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Effects of nitrogen addition on interspecific competition between Alternanthera
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Abstract; Nitrogen (N) is one of the most important soil nutrients for plants, and the amount and frequency of N release in
soils is heterogeneous. Many studies have focused on the effects of heterogeneous N addition on a single plant species, but
little is known about the effects of N amount and short—term N pulse on interspecific competition between invasive and
native plant species. A replacement series experiment was conducted under greenhouse conditions to examine the effects of N
amount and frequency release on the growth and interspecific competition between an invasive wetland clonal plant,
Alternanthera philoxeroides ( alligator weed) , which is native in South America but highly invasive in China, and its native
congener Alternanthera sessilis (sessile joyweed ). Plant materials of A. philoxeroides and A. sessilis were collected from five
locations in Xixi Wetland Park in Hangzhou, Zhejiang Province, China. Stem fragments of similar length (20 ¢cm) , with a

stem tip for each species, were grown in monoculture ( 12 ramets in one container, no interspecific competition) and in
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mixture (six invasive plants with six native plants, with interspecific competition) in five different N treatments; control
(no N added) , low amount and high frequency (a total of 15 ¢ N m™> a™' added every 5 days), low amount and low
frequency (a total of 15 ¢ N m™ a™' added every 15 days), high amount and high frequency (a total of 30 g N m™ a™'
added every 5 days) , and high amount and low frequency (a total of 30 ¢ N m™ a™' added every 15 days). The results
showed that N addition significantly increased the growth of both A. philoxeroides and A. sessilis. No significant difference
was observed between the control and treatments for the relative yield (yield of each species in mixture divided by yield in
its monoculture) for both species, indicating that N addition did not significantly affect the interspecific competition between
the two species. The probable reason is that both species are from the same functional group and may have comparable
capacities to compete and utilize the soil nutrients. The N pulse did not significantly modify growth or interspecific
competition for either species. The sufficient soil water content and availability of nutrients other than N may explain why
there were no effects of a N pulse on competition between the two species. Alternatively, high tolerance of both species to
low soil nutrients and water content may lead to weaker responsiveness to a N pulse. With interspecific competition, the
invasive species, A. philoxeroides, invested more biomass to stems, i.e., the stem biomass increased by 60%, which
significantly decreased the root to shoot ratio. The native species, A. sessilis, allocated more biomass to roots, i.e., the root
biomass increased by 250% , which significantly increased the root to shoot ratio. The results indicate that increasing
atmospheric N deposition in the context of climate change may change population structure and dynamics of both species,

but may not affect the interspecific competition of these plants.

Key Words: atmospheric N deposition; clonal plant; interspecific competition; invasive plant; pulse; native plant;

relative yield

AE MY A RNEEE R CRZ """ ARAER AR WML IEA RS AW, B LR F 1
SRR, I 2 A STt e R] A ST R I ) A R R RS AN R R Al S A
S st ) P 8 P A R AT MR A, R %ot R A P A T DA AR Y B ] Y SE R L A
FER I, S AR L, 5 i K UK 2 i F AR R A AR i TR TR %o U R 1 i Y
TIEE2E S 0 R, TR AT RE 25 | RAE Y Fh ) 5C R AR 1K

NAZREPI R GEUR AT ORI PR o AR I R 22— M R AR A, ) AR A
FEAERT LM IRBE iR A5 50 2 5 35, R LA R A SE 4B 11720 L IR, 1R 22 A0 K b L 4 7 i EF [ P4 8
KR FHFR 53 B BE F1 2 T AR AR A W B P T D R 2 — 21 3% 43 /KO 2 — S B 3 o, & FF
GRS A A BEIE AR 2P M IR RREEI N, 35 0 AN PR AL A K 0 BRI DR R s, b ] 5 4
KERBEREBEAERE . HF80 B8 —E I, i B R B8 0% € 7F — 289D A 4 W 1) A8 K 0 b (] 58
G200 SR Xt — L o ) A A R ) 3 5 0 S B R T IR A IR AT A B AN R G e X U 4 R
RCRAAR Wt AR P BB R 25 i S R R A 58 4 06 R 00 DRI, AT TR 2 it 2R ek AR S 11 25 Ak 25 1k
5 NARAE D) FAS HAE ) A o ) 5 4 G R

AR AR 25 0 3 F ¥ (Alternanthera philoxeroides ( Mart. ) Griseb. ) FIAS Hu A 4 3% T ¥ ( Alternanthera
sessilis(Linn. ) DC.) 731 5% HI B Sl R AR AR S Mo Y 7 20R BB RO TR 70 01l %) R AT ey 7 oA [
Tt 28 R AN [ it U8 48 5 SCAH 1 D it R A B I LA it 2804 AR S Xof B 400 1258 DA A [ R
(1) it RGN B A A5 23 MR X PR I A A RN RISE G DG R 7 (2) I U382 75 252 MRl 3 T b A ) 1 2
FRIEISEGOC R 7 (3) AH SR A B A A6 X PR 1 A A RN 1] 5 4 0C AT B B 200, BT Z [ 2 5 A7
TECHAE?

http ; //www.ecologica.cn



24 HY JEEE S ENES O T (Alternanthera philoxeroides ) FIREF YL (Alternanthera sessilis ) FlH] I ZR AR 3

1 #RFFE

1.1 BRI R RIS R M R 37

SESTE T AE R B U TR O A AR B AR 25 0 T RS M A ) X R A A 3 IR
FRRET SR FBEA MR KB PING , ot B AR )R Rt . AR AR X P AR A — i o T
7 AT 5K, FLA R ZE AT AT LA A AR A A ST AT AAE R

2T R JE TR RN, SRR DI AR IRIE 36 [ | b B S5 2 [ K O 2 B AR B AR YY)
R34 T B X AT LA R A P R S R ), ZE TR E AR F VR IX B A Y AR S R G AR
JRLL T N R v B E R e ) SRR T E L R ERAME s DI R A

ARSI BT FH Y 25 0o - REFIE F 50T 2011 4F 5 HWIRAE THriLA PORIB A 8 TRiA R, K516
e 2= B A A RS R IR = R A T8 R
1.2 LRt

FESEIGTF IR 2 0, FRATTE B O T ORI T SRR 45 540 B, BT BUREAR A R TS 20 em Y2577 5K
B R AE AR TR AR A 3 AR R R AR PN 2T, RS I — SR R AT AR AR R 4 LRI A
YITESCI TP AR I BB A7 TG . SCIR AR N HAR 25 em, 55 30 em SEOERIAR M EA 12 em 5 H9IER , 3 5R AL
53 MU (2012 AERTHL H AL AR IR A P ) VDRI H IR 1101 B RRR LI S)TR A T

ARSI TR B AR RGN S0 0 X A P B B4 A T 5 A R it AR B, FLvh B A 5 1 S Ak HE 4
A (1) BRI 12 BRE2S O F R BGE T F— NIRRT, o0 = HE g, AR S 4 (2) IR A
6 BRAS D FET-HOM 6 BRIE T 5T — A EE SR, = HEDUD) 28 R , FAAEFP RIS 4, T 48 5 A3,
53 )2 : Control (X PR, AN &) \LALF (fIE F A2 SAL % 15 g Nm™ a™',6 ¥X) \LAHF (fik S5t Al ey
B AR 15 ¢ N m™” a™" 18 k) \HALF (& A AR, A% 30 g N m™ a™',6 ¥K) Al HAHF (8
BMFEE SR 30 g Nm™”a™ 18 %K), KL, RHEAN Yl Scgh—3% 10 S0 (5 Rt &AL ER x 2 Fil
TR IR AR PR 6 AR A SIIe P AU b AR AR A X PR 7 TR [ R4 A I R
IRV KGO T E P R AR IR I A T8 s i e 25 B K v (8 58 25 28 et A
Fe A HEIATWIE , 5 il S0 Ak B e R A 7] 198 00 5 i o T e Y R, 52 360 g K it Jn il PR 4 V5 W 200 mL, Ui
TR RS R % A 543 3R 10 g( Control) ,0.03 g( LAHF) .0.06 g( HAHF) .0.09 g( LALF) .0.18 g( HALF)
TESCE AR T, AL i 2 18 VR, IR Bt 2 6 UK 5 it U A B 30 ¢ N m ™7 a7 IR 0B
EANFRILHE A 15 ¢ N m™ a™', FERRUE ZUALFRIT , X6F BEAL B AR VR B8 200 mL 2555 7K,

SEETF 2012 4F 7 A 3 HIFLR,Z558F 2012 4F 10 A 1 H, 7ESC80d B ep, (1) B 1t Il R e i i ot , 4
JAl K 2—3 I PAMRIEAR P I E 8 A4 5 (2) P SE B 284 5 A B ol — Uk, DAL/ T 3 rh P00 S 0 1 s 1l 1 S 50
W2, ARSLEG A MO R 2E R B A PR Bl S AT, S B b i B SR EE S 25.0 €, FER
BEK 74.2% .,
1.3 LR R4

S 2 BT T RIS R R A 0 R, I I S AR R 8 25 R R R AR S e T B
WinFOLIA Z231REM: [ AL & ( WinFOLIA Pro 2004a, Regent Instruments, Quebec, Canada) . Bfif5 , BfAE#E
PIMR 25 AR F JRAE 70 °C RYBEAR PHBET 48 AS/NEE 43 i s 453 e A i
1.4 Bt

230 3T BRI TR B A N EAT T AT, B4R, A8 BRI 2R U7 22 73BT ( Two-way ANOVA) 19751543
BT T 55 4 Rt A R PRI 4 00 4 A K FE S48 br (46 S AE Y & ARAEY & AP & YR B2
Ko BT SR TR AR R L) B (R 1)

http ; //www.ecologica.cn



4 A E = 35 %

F1 FEZFHEMERSENSOEFEMEFERERIBEROZN

Table 1 Effects of interspecific competition (C) and nitrogen (N) addition on growth traits of Alternanthera philoxeroides and A. sessilis.

FIA] 724+ Competition Jiti 2L 4b B Nitrogen A& H AR Interaction
PR Trait

Fy 50 P Fy 50 P Fy 5 P
(1) 2 DETFHL A, philoxeroides
JEYIR Total biomass 0.79 0.377 4.97 0.002 1.89 0.127
AP Root biomass 258.07 <0.001 0.86 0.498 2.24 0.078
ZE4: )5 Stem biomass © 20.47 <0.001 3.89 0.008 1.70 0.166
A4 i Leaf biomass 0.82 0.371 28.05 <0.001 0.36 0.833
M ZEK Stem length 0.09 0.767 15.25 <0.001 0.44 0.776
S8 No. of nodes 0.85 0.362 18.20 <0.001 1.02 0.409
W HIFY Leaf area 0.09 0.766 17.01 <0.001 0.15 0.962
ML Root : shoot ratio 338.04 <0.001 5.97 0.001 0.62 0.647
(2) FETFHE A, sessilis
SEW i Total biomass 7.28 0.010 7.61 <0.001 0.77 0.551
APt Root biomass * 135.82 <0.001 3.94 0.007 1.01 0.412
25445 Stem biomass 8.80 0.005 5.29 0.001 1.11 0.363
=¥ B Leaf biomass 3.14 0.083 15.14 <0.001 0.94 0.451
BZEK Stem length 0.04 0.836 13.59 <0.001 2.05 0.101
SAT% No. of nodes * 0.64 0.429 12.44 <0.001 0.64 0.636
M AL Leafl area 2.15 0.149 14.58 <0.001 0.86 0.493
HRJEH Root: shoot ratio 289.12 <0.001 1.46 0.229 1.74 0.156

TR0 5 e At 2R A BB LA R B AT ) B A R 6T VO AT 400 1 A K 8 R 1 5 e SR BR324 W O vk
(Two-way ANOVA) HAT704T, “a” FoREAR L T A3 ; “ b Fom Bl 285k F AR XU i
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ol ) e 4l S Rt R 3R LA B AT 8 38 B AR K A 400 1 A A R A A S e R FH = R 3R 25 4 i
75 (Three-way ANOVA) #4708, BEMIKF-: ™ P< 0.01, " 0.01 <P< 0.05 and P> 0.05; % fir 5 4
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Table 2 Effects of interspecific competition ( C), nitrogen (N) amount ( A) and nitrogen pulse (P) on growth traits of Alternanthera

philoxeroides and A. sessilis

I Wl S I 2R A P

(1) 25 DE TV A, philoxeroides

JEYIE Total biomass 0.57™ 1.88" 1.97™ 6.53" 0.49"™ 0.38"™ 0.43"™
HRA: 415 Root biomass 247.30 ™ 0.61"™ 0.44" 3.30" 0.15™ 0.16™ 2.44"
2574: 5 Stem biomass © 16.15* 2.48™ 2.12™ 5.23* 1.10"™ 1.38™ 0.04™
A4 Leaf biomass 0.69™ 0.66™ 23.76 ™ 0.19™ 0.50™ 0.31™ 0.51™
B2 Stem length 0.05™ 0.02" 8.13* 1.20™ 0.07™ 0.04"™ 0.19"™
JTHL No. of nodes 0.48™ 0.01™ 8.86* 2.99" 0.07™ 0.13™ 0.52"
TR Leal area 0.11m™ 0.23™ 11.39* 0.37™ 0.02" 0.22"™ 0.08"™
HRJE . Root : shoot ratio 426.70 ™ 2.85"™ 7.48* 0.76™ 0.77" 0.30™ 2.63"
(2) T A. sessilis

S A=) Total biomass 4.85" 0.09"™ 2.21™ 0.31™ 0.72" 0.24"™ 1.68™
MR Root biomass 119.73 ™ 0.41™ 0.06"™ 0.06"™ 0.02" 0.51™ 171
ZEE YR Stem biomass 9.62* 0.23™ 1.75™ 0.01™ 1.06™ 1.31m™ 1.21m
A4 5 Leaf biomass 1.44" 2.67™ 9.34™ 2.93m 0.00™ 2.26™ 0.10™
JZEK Stem length 0.30™ 6.86 " 14.30 ™ 5.20" 0.68™ 1.08™ 0.22™
S5 H No. of nodes * 0.06™ 0.95" 19.50 ** 1.32m 0.05™ 1.41™ 0.14™
T Leaf area 0.92™ 3.64" 9.90 ** 2.28" 0.06™ 1.35" 0.47"
M5 L Root : shoot ratio 301.45* 0.46™ 2.50™ 0.20™ 1.04™ 3.14™ 0.57™

2.2 N[ it AL BT A 0 S R R[] 5 4 G R 5 M)

AN 7 it A BT 25 50 S RN FORE R AR 77 i (RY) RS2 22 BN 1 35 (K1 3) . B0 FEF RS
APRRT 1 AVNT 1 RY B4 5 —2F, U8 B LR P 5% 4 R (1] 55 4 0 85 SEAS AL (1] 3A) 5 TS -5 5 Fil
SRR RY (YR T 1, AW R 3E o B/ N TR N 524+ (81 3B) .

2.3 FRIHISE SN 23 003 R R A K A5 IR
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FEAERN)SE 4] Pl ) 5 4 0 20 1R T 25002 F REAB VR 25 A W it (R B 3R (5 P ] 5 4 b S 1 (B A LK 24
BN 60% ) BEALT AR AEW AR B (R 1, B 1), W, B E AR T AN RE L (F, = 338.04; P<
0.001) , 54503 T HORNE] 3T 50 8 AR Y A 2R 28 10 0 5 S 07 SR W2 3 o A A 40 12 1) 9 i (55 TG ol
[F1] 3% e b R A SAI(E AR EE R 29385 250% ) | BRI 25 E it () A BE (26 1, T8 2) AR b, B 3 5 7 3 7
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3 e
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Fig. 1 Effects of interspecific competition and nitrogen (N) addition on (A) total biomass, (B) root biomass, (C) stem biomass, (D)
leaf biomass, (E) stem length, (F) number of nodes, (G) leaf area and ( H) root to shoot ratio ( mean + SE) of Alternanthera
philoxeroides. Control (no N), LALF (low N amount and low N frequency) , LAHF (low N amount and high N frequency) , HALF ( high
N amount and low N frequency) , and HAHF ( high N amount and high N frequency)
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Fig. 2 Effects of interspecific competition and nitrogen (N) addition on (A) total biomass, (B) root biomass, (C) stem biomass, (D)
leaf biomass, (E) stem length, (F) number of nodes, (G) leaf area and (H) root to shoot ratio ( mean + SE) of Alternanthera sessilis
Control (no N), LALF (low N amount and low N frequency), LAHF (low N amount and high N frequency) , HALF ( high N amount
and low N frequency) , and HAHF ( high N amount and high N frequency)
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Fig. 3 Effects of nitrogen (N) addition on relative yield based on total biomass of ( A) Alternanthera philoxeroides and (B) A. sessilis
(mean + SE). The results of One-way ANOVA showed that there were no significant differences between five N addition treatments for both
species. Control (no N), LALF (low N amount and low N frequency), LAHF (low N amount and high N frequency), HALF ( high N
amount and low N frequency) , and HAHF ( high N amount and high N frequency)
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