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The relationship between plant functional traits and soil physicochemical

properties in the riparian zones of downtown Chongqing
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Abstract: Studying the relationship between plants and the environment through plant functional traits is of help to reveal
plants’ adaptation strategies. At present, most researches on the relationship between plant functional traits and
environmental factors have mainly focused on the terrestrial ecosystems. Very few similar studies have been carried out in the
riparian ecosystems. Riparian vegetation is a prerequisite for riparian ecosystems to function properly, while maintaining
healthy watercourse and landscape connectivity. Therefore, our study selected 10 plant functional trait indices and 14 soil
physiochemical property indices to explore plant community functional traits, soil factor characteristics and interaction
mechanisms of three habitat types (natural riparian zone (NRZ) , farming riparian zone (FRZ) and building riparian zone
(BRZ) ) within the riparian zones of downtown Chongging. The results showed that; (1) compared with the NRZ habitat,

the soil available phosphorus, available potassium and redox potential in the FRZ habitat and the soil moisture in the BRZ
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habitat were significantly higher ( P<0.05). The soil pH value and total phosphorus content were significantly higher in FRZ
and BRZ habitats, while soil organic matter, total potassium and total nitrogen content were significantly lower ( P<0.05).
(2) In comparison to the NRZ habitats, the specific root length and specific root surface area in the FRZ habitats were
significantly higher, and the stem dry matter content and leaf dry matter content were significantly lower. Only the stem dry
matter content was significantly lower in the BRZ habitats (P<0.05). (3) The results of redundancy analysis showed that
the soil factors which affected the functional traits of riparian plant communities in different habitat types were different. For
the NRZ habitats, the influencing factors were soil bulk density, soil moisture and nitrate nitrogen. For the FRZ habitats,
the influencing factors were soil ammonium nitrogen, total phosphorus and organic matter. For the BRZ habitats, the
influencing factors were soil moisture, soil temperature, and available phosphorus. This study found that in comparison to
the natural riparian state, the anthropogenic disturbance of agriculture and structural engineering related projects led to
changes in the riparian habitats of downtown Chongqing, and that the plant community improved its adaptability to various

habitats through trade-off combinations of functional traits.

Key Words: urban riparian zone; habitat type; plant functional traits; soil physicochemical properties; ecological strategy
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Table 1 Topographic factor and community characteristics in different habitat types

Yo £ B PegFh

A2 LR |22 953

cies Domi
Habitat type River Elevation/m Slope/(°) S_mePg Om.lnant
richness species
posT) 175.20+0.37 46.40+25.97 4.8+0.3 FFM C. dactylon
SR B2 NRZ Al v 175.50+0.87 25.00+2.89 7.6+0.7 HE® H. scandens
A MERE H. altissima

— ] 176.40+1.83 16.40+3.44 5.40.5 BRI TR A, philoxeroides
AH = F R [ FRZ FAi ] 175.09+1.09 18.36£2.50 5.3£0.5 B E. crusgalli

AL 180.33+2.09 32.83+4.59 6.4+0.6 M B C. communis

BT 175.60+0.24 21.60£6.55 7.1+0.6 4 HEHE H. altissima
TF R iR S A 4 BRZ pUSERT) 174.25+0.99 28.00+2.47 4.7+0.5 BRI TR A, philoxeroides

T Bt 171.67+0.41 21.67+3.63 4.7+0.3 HEE H. scandens

NRZ. H SR AN 47 Natural riparian zone;FRZ:ZzﬁjEEFﬂiﬂﬁ%% Farming riparian zone;BRZ;ﬁfyii%&j{#ﬂ?ﬂ%% Building riparian zone
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Table 2 Soil physicochemical properties in the riparian zones of different habitat types
T3 K F Soil factors FIAABI 4 NRZ ML BN R4 FRZ TPk B 32 J: BT 4 BRZ
pH 7.41+0.05¢ 7.62+0.05b 7.76+0.02a
SM/ % 21.50+1.9b 22.70+2.3b 30.10+1.5a
BD/(g/cm?) 1.29+0.05a 1.27+0.05a 1.15£0.03a
ORP/mV 219.96+8.16b 245.48+6.58a 210.78+4.56b
T/°C 32.49+0.19a 30.00+0.27b 32.63+0.39a
TC/(g/kg) 15.78+1.09a 15.37+1.11a 16.83+0.30a
TN/ (g/kg) 1.66+0.08a 1.11+0.06b 0.80+0.05¢
TP/ (g/kg) 0.51+0.02b 0.63+0.03a 0.60+0.01a
TK/ (g/kg) 13.82+0.32a 12.23+0.22b 10.83+0.20¢
SOM/ % 2.60+0.2a 1.60+0.1b 1.00+0.1¢
NH;-N/(mg/kg) 2.99+0.21a 2.83+0.24a 2.56+0.17a
NO3-N/(mg/kg) 0.92+0.23a 1.87+0.25a 1.47+0.14a
AP/ (mg/kg) 8.71+1.23b 21.96+2.78a 9.81+0.55b
AK/ (mg/kg) 27.87+2.44h 54.72+6.21a 29.43+1.51b

SM: + 35 7K 8 Soil moisture; BD: 5 Bulk density ; ORP : % fki& i HLfi Oxidation-reduction potential; T 1 ¥} B Temperature ; TC ; 4= fi Total
carbon; TN ; 4A Total nitrogen ; TP ; 4t Total phosphorus ; TK 48 Total potassium ; SOM ; A LT Soil organic matter; NHZ -N. £ 75 % Ammonium
nitrogen ; NO3-N; YA A Nitrate nitrogen;; AP . AL Available phosphorus ; AK ; R Available potassium [FIfT ARl F R 22 5 i 3 (P<0.05)

£3 EXRFHARHTEELEREXES T

Table 3 Correlation coefficients among soil physical and chemical properties in the riparian zone of Downtown Chongqing

TR T ol Hki AHE Eﬁi THERE Ak ) B A FHUE  ESA MSE B
Soil factors SM BD ’(‘)RP T TC TN TP TK SOM  NH}-N  NO3-N AP
SM 0.017
BD -0.122  -0.651*"
ORP 0.033  -0.270"* 0.282*"
T -0.098 -0.088  0.001 -0.129
TC 0.278** 0.212* -0.502** -0.307 " 0.064
TN -0.331** 0.098 -0.072 0.025  0.101 0.168
TP 0.266 " 0.119 -0.414*" -0.140  0.063 0.463*" 0.192"
TK -0.338 “*-0.149  0.252** 0.027  0.164  -0.245"* 0.587*" -0.014
SOM -0.257 ** 0.027 -0.091 0.059  0.153 0.182  0.860**  0.174 0.598**
NH3-N -0.248** 0.256"°-0.327"* -0.039  0.189" 0.249"* 0.612"*  0.261 **0.138 0.453 "
NO3-N 0.293 **-0.121  -0.043 0.118 -0.036 -0.051 -0.157 0.117 -0.156  -0.135 -0.147
AP 0.016  0.217* -0.397 ** 0.146  -0.235" 0.232" 0.414""  0.539*70.013 0.385 " 0.528 ** 0.031
AK 0.188* 0.120 -0.353** 0.045 0 0.357 " 0.140 0.471 **0.007 0.298 ** 0.261 ** 0.179 0.552""
% P<0.05; ** P<0.01
x4 AEEBERBEGHEYEZIEERSE

Table 4 Functional traits of plant communities in the riparian zones of different habitat types
TR H AR AL A 3 TR R R g 5 AR
Functional traits NRZ FRZ BRZ
H/em 66.41+3.82a 63.92+3.92a 74.12+£5.20a
SRL/ (em/g) 814.50+135.96b 1415.78+237.53a 642.45+£87.25b
RLD/ (em/cem®) 413.01+39.02ab 486.72+48.96a 326.22+32.28b
SAD/(cm?/cm®) 58.91+3.37ab 61.65+3.81a 47.99+3.50b
SRA/(em?/g) 295.91+50.89h 419.01£53.28a 286.18+34.45b
FRTD/ (g/cm®) 0.57+0.03a 0.52+0.09a 0.44+0.03a
SDMC/ (mg/g) 243.38+14.52a 134.75+12.84¢ 176.62+11.72b
SLA/(mm?/mg) 160.09+19.91ab 195.74+11.54a 150.10£15.57b
LDMC/ (mg/g) 185.77+11.02a 140.83+11.46b 166.35£11.95ab
LT/mm 0.11+0.01ab 0.13+0.01a 0.09+0.01b

H. %5 Height; SRL: AR K Specific root length;RLD:*Ef:%E Root length density;SAD;ﬁ‘Ei’%E*ﬁ%“F{ Surface area density; SRA ; LU AR 2 1w FR
Specific root area; FRTD ; 4HARZH 41 %% & Fine root tissue density ; SDMC ; 25 T4 i 7% & Stem dry matter content ; SLA ; HLIH [ FH Specific leaf area; LDMC .
M i i Leaf dry matter content; LT : ' J& Leaf thickness
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Xof T D ST R A AR VR BB IR FEAT Pearson AHOCHE T (3K 5) , 45 R B AR IR 8] 19 AH DG 1 A
5 AR R IR B | HUARS | PR IR S 35 TEAT G AR ZH 2 B AR I o B ARER T B 8 I
e P TS IR AR TS 1 T SO & VN [ ST A s o N L 1 ey WA ST S 1 P S N T
FHAPR B R —E A RE R, MR AR | H AR AR S AR R R AR B 38 IE AR G, HE M TR
ARk ORI ARSI AR 35 IE ARG, ARkm A & S5 T s R AR SV R e
TR 25 IEARSG . T B0 8 AR 8 8 AR SR IR B | FUAR A | FUAR SR AR AR SV 25T
B EIEAC,

RS5 ERFHAEFEMHEIEEKBXESN

Table 5 Correlation coefficients among functional traits of plant community in the riparian zone of downtown Chongqing

| AR =

' SAD SRA FRTD SbMC
SAD 0.961 "~
SRL 0.903 ** 0.860 **
SRA 0.682 " 0.632 " 0.852*"
SLA 0.163 0.230 " 0.226 " 0.094
H 0.111 0.199* 0.085 -0.032 0.389 **
LT 0.162 0.284 " 0.196 " 0.041 0.444 7" 0.405 "
FRTD 0.238" 0.379**  -0.060 -0.238*  -0.013 0.271™* 0.200
SbMC 0.371 %" 0.448 " 0.226" 0.132 -0.044 0.429 " -0.1017 0.46% **
LDMC 0.418 0.520 " 0.320"" 0.215" 0.188 0.458 "~ 0215 04527 0.836 "

FRS TR (R 6) 11 3 4> PCA Rl REITTHRA L 69.72% HAFEE IR T 1, vl IR 48 45 76 11
3G AT A R, 3 4 A B R AE A 2 9 A 3.336,2.055, 1.551, BT ik R 43 5l A 33.66% ,20.55%
15.51% , o 55— Fplior SR B B AR R B B | LUAR K A LU AR 3 AR A A8 A i AR OG AR TR PRIR
(PC1) ;58 —F - 52T W& &M T Y& E R A, RET TR & (PC2) 58 = ls
SR RS AR A 2 R L TR S RS AR AR O AR T Rk (PC3)

R6 VRETREAMEESERSTEHE

Table 6 Initial factor rotation component matrix and principal component contribution rate

MR YE bR F 4> Principal component PR FE bR FE 4> Principal component
Trait index PC1 PC2 PC3 Trait index PC1 PC2 PC3
RLD 0.919 0.061 -0.075 || LT 0.318 -0.458 0.622
SAD 0.907 0.209 0.023 || FRTD -0.065 0.380 0.549
SRL 0.872  -0.303 -0.171 || SLA 0.329 -0.276 0.460
SRA 0.750 -0.210 -0.326 || #HE(H Eigenvalue 3.366 2.055 1.551
SDMC 0.195 0.888 -0.004 || TTHK# Contribution rate 33.66% 20.55% 15.51%
LDMC 0.300 0.797 -0.014 || RFTIHER 33.66% 54.21% 69.72%
H 0.186 0.136 0.713 Cumulative contribution rate

3.3 AFESEZER R AR YRR DI RE VIR S A T OC R

TURIHTAEREW] (] 2) 75 NRZ A5, Hir PN e SRBU# RN 61.05% , LA TR &K R SRR
SN DU REVER A £ 2 LN ke LU IR AR TS S RIS K R IEMCC R, 54
A EMMAR R TR, HARMERISIR S F = LN TSGR IEM R . 16 FRZ A5, Pl iy 2R
fEREARN 67.79% , LIEEAS R AW A PUSURZ YRR DIRETER B BRI 7, 22 TP RS & k1
Py B MR U S e SR R A L UG SE R AR RIR AR 5 2 e N 7 R IE A O
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Fig.2 Redundancy analysis ordination of plant community functional traits and soil factors in the urban riparian zone with different

habitat types

21 (A5 R ARE IR F ; SM ;13 5 /K B Soil moisture; BD : 245 5 Bulk density ; ORP ; %8 fb.i£ J5 B {7 Oxidation-reduction potential ; T & 3 i &
Temperature ; TC ; 2H) Total carbon; TN ; 2% Total nitrogen ; TP ; 2 Total phosphorus ; TK ; 24! Total potassium; SOM ; A HLJF Soil organic matter;

NH4 N SR Ammonium nitrogen ; NO3-N: GEA A Nitrate nitrogen ; AP ;

LW Available phosphorus; AK :

B Available potassium; | RN TS

’ft%ﬁﬁ%ﬁ%ﬂ]ﬁﬁlﬁ% JH RS Height; SRL: FEAR Specific root length; RLD: AR F Root length density ; SAD . MR F L% JE Surface area
density ; SRA ; FEAR 22 1 AR Specific root area; FRTD HHHRZH 21 25 Fine root tissue density ; SDMC . T Y& & Stem dry matter content;SLA ; [t

H-1E R Specific leaf area; LDMC: T4 5

A Leaf dry matter content; LT & Leaf thickness
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