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Abstract: At present, there are few reports on the ecological restoration vegetation of the red soil erosion area in southern
China. In this study, the functional traits of Dicranopteris dichotoma were studied under different vegetation restoration years
in the region ( including non-recovered land, 6 years, 12 years, 18 years, 36 years, and 80 years), combined with
different vegetation restoration years. Changes of soil factors were studied to investigate the changes of the functional traits of
the leaves and the relationship between the functional traits of the leaves and the response to the soil factors. The results
showed that the functional traits of the leaves were significantly different with the increase of vegetation restoration years

(P<0.05), and showed the combination of different functional traits of stress, expansion and competition with the increase
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of vegetation recovery years. The correlation between leaf functional traits also showed significant characteristics ( P<0.01).
The principal component analysis showed that the total nitrogen content, specific leaf area and total phosphorus content of
leaves were ranked high, which could be used as the main evaluation index of functional traits of the leaves. Through
redundant analysis (P<0.01) , soil total carbon content, soil total nitrogen content, and soil total phosphorus content had
significant effects on the functional traits of the leaves of Dicranopteris dichotoma (P<0.01). With the growth of vegetation
restoration years, leaf functional traits showed different combinations, and corresponding adaptation strategies by soil factors
which reflected the strong plasticity of the leaves of Dicranopteris dichotoma with soil factors, as an important ecological
restoration. Vegetation is conducive to the effective establishment and restoration of vegetation in the red soil erosion area of

southern China.

Key Words: Dicranopteris dichotoma; vegetation restoration; functional traits; soil factor; Changting County

TP REMEAR B E O RERE R FUSE I A= 28 R GE VI RE LA K REAS S WA A 0T PRI A2 Ak 1 1A% CoAE ) T e
SEAEYIR BT AR R R A S R R A | EX IR AR R R e L TEAR A U RE
PR, I REVEIR SHEY C A TRIAE RO B A R T RE ) S 5 B 2R, BRI S WUAF i 107 B 45 728 16 BT O J i £
XY R XA T RE MR (TS R 52 RIS & R

KT IR b B T D RE MR AR Ak 3 v R R X DA — e T Bl B iR LRAET
ST T ASRIARIE T BIIRE ( Robinia pseudoacacia L.) WINREMIR 2255 45520, il #R 2 A 3 58 p i IR A8 n] ¥
M, FLRENUE A B RS E5HE Y R AR BELL A5 LA R B A28 Ak XA 5O 9T T R [R)R Ak 5 b 3k 1
KT (Lespedeza davurica) W IGASFHIE AR 5, i IR IR]—PEARTEAS [R) A A5 P 728 St i 1 22 S W Wk, O FAR A
e Ry RN i E S A Rl WA € R NG UK (LT

TEH( Dicranopteris dichotoma) A A B Y BRas b DX 32 40 B i B R A , BAEmR =M 5
RERe Y R R AR B kR R TR b X R AR Ak R P R R Y DA R A AR AT e R
BRI AR AR Y 2 — | TR LU R I X A A A i N B KA g, B R S
TR R IR R IR R E M R RIS AR R AL T A AL A B R DT R v g
PR EVE, RIS W 7 5 T LR Sy, R 1 FE R 5 0 LD R e
fik. FED TR S A rp 22 R P B B AR A BFT , DU HE A RIS B B - S RE MR Y 22 5 I
A FRATEMATERE . TR AR rp 2 D REMeR 1 22 A DR D RE MR i BREEAR B AL
AT MR R Y )

ARSCAS IR R AR (0 4F .6 41 (12 4F 18 4F 36 4F- 80 4F) F BT FEHETE M 8 X 42, 1 LR Jy 41
B IX P2 11 A ARYER DI REVEARFEBR , A5 it D BB IR TEAS [R]VK 52 [ B e 52 300 1) B 455 328 10 7 1Y)
AR AR A [ i D RE MRS A0 1 SC 58 - 396 DR | g TR AR 000 g 2042 ol X 22 T HE 2R
S5 PO 1 SR R L AR S o A e 8 B P A AL SR R A b R AR O 5 A R R AR AR A

1 HARREBSHRTE

1.1 W XA

WS XA AR A K 7T H T AR R /iR 38k (116°00745"—116°39720"E,25°18740"—26°02'05"N) , J& T
- Fenty 2 XA Aok, AR SR 24 18.5°C AR BT T 24 1710mm, AR Z8 L 1 24 1400mm , 1% X 3 - e 7Y
RLERAE R KR B IR LT 2P 2r s i T R ek & e, B BE ) 22 I KR ALK
NZEIE ST, (AT LA i AR Ay 32 00 s R A o 8 3™ SR, R AR ER R ™ K k. B b
ALK, 2 K A CRAERTTR 2P it Pk B2 4 (%) b 2, L P SR i ) Sl 7 o R 38 1) A SRR R
Jifi . I+ AR LL S AR ( Pinus massoniana Lamb.) A2 K ( Cunninghamia lanceolata) 3 ¥ , A A A faf ( Schima
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superba Gardn. et Champ.) . W ( Liquidambar formosana Hance ) , ¥ A £ % fy 12 FH 55 28 B ( Paspalum
wettsteinii Hackel.) 5, RS2 HEE WKIZ AR PR AGH I, Ko B 5| E e AR i AP 0BT U, 22304 Y & 14
B TERIBANRE TP B LR A i e e e
1.2 FEsbtEE

ARAEATT HAR L ARl R R A A9 A AR E S T AN [R) R Bl 0 52 SR b AR DG B ), T 2017 4F 9 X
FEMBIEAT B SRAT I, MR S B P AT SR S0, R SRR BRI 0 4F (6 4F (12 4F (18 4F (36 4 .80 A/ LK S
b A RS T TE RS G . RSN & e Bl o, B ORI AR N T 57 WME , & ARt 3080 BRI
FIAHFHER GPS(HE B 5 VG905, ) W FE I EARE (£ 1) o

R1 TRERRE F R

Table 1 Overview of different vegetation restoration years ( Mean+SD)

AT

FE A PR Sample name

A iR}

P B U E WO S N 1B 7= 8 8 Y 2 b ELL¥: i3 rRIERL s A N TR I 6 3
arameters LYK(C) LYK (R) LI (R) YF (R) HEL LH (C)
BSLH (R)

KB AEFR Recovery age/a 0 6 12 18 36 80

HFEALAR Coordinate N25°39'46" N25°39'39" N25°39'31" N25°40'3" N25°40'15" N25°37'54"
E116°28'57" E116°28'51" E116°28'37" E116°27'24" E116°26'7" E116°27'37"

HEAR I E Elevation/m 365 365 325 310 320 322

SEHI35 R Mean slope/ (°) 12 31 18 19 25 7

Wil Aspect R Py 45° dtfm 7= 60° w7 10° 7R 16° R P4 40° 1Py

FEHE 35 % Vegetation cover/% 37 96 91 97 96 96

FEBAR A BE Crown density/% 30 40 70 60 90 80

TEFEBRE Mean height/cm 36+3.6 61+4.0 95.3x1.3 109.7+1.6 80.3+0.5 43.3x3.8
FAMRER P TRy THESmMEE, R EAE KFHESRLS, KT /NEEE K
R RS WEE L MUY SRR, HEE YR MUY B2 MY EE

FEHBBES, Sample overview EE, Mum BM AT, EEAREHEM BUDEM E K DER, D E R W)

P S AERN SR WMEMEE R AWEhI Y M EHEHMESY BT MEHN FMEEZSE

WEWG, 1 S EM e B BN W & AR SRR B 9ERNE I DRk
g P Z)1.8 m £j2.3 m 2132 m Z512.5 m 418 m

Kkt Bl LYK(C) Laiyoukeng( Contrast) ; iHBTIAFIM LYK(R) Laiyoukeng(recovery) ; JEFGFEHL LI(R) Longjing( recovery) 5 Jifbii
JAHIH YF(R) Youfang( recovery) ; /\-+ LA F BSLH(R) Bashilihe (recovery) ; F&i%}F&#s LH(C) Luhu( Contrast)

1.3 FEACREE

FPAMEERCRAE T 2017 459 H 26 £ 28 H, H L3l & N3 TAREHIZE 3 4 lmx1m HF T, 7
BT AT BINAR (P8 R b 4 AT LR TR R T3 FOREENT R BN T REAILRAE 5 R, RAET e 5 il
o REMEER , JE TR IE AR e, g S T e A F B PRI 4°C VK& IATE SR bR

B PoRELHE, TR ODATA 10em 1485, BAEE % E 3 B R, A [FAE M [R)BE 7 ir #4544
RAHA], BRI WFEE a0 A AR S AR SR e A LA & 3 7KOoR
1.4 EEbRS ik
1.4.1  MIWREMERIE AR A E

BTSRRI Frrb 2 ISR & 5 (me/g) BYMIAE , [l 1] UV =2450 2250-77 DL RE T, 7RI
K 663 .645nm FIERICEE , 7E Amon AU FIHEMSR SR B4 A6 TR R O 0.001 mm)
DR (em) . (HH HP(M162a) {3451 K, 32 A PhotoShop 7.0 T M A (em®) . 15 L FKF
(K5 0.0001g) FRiHBEM BT, T ARG IR T 4°C K HIZ i 120, BCH S5 R K 460 W RO e Kk 43, B
TR A I R R S AL A AHE A 105°C 235 30min, 75°C HE T B A prm s it
Excel 71 HFEIAL (m®/kg) I FH & & (g/kg) HHAHRT &K Z (%) , ALV (mg/mm’ ) AR
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.
Lt TE AR = i [ AR/ i B (1)
9 o e = T o R R T (2)
AR 15 7K 48 = (Pt 3 s — it BT & )/ (AL R B s — T BT 6 ) X 100% (3)
I 2 285 = I I i/ (O TR X T2 ) (4)

AR T 22 F T S 3T 35 00 I A < Atk (g kg ) & AT A i (g/kg) W 5E SR FH Bk &
JCER T (Elemantar vario MAX, % ) ; 2 & it (g/kg) K H HSO-HCIO, 14 & E 25 L U8, $e I 215
FHIES B 3BT (Skalar san™ i =2 ) M 5E ; H22 80 5 1 (g/kg) T R KA OB EEA (FP6140, HE] )
142 BT R

Sy A S S bR A IS KR (%) R DTE R SR T AR B 0 E L4 pH A
TSR (g/ke)  HIELA G & (g/ke) HIELBE T & (k) TIELH S (g/ke) o HH pH HLIK
e 2.5:1, fF FE 4 AR B T T ( Starter 300) Ml 5E , 76 M7 vk 5 MR S ARTE
1.5 Hdlageit Sk

H1 Excel 2010 1 SPSS 20.0 {435 R Bca st A7 5e 1301 . R 3R (One-ANOVA) Hil Duncan #£#E7 T
T5 2T 2 8 AR (5 HEKOF «=0.01) , ] Pearson 40722 D BE MR A5 H8 AR 18] B AH &, FH 32 o
M1 (Principal Component Analysis, PCA ) 38T 52 Wi 25 3 - ) 58 MR ) £ B 38 Fr, 31 R H TR 0 b i
(Redundancy Analysis, RDA) 43520 2= FH 0t D PR ) =22 K 7, I Origin 2017 F1 Canoco 4.8 Fl1
Excel 2010 B PFHRIVERIZR . EIREIERIBTE ANV EE PR EZE (M£SD) .

2 EREH

2.1 A[RAEBIR I AR IR T - T R IR 25 S

Wl 2 Jros , B AR DK AT BIR A 8, v 3 45 D RE PR AR A 2R B A0 B d 9 22 5 (P<0.05) , Hirit
JE T B e A U R AR A SR TR R B IME R I B T AR 80 AE ML, Lbt TR
SR T R ERR I Z D L R I TR R R 80 AR b, M Bk & i iH A O A
VAR SRR, RIS E RN S ik S S e/ S m O E R TR SR 36 AR
b T P Al e AR AN BT AR R A 18 AF M, I T AR A AR A B S BB U R A A R AE BT
BV E 18 A3t , JF F B sk />, L EAHIK R 80 4F Mk Bl f /N, M40 & i AR Ak 5 i BB AR I, &
U RS l/IME BRI T 18 AR Ml T 5 i T, AR 80 AR Hbak Bl de K, AT 5 Ak SR AR fk
PRI TEREREK A 12 4 Hb 2 17 AR5 R IR T B ZEA R R 18 AT b 3ot () e 3, I 313K 12 20 4080 1)
W KAE, W5 S AR B EAE KR 36 4F ik B2 410 1) e /IME, T FERT B A 80 AF b FEUGGA 2 458 i 1Y)
KV AEAFE BRI, FEAEPIKE 6 dth, o 3Emt gt bt J5 i AR L T AR T B R 2
R R A MRS R e A BRI AR TR S 1 B R X R 5 RIT AR A
PRI BEAA O AR AB B AR 3 4, b AR 1R bt (%) - SN Ty APt fin 52 6 08, AR s 3530, e
PRI R AN 55 2R, DT 52 M 21200 2 - D e AR R bR i e #5284k
2.2 oM TIRR R EIAR DG K 32 RS A
2.2.1  rUEM-DREHAREIAE SR AT

H PR SRR AR BT SR AT R WY (3R 2) , IR S T i & i I 2HZUR FETE (P<0.01) KPR I
W EARDG, MRS et AR 4 R B i AT i i S R AE(P<0.01) KRNI BAARDC, it
T RS I 4l 5 ) IR M 5 56 R BB A 7E (P<0.01) 7K 8 25, 5 41 2028 B8 11 A1 6 6 R BB A 7E (P<
0.01) AKPH i 2, LUt TE A S 4R & i A S i ik i e i AE (P<0.01) KR I B
SRS, ST M SURELE (P<0.01) KRN B A SC, T B & S Y
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1 AEEHREERTEEM ISR
Fig.1 Characteristics of leaf function of Dicranopteris dichotoma under different vegetation restoration years

a.b.c.d N FHRFERZEF BE (P<0.05)

TEARKERTE(P<0.01) K EM 2, SR & i & i R 2l 25 i SR OGO B A (P<0.01) K
VR, SRR SRS E RS R AR ETE(P<0.01) K ERR B EFERARG, iak
EHRE RS RE(P<0.01) KV E2HEFEME, H2E SRS 2m s 2 S B7E(P<
0.01) 7K F I+ 544 i 3 TEAH G
222 HFEMIIREMER 35 ST
Y% 3 Ps A 1o H M T REHRFE R A B 75 22359 5RO E, Horh B S/ NVA T 2 M D gtk
BAR RN AR O 0.825 , RIAYER F5 BIE SRR b 5 B R/ . DIAFAEME > 1 A B, B2 3 A4
F R, HR R R 43 3R 6.373 .2.069 F11.433, 31X 3 A~ E BRSBTS 57.937% . 18.806% F113.025%
ST Ry 89.769% , >85% , BEHIIX 3 A F i R 2 w] LR RS FE M Dy Re RS R R . IR0 4
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DR RO R A7 REL A 225 T RE MRS £ B 1500, HEAR 70 R/INR WA DI REMEAR R AR 0 F2 B0 14 T ik A
Blo T8I XS LR G AR R HEATHE A PR, A 2% > PU TRR S I A 8 35 > 4 3R 5 0> I IR S i AL
k> I A5 > AR T35 7K 38 I L U B8 S I TR S W o 5 48 IR 1R 44 U TR W e 2 0 - T g
PR AR o e B A U

F2 TEMIIRERAXERE
Table 2 Correlation coefficient of functional traits in leaves of Dicranopteris dichotoma

LT 7/ B £ Sy D I = 5=~ - <L) o S e 7

R R MWBCWHER pen mw ake AR e AR AR
LDMC LTD LRWC LCC LTN LTC LTP

A LA -0.314

F IR SLA -0.954"* 0.338

T4 % & LDMC 0.942"* -0.491* -0.905**

M2 LTD 0.612** -0.620"* -0.744**  0.736""

XS K 2% LRWC -0.144 0.398 0.076  -0.209 -0.051

M43 B i LCC -0.827** 0.01 0.883** -0.725"*  -0.547*  0.019

M4 A E i LTN -0.911"* 0.46 0.947** -0.902**  -0.771**  0.061 0.830*"

42k & i LTC -0.512*  0.309 0.621** -0.515" -0.770** -0.354  0.395 0.617**

M4 i LTP -0.676**  0.716**  0.673** -0.786"*  -0.755"* 0.184  0.414 0.702**  0.519*

480 i LTK -0.239  -0.554*  0.199  -0.008 0.287 0.107  0.396 0.064 -0.215 -0.295

# % P< 0.0l ; * P<0.05;MJ5 LT Leaf thickness; H I LA Leaf area; FLITAIFR SLA Specific leaf area; M4 5 7% 5 LDMC Leaf dry matter
content; MZHZI% [ LTD Leaf tissue density; M AT 7K ¥ LRWC Leaf relative water content; 4825 % i LCC Leaf chlorophy content; M4 &
LTN Leaf total N content; 4% & & LTC Leaf total C content; M4 & LTP Leaf total P content; M%7 LTK Leaf total K content

R3 VBRETFRERMEESENSTEHME

Table 3 Initial factor rotation component matrix and principal component contribution rate

1 s 2 ERIY 3 LAy R

jf::;m ¥ Principal Principal Principal Comprehensive Compreh'ensive éi?niﬁi
Component 1 Component 2 Component 3 score ranking
LT AR SLA 0.986 0.073 -0.037 0.58 2 0.98
ELT -0.966 -0.025 -0.077 -0.574 10 0.94
A& E LIN 0.947 0.2 -0.039 0.581 1 0.938
T R LDMC -0.912 -0.264 -0.125 -0.594 11 0.917
ek E S LCC 0.91 -0.254 -0.049 0.473 4 0.895
U LTD -0.71 -0.571 0.165 -0.497 9 0.858
i i LTP 0.658 0.617 0.106 0.511 3 0.825
i i LTK 0.28 -0.866 0.186 0.024 7 0.862
AL LA 0.281 0.856 0.319 0.365 5 0.914
AR X K% LRWC 0.1 0.122 0.938 0.203 8 0.904
4 f & i LTC 0.575 0.396 -0.596 0.33 6 0.842
FFIE(E Eigenvalue 6.373 2.069 1.433
BTk Contribution rate/% 57.937 18.806 13.025
FRE 57.937 76.743 89.769

Cumulative contribution rate/%

2.3 RN T RER BRI AR IR AR AL 22 57

T R R B A AR PR T 4P 1119 22 5 (P<0.05) AT 1 (36 3) , 38 4 il 15 ok AR AR b R 34y i
AR A BRI T AW b TS (EAEAE SRR 12 4R (14.118 g/kg) HY BN W (R, A Bk &2
18 4FH(12.62 g/kg) R, TSRS AR B AH R RUAE, HIBUR R 12 - 11(0.834 o/kg) I LA H 0
RTHBANKI 18 4F31(0.724 g/kg) , 13 Al 75 (14728 Hh-th 3R B A Bt AP0 WA 52 4 BIR 1) 22 A T A DB 496 o )
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PO LT AE K 36 4FH(0.336 g/kg) , MEIEA FRE, T3PS AR R RIR gk 2 AR BR T A8 b
Frige sy, SRR LS R I TAE K S 36 4F M (3.878 g/kg) , I MEAT T RE, 148 pH B 5 L1
7K R Bt B PR 52 AR B 9 A8 AL R IAN BT i | 458 pH (E R KRB IR B A 0 4P|l (4.483) , S/ MA H L T4
PR 36 FHh(4.16) . T IEE KR KA H AR B 80 4 Hh (9.764% ) , fie/IMELH I TFHE B 18 4
H1(6.731%) , SR, 1485750 Fr 0 Bl R e Pk S A IS 118 185 00 2 3 A AN 438 o v s 32, - 48 55 7Kk 5 0] 8] el o5
ENGESS G N2

R4 TRAEEHREERIZEETFEUER

Table 4 Differences in soil factors between different vegetation restoration years

FEHARIZ AR R e o U ol aee Sy &

Recovery age/a STC/ (g/kg) STN/(g/kg) STP/ (g/kg) STK/ (g/kg) pH SMC/ %
0 5.469+0.577c 0.444+0.082d 0.083+0.007d 1.965+0.433b 4.483+0.049a 7.176+1.713b
6 9.952+4.101be 0.706+0.135¢ 0.113+0.031d 2.379+0.147b 4.476+0.008a 6.845+0.235b
12 14.118+2.923b 0.834+0.219¢ 0.146+0.039cd 2.854+1.006b 4.289+0.151ab 6.810+0.565b
18 12.620+1.863b 0.724+0.03¢ 0.178+0.026¢ 2.471+0.367b 4.392+0.237ab 6.731+1.28b
36 21.328+2.912a 1.173+0.152b 0.336+0.009a 3.878+3.718a 4.16£0.161b 7.101+1.448b
80 25.638+1.417a 1.665+0.103a 0.254+0.06b 2.231+0.186b 4.465+0.033a 9.764+0.909a

[FIFNAS ) FhE R 25573 .35 ( P<0.05) 5 H3E4 R & 5 STC Soil total C content ; 1 &4 % & & STN Soil total N content; + 384445 & STK Soil
total K content; + 4R 5 i STP Soil total P content ; F 15 7K # SMC Soil moisture content

2.4 HMDIEEMER S HERFHER

ASCHE T 2P A RDA HEF , 0 Fr eo Fnt Dy REPE R 3R i m i e R, 453 R (% 4) ,RDA HE
Jr o 1 FNHET 3l 2 IREAEIEL 251 0.744 F10.042 , RFUHE RS H 78K 78.7% , SR FGERE B 43 %k 5] 79.2% , 7]
R DIREER S HIEN TR R, P 1 R R T £ R ISR SR LA S RN+
B K RSP B O REMIR AR R, HERE Al 2 F B T S A A R pH X R T RE MR A R
M, M RDA HEFFEI AT AE &5 mShRg etk Fs bnxd 38 7 A ma b AR ), B Bt 22 5%, Honb AL 4
RowE MR eSS Hfems g PIESA S EM RS S AR BRI AR,
145 pH AR AR AR AL SS . bl 0, RIS B I e A S E MRS R
M1 I = FE I e IR ) S 4 R I (| 2)

K5 THEMIEERS THEETFH RDA #F

Table 5 RDA ranking of functional characters and soil factors of the Dicranopteris dichotoma leaf

Nl Ll il 2 3 h 4 T2
Ttem Axisl Axis 2 Axis 3 Axis 4 Total variance
FRHE(E Eigenvalues 0.744 0.042 0.004 0.000 1
- T B e - i B 7k
PBEREIR— LRI R 0.931 0.586 0.542 0.484
LFT-SF correlation
nETh g MR A Rt %
Aumulative variation of LFT/% 4.4 8.7 791 7.2
PR B AR BT E AR
Aumulative variation of LFT-SF/% 4.0 99.4 99.9 100.0
A AL A Sum of eigenvalues 1
BAVERAE{E S F Sum of canonical eigenvalues 0.792
1 B (F /5
o1 BEEE(FEE) F=32.05 P=0.002
Permutation test on first axis( F tset)
y DEVERT (F 1650
PR SR 0 (F R 606 0,000

Permutation test on all axis( F test)

LFT . M ZhREMIR Leaf functional traits; SF: +3EK 1 Soil factors
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Fig.2 RDA sorting of functional traits and soil factors in leaves

of Dicranopteris dichotoma
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