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Allelopathy of Solidago canadensis with different
invasion degrees under nitrogen deposition

.o . . . *
HU Wenjie, LIANG Qiuju, HE Yuhan, SUN Jianfan
(' Institute of Environment and Ecology, Jiangsu University, Zhenjiang 212013, Jiangsu, China )
Abstract ; Increased global nitrogen deposition has been seen as a possible new driver for the expansion of many invasive
plants. But its mechanism of action remains unclear. Therefore, this study aimed to examine the effects nitrogen

deposition on the invasion degree of a worldwide clonal invasive weed Solidago canadensis. To conduct this research,

three kinds of nitrogen levels (NO, N5 and N12) were set up to simulate different degrees of nitrogen deposition and five
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different competition levels ( intraspecies and interspecies) through controlled simulation experiments to obtain S.
canadensis litter. Then the allelopathy of the extract of the S. canadensis litter leaf on Lactuca sativa seeds was
studied. The results were as followes: (1) Solidago canadensis litter of different invasion levels under NO, N5 and N12
nitrogen addition treatment significantly inhibited the germination and growth of Lactuca sativa. In addition, the
allelopathic effect of the extract at the initial stage of invasion (S1A3) under the addition of N5 was the most significant
and its germination speed index, germination vitality index, root length, plant height, and leaf length were respectively
reduced by 61%, 79%, 84% , 68% and 13% compared with the control. At this time, the total phenol and total
flavonoid content in litter were 0.48 mg + g"and 1.50 mg - g, respectively. (2) Under the same nitrogen addition, the
degree of invasion had a significant effect on the allelopathic effect of Solidago canadensis. With the increase of the
proportion of Artemisia argyi, the allelopathic effect of the extract significantly increased and the content of litter
allelochemicals in the early invasion (S1A3) was significantly higher than that in the late invasion (S3A1). (3) When
the invasion degree is the same, the allelopathic effect of N5 nitrogen addition treatment is significantly higher than that
of NO or N12 nitrogen addition treatment. (4) Nitrogen addition has an interaction with the degree of invasion and their
combined effect significantly affects the allelopathic effect of Lactuca sativa seeds. It can be inferred that nitrogen
deposition may enhance the allelopathic inhibition effect of Solidago canadensis litters on native plants and further

promote the successful invasion of invasive plants. This study provides a theoretical reference for further research on the

40 %

allelopathy and ecological control of S. canadensis.

Key words: nitrogen deposition, allelopathy, Solidago canadensis, litter, invasion degree
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Table 1  Effects of Solidago canadensis litter extract on lettuce germination and growth
L e
WK AREE RSP RN BREIIN RK i e DB
Nitrogen Invasion Germination Germination Germination Root length Plant height Leaf length resh weight
o, . e of seedling
deposition degree rate speed index vitality index (em) (em) (em) ()
NO S1 0.78 + 20.08 = 2.66 + 0.38 + 0.76 + 0.61 + 0.13 =
0.02b 1.32bc 0.17bcde 0.04cd 0.04bc 0.01de 0.0lcde
S3 0.77 18.43 + 2.66 + 0.47 + 0.95 + 0.70 + 0.14 +
0.03b 1.66bc 0.23bcede 0.03cd 0.06bc 0.02bcde 0.00bcde
S1A3 0.77 17.09 = 2.12 0.32 + 0.60 + 0.68 + 0.12
0.02b 1.20be 0.19cde 0.02cd 0.03be 0.05cde 0.01de
S2A2 0.79 + 19.56 = 2.89 + 0.50 + 0.71 0.73 0.15
0.03b 1.71bc 0.25bed 0.03cd 0.03be 0.02bed 0.01bed
S3A1 0.75 18.05 = 2.79 0.56 + 0.89 + 0.83 + 0.15
0.02b 0.93bc 0.16bcd 0.02cd 0.08bc 0.02b 0.00bed
N5 S1 0.75 17.58 = 2.44 + 0.49 + 0.69 + 0.73 + 0.14 +
0.04b 2.81be 0.44cde 0.06¢d 0.02be 0.03bcede 0.00cde
S3 0.76 + 17.10 = 2.07 = 0.40 + 0.65 + 0.74 + 0.12
0.03b 1.15be 0.13cde 0.04cd 0.01be 0.02bed 0.01de
S1A3 0.75 14.83 = 1.61 = 0.30 = 0.60 + 0.77 0.11 =
0.04b 1.83¢ 0.17e 0.02cd 0.04bc 0.01be 0.0le
S2A2 0.75 18.29 = 2.17 = 0.27 0.46 + 0.60 + 0.12
0.02b 1.63bc 0.28cde 0.02d 0.02¢ 0.0le 0.01de
S3A1 0.83 = 20.18 = 2.88 = 0.36 + 0.71 0.74 + 0.14 =
0.02ab 1.33be 0.20bed 0.04cd 0.04bc 0.02bed 0.01bcde
N12 S1 0.76 + 17.25 = 3.09 = 0.99 + 1.02 0.72 0.18
0.03b 1.45bc 0.35be 0.10b 0.03b 0.02bcde 0.01ab
S3 0.85 + 20.84 = 3.62 0.58 + 0.93 + 0.78 + 0.17 =
0.01ab 1.41bc 0.21b 0.03c 0.04bc 0.02be 0.00ab
S1A3 0.75 14.15 = 1.77 = 0.33 + 0.71 0.65 + 0.12
0.03b 1.57¢ 0.29de 0.05¢d 0.07be 0.03cde 0.01de
S2A2 0.87 + 23.64 = 3.66 + 0.37 0.67 + 0.65 + 0.16 +
0.02ab 1.63b 0.24b 0.0lcd 0.01be 0.03cde 0.01bed
S3A1 0.81 + 17.18 = 2.81 0.96 + 0.88 + 0.63 + 0.16
0.01ab 0.18be 0.14bed 0.04b 0.04bc 0.05de 0.01bed
CK 0.93 + 38.43 = 7.66 + 1.98 + 1.89 + 0.89 + 0.20 =
0.02a 1.35a 0.15a 0.17a 0.40a 0.02a 0.00a

T AFRARBREINER —-BEALI S1. 1 HRINE R B R AR ; S3. 3 BRINE R B AERIE ; S1A3. 1 BRINE R —H
FETRRN 3 BRILH , S2A2. 2 BRJNGE K —ALE AL IR AN 2 #R 3L S3AL. 3 Ml K — A #AER AN 1 BRICRE, NO N5 N12 43 5] /R AN
RIBIALEE NO. HAA L O g - m” - a’; NS RABMS g - m? - a’; NI2. @ABRM 12 g m? + 2, R ARFEERES
B (P<0.05), FHl,

Note ; Different invasion levels of Solidago canadensis S1. Single Solidago canadensis planting; S3. Three Solidago canadensis plants;

S1A3. One Solidago canadensis plant mixed with three Artemisia argyi plants; S2A2. Two Solidago canadensis plants mixed with two Artemisia

argyi plants; S3A1. Three Solidago canadensis plants mixed with one Artemisia argyt plant. NO, N5,

treatments

NO. Natural soil 0 g * m

a”'; N5. Low nitrogen 5 g + m™

N12 represent different nitrogen addition
a; N12. High nitrogen 12 g - m™ - a'. Different letters in the

same column indicate significant differences (P<0.05). The same below.

TR TE R R Y SRR T X A A AR R T
WL, N5 5 N12 Z A0 By 4 il 22 5 10 ]
2400 N I AT DA 550 b 4 5 i K — R B AR ) 45
GALEAER

TEAA TRV A B, A [R) {2 72 5 Al i B 3
e 32 42 W ) A BV E T o 7 A A b ) b 30 5 4 1Y)
TEWL T (STA3 S2A2 Fll S3A1) , = Ff & &b BT bifi %5
TINEE R — A 5 A6 A7 16 L i) 9 388, 32 45 0 1) b Jek
YEM B 55 o 3% Ul B SR 5 K —BE ALY
(TR b X o B K — A B AR B A IR &5 7 A —

Ay VR H

XURZ 2250 Hr 46 R R W, ot 2 R DT b
AR BE IS K — R B A U8 & i 34 18 5
B, P SRR B e R O s e Y
SRR B A T R (3R 2) .
23RAMMANBEENAETEBMEERE
=10k

TCie RIS INE & AR TR B, O & Bl 4k 3
ST A D) | N S W 3 L e 7 B e
i, WELFEEHT R ERm T &, H
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Table 2 Two-way ANOVA analysis of on litter allelopathy of Solidago canadensis
.
Trﬁtij?enl ;icnt variable 4 F P
RIUTKE K Root length 2 30.394 0
Nitrogen deposition i Plant height 2 5.338 0.007
MK Leaf length 2 1.484 0.234
K ZFF Germination rate 2 3.499 0.036
K2 EHE % Germination speed index 2 0.754 0.475
i % % 713550 Germination vitality index 2 12.609 0
4P BE T Fresh weight of seedlings 2 23.462 0
S Total phenol 2 203.625 0
S FE R Total flavones 2 43.972 0
L LIRS RIS 2 12.648 0
UNES 3 K Root length 4 16.058 0
Invasion degree BEE5 Plant height 4 1.664 0.169
& Leaf length 4 4.353 0.004
% ZF# Germination rate 4 1.941 0.114
K2 EHEEL Germination speed index 4 4.37 0.003
W & 1% 1145 %0 Germination vitality index 4 10.389 0
K Fresh weight of seedlings 4 9.8 0
S} Total phenol 4 15.438 0
S FE R Total flavones 4 10.265 0
5 (LIBER L RIS 4 11.798 0
RO = ANRFRE M Root length 8 8.941 0
Nitrogen deposition * BEE5 Plant height 8 1.306 0.256
Invasion degree
K Leaf length 8 7.625 0
K ZEFR Germination rate 8 1.979 0.063
K2 EHEEL Germination speed index 8 1.779 0.098
B &6 J138 80 Germination vitality index 8 2.807 0.01
K Fresh weight of seedlings 8 2.353 0.028
S Total phenol 8 3.749 0.004
L Total flavones 8 0.889 0.538
A LIBRIR S RIS 8 3.077 0.006

. WSk R R 22 57 83 (P<0.05)

Note: Bold data in the same column indicate significant differences (P<0.05).

XA TG R (£ 2) , 3 Al e
AREE T, 5 NO A HFEAH HE , fin 52 Kk — % 35 48 14
T P R AR NS ALEE B T AE N12 4b B
TR, ERRI RN, F 95 kB B o b A
HiAE P 3B SE G (I TR [ FE NS AR EE S1A3
At O 5 L T 7 R A g, LB NO AR B STA3 B
T 140% ,7E N12 kb BE S3AT I 7% i 2l & o
i, bt NO AbBE S3AT BFFEAE T 33%.

X B o R — A B A R Vi S
RSO EAMER BT, 7E N5 AL S1A3

s 908 % b B B T 0 R, B NO Ab# STA3 B T
1 T 50% ; 4F N12 403 S3AT I 6 - 4 3 i 5
AL, Lk NO Ab3 S3AT BFREAR T 51% ., fb 8 i
1Y 22 5 U B R4 B FIUAS [A) AR 2 B 0] R 2 i 52
M Jo1T B R — st B A V% b B I R R 2 ) A V%
W fb A

3 W54

FEL 8 v o T DU S R L A R RO i A R
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Table 3 Synthetical allelopathic index and allelochemical

contents of Solidago canadensis

HUbE ARBE  ZH40& By TR

Nitrogen  Invasion 2 Total phenol  Total flavones
deposition  degree RIS (mg-g") (mg-+g")

NO S1 -4.66 = 0.16 = 0.77 =

0.12abcde 0.0le 0.14be

S3 -4.58 + 0.22 = 0.85 =

0.20abcde 0.01de 0.07be

S1A3 =5.15 = 0.20 + 1.05 =

0.28cde 0.01de 0.03b

S2A2 -4.17 + 0.19 + 0.80 +

0.19ab 0.00de 0.06bc

S3A1 -4.09 = 0.22 + 0.82 =

0.11ab 0.02de 0.08bc

N5 S1 -4.76 + 0.34 = 1.02 +

0.36abcde 0.01be 0.07b

S3 -4.95 + 0.39 = 1.04 =

0.10bcde 0.03b 0.14b

S1A3 -5.44 + 0.48 + 1.50 +

0.17e 0.02a 0.12a

S2A2 -5.29 + 0.38 = 1.13 =

0.16cde 0.02b 0.12ab

S3A1 -4.44 + 0.33 = 0.81 =

0.12abed 0.01be 0.07be

NI12 S1 -3.90 0.16 + 0.50 +

0.20a 0.02e 0.09¢

S3 -3.77 = 0.20 = 0.51 =

0.18a 0.03de 0.10c

S1A3 =541 = 0.26 0.84 +

0.32de 0.0lcd 0.12be

S2A2 -4.13 = 0.20 = 0.48 =

0.22ab 0.02de 0.06¢

S3A1 -4.42 + 0.14 = 0.40 =

0.16abc 0.0le 0.05¢

R B T 2 R v ik ALY 2
AR A L S AR DL SRS i T AT A, T
WA Re A BT T R A A
2 (Kansoh et al., 2009) , 33 1 52 i FAth A8 %) 0% 85
K 54K (Mei et al., 2005; Sun et al., 2006) , 7
R, S ER TR kB KA, Z & K —4
AT R ) A B [] 3 A X KR VA
Y R A E —E 2 T, SE K
FT GEAH L, 98 % I 06 ARG A 9 40 A FH B
F,XAREESEM FAERISESD HEY L)
R f e 4 fl B AR B o, 845 B 52 3 52 ) ( Turk
& Tawaha, 2003) . HLK (4400 il BB B3 AL 5% 43 W i
FE 7 T A ) A 4 2B K RD B 58 4 T Y K
I E A X AT RE BHAS 5 B 4 i A K R P ol

A T8O TE kiR R B AT LY B (Huang et
al., 2013) , s Z 2 HAEBF I Th I se Friie ), iX
TE—ERE BA AT IER A B AN AR, &
WFIE LSRR, 52 R — kw46 I ¥ i B AT Bk
AR T, AT DL 2 0 ) s R R R A K
T R ER X T SR ] i SRR

T R AR R T S AR ) R Y A )
HEENZ >R EZm T Y0 IERN., 7EA
SRIREEH B ATTAS A AT DA B 22410 o) H b AR b A )
By A=A T LI AT A5 25 e - 358 A W B 1S B
BN, & A B HR 428 ( Centaurea diffusa ) H Y
8—Fr ks mk 7E + 3 vp B HT B U6 P ( Vivanco et
al., 2004) , Z W LA H 6T W gl 1) R s T A4 1Y) 5
MV ) 44, & Rl LA B AR = B 5 | s A0 Bl
B R ARAP Y o2 RE R FE ., AREY
KAHLF ( Chromolaene odorata) BT 3 + 3 v 1% B
) 5T AT LA A ) 4 b - 3805 JE AR 1Y A= K (Mangla
et al., 2008) . i ¥ i AL B W) BT Y 5 i 52 B AR
Wy A=A T | Ve T ) R0 A ) Fh 5 4 45 22 R A
R, AR A YA SR T S R
R A2 Ak A2 Ak, ZUDT R 0 35 2 5 | A R fif
(Schima superba) 15 & ¥ ( Pinus massoniana ) 14
T SRR T A I (R, 2009) , R4 T
(Ipomoea cairica) P75 W (1) AL IBAE FHAE T |85 AK
ARG IR (Chen et al., 2016) . AHFFEH, H[F
AR EE B IR A DL RS (N5) Ab BEAE 3 b AN it &
(NO) B =5 Z TR (N12) &b B8 Ak 8 1R o 2 42
e, ELUA v i rb 0 16 2% ) A AR [R] B Ea #A, AT
RE 14 Ji DR 2 A ) 7 A AR e o 1) 22 70 AN A IR
TA DU A BR P 0 BLIE 5 A 8 R R R
Ko XAREZF N ERIRTT = (ARG ) i, 4
AOLFE AR B, BT LU 82 K — B8 A6 5 B0 2 1
AR A AT K LSRR 22 1 78 32 55 ( Luo et
al., 2014) . JBEBH4E (2013) X% & T8 34 ( Flaveria
bidenuis ) FIWTFE K I, A AR B RE LEAR AL 35 A &%
fem A KR R e P i, M2 T, N5
A P SN T A T b i AR B B, T RE = i
TRIURI I T A Y 0 B A 8500 X 2308 /b Jin
R A AR AR A K B2 X R AR Y A
B, DA T 3 o H - A %) 5 ( Kansoh et al., 2009;
Hess et al., 2018)  [m]M 75 S04 il % i rb A0 &
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40 %

W BT ) S, ) G At A b B ) 2R K DUHS B B
BAEEY K, N12 A B ALY T W 28T NS &b
BEATRESE R N TE B 5 50 2 (s BN 2 0F T
al., 2014) . HFpEI%E 748 T 5510, Wi 1M
A RN R VT ) el i L[V 312 o o s A O |1
Hh G5 (2018 ) WY & IR, 38 it 018 AT LAAT A% Ak
IIIE N S W A W = S T e[| B 7S
PR ORI T v A A R T AR
7P EITEA 1 (Yang et al., 2018) , X AIERAR
Y EEWERKKR, D2, ARG RREIE T
S5 — B R, AT R 23 38 5 AR A ) % A 1l
TP A IEAEH

B T R DLRE A1, A 1l 55 4 ) i 1) A7 A A I 3
SRR TE WAL B BT i R 2 I IF Y R
HH AR e X &8 30 AR 4 A7 Ak 2 U0 2 0 4
TG LT R TR AH I 1 Ak SRy T 41 o) 408 3 AR 4, X
Fh B G B FRAE R 48 90 Ak 27 7 001 38 TR ( Pettersson et
al., 2008; Lietal., 2016) , fLIEAESE(2016) K
INETER R FAETE R OUT , 23 53 Wh Ak 13y o 4
il JEl i W 2% B ARG, BE R AR T A A B 2
(i) 5 4 5 B2 140 ), 4 ) R B0 B A B 1) A
iy | R N Sy R € o S T = R 1 S
R AL AW (S1A3) I 7% i 1L 2% W) B
FREEST ARG (S3A1) , 3 B Fh ] 35 458
JE (AR R ) XIS R — e e R Y o & A
WEERZ M S1 AT S3 /9 In & K — A AR Ak AR
FHTC2E 5, Uh WA Fh 4 55 2 560 &2 K — 08 46 1 4k
TR Jo (1% R TR T 52 ), 3 5 i N B 9 4 SR AR AL
AL FENE T8 A2z ), K ] 5% 4K
(R 5 ) 23 52 e A V00 i AR T

MR Z 7 2 o, AULHE S5 AR 2%
SR PR 7 b SR i AR A EAE T,
X SR & R TG W S N, 3X AT RE L T LA
TNFUAS [R] A AR R B T 0 52 K — B 0 A6 AL B A HT 1Y)
AR (SR R (Y A A 2 S VT
S ) S T o VR %) i I AR A 5 4 SR R Y, AT R
FSE KV A A2 22 BAE R, M 2 3 (W] 52 ) 0 9% )
(AR A0 DL R 5 90 75 A ) A SRR P i B
1y HAR N FERL A AT Rtk — 20 5T

ZELFTIR, ARG LR T INER i #

A 55 I XoF 52 A 3t AR ) 2 A A Y A o AR
AR T REA R T H AR . R Bl
DURE AR A A (P [ SRl A 5 4 56 32 ) B9 7%
TG R — A5 B AU v it v AR S S5 5 i P 2 Bl
Z AR DT B HE AN (] A A A R 2 T e G
AR AE— @R b2 AR A B T 4
R AN SR AR AR W) 5 R — B B AR A A AL
il o AN, S5 AT X £ R — A B A8 AL L
WETERE , IS R — BB A 19 AL I AR 2 32 R A
kg A TR T £ Wi O TR 2R B R B 25 A IR
SR AARZ R ZRLHI 3L R AR R 45 2R . Rk
AT ST 245 G AR A R, IR IR R
W) R RN RO TR X TIN5 R — BB AE 1 A B
EWALE B2, RULREAE — A2 i 1 4 3RS
Pead A, 76 AT AR S a4 ok — A
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