR A7 TR K 45 M 7 52 R (WP AE B 120 kg-hm A
HEF 180 kg-hm %) T % B A A 4% Lo 9] (5 % i
b3 32 F VR % HL 1 43 731 R 50 1 50. 67 33, 751 25,
80 1 20) AR & 77 2 (73 3 Dy [F] 47 VR #E A0 ¢ AT TR
). Hob AT R DT EE R L], AT
FhFh 7 ECOAH R, BP 147 1 147 = B R 50 ¢ 50,
24T 1 14T =H RH67:33, 347147 =H KL
75125, 447 1147 = E R 80 1 20. TRAEHEIAL
R B Ve v T DA BRL R e S R AR B T O R, R
B4 74 180 A 120 kg'hm ~o iR 30 3L 12 AN b3,
BN EIREE (N=3), T X HKEIT,
36 N/NIX, TR B % R 7 A RR 0 ST B
Mokt &, RS RIRE AR B4 /X TR
I 45m=x50m. HARLHEIFWE 1.
2017 4% 4 F 8 A) b 3 A R I R AT K 50 Hb v % T
B, BR8P, T8, MXEES. 201745 A
1 H 3P, (B 75 B 50 B (2017 2 9 Ak

) BEAT WSCRR o k50 0 TR AN it AR AT IR, AN
B, RS ik, BN TR A IR
1.3 MEMBSRHZE
131 M7 i R R R R A R I e

B PR 43 B 2L (shoots per plant, Sh/P). FF 1€ %k
(blooms per plant, BI/P) fil &5 3% % (pods per plant,
Po/P): fE#i & Wi G ACH], A/ X FEAL L B 35 1
S FOH) 20 BRELR, I E F T B S SR T AR
TE i T 90 I R, A N DR AL % K H 38 5
— B 20 BREPR, BB B B R 2 S HBORT 45
JeH, EHE 3R

¥ K (length of pod, LP) Fl & 3 ¥F ki 2L (seeds
per pod, S/Po): fE Wl & 58 73 A HUOM &5 32K 1y 20 4
Btk b, AR EREALGE 3 AT, W E Bk
B o%F BB 3 K A B S FF R B, P IME, EE
3 e

Tl 7 77 & (seeds yield, SY): %% i o Ak &
PR s, &N AR B, Bokn, &
dey WA, WE R R

| &5 80 /FF 18 50 (pods/blooms, Po/Bl, H.#k
g5 3 BBk JT AR B). B e R R E T AE
(seeds/blooms, S/BI, #&F I Fi /5 0k FF AL 5 Fpp
THUTFAEEL (total seed/blooms, TS/Bl, HEJIEFFRIEL x

x1 FIEBERGEENSIERE-RRBHEEMNEBE. B AFIRELLM

Table 1 Sowing quantity, mixed sowing ratios and sowing patterns in common vetch—oat mixtures

= Sowing quantity/(kglhmfz)
T PIT ek
Avena sativa

TRAR L

Mixed sowing ratio

Vicia sativa

Ab R Fpdy = 1TEE
Treatment Sowing pattern Row spacing/cm
A, % Monoculture 22.5
Ay(CKy) H3% Monoculture 22.5
A, 8% Monoculture 22.5
CKy 8% Monoculture 22.5
BTs []47 Vi # Mixed cropping 225
BT, []47 Vi # Mixed cropping 225
BT;s []47 Vi # Mixed cropping 225
BTy []47 Vi # Mixed cropping 225
BY5, SEATIR % Intercropping 225
BYg; SEATIR % Intercropping 225
BYs SEATIR % Intercropping 225
BYy, SATVRFE Intercropping 22.5

_ 90 _

- 120 -

- 150 -

- - 180
50 : 50 60 90
67 :33 80 60
75125 90 45
80 : 20 96 36
50 : 50 60 90
67 :33 80 60
75025 90 45
80 : 20 96 36
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TS, HERENE TR E, EE3 K.

K %F # (germination potential, GP) fl /& % %
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RYT:§+EG

Yi Yy

A Y RS Bl IR B R R R R v
PR I PR R Y e TR R I e
By Y AR R g RYyT=1, BWIAE
ZH S TR R AN A S RYT <1, WHIAE
S TR TR T M AT, SR EREA
R RYT > 1 Ui BBl A H0 N T A N T
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F| F £ #h 24 & tb (land equivalent ratio, LER) 77
HIRBILH
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P L m' BT, WS em XIE], 0 E H 4
PR, EE 3R XTRIEADNX, R B A
M E, RldE —EREE.

1.4 HUEAE

% FH Excel 2010, SPSS 20.0 X ¥4 # 4T 48 it 2
B, giit o€ B Ja i B Origin8.0. >k A q A& 56 72
(SNK) Fl g /)8 25 57 3 25 90 (LSD) B AT AN [ Ak P 1] A
FrEE. MTPRE. SHFr-sMa. e s g
AR IR AR 1) 22 e 2 & MR A 50 (P < 0.05), K i

NZREBAT R TR AT REM S R R
Koy BEAT 11 73 #r
2 HR50M

B 0 i SR R R, TN A
R SR EA SR MR BN (3 2),
M AS 7] V8 376 F 7% 45 A0 AN I RE 2 35 2 i b 1 7 &
i RE 52 B 1 5 & f 5 Rl R O B AR S
R 3)e BIHSHTRY, FENRK LI
18 I 5 e AH O AR ) B R R R R R B (GR 4).
BN, FEGE S HEZRENE, NIRRT
PR R Z, FEAK PR A 35 G+ 58 B, 7840 A Bt
Ui, I REPE E N IRAR/ RE R AR R (B ).
21 BEMNGERIMFTE, REXRTEN
R B 20

FfE 3 NEE AP T ) Sh/P. BI/P. Po/P. LP.
S/Po. Po/Bl. S/Bl. TS/Bl. TSW. GR 1 GP 1% It
(¥ LR E E R (P> 0.05)(FK 2); Ay /B M7~
EREET ALK (P<0.05), H7ERREREN
T, MERER D, M E W . B
B3 A=A T K Sh/P. Po/P. SY & & T %
RIBBEVE IR E AT, BT/BYy AL FE ) TS/BI 2 #
INT R PR BE VR IR B AL, 1T BTge/BYgo AL FE I
GPREm TS RHHEHRELH, KIS AL
L PR A TG B 2 Z 5 (P> 0.05). BAFRIEE ST
FEE R SO SR AR ) R S S B0 AT 1R A 43
Mr, W& IMIEES Sh/P. BIU/P. LP. TSW & & &
IEAHRIKE R (P<0.05), 5 Po/P. SY 2 # IEAHMH
KFARP<001), GSBIEEFENMMAERRP<
0.05), 5GP 2MEBEMHLKR (P<0.01), 5H
fth Z B A 235 (P> 0.05)(FK 4).
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x4 BE, BEEHSHTTE. REEXSENBEXESH

Table 4 Correlation analysis of parameters under different sowing quantities or sowing ratios and patterns

RFFF - " - - -
REERRRR ERAR TRIER 43N K jéf CEIRUTT YRR R TR MT TRE KR R
Treatment Item #{Sh/P BI/P Po/P LP/cm S/Po 15 Po/Bl 6% S/BL 1631 TS/BI“& SY TSW GR GP
e R 0489 0504 0542 0385 0.095 0.205 —0.494 0205  0.879 0.541 —0.179 —0.598
Sowing
quantity P 0.020 0.012 0009 0036 0612  0.269 0.017 0273 0000 0011 0351 0.004
BEVESSH R 0732 0559 0792 0469  0.184  0.459 -0.513 0451  0.954 0475 —0.232 —0.538
Community
structure. P 0.000  0.008 0.000 0.046 0349  0.048 0.011 0.053  0.000 0044 0279 0.010
22 EREBHEAEHMNEERIMHFITIE. K=

B = E MR F B 20

[F] 47 TR 4% 4% hb PG Sh/P 5 25 /N T BL3% (CK) A
BY (P < 0.05)(% 3); BTy, (1) BI/P 5 CK; Al BYg, T
B3 ER (P>0.05), {HE 3 KT HAbERE L,
CK; ] Po/P 5 BYy o & 2 5, (HEF KT HAh
TRAEMTE, X ALFEA LP. S/Po. Po/Bl. S/Bl. TS/BI
MGRHTLREEZESR, CK,MISY L5 T %R
P (P<0.05), BTg, 1ISY & T BTsp» BT+ BYson
BY¢;« BTys Ml BY s, {H 5 H Ath 8 #% &b 21 G & 3% 2
S5 CKy 1 TSW & 3% & T BTy, (H5 A 1 17 &b
HIG W Z 7 (P> 0.05); BYg 1 GP 5 BT;5+ BTy
M BY,s 70 8 3% 2 7, 283 KT H R #% 4
., UAFRB RS WS R~ &. s & E
V2 R S5 S B0 AT RUA 40 B, W) B VR 45 0
5 LP. Po/Bl. TSW &£ 3 IE M K&K &R (P <0.05),
5 Sh/P. BI/P. Po/P. SY M EFH IEMKKR (P<
0.01), 5 S/Bl. GP & & # i fH X X & (P < 0.05),
5 HADS EA A R (P> 0.05)(K 4).

XM R R A A R S i AT
i AH K7 AT R B (3R 5), &5 VR 45 M A B [ e
i, Sh/P 5 Po/P. SY £\ FH IEM X KR (P <
0.01), 5 LP. Po/Bl. TS/BI £ B ZE FMHKFER (P<
0.05); BI/P 5 Po/Bl. S/Bl. TS/Bl £ % & 2 7 A ¢
K AR (P<0.01); Po/P Y Po/Bl. TS/Bl. SY % % &
FEIEMKR KR (P<001), 5LP 2R FEMHXKR
(P<0.05); LP 5 S/Po. TS/Bl £ &3 IEH %% &
(P<0.01); S/Po5 TS/BI £ H IEA KK R (P<
0.01), 5 S/BI £ #F IEMH KK R (P<0.05); Po/Bl
L S/Bl. TS/BI £ #% & # IE M 2% X & (P < 0.01);
S/Bl 5 TS/BI & & % IEHH X & &R (P <0.01). [H
I, BR3P SR R AR R

FE Ny O S 328, T H o A ERE B
GEIEH . JERK NG FERITILEL, o5 FEH e
SO JEK L 2 IERUTTAREL . T BT AR
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Table 5 Partial correlation analysis of parameters under different sowing quantities or sowing ratios and patterns

ZH B T 43 XK BN S5 IRy P4y fir  FRE KEE
Parameter  Sh/P BI/P Po/P LP  ki%l S/Po {6%i Po/Bl JF{e%l S/Bl  JF{E$ TS/BI & SY TSW  GR
BI/P 0.214
Po/P 07457 0.089
LP 0358  0.174 0451
S/Po 0.193  —0048 0195 0737
Po/Bl 0380 -0588 07017 0317 0241
SBI -0208 —0872" —0101 0127 0381 0599
TS/BI 0389 —0550"  0.689" 0454 0446° 0975 0.635"
SY 0677 0271 0606 0345 0189 0189  —0.314 0.207
TSW 0169 —0.101 028 0130  0.118 0.218 0.043 0.221 0.333
GR 0.122 0.125 0201 —0.007 - 0235 0.145 ~0.073 0.080 ~0.054  0.116
GP  —0.019 0.158  0.164 0201 —0.123 0.095 ~0.116 0.056 0286 —0.101 0214

*FRIR0.05KT R XMMRAR SR B2, **3R7R0.01 7K1 XU (A 5% 5 3%

* indicate significant correlation of partial correlation at the 0.05 level; ** indicate significant correlation of partial correlation at the 0.01 level.
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Figure 1 Comparison of forage relative yield total, land equivalent ratio and forage competition ratios under
different mixed community structures
RN S 5B 22 7% 7] — 1 b AR I JES 4 B 46 ) 2 57 5228 (P < 0.05).
Different lowercase letters for the samp parameter indicate significant different mixed ciwmmunity structures at the 0.05 level; RYT, relative yield total;
LER, land equivalent ratio; CRy, the CR of V. sativa, CRy, the CR of 4. sativa; similarly for the Figure 2.
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Figure 2 The relationship between the seed yield of V. sativa and RYT, LER, CR; and CRy
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