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Abstract: [Objective] Flower meadow is an attempt to simulate natural grassland community in urban. The
competition of species in the meadow influences the presentation of community appearance during different
periods, but here are few studies at present. Therefore, based on neighborhood interference model,our
research tried to provide scientific support for competition in flower meadow community. [Method] (1)
Taking the annual mixed sowing combinations with different species numbers as an example, the species
abundance and flowering period were investigated by sampling method every half month in the growing
season, and the aboveground biomass was measured. (2) Four alternative models of neighborhood
interference were selected to calculate and simulate the community competition intensity in Matlab software,
the fitting accuracy of the models was compared and analyzed to obtain the best competition model, and
competition intensity was calculated and the seasonal simulation and analysis were carried out.
[Result] (1) The best model of neighborhood interference was related to the size and distance of the object
individual and neighboring plants, and the goodness of fit coefficient was 0.718 9. (2) About 90% of
competition pressure in flower meadows was interspecific competition, the competition intensity of plants in
underlying canopy of the community was increased gradually, and significantly higher than that in the tall
overlying canopy and middle layer of the community, resulting in some species could not bloom normally.
(3) The competition of communities became fiercer, and the species diversity increased firstly and then
decreased, competition intensity and diversity of the mixtures with less richness were low, but the plant
height and crown width of the species were larger. (4) Within a certain range, the increase of species
diversity can reduce competition intensity of community, when the Patrick index was 8 to 10, Pielou
evenness was about 0.46, Shannon-Wiener index was 2.1 and Simpson index was 0.82, the competition
index in the flower meadow was the lowest, at this time, ratio of competition intensity in the middle and
lower canopy of the community was 1:3, the community was moderate-density, colorful and similar to the
richness of natural grassland. Reliable guidance was provided in the study initially for the design of flower
meadows from the perspective of community competition.

Key words: flower meadow; plant community; competition; species diversity; simulation; neighborhood
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Tab. 1 Species configuration of mixed planting combination

o . ; . bR & o NN HE A
% S pgm  TRRE RS BiHEK i Ay
No Plant species Life form 1 000-seed Gemination Desion laver Sowing Combination
' P mass/g rate/% gnlay rate/(g-m?) treatment
] . = :
L Cosmos bipinnata F45 Annual 5.815 73.33  _EJ= Tall overlying canopy 0.10
E 2] . _ .
2 ; 4E4E Annual 6.073 51.11  _EJZ Tall overlying canopy 0.40
Scabiosa comosa
P
3 i o Z4E/: Perennial — 0.241 8.33 2 Tall overlying canopy 1.00
Verbena bonariensis
TH o - .
4 Gomphrena globosa 425 Annual 3.833 66.67 )2 Short overlying canopy ~ 0.10
2 Yy = .
5 tnethum graveolens 4 Annual 2.052 72.22 71 )7 Short overlying canopy 0.20
AR . - .
6 Delphinium consolida 4 Annual 2.837 62.50 )2 Short overlying canopy 0.10
KAl . = .
7 Impatiens balsamina 4 Annual 8.664 100.00  *F1/Z Short overlying canopy ~ 0.50
FARIAIR e - . 2H415 Combination 15
8 Linum usitatissimum fFAE Annual 3.605 86.67 ‘H1J2 Short overlying canopy 0.10 2H420 Combination 20
iR ination 2
O et 4L Annual 4,967 4833 hJE Shortoverlying canopy 0,20 112> Combination 25
Gypsophila paniculata
0 b —AEE Annual 1,304 5444 2 Short overlying canopy  0.05
Cheiranthus allionii : ) :
B . = .
1 Callistephus chinensis A Annual 0.184 43.33 T2 Underlying canopy 0.80
WieE
12 Linaria vulgaris subsp. -4E4 Annual 0.066 63.33 /2 Underlying canopy 0.10
sinensis
13 . Z4E/: Perennial  0.532 65.56  JZ Underlying canopy 0.60
Taraxacum mongolicum
EET - . = i
14 pianthus chinensis Z4E/E Perennial  0.839 5333 )2 Underlying canopy 0.20
15 LK —%EE Annual 0.031 96.67 I )= Underlying canopy 0.10
Lobularia maritima : : ’
HHH . = .
1 L F4 Annual 5.878 72.50  _LJZ Tall overlying canopy 0.03
Zinnia elegan
T BB . , . #4720 Combination 20
2 Salvia nemoros ZAFLE Perennial 1,014 5167 Iz Short overlying canopy 0.20 2H425 Combination 25
3 e ' ) —4E4 Annual 2.822 92.86 "2 Short overlying canopy 0.03
Brassica campestris
ZHr = . - .
4 pun tago asiatica Z4EE Perennial  0.570 25.00 T2 Underlying canopy 0.30
== . - .
5 Trifolium repens L4 Perennial  0.063 26.67  IJZ Underlying canopy 0.40
[inREEE ] . _ .
L cosmos sulphureus 4 Annual 9.138 60.00  _JZ Tall overlying canopy 0.25
litbuka ek , . ~ L
2 . . 4EE Annual 6.920 5333 )2 Short overlying canopy 020 41425 Combination 25
Euphorbia marginata
FAE e = .
3 Ugrostemma githago 4 Annual 9.968 7833 )2 Short overlying canopy  0.30
[
4 'NTE’T I5F Z4E/E Perennial  0.801 51.67 )2 Underlying canopy 0.10
epeta coerulescens
=}
L 44 Annual 1511 88.89 /2 Underlying canopy 0.0

Chrysanthemum multicaule

T A IS R AL b X () AR A LR 5 By X A 1 SR B R AR R (M bk s TS R AR ST, IS I B R R S D M g A T
JZUK K43« Notes: the life form is determined according to the growth in Beijing area; the germination rate is tested in laboratory in the same year. Plants
are classified into different canopies referred to plant height, morphology and growth habit, and referred to Fang Weiwei, et al.*”),
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Tab.2 Comparison of actual and simulated values of competition intensity of four dominant species and communities

BT IHRE

Neighborhood interference index

2y 3 Formula Wi H Item

AT

B L B H 5 Taracacum N Hﬁéﬁ%?ﬁrﬁ ‘
Cosmos bipinnata  Scabiosa stellata  Zinnia elegan mongolicum Competition intensity of community
SLBRE Actual value 25 199.90 12 658.44 8270.71 12 429.45 94 594.68
D 48 Simulated value 33 569.55 13 615.49 10 419.03 17 301.74 131 421.09
P{H P value 0.39 0.34 0.74 0.49 0.45
S2FRME Actual value 174.54 70.16 60.49 197.41 920.77
2 I Simulated value 119.35 5425 46.24 238.59 922.57
P{H P value 0.56 0.65 0.67 0.78 1.00
PR Actual value 17.57 8.13 6.79 15.03 85.52
3) I Simulated value 31.07 14.54 8.67 28.82 148.60
P{H P value 0.41 0.31 0.73 0.48 0.47
S2FRME Actual value 15 478.43 6652.15 2971.29 8578.91 54106.97
@) HHUHE Simulated value 18 222.65 7901.97 3498.57 10933.10 60 489.09
P{H P value 0.48 0.25 0.41 0.20 0.27

VE: SERRE R RUE 3 T35 55 498 % . Note: actual value and simulated value are both average competition intensity.
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(Gomphrena globosa) FVSAZ:( Euphorbia marginata)
FEAR T K W 5 ¥ 52 (Verbena bonariensis) MR T
B 5 (Salvia nemoros)EfEK I TAKAR, 57
o~ gE, & BB (Cheiranthus allionii)~ 1 1T (Dianthus
chinensis) % R (Plantago asiatica)~ ] I+ (Nepeta

coerulescens)~ ¥ &t % (Chrysanthemum multicaule)

o FJE, HARRTEIE . 3R BEVE b, & 725 DL

bmatlon 25

%“

FIZRFETT 4 50 em x 50 em, 5 E‘JE{%#\JE%%@ Hlb\%ﬂﬁ’ﬂlﬂﬁ%ﬁﬁﬂﬂiﬁf IEHWEP, WA BE R IE 1, R E , WFh 5341 I
KANRYE LA 2.2 K 2.4 FTiR (PR & 254 . R [A] . The sample plot shown in the figure is 50 cm x 50 cm, the diameter of the circle is plant
crown width, the center and the edges of the circle are used to distinguish different species, the filling color is the color of plants’ flower, and the non-

flowering plants are green. The distribution and size of species are generated according to the limiting conditions described in 2.2 and 2.4. The same

below.

1 Matlab B0 3 NMEATE 7 H 17 HERER-F AR 345

Fig. 1 Community plane species distribution map of three mixtures simulated by Matlab on July 17

3AKHA S BN A A 25 R B KIS, AL OAE, W OAE. £

k8 HE 4 ) % B VA b by T EJZ o Three periods are respectively the

appearances of mixture 25 in spring, summer and autumn. The red, blue and green frames respectively correspond to the underlying, short overlying

and tall overlying canopy of the community.

&2 BAETRIFBUHROR B )RR G SNSRI (b) % L

Fig. 2 Comparison between effect drawing of flower meadow design (a) and simulation drawing of community appearance after sowing (b)
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K B (Gypsophila paniculata) ¥ H £ & N £ €1,
2 R g K B B /2R Y DA 2 40 W RR (Linum
usitatissimum)~ B 3 (Anethum graveolens) N F [ %
R, AR B 3 ERAZEN, LRI EA K,
FIRK RN & BLA H B B2 . 2R % (Callistephus
chinensis) N E MR, ZREMER, LEYFE
FEK, W3k 60% LA L

BB 0 R AR ) S A R R REAT 2 AT, K
AL TRV N2 B0, a0 R AR R 24 78 E 2 B et

DWE KTREESES TREMNAT, &5 5k
(Lobularia maritima)—#f, 1542 K 5T 1) 58 5 5 E
AL T8 7K, HL B IS [A)Z  38 OK, 2 T
EEWFCE 3D, ELdLF 32 58S 0 FE L
P9 10321 L TR R _ERIPIRR, SEGSRE
HAL T AR KV, (B8 % # (Linaria vulgaris subsp.
sinensis )~ ZZ Al 55 (Agrostemma githago) %5 4k T 1€
I, N SEFBOR, S TE S0 B R 2 R, R VR
HERY AR 2.

1 H ¥ Zinnia elegan
Weli3 Cosmos bipinnata
ZINVIRR Linum usitatissimum
W5 Anethum graveolens

o - @ %53 Scabiosa comosa
HitE45 Cosmos sulphureus
ZANF Agrostemma githago
1€ Delphinium consolida
WKL Gypsophila paniculata
24 Callistephus chinensis
3% Brassica campestris
KUl Impatiens balsamina
W5 44, Linaria vulgaris subsp. sinensis

. ° ) 44 Chrysanthemum multicaule
. . ° . LW Cheiranthus allionii
. [ ) [ ] [ ] . JHIJF Nepeta coerulescen
e o o e e 0 o 0 O . [ ) [ ) [ N} . W ¥ 5 Verbena bonariensis
e @ e @ L ) [ 2N ) o0 [ ] 4R Plantago asiatica
o0 LI ] [N ] [ N ] [ ] . [ ] MF BUBE Salvia nemoros
e o o « e e o @ ® o o e o 0 e o @ SHAYE Taraxacum mongolicum
[ BN ) e 000 QOO0 ... o0 , H 1T Dianthus chinensis
@ e o o o s © e 0 OO0 0O0O oo FHER Lobularia maritima
A& 152025 152025 152025 152025 152025 152025 152025 152025 152025 152025

Combination

Ela?j 2019-05-15 2019-05-29 2019-06—17 2019-06—26 2019-07-17 2019-07-30 2019-08-14 2019-08-29 2019-09-16 2019-09-30
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