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Changes of leaf functional traits and their relationship with environmental factors
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Abstract: For plants, their leaf is an important organ to obtain resources. It is conducive to understanding the biological
invasion mechanism by exploring the relationship among leaf functional traits and responses to environmental factors. In this
study, we focused on Bidens alba, a species with three levels of invasion (mild, moderate, and severe) in urban plant
communities and measured its 14 leaf functional traits and 5 environmental factors (light intensity, atmospheric humidity,
and soil physical and chemical properties). Additionally, we analyzed the resource allocation pattern, absorption and

utilization strategy in the process of invasion by one-way ANOVA, correlation analysis, redundancy analysis and other

EETH HE ARBEREE W U (32071578) s 24 B AR R4 LITH (2021J01133)
o7 B #7:2024-03- 18 P 4% H R H 1 :2024- 08- 16
# MIRFEH Corresponding author.E-mail ; huanglj@ fafu.edu.cn

http ://www.ecologica.cn



21 4] FIEAR A FUER A AR R b i i D RE IR AR A 5 SO S BRI 7 1 56 2 9863

methods. The results showed that; (1) As the degree of invasion increased, several leaf traits also changed significantly.
Specifically, leaf width, leaf area, leaf dry weight, leaf dry matter content and leaf total phosphorus content increased
significantly with the increase of invasion degree. There were the highest specific leaf area and leaf total nitrogen content
under moderate invasion. There were the lowest leaf thickness, leaf volume and fresh weight under moderate invasion. (2)
There was close relationship among leaf functional traits. In mild invasion degree, the leaf length was observably correlated
with leaf width and leaf area. Leaf fresh weight was observably correlated with leaf dry weight. There was significant
correlation between leaf total nitrogen content and leaf total phosphorus content under moderate invasion. The specific leaf
area was significantly correlated with leaf dry weight, leaf dry matter content, and leaf tissue density under severe invasion.
(3) Redundancy analysis showed that light intensity and soil humidity were the main factors affecting the invasion of Bidens
alba. In the process of invasion, the increase of light intensity and the decrease of soil humidity caused the increase of leaf
dry matter content, leaf thickness, leaf tissue density and leaf total carbon, and the decrease of leaf area. These changes
suggested a shift in the adaptation strategy of Bidens alba from resource acquisition in the early stages of invasion to resource
conservation in the later stages. To sum up, under the increasing pressure of external conditions, Bidens alba tended to
adopt different strategies at various stages of invasion. In the process of mild invasions to moderate invasions, Bidens alba
tended to adopt acquisition strategy (low input-high return). But as the invasion progressed from moderate to severe, its

strategy shifted to resource conservation (high input-low return).
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Table 1 Part of the study on the invasion level

WX R 34K e EE BTN
Study object Evidence of division References

BIEAR:10% <35 %<30%;

KHLEL Chromolaena odorata FEEAR :30% < T <50% ; [20]
FREALR : 3B =50%
BEAR . FE<35%;

JngE K —1% 8 AL Solidago canadensis HPEEAAR :35% < W PE<T5%; [21]
EEAR: B =T5%

BREAE . FRE<25%;

R AR 126% < 75 <50%
AR 51% <THFE<T5%;
AR 76% < 35 <100%
BEAZ . %E<35%;
AR 35% < T E<T5%; [23]
FREAR W =75%

55 7 it 2 Sphagneticola trilobata [22]

INEEE Conyza canadensis
JINER—# ¥ AL Solidago canadensis
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Table 3 Leaf functional traits with 3 invasion degrees

e

Serial number

LRZIAERIN

Leaf functional traits

MZFEEE Invasive degree

BREANR

Mild invasion

FEAR

Moderate invasion

HEAR

Severe invasion

1 4 LL/em 6.67 £1.65 a (0.247) 7.58 £0.89 a (0.117) 8.14 +0.93 a (0.114)
2 58 LW/ em 5.82 +1.39 b (0.238) 6.62 +1.22 ab (0.184) 7.50 £1.02 a (0.137)
3 K 58 b LL/LW 1.22 +0.19 a (0.156) 1.21 £0.21 a (0.177) 1.11 +0.08 a (0.070)
4 AL LA/ em? 18.93 +6.78 b (0.358) 24.06 +4.77 ab (0.198) 28.47 £7.02 a (0.247)
5 L TR R SLA/ (g/em?) 358.86 +34.26 a (0.095) 432.93 £68.72 a (0.159) 257.19 £100.24 b (0.390)
6 I LT/ em 0.15 +0.02 a (0.130) 0.10 +0.03 b (0.267) 0.14 £0.02 a (0.153)
7 AR LV/cm® 2.81 £1.06 b (0.375) 2.48 +0.69 b (0.280) 4.04 £0.87 a (0.216)
8 - LFW/ g 0.37 £0.14 b (0.393) 0.35 £0.09 b (0.248) 0.52 £0.13 a (0.248)
9 -+ LDW/g 0.05 +0.02 b (0.392) 0.06 +0.01 b (0.129) 0.14 +0.09 a (0.645)
10 ¥y & LDMC 0.15 +0.01 b (0.078) 0.17 £0.04 b (0.227) 0.25 +0.11 a (0.444)
11 AU LTD/ (g/em®) 0.02 +0.00 a (0.182) 0.03 +0.01 a (0.252) 0.04 £0.02 a (0.485)
12 425k LTC/ % 42.91 +2.88 a (0.067) 41.62 +3.71 a (0.089) 44.83 +1.74 a (0.039)
13 4% LTN/% 3.04 +0.85 ab (0.280) 3.96 +1.02 a (0.257) 2.47 £0.62 b (0.251)
14 428 LTP/ (mg/g) 7.22 +2.32 a (0.321) 5.04 +2.14 ab (0.426) 3.12 £1.22 b (0.391)

LL: M4 Leaf length; LW I 58 Leaf width; LA M 1 FY Leaf area; LL/LW . I+ %% kb The ratio of leaf length and leaf width; LT ' J& Leaf
thickness ; LFW ; I8 5 Leaf fresh weight ; LDW ;' T-H Leaf dry weight ; LV ; 'H/AF Leaf volume; SLA ; b MR Specific leaf area; LDMC ; M4 i &
## Leaf dry matter content; LTC ; M4k &5 & Leaf total carbon; LTN : M2 %( & & Leaf total nitrogen ; LTP ; -4 12 Leaf total phosphorus ; LTD ; 24
YUY Leaf tissue density; K03 A (H +H51EZE (Meanz+SD ) $55 PUNAE H R EL(CVR) , AT AR /NG FHE R R A R AR R B -k B

225 (P<0.05)

— 1.0
LL 090 084 0.8 -008 074 072 068 0.19 -0.12 027 020 040 -0.03
LW * 093 -024 013 080 085 084 005 019 011 017 067 -0.16 08
LA * o -0.09 031 095 097 095 -0.16 007 -0.14 0.4 059 -0.02 06
LLLW
0.4
LT
LFW 0.2
LDW &
0 M
K
LV =
SLA -0.2
LDMC 04
LTC
-0.6
LTN
LTP -0.8
LTD
-1.0
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Lw
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LL/LW
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Lv
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Fig.2 Correlation heat map of leaf functional traits of Bidens alba in mild invasion
# . P <0.05; %% P<0.01; #%% ; P<0.001; LL. ;LW 58 LA MR LL/LW . MR S8 L ; LT PR LEW . I8 8 LDW . T 55 LV .
HRFR S SLA ; LU TR LDMC ;M BT & 4 LTC : 228 4 LTN 22505 4 LTP M2 3 1 LTD ; -4 23 )%

http ; //www.ecologica.cn

LTP

LTD



9868 JAE = 44 %

S TR W T ], I 50 AL 2 I BN TR0 A LB Fn
ST T T B AL I T TR R LSV I o
LSV 2 P e B EAOERE LM RS T8 AR I T4 B 0 AL 22 A A
A GAICHE, I TS0 I GRBL I I 5E2 F], I 0F E S0 FE  E  E
HI, T L TR P75 3 A
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LA | * * -0.28 -034 097 066 045 080 -0.89 -040 0.13 =028 -0.17 o
LLLW 0.65 0.77 0.8l
— 0.4
LT -0.54 -0.29 -0.87
LFW 0.24 -0.17 0.07 02
LDW 0.09 -0.17 -0.01 &
0
K
-0.40 -0.44 -0.93 =
SLA 0.11 -023 -0.19 -0.2
LDMC -0.29 007 -0.13
-0.4
LTC 0.07 = 040 -027
-0.6
LTN 0.88 047
LTP * 0.42 -0.8
LTD
-1.0
~ = < = = = = > < @) o) & a
— = =
I § = a8 7 3 é 5 é =4 5
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Fig.3 Correlation heat map of leaf functional traits of Bidens alba in moderate invasion
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M SV R R s i A R R A B e AN T 900, 3k
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—r 1.0
LL 0.83 089 -0.02 -0.68 079 054 064 -042 043 -029 -0.19 027 0.52
Lw 2 0.89 -0.57 -059 075 068 0.74 -0.66 0.69 -0.04 -040 -0.07 0.71 — 0.8
LA * e -028 -0.61 086 078 081 -0.71 0.73 -0.19 -024 0.20 0.80 06
LL/LW
= 0.4
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LFW 0.2
LDW =
&
0 xR
LV E
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-0.4
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Fig.4 Correlation heat map of leaf functional traits of Bidens alba in severe invasion
R4 TRMEEFXH IR AOBRE R EZEGE
Table 4 Interpretation rate and significance test of different environmental factors on leaf functional traits
BT T i RER/ % X BRI TR % P »
Environmental factors Explanatory rate Contribution to the total explanation rate
SH 56.4 77.1 20.7 0.002 "
LI 11.5 15.8 5.4 0.028 "
AH 2.6 3.5 1.2 0.31
STP 1.5 2.1 0.7 0.428
STC 1.1 1.6 0.5 0.518

# . P<0.05; #% ; P<0.01; SH; 1HERSE Soil humidity ; LT; JEIEEREE Light intensity ; AH; KB Air humidity ; STP ; + 3485 % Soil total

phosphorus ; STC ; + 34>l & & Soil total carbon

3 Wit

31 AfRIERET AL RAT F D RETER2E
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