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Functional Traits of Gahnia tristis and Its Relationship with Soil Factors in
the Red Soil Erosion Area of Southwestern Fujian

GAO Pengchang, CHEN Zhibiao", CHEN Zhigiang, NIU Yujiao, OU Xiaolin, WANG Haiyan

(School of Geographical Science, Fujian Normal University, Cultivation Base of State Key Laboratory of Humid Subtropical Mountain Ecology, Fuzhou

350007, China)

Abstract: In order to understand the adaptation of Gahnia tristis in the red soil erosion zone of southern China, the
functional traits of leaves and roots of G tristis, and the physicochemical properties of soil were determined and their
correlations and the responses of leaves and roots of G tristis to soil factors were analyzed by using mathematical
statistics method. The results showed that there were significant differences in phenotypic traits of Gahnia tristis
leaves between winter and summer, leaf length, leaf width, leaf tissue density and chlorophyll content were
significantly higher in summer than those in winter, while the root phenotypic traits were more stable. The nutrient
content of roots in winter was higher than that in summer, and the nutrient allocation in leaves was higher than that
of roots. Leaf tissue density had positive correlation with chlorophyll content and negative with specific leaf area.
There was significant negative correlation between root tissue density and specific root length and specific root area,
and significant positive correlation between leaf and root nutrients. Soil carbon, nitrogen, and phosphorus contents
were the main factors affecting the functional properties of G tristis. Therefore, it was suggested that G tristis could
adapt to environmental changes by adjusting its functional traits, which could be used as a zonal plant for vegetation

restoration and soil erosion control in the red soil erosion areas of south China.
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Table 1 Overview of plots

e ZJE (E) G (N) R (m) Wr () ififE 1% AIBERE (cm)
Plot No. Longitude Latitude Altitude Aspect Coverage Height of Gahnia tristis

1 116°30'30” 25°42'55" 365 80 60 78.74

2 116°23'30" 25°38'15" 345 270 10 78.86

3 116°16'52" 25°31'49" 324 135 20 81.89
2 IEIRE R TRHE
Table 2 Characteristics of soil environmental factors

+ 1R T 7H July 12 H December
Soil factor 1 2 3 1 2 3

% 7K# Moisture content (SMC) /% 16.83+197  16.96+1.01  19.93+1.80 12.63+0.85  12.18+0.84 13.90+1.41
7% E Bulk density (SBD, g/cm?) 1.43+0.09 1.46+0.15 1.33+0.08 1.39+0.08 1.33+0.12 1.29+0.08
pH 5.08+0.29 4.78+0.10 5.07+0.10 4.98+0.21 4.67+0.11 4.89+0.09
A& & Total C content (STC, g/kg) 6.89+2.18 6.22+1.11 232+1.13 5.10+0.87 7.92+0.92 1.24+0.26
A% & & Total N content (STN, g/kg) 0.42+0.24 0.45+0.10 0.16+0.08 0.55+0.10 0.65+0.07 0.30+0.04
AT & & Total P content (STP, g/kg) 0.06+0.01 0.09+0.01 0.12+0.02 0.11£0.01 0.15+0.02 0.17+0.03
44 & Total K content (STK, g/kg) 8.14+1.33 8.64+0.73  28.81+722 1633143  14.83+0.77 37.83+9.21
¥ A5% Ammonium nitrogen (SAN, mg/kg) 28.00+2.14  29.33+£2.35  22.18+2.08 3.17+0.47 4.73+0.37 3.04+0.15
ASA Nitrate nitrogen (SNN, mg/kg) 1.15+0.29 0.80+0.08 1.58+0.34 1.13+0.23 0.70+0.11 0.97+0.06
AW Available phosphorus (SAP, mg/kg) 0.52+0.07 0.40+0.09 0.58+0.07 0.36£0.05 0.36+0.08 0.54+0.08
LA Available potassium (SAK, mg/kg) 108+7.48 104£1020  106+14.97 80+12.65  106+14.97 90+8.94
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Fig. 1 Leaf phenotypic characteristics of Gahnia tristis. Capital letters upon column indicate significant differences between July and December at 0.05 level,

while lowercase letters indicate differences among plots at 0.05 level. The same below
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Fig. 3 Characteristics of nutrient content in leaf of Gahnia tristis

I 31 Plot 1
500 - [ #:Hb2 Plot 2
[ 1HB3 Plot 3
400 F
5 300F
)
O 200}
100 -
0

P (g/kg)

12

P 4 MRIBEMR R IR & HAIE

Fig. 4 Characteristics of nutrient content in root of Gahnia tristis

bA aB aB
[
aA
bA bB
7

N (g/kg)

N (g/kg)

K (g/kg)

]
"

aA
bA
bA
aA
bB
bA
7
aA .3 B
aA
bA bB
7

A 15} Month

1 1

-



848 s AR ) 2 3k 30 %

3 BISH I RENEIR A A O R EK

Table 3 Correlation coefficient of leaf functional traits of Gahnia tristis

PEAR Trait LL LT Lw LA SLA LDMC LRMC LTD Chl LTC LTN LTP LTK
LL 1
LT 0.282 1
Lw 0.807 026 1
LA 0.648™  0.469™  0.520™ 1
SLA -0.660  —0.001 -0.794™  -0.075 1
LDMC 0.099  -0.542" -0.087 -0.076  -0.145 1
LRMC 0.331 -0.24 0.271 0.163 —0.246 0.459" 1
LTD 0.414° -0.387" 0.613™ -0.198  -0.882""  0.279 0.269 1
Chl 0.658  0.190 0.765 0477 -0.666" -0.225 0.339 0.483™ 1
LTC -0.382" 0279  -0379" -0.066 0475 -0237  -0.35 -0.499"  -0471" 1
LTN 0.288 0.629"  0.366" 0.567"  -0.051 -0.444  -0.07 —0.227 0.427 0.250 1
LTP 0.184 0.530™  0.258 0473 0.071 -0.463 -0.017  -0.265 0.304 0.218 0.730" 1
LTK 0.145 0.708™  0.142 0.519™  0.166  -0.536" -0.169  —0.428" 0.300 0.345 0.834  0.857" 1

*k: P<0.01; *: P<0.05; LL: MK LT: HJE; LW: M58 LA: HfA SLA: EEHTERL LDMC: T4 & &; LRWC: AR & 7/KE; LTD: HH4%
FE; Chl: M43 LTC: MHAi i LIN: AR A i LTP: M2 d &, LTK: MM &, FH

**: P<0.01; *: P<0.05; LL: Leaf length; LT: Leaf thickness; LW: Leaf width; LA: Leaf area; SLA: Specific leaf area; LDMC: Leaf dry matter content; LRWC:
Leaf relative water content; LTD: Leaf tissue density; Chl: Chlorophll; LTC: Leaf total C content; LTN: Leaf total N content; LTP: Leaf total P content; LTK:

Leaf total K content. The same below

4 BIPHAMR AT RER A A O A

Table 4 Correlation coefficient of root functional traits of Gahnia tristis

PEIR Trait AD RTD SLR SRA RTC RTN RTP RTK
AD 1.000
RTD ~0.400" 1.000
SLR -0.141 -0.789" 1.000
SRA 0.118 —-0.926™ 0.949* 1.000
RTC 0.115 —0.574™ 0.535™ 0.546" 1.000
RTN 0.036 -0.201 0.127 0.128 0.336 1.000
RTP 0.281 —0.437" 0.274 0.333 0.447" 0.745* 1.000
RTK 0.192 0.009 —0.175 -0.127 —0.234 0.440* 0.560"" 1.000

#%: P<0.01; *: P<0.05; RAD: fREf%; RTD: AL SRL: AR, SRA: HARMEA; RTC: R4k & &; RIN: MRAZ S & RTP: A& &
RTK: WRe#EE. R
**: P<0.01; *: P<0.05; RAD: Root average diameter; RTD: Root tissue density; SRL: Specific root length; SRA: Specific root surface area; RTC: Root total C

content; RTN: Root total N content; RTP: Root total P content; RTK: Root total K content. The same below
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Table 5 RDA analysis of leaf functional traits (LFT) and soil factors (SF)
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Table 6 RDA analysis of root functional traits (RFT) and soil factors (SF)

%A 12 H December 7 H Jully
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Axis 1 Axis 2 Axis 3 Axis 4 Axis 1 Axis 2 Axis 3 Axis 4
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JURRFAE(E SR Sum of canonical eigenvalues 0.965 0.937
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P 0.004 0.002

3 it

3.1 H AR R T REMER R AR S

TV RETEIRA R AFEAE R, RIS
RAEAF AT R R, RRVR L P AR AR i R
I AT Bt AL DI REEIR L A, Wi B AN
[l R3S R g A — e U, A L Ll i
RS AL G IR R R AER K 20 (P, B A
T O TN R 2 255 2 4R 14 ASHIT 5
LG AR I 8t R B E R G &R, H
R 5% 17 AR 5 B AR ) 58 8 9 R T il — B
IR 200, R FE v PR P RE R T AR L AR
FERFEMIIRK R, RIS R R E A
ENPEATE A — B SR EE YDA

i, Mg E SRS AT ERRE EM
KRR, XEATAPIIF AL R —3. HRKEX
TR b TR R XIK 43 5775 B S RE 71, MR
2R R ) S WA R LR Sy IR RE T, RV BN
RAIE 12 AR BB HRK 5 BRI AR 4 2%
FE R YRS T2 IR WL, 78 7 AR R AR ZH A
L AR 17K g0 BE 2k DL A i A A, X5 A
HEZEONH 2R AT B (Artemisia sacrorum)% G ARAL
&N FLAE R — B, AT ST R IR I T d
Tk 52 v PR L AR K 5 A 0 R 2H 2R B2 4 o K 4y
IR BRI, SEYB R LU K S AR 4 2% B th A7
FERFE AR R W BABOR UARK L EE AR
FARIFE AR 2R % FERL/N, mT IR R e 5 )
A, A IR AR S RIS RE /T, = AR



850 HAH W AR 27 #30%
10 f 1.0F
LRMC
LL LA [ LTD
L
LA
LW
SNN
SAN LTN
STC sTP LTK %
STN SBD SAK ('/1/1)7'0p17 LTP
LTK
STK
LTP "L TN
PH  SNN LT
SLA
LTC 'l
\
December 12 /] STCl STN July 713
-1.0 L, . . . -1.0¢t, . . .
-1.0 1.0 -1.0 1.0
K5 bR R D REEIR S R 1) RDA HE/7
Fig. 5 RDA ordination diagram of leaf functional traits and soil factors of Gahnia tristis
1.0 1.0 RTP
g1k RTK
SoP
RTD
RTC December 12 1 July 7H
-1.0¢, ) | \ ) -1.0, \
-1.0 1.0 -1.0 1.0

6 B ERAAEVERS LR E T 1) RDA H7

Fig. 6 RDA ordination diagram of root functional traits and soil factors of Gahnia tristis
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