55 42 55 20 1 S & 7 i Vol.42,No.22
20224 11 A ACTA ECOLOGICA SINICA Nov.,2022

DOI: 10.5846/stxb202105111231

EE R IS A, A, BT R T TR IR BT R R R 29 5 A RO A 2R, 2022,42(22) £9100-9110.
Wang T T, Zhang Q Y, Zhang Y C, Tang M E, Liao W.Density dependence and growth trade-off of Alternanthera philoxeroides under warming. Acta
Ecologica Sinica,2022,42(22) :9100-9110.

ERETFEABES =S THEESAS ERKNE

A a2 > 1, 3 L1 g1
FE kAR kiE AR EYR L #
1 PEARIAIE RFM R 5 TR, M7t 637009
2 PHARNTE R A s BB 222 58, T TR 637009

FEE PSRRI A 5 R ERRCR: 506 2R MR TSR ) S I SR R A AR R Y, (A2 BM R E R T IBLGE T
LA 07 2 728 P 18 A R ASUARF , Xob 1 T A 3 A 114 %85 2 1) 24 080 4 L BRI B g e O A S e 2 B A A 1 9 T LA R R R
AN IE . DU 5255 T 5 (Alternanthera philoxeroides ) AWFFE 3T 42, R % B (1.5.9 ¥k/%E,37.186.335 #/m’ ) AR &
CER BGI) SH R LR, KR T RRERE RN, BN S5 R EFRAOCR b 55 00 % B 298 HAEE
SERLH] (1) H AR S 5 5 B TEAH E 2R (P<0.05) |, H b F R A0 A o i T 85 B 1 ) S 9% B8 AR P ( P<0.05)
T SRR S HAZ AR A T AE AR G R (P>0.05) o (2) JCIBHER- 57, Bi% B TR 7880, AR A 8 43 T b & 4
K, S R 25 e LR AR, AR LRS- B N AR E . (3) FHAE Y- B S A y i
FiRERS RE PR IR . AL IR Ty, (= 1.685) < ¥ o —1.612) < ¥, (=1.605) < ¥,y (—1.558) <y,,,(=1.524) | %
il 29 PR B8R BE A R/ VIRUCH > 3 B> ZES MRS R, HERALFE R Ly, (=2.075) < ¥ esoun ( =2-038) < ¥y (=1.982) <
Viear( —1.933) < 7, (~1.800) , 32 %5 £l 29 P 3R BE A R/ IMRIR g - 255 1 > MRS SR, 5 B3 7 FORN R L AR 32 95 B2 1Y
VVEIRE TH A OF . BT L, TR S 5, 5 B T O I R B IR Y 5 S 5 ) B 25 i R b b BE R ST S g
o3 5 P N T D555 , 5 R R M B VR SR T R A R R AL B R 32 R R 2V SR i TRAL IR 252 R
yfi, MR 2y g, M LB SE A 3 AL,

SEBEIA N O AL ; A W 8 B G 3R s A RAR A1 5 5 i A K 5 LAy

Density dependence and growth trade-off of Alternanthera philoxeroides under

warming

WANG Tingting' , ZHANG Qiaoying”, ZHANG Yunchun' ", TANG Menge', LIAO Wang'
1 College of Environmental Science and Engineering, China West Normal University, Nanchong 637009, China
2 School of Geographical Sciences, China West Normal University, Nanchong 637009, China

Abstract: Study on the relationship between plant individual and population is of great importance to explore plant
adaptation strategies and to understand the mechanisms of plant invasion. However, most studies focused on the growth
trade-off of plant response to density change under normal temperature treatment. There is a lack of understanding on the
regulation mechanism of plant density restriction under increasing temperature treatment, and whether the regulation law of
response to density change alters under normal temperature and warming treatment. In this study, taking Alternanthera
philoxeroides as the focus species, the relationship between density restriction and A. philoxeroides, and the regulation law of

density restriction between aboveground and underground parts under the background of global warming were studied by
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using two—factor experimental design of density (1, 5, 9 plants/pot, 37, 186, 335 plants/m’) and temperature ( normal
temperature , increasing temperature ). The results showed that: (1) There was a significantly positive correlation between
the characteristics of aboveground components and temperature (P<0.05), and there was a significant density dependence
on the characteristics and specific leaf area of aboveground components ( P<0.05). Temperature, population density and
their interaction had no significant effect on underground index ( P>0.05). (2) With the increase of density, the root
biomass allocation ratio increased, while the average biomass and stem biomass allocation ratio decreased under two
temperatures. The allocation ratio of leaf biomass remained constant at different densities. (3) The allometric index 7y of
biomass—density was used to measure the regulation of population density. Under normal temperature treatment, we found
that y,(-1.685) <y -1.612) <y . (=1.605) < v, jua(—1.558) < v . (—1.524). Regulation intensity
restricted by density was in the following order: leaf > aboveground > stem > individual > root. Under warming treatment,

(=2.075) < Yoo ( =2:038) < ¥, (—1.982) < y,,(=1.933) <y, (~1.800). The order of

above-ground €

we found that 7y,

tem root

regulation intensity restricted by density was stem > aboveground > individual > leaf > root. The density regulation of the
aboveground components of A. philoxeroides population is stronger than that of the underground ones. That's to say, whether
warming or not, the competitiveness of underground resources of A. philoxeroides population increases with the increase of
density, while the competitiveness of aboveground resources decreases with the increase of density. The regulation ability of
the upper part of A. philoxeroides is stronger than that of underground part. Under normal temperature treatment, leaves are
more restricted by density, while stems are most restricted by density under warming treatment. The competition for

aboveground resources is dominant for A. philoxeroides.

Key Words: invasive plant; morphological characteristics; biomass-density relationship; plant modules; allometric growth;

trade-off
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Table 1 Experimental design and treatments

T5LBE A3 HIRER BE Plant density

Temperature treatment ik Low (1 #k/%%) 1 Medium (5 #%/%%) & High(9 ¥R/ 40)
& Normal temperature NT-LD NT-MD NT-HD
3435 High temperature HT-LD HT-MD HT-HD

NT . % Ji normal temperature; HT ;347 high temperature; LD :flX% & low density; MD ;1% & medium density; HD . &% high density
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Fig.1 Morphological characteristics of A. philoxeroides under different treatments
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Table 2 Simulated models on relationships between aboveground modules and biomass of A. philoxeroides under different temperatures

X v W AR SH Parameter
Temperature  Regression equation a b ¢ R? P
¥ Density ESS NT Y=ab" 328.653 e 0153 — 0.779 <0.0001
HT Y=ax®+bx+c 14.601 -237.109 1029.728 0.906 <0.0001
ESTE NT Y=ab* 127.132 e 01 — 0.797 <0.0001
HT Y=ax?+bx+c 3.700 -65.300 316.600 0.956 <0.0001
ENe3 NT Y=ab" 31.734 e 02 — 0.893 <0.0001
HT Y=ax?+bx+c 1.012 -16.075 67.462 0.952 <0.0001
[EATTE A NT Y=ax" 8.834 0.667 — 0.788 <0.0001
HT Y=ab" 8.010 18! — 0.808 <0.0001
g NT Y=ax" 289.109 -0.613 — 0.828 <0.0001
HT Y=ab* 824.929 e 02 — 0.915 <0.0001

2.3 AR T8 RET A AR B R 2

L 5 R A 1 S LA PR X P 2503 i T o=
b HUSPEL U HAT E  (P<0.05) b T . Ok
R S (P>0.05, 4 3,19 3) . bz, 2 012 b
ZEOVRUI A TR R LM IR L 2 b T g, B2 os
UL b BRI ORI S5 E Eos ) N 0
ARSI, MR AL (GBI 5 PRI TR 2 os . .
BEESE, 25 MRS AR R LI F 2 ¢ mﬁ - fiog
/I TR HEJ G B 5 2 R I U RO R e e s e -
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Fa A i 43 HG AR AR 568 L S5 U I KA, 5 R B2 RIS R T A S B
TR BEAL B 25 PO L HE R B BE AR PR 20.1% . pig.2  Effects of different treatments on biomass of modules for
UL TCIEH IR 575, BsE Ao BE K, 5 54 T HAE T A. philoxeroides

SIS R A5y, /R R e e, g APV RIITRRRISERA (P< 0.05) (PRf=blER2)
AN HE R oy B H ARG L AR 0 BC 4y 3 A

FERFEREAN T 13.2% \73.6% .53.8% .,

B T e, ARG LU BRI (3 3) o AR BEAL PR R | 5 TR 2K AR o 4 T L B8 B O B ) T R T
(3 E 3) , RIS S BEAL BT R AR i AR i A G L R 0, T e R R SR AR i
Sy BCAZRE, A EC LB o MRS LY AR A3 LU B B () T i TR AR, R AL N B R A
FERTHL R H5r, ha BEALIE T | 34 1AL 3 1) 5 55 B 25 AR ) o 40 G LU 3G 0 T 13.8% , W43 BC L AR 5
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Table 3 Effects of different environmental factors on biomass and allocation ratio of A. philoxeroides

2 Stem M Leaf R Root Y Total hiomass
'% N s Ery s ey o -
et SYBEHL/ % iy TR SYBEEL/ % ot yH/%  Root-shoot ratio
NT-LD 5794£0555h  0.583:0.028ab  1.932:0281h  0.190:0.014a  2.398+0432a  0.298+0.038ab  10.124=1.19h 100 0.298+0.038ab
NT-MD 0479200760 0.567:0.045ab  0.162:0.028c  0.206:0.047a  0.206£0.058bc  0.304£0.058ab  0.84820.121c 100 0.304£0.058ab
NT-HD 0.17620017e ~ 0.527£0.055b  0.046:0004d  0.138£0.012a  0.12240.036cd  0.582+0.207a 0.3440.036d 100 0.582+0.207a
HT-LD 13513£1.971a 0.664£0.026a 3319803522  0.167+0.004a  3.191:0259a  0208:0.039b  20.023+2.403a 100 0.208+0.039b
HT-MD 0.79620.135¢  0.645:0.035ah  0.184:0019c  0.163:0.033%a  0.227+0.033h  0.2430.042h 1.20620.135¢ 100 0.24320.042h
HT-HD 0.146£0.031le  0.550:0.034ab  0.047:0.006d  0.189:0012a  0.065:001d  0361:0.058ab  0.258+0.044d 100 0.36120.058ab

RANGFHEFRERLE (P< 0.05) CPRMbRBRE) ilg: BORZH HIMEGEH 1/x Bl Mo

24 AFRERETESEFRAYRE S HENRHEER

WIRALELT P28 e RS EAY S EAY) 120 L% 4w Ak
HAMMREYRSBEENSECRBE v 550 H 100
-1.605,-1.685 ,-1.524 -1.612 —1.558(% 4) ., M 95%
BAF DT T Y e Y reat ~Y shovecsronnd ~ Y i 3 =372 TG
FVEZES(P>0.05) 2B E WAY & W FAEYE
ARA Y SR B R O R EIE-3/2 HBENy,

80

60

40

20

A B 43 o L
Proportion of biomass allocation/%

5-4/3 -3/2 TR EMEZER(P>0.05) , UlHIRAEY it o A .
SR REE - 3/2 HFENF - 4/3 B, E S E = 2
BORAL T 25 M RS E R M E R z = E
AbFH Treatment

MR Y RS % R IRy 435 -2.075,
-1.933 .-1.800.-2.038 .—1.982( % 4), 1 95% B 5 X B3 ARAETESETEEYESRL)

1 Fig.3 Biomass allocation ratio of A. philoxeroides under different

LT T, ¥ e s Vieat s Yooot Y abovecsaound » Vindividwat 7D T =
~4/3 -3/2(P<0.05) . ViHIAHI RS i 0 by e

B MR SRR R RN - 3/2, - 4/3

BB ELRUR A P R R TE 3, 46 S8 AR e b LA ANV e TR S R A T 0 5 7
FE A 2 U G OE R (P<0.01)

*4 AEAERETEREFEHHEYE HIEYE MEYESTEZARELFIXER
Table 4 Allometric scaling relationship between module biomass, aboveground biomass, individual biomass per plant and density of A.
philoxeroides under different temperatures

T EAES i

Y Temperature Slope 93%Cls lntercept 93%Cls it R2

YR NT -1.605 -1.737, -1.431 0.757 0.652, 0.861 <0.0001 0.975
Stem biomass HT -2.075 -2.310, -1.724 1.146 0.946, 1.346 <0.0001 0.940
A i NT -1.685 -1.852, —1.450 0.279 0.142, 0.416 <0.0001 0.957
Leaf biomass HT -1.933 -2.080, —1.747 0.528 0.414, 0.641 <0.0001 0.978
WA NT -1.524 -1.757, -1.066 0.314 0.078, 0.550 <0.0001 0.846
Root biomass HT -1.800 -1.970, -1.565 0.513 0.375, 0.652 <0.0001 0.962
AR NT -1.612 -1.728, -1.465 0.885 0.796, 0.975 <0.0001 0.980
Above-ground biomass HT -2.038 -2.249, -1.732 1.240 1.064, 1.417 <0.0001 0.952
AR Yy NT -1.558 -1.699, -1.372 0.989 0.877, 1.101 <0.0001 0.967
Individual biomass HT -1.982 -2.172, -1.716 1.317 1.162, 1.473 <0.0001 0.960

95%CIs :95% & {5 [X.[8] 95% confidence interval ; P; i 3Pk significance; R? . 158 2B coefficient of determination
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