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Effects of planting density on interspecific competition
between Phragmites australis and Amaranthus retroflexus
under different water conditions
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Abstract ; Interspecific competition between alien plants and native plants is one of the key factors determining whether
alien plants can invade successfully or not. Controlled experiments were conducted to explore the effects of planting density

(6:2,4:4and2:6) on interspecific competition between native plant Phragmites australis and alien invasive plant Am-
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aranthus retroflexus under two kinds of water conditions (dry and wet). The resulis were as follows: (1) Relative yield and

total relative yield of Phragmites ausiralis and Amaranthus reiroflexus were all less than one, indicating that there was inter-

specific competition between the two plant species. (2) Growth of the two plant species was inhibited by interspecific com-

petition leading to lower plant height and biomass with the increasing density of the competitor. (3) Aboveground and be-

lowground nitrogen concentration of the two plants had the same trend as plant height and biomass, and there were differ-

ences under different water conditions. (4) Phragmites australis and Amaranthus retroflexus had higher competitiveness un-

der wet and dry condition, respectively, while they also had higher competitiveness in higher planting density. In conclu-

sion, both water condition and planting density have important effects on interspecific competition beween Phragmites com-

munis and Amaranihus retroflexus. Therefore, in wetland with Amaranthus reiroflexus distribution, its competitiveness can be

restricted in plant initial growth by increasing water content of soil and/or increasing planting density of Phragmites australis

and other native plants, so as to prevent the growth, population building, and furthermore diffusion and invasion of Amaran-

thus reiroflexus in wetland.

Key words; Phragmites australis, Amaranthus retroflexus, water condition, planting density, interspecific competition,

wetland ecology
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Table 1 Effects of water condition, planting density and their interaction on all parameters of

Phragmites australis and Amaranthus retroflexus (n=5)

L] - wC PD WC x PD
oot EiEka
xperimental
Parameter
plant F P F P F P
P BRES Plant height 217.04 <0.001 19.14 <0.001 2.46 0.087
P
Z;‘:;‘;ZZ’:S H F3#43 5 Wi Aboveground biomass 212.67 <0.001 11.81 <0.001 0.40 0.754
HILR 34 Belowground biomass 121.60 <0.001 14.10 <0.001 5.44 0.005
JAEY R Total biomass 284.87 <0.001 12.36 <0.001 0.50 0.683
Hi L5 53 F A Aboveground N concentration 4.87 0.037 3.96 0.020 0.44 0.728
HoF R 43 FHE Belowground N concentration 3.49 0.074 3.85 0.022 0.48 0.697
SR B Plant height 276.71 <0.001 5.03 0.008 0.88 0.466
A hus
r’:[‘j;}’lzuls” i, F 3543 M1 Aboveground biomass 159.63 <0.001 39.10 <0.001 1.05 0.390
o #8439 i Belowground biomass 277.68 <0.001 8.34 0.001 2.32 0.101
JEYE Total biomass 186.47 <0.001 33.54 <0.001 0.39 0.764
1 3R 5 E S Aboveground N concentration 35.38 <0.001 12.41 <0.001 0.44 0.729
Hi 53 F W JE Belowground N concentration 175.25 <0.001 17.90 <0.001 0.80 0.509

T WC. 7K43; PD. IRFIE; WC x PD. K4 RN B sS HAE A,
Note; WC. Water condition; PD. Planting density; WC X PD. Interaction between water condition and planting density.

70 r a [m] (=] 50 r
T ab Ory Ellet A ODry OWet B
~ 60| T b -
£ a
:"_,’/ a —L _PI'_ § O r T ab a
£°r7 1 2 O A
@ 40 | b 5 30 F
) be o)
g 30 c c
a S 20 F
[a
g 20 IE
' ool # 10
0 T T T \ 0 T T T \
CK 6:2 4:4 2:6 CK 6:2 4:4 2:6
JEFHEZE Planting density SEFHEERE Planting density

T AR/NG FEEFOR A — K 73 Z4F T ks 1R R AP (2 + JOBOE ) =22 8] 22 5% . 3% (P< 0.05) ;
MR PR ZEFALE . Dry. TR, Wet. #KH5,
Note: Different lower letters indicate the significant differences of plant height among planting density treatments ( Phragmites australis : Amaranthus

retroflexus) under the same water condition; The same letters indicate no significant differences. Dry. Dry condition; Wet. Wet condition.

K1 M= (A) FISBOE (B) BB = 22 5%
Fig. 1 Differences in plant height of Phragmites australis (A) and Amaranthus retroflexus (B)

IR FE ARSI T W 5 25 5% (P<0.05) o 7E 2 : 6 FiH

H BT SR B P R A A T IR Ak 3 TR

JERE 6« 2 P LU 23 035 10 9.419%F1 8.66% , TAE

TS K IRBE N AR 11.41% 1 7.69% SE e F AR Tl A7 IS Y R
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K2 AFENEEREHNEYMEESR (DW)

Table 2 Biomass differences of Phragmites ausiralis and Amaranthus retroflexus

P35 Phragmites australis

JUBLUE Amaranthus retroflexus

ST Treatment AR H TSy JSUR7I Ho -5y HFH S B

Aboveground Belowground Total biomass Aboveground Belowground Total biomass
(g) (g) (g) (g) (g)

FEIFE K 2.82 + 0.19a 0.29 + 0.03a 3.11x0.21a 2.46 + 0.09a 0.35 + 0.03a 2.81+.011a
Dry condition .5 55+ 0.21ab 0.23 + 0.02b 2.78+0.24b 2.03 + 0.15¢ 0.28 + 0.02h 2.31+.016¢
4:4 239 :0.18b 0.22 + 0.01b 2.61x0.19h 2.19 + 0.10bc 0.29 + 0.02b 2.48+0.12be

2:6  2.32%0.16b 0.18 + 0.01c 2.50+0.17h 2.30 + 0.08b 0.31 + 0.02b 2.61x0.09h

WAMEE  CK 3.63 + 0.19a 0.48 + 0.02a 4.1120.20a 2.11 + 0.08a 0.20 + 0.01a 2.31+0.09a
Wet condition 3.49 = 0.15ab 0.48 + 0.02a 3.970.18ab 1.56 + 0.09¢ 0.17 £ 0.01a 1.73+.011c
4:4  335%0.14b 0.46 + 0.01a 3.81+0.15he 1.69 + 0.07¢ 0.19 + 0.03a 1.88+0.10c

2:6  3.16 = 0.15h 0.45 + 0.02a 3.61x0.16¢ 1.91 + 0.09b 0.19 + 0.02a 2.10£0.11b

T [ —FAR /NG 533808 TR PIA B T AN R A BE 7] 22 5 1. 38 (P<0.05) 3 AR FRERR EFARE, T,

Note; Different lower letters in same column indicate significant differences among planting density treatments under two water conditions

(P<0.05) ; The same letters indicate no significant differences. The same below.

2 GRS 8] T AH BAE ) 32 2RI K (Kar-
ban, 2008 ;/NHESE, 2015) , HEIFPHE YA A R]
R AN TR R HE ol B A 0 [ N R R TR kAR
FpIE) 55 4, W0 Rh AP ] 52 4 68 ) 32 E IR T WA Y
ARSI AR SR A2 AN ) M I | AR A
B R 2 DR 1 ) o () 58 BRI BN, 52 4 g 58 ) SRR
2 2 B SE A T s I W AR I IROAR (PN TR AR
2008) o AWFFE TR P 2 SR 0 AE AE A A
() 5 4, H 5 4 ik 85 B o TR b 25 B2 ) AN [ T A
25, XHHEME IR B4R —2, £ 7%
(2009) i 5% A& PR, £ ¥ ( Leymus chinensis ) 5 5 %}
WOREAEAN [) AT T LE A B AT AN (] 8 Ao [ 7 4 0
JE 38 A TR R L AT LU R S R
A7 SR THT X RS A (2008 ) R 4 =5 1 L AE K A
o [v) 5 4 118 A9 5 A B, L R 5 2 3 - B0 2
] 55 i), oIS TE B Al IR A AL B | #XT PR
TR P 1) 2 7 A S R B ) 3R B K R R A )
T AR D 2 AR K AR A ) 25 0 3% - B (AL
ternanthera philoxeroides ) Fl 3% F % ( Alternanthera
sessilis ) VR TP , P 5 TR AFAEAT B[] 50 4, 38 18 1 A
PRIE 25 R 2 W &y BC SR W b i 22 S () A 4%,
2015) .

O T RO 1 8] 5 4 5 8 [ B 58 32 3 T

IR B2 o P b A R 25 il HL BB A% 58 7 T K
IRBE TS AY B & 3k 1) B AR R AR ORI 25 PR BORDH: |
MR A J) B 0 S Ok A A S DA B 2R A A R
FEAENUBR L U S5 Rl LX) T R 3R B 5%
O (03 I PE (X4, 2013) o IR I 7R W K BR S 4%
TR BRI EAA RSB, AT
SEIRBE AR B Al T ) 3 B S A 5 ) A A RN S
e, M RJE — P ZAE A K AERAR Y, (A
TS ST K A, e sy —Fh
A SRS W AN (2R AR, 2010) , SR
B 7= 98 Y ARG H DX, (E7E AL N B AR
1R ORI AL, B E ARk TR T ML X A R
EIAN R AR 2 — (3K U4, 2010) , H.E A%
IR R A b X — 2600 M A B (7R & AR
2006; EICZE, 2010) , AHFSE T, WE K BRBE 451
A R A T A T I RO O A R A
b F S U R C R RO CA S o s 3R A
PR, #R A BT A SR, A A R 2 2K 4y
) BRI 8 A B S ) 28 B, 3k o B 7 3 6 K 4 4%
PRRRE LEAT 56, R RO 43 A v L 5 R B 7
(A 43 BT 96 B ROBE T T LA IO A KT A8 9 1)
BESE R (XU 25, 2007) , vt 45 i 1+ 45 A K
L AR K PR 1 A R A AR (AT AT — 2P
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Fig. 2 Relative yield and competition aggressivity coefficient differences of Phragmites australis and Amaranthus retroflexus
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Table 3  Nitrogen concentration differences of Phragmites australis and Amaranthus retroflexus
= Phragmites australis KA Amaranthus retroflexus
Qb
Treatment o ER 5 Aboveground b A Belowground H o Aboveground iR 5 Belowground
(g-kg") (g-kg") (g-kg") (g-kg")

TR 18.82 + 2.83a 8.02 + 0.85a 22.42 £+ 1.12a 21.20 £ 00.06a
Dry condition ¢ 17.57 + 1.09ab 7.37 £ 0.51ab 20.30 + 0.79h 19.41 = 00.80b
16.48 + 1.66ab 6.80 + 0.78ab 21.10 £ 1.13ab 20.08 + 00.45b
15.10 = 1.18b 6.01 = 1.03b 22.21 £ 0.82a 21.09 £+ 00.15a
WK IREE 19.30 £ 2.13a 8.10 £ 0.87a 21.12 £ 1.07a 18.72 + 00.85a
Wet condition 18.51 + 1.40a 7.90 + 1.08a 18.05 + 1.03b 16.91 + 01.27h
4: 18.03 £ 1.42a 7.42 = 1.14a 18.93 + 1.16ab 18.02 + 00.77a
17.41 £ 1.02a 7.19 = 0.89a 20.11 £+ 0.82a 18.21 + 00.70a
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