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Effects of Trifolium repens invasion on functional
traits and turf quality of Poa pratensis
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Abstract [ Objective | Invasion of Trifolium repens occupies the living space of turfgrasses and has been
seriously threatening the quality and function of turfs. Examining the impact of T. repens invasion on the

functional traits of Poa pratensis and turf quality is helpful for understanding the invasion mechanism of

s B #.2023-11-12; & B fm ¥ 2 B #7 . 2024-03-07

BEEWA . HEARPFEIELTH (31560667) 5 H il 4 FHE %135 B (20JR10RAS564) ; H ol 4 b2 7 B A S B a B A LW A
(GSLC-2020-3)

EERN .2 FA997 ), L AR LU R A, FEMNFFIFRE A Y ARG . E-mail: 1364000397 @qg. com

* WAFVEE /N B0 T A B, BN R PR Rl RO R S5 R FSY . E-mail: baixm@gsau. edu. cn



1074 ode Moy % iR 44 4

T. repens and for establishing and maintaining gramineous turfgrass. [ Methods] Taking the T. repens-in-
vaded P. pratensis turf as object, the sample survey method was employed to investigate the differences
in the functional traits and turf quality of P. pratensis under different degrees of T'. repens invasion (con-
trol, low invasion, moderate invasion, and heavy invasion), and to evaluate turf quality by the member-
ship function method. [Results| (1) With increase in degree of T. repens invasion, the carbon content of
P. pratensis organs and the cost of leaf construction, as well as the ratio of carbon to nitrogen, carbon to
phosphorus, and nitrogen to phosphorus were gradually decreased, while the specific leaf area and nitrogen
and phosphorus content in the organs were increased. (2) At the same invasion level, the carbon, nitro-
gen, and phosphorus contents in the organs of P. pratensis were higher in leaves than in roots and stems,
and the carbon to nitrogen ratio and carbon to phosphorus ratio were higher in roots and stems than in
leaves, while the nitrogen to phosphorus ratio was higher in stems and leaves than in roots. (3) The densi-
ty, texture, greenness index, and uniformity of P. pratensis turf were decreased with increase in T. re-
pens invasion, while the aboveground biomass and belowground biomass were increased. (4) The compre-
hensive evaluation by the membership function method showed that turf quality was the best without T.
repens invasion but the worst under heavy T. repens invasion. Leaf carbon content had the greatest influ-
ence on turf quality. [Conclusion] T. repens invasion alters P. pratensis functional traits as well as af-
fects turf quality, landscape, and function.

Key words plant invasion; Trifolium repens; Poa pratensis; plant functional traits; turf quality
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CK, LI, MI, and HI stand for control, light invasion, moderate invasion, and heavy invasion, respectively.
Different capital letters in the same degree of invasion indicate significant differences among organs at 0. 05 level
(P<C0.05), while different lowercase letters in the same organ indicate significant differences among different
degrees of invasion at 0. 05 level (P<C0.05).
Fig. 1

The functional traits of P. pratensis under different invasion degrees of T. repens



2

73

P A 1 = AR X B R OR D B IR R B 5T Y 5

1077

B P AR R, R L AOR o
WA A E C & . C/NLC/P.N/P ¥ Z#iFE1% .
o AR ARZEN C g 22 C/NLRZE C/P
PIe 8 AR T % T B (P <<0. 05) , B i
A3 15.4%.8.1%.5.5%.9. 3% .28. 9% .24.3% .
40. 6% .42, 2% , i 7E H A AR TR BE F 34 5% B G
FHEF(P>0.05); il C/PHESARBRE FHE
FART N R L B IE 4> B A 26, 290,26, 9% .44, 2% 5
HAR C/N LT N/P S ARERE T 5%
TWEZES ., R — ARRERET, 5 R HOR % 4
HCHEY M SR>ZE, A AR 5225 0
FiAHE C/N.C/PHEHBERR R >ZE>0, HR
C/N H 5 AHN (250t 25 53 i 3 A C/P £ 5 A1 N
M C/P 2% B3 (P<C0.05); N/P {f 75 i 2 1 8 2
MNRF R ZE R0 2 K TR 78 A AR R

THEHZES AL E(P>0.05,
2.2 EHh B ECRAEY ThAE IR B B0 HE K

F &L 2 AT, B L EOR B e T B (SLAD 5
HH AR AS (CC) (1 CLC) (MR C/P(RC/P) FiIZE
C/P(SC/P) ¥ 5 ) b & 7 AH G (P <<0. 01), 5 P
(RP)FIZE P(SP) 2] i # IEAHE;CC 5 LC.SC/P
At C/P(LC/P) .25 N/P(SN/P) 4 5 #% g 2% 1E M
XK. 5 RP A1 SP 24 F i AH G LC 5 SC 2 3
EAHE;RP 5 LCAR C/P(RC/P) A N/P(RN/P) .
SC/P F1Z5 C/N(SC/N) #J 12 e 5 2 7 4 3¢, 5 SP
B W IE A ¢ ;22 C(SC) \LC J SC/P ¥15 LC/P
S IR 3 IE A &3 SNLSP 5 SC/N fil SC/P & 4 i
ERAK;LP 5 LC/P.LN/P.SC/P.SC/N & % &
FHMAMAK;RC 5 LC/NLSC/P Al RC/P & 4 3 1E 4
K (P<<0.05),

1.0

SLA | SLA 07 070 030 079 049 062 089 076 065 071 -041 073 041 -0.69 085 059 073 063 -0.39
CC cc 052 <020 -0.71 065 -032 -0.72 10 044 070 037 060 037 045 078 076 062 0.74 0.57
RC RC 013 062 024 -050 -0.73 052 -062 -063 036 068 044 0.54 068 050 068 057 034 0.8
RN RN 0079 -060 025 037 -020 -00062 041 -095 -0063 055 -032 -042 -0.32 -0.080 -040 -049
RP |5 “- RP 035 068 079 071 064 062 -020 097 -076 -0.77 -080 036 -072 -060 034 o8
Sc - -- 8C  -013 -040 065 -040 -0.68 067 025 -0.18 032 054 052 051 0.74 | 0.62 J
SN SN 080 -032 037 059 -0.28 067 -041 -097 -073 0.054 -044 -052 043 04
SP 072 046 081 -049 076 -040 -0.85 -096 -0.55 -059 -0.75 -0.63
LC =044 -0.70 037 060 037 045 078 076 0.62 0.74 057 02
LN 047 -0.078 056 -044 -047 -041 -0.16 -097 -047 5.0BE-5
P 053 -060 -023 -0.73 -0.87 -0.55 -061 -098 -0.87 ¢
RC/N RON 019  -043 | 038 057 049 019 054 060 02
RC/P RC/P | 079 075 078 033 063 056 035 [
RN/P -“ RN/P 015 -0.032
-0.4
SC/N
Sce -0.6
SN/P
LC/N ! 08
LC/P * 3 o Lop
o v O O o 3 : 3 p p 10
FEL TS LTS «?Qgﬁ 3 Qgﬁ @S %Q'@ s VQ@ «;C’S @3

SLA. M AL CC. e Jr @ R AS s RC. AR B ; RN AR RP.ARBE 5 SC. 255 5 SN. 2250 SP. 25 8% L.C. ik ; LN. 45

LP. i # s RC/N. 8% & H s RC/P. MR BR B Lo s RN/P. M ZUW H 5 SC/N.

LC/N. MBR A s LC/P. MBRBE L LN/P. & B LE

ZERE s SC/P. ZERk B L SN/P. ZE A B L

* FRBEHK(P<C0.05); *x FRMBEHK(P<0.01),

r AR S AR B 20 3R R TF T A 6 B 6 3R B 1) A G L 60 B R DA B F TE CHRO AR SE R B
P2 el B AR D RE PR BRI 7 A S A

SLA, specific leaf area. CC, leaf construction cost. RC, root carbon. RN, root nitrogen. RP, root phosphorus. SC, stem carbon.

SN, stem nitrogen. SP, stem phosphorus. LC. leaf carbon. LN, leaf nitrogen. LP, leaf phosphorus. RC/N, root carbon to

nitrogen ratio. RC/P, root carbon to phosphorus ratio. RN/P, root nitrogen to phosphorus ratio. SC/N, stem carbon to

nitrogen ratio. SC/P, stem carbon to phosphorus ratio. SN/P, stem nitrogen to phosphorus ratio. LC/N., leaf carbon to

nitrogen ratio. LC/P, leaf carbon to phosphorus ratio. LN/P, leaf nitrogen to phosphorus ratio.

correlation (P<Z0. 05).

* means significant

%% means extremely significant correlation (P<C0.01). r is correlation coefficient,

red indicates positive correlation, and blue indicates negative correlation, the darker the color, the greater the

corresponding positive (negative) correlation.

Fig. 2 Correlation analysis between functional traits of P. pratensis
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Table 1 The turf quality indexes of P. pratensis under different invasion degrees of T. repens (mean = SE)
" . o 1A R A i
(= < RE o .
AEL};JE gicy %E*ﬁﬁ 5 ¥ —E Aboveground Underground
Invasion . —y Greenness Leaf A . . o/ . N
Density/cm . . Uniformity biomass, biomass/
degree index width/mm 5 5
(g/em”) (g/em”)
CK 1.254+0.02a 5.87%+0.09a 2.82+0.10c 0.97+0.01a 1.62+0.10b 0.73%+0. 04ab
LI 1.0840. 10a 6.0140. 04a 3.6040. 15b 0.94%0.01b 1.85+0.06b 0.60%0.05b
MI 0. 8540. 04b 5.69+0. 14ab 4,3740. 14a 0.95-£0.01ab 1.7840.09b 0.69-0.03ab
HI 0.63=+0.05¢ 5.25+0.04b 4.48+0.08a 0.94%0.02b 2.15+0. 04a 0.82%0. 06a

RS RN 58 R AN R AR 2 B ) 22 53 8 35 (P <C0. 05)

Note: The different lowercase letters within same column indicate significant differences among different levels of invasion (P<C0. 05).

R2 BEHARTEFREREGRRERREREERESSITMNE

Table 2 Membership function values of each index of turf quality under different invasion degrees of

T. repens and overall evaluation value of turf quality
B B BH Membership function value
NG AR gy
Invasion 5 S R i | R T AR Comprehensive 0
B2 A - 2 - rder
degree G JE . ‘Eﬁiﬁ" Greenness ﬁj fﬂ: Aboveground Underground index
Density Texture . Uniformity . .
index biomass biomass
CK 1. 000 0 0. 000 0 0.820 2 1. 000 0 0.000 0 0.590 9 0.539 3 1
LI 0.717 3 0.470 5 1.000 0 0.280 0 0.430 7 0.000 0 0.512 2 3
MI 0.348 6 1.000 0 0.578 9 0.314 1 0.303 0 0.409 1 0.514 3 2
HI 0. 000 0 1. 000 0 0. 000 O 0. 000 0 1. 000 0 1.000 0 0.502 5 4
B 0.136 8 0.191 2 0.202 9 0.157 8 0.178 8 0.132 6

Weight value
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DS. % B LW. M58 GL 2k B 5 50 UF. ¥ — 1k
AB. # A9 UB. s R A
3 AR D) AR IR 5 R B B )
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SLA, specific leaf area. RC, root carbon. RN, root nitrogen.
RP, root phosphorus. SC, stem carbon. SN, stem nitrogen.
SP, stem phosphorus. LC, leaf carbon. LN, leaf nitrogen.
LP, leaf phosphorus. DS, density. LW, leaf width.
GI, greenness index. UF, uniformity. AB, aboveground
biomass. UB, underground biomass.
Fig. 3 Redundancy analysis (RDA) between

P. pratensis functional traits and turf{ quality
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