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Rao 450 Fi H = B e FAAR T AB A0 1 bR Do) 4% 322 3
MR TIRER: F1, dEmam iR K . SR b

( Pinus elliottii Engelmann ) (it i 57 25 B i
Infede s AR AR S AT ARG N, [T
Pt T m s Eishm, itk Ty
i /P, Duan A5 @SR ( Brassica
napus Linnaeus ) A [FIFEREERESCES, 15 BE7E
AR TR E TR RS MAE, Mot
S TE3E ( Dicranopteris dichotoma ( Ho-
uttuyn ) Nakaike ) DIREPEARSE I A5, BRI
I SR TR E A A, ARLZUR R, (EX L
M AL, T AURE . R KB, FiL,
SRR Y D REPE IR X B ES InAb B R (AR fE R A
RERS AR T i 4 % S i 22 A I A g 1

¥ A ( Cunninghamia lanceolata ( Lamb.)

Hook. ) & & [E m J7 3 2L 1 1 R A Fp 2 — 019,
SR A E AR IR A BE oR , AR TR
AR 990.20 75 hm?, EFUE A 75 545.01 J77 m®,
430 i AN LI AMR S AR B R Y 17.33%
H122.30%", glidkz B2 H TR ZHHZ AR N T
ok R, SlARaE R A2 RN TARAE 7 ) B
i b ) R LUK A W) R M R AE Rl E 25
S, AR (7T~11 44 ) BEALERKR

HERHATSO AR LA 10 AEA AL AN TR R X
G, B BE 6 AN IR E Y SRRV i 47 1 3K
B, TR R AR R D REIR Y 3 4F 11
WRAS A E L B ARG, DIH 4R A2 AR TR
A= TP 2T

1 B KL

TR T i E A B2 5% B S H Bl S
B rho KRS ARl (27°33' N, 114°35'E),
HANTVEE BN, AR R HIX, P
PR 150 m e Ay R WG IR A, AEE Y
S 18.0 ¢, Bl 39.9 ¢, MR- 10 C,
SRR K R 1 600 mm, 4ETCR 270d, +
HOMAE R A R BB LT . KIS Mg Its
LA 1 113.57 hm?, HARMIERIEM 206.8 hm? .
LK 40 hm?; BLA TG KR E IR 7.1 7T m,
FEM GBI N KN T, A ( Camellia
oleifera Abel.) # . FEAT ( Phyllostachys edulis
( Carriere ) J. Houzeau ) kLK &t FATRASHRES

2 HRIE

IRt

2018 4F 6 A, BE#E 3 st 1) oy 78 B ok 7o b
B WEEEAE 25°~30°, HLEEE E 60 m UL,
BRATEE R 2 m x 3 m 9 10 4ELE RS R A Tbk, —He
EARNTMb—A XA, Hi%E6~10mx10m
FIRET, BEAMER 5 Z 6] [ FR A 2 2270 20 m. it
I A2 454 5 AN R )2 (0~10., 10~ 30,
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F 1 FERERETEETT LIEEARRE ( FHESREE )
Table 1 Basic characteristics of soil samples before P addition (mean * SD)
+ 2 Soil layer/cm
o
Soﬁﬁfﬁig‘ors 0~10 10~30 30~50
FHI{E Mean P FHI{H Mean P FH#1H Mean P
pH 4.27+0.23 0.308 4.33+0.10 0.368 4.29+0.19 0.267
HHLFEOM/(g-kg™) 41.64 +5.11 0.590 19.96 + 7.54 0.103 14.23 +5.37 0.951
2R TNI(g-kg™) 1.69+0.22 0.258 0.93 +0.32 0.236 0.67 £ 0.26 0.693
£TETPI(g-kg™") 0.28 £ 0.03 0.677 0.24 £ 0.03 0.252 0.23 £ 0.05 0.204
4AMTKI(g-kg™") 26.66 + 2.36 0.168 24.57 +3.07 0.309 24.09 + 3.66 0.297
BASENH, " -N/(mg-kg™") 6.47 + 1.41 0.555 3.96 + 1.57 0.178 3.13+0.67 0.989
THAENO;™=N/(mg-kg™) 1.06 +0.21 0.147 0.79+0.25 0.159 0.69 + 0.29 0.662
A X H#AP/(mg-kg™) 0.96 +0.24 0.187 0.43+0.15 0.397 0.29 +0.13 0.476

VE: OM: HHUE; TN: &% TP: & TK: 24 NH,-N: 8% NOs-N: RE%E: AP: HaH; n=18.
Notes: OM: Organic matter; TN: Total nitrogen; TP: Total phosphorus; TK: Total potassium; NH,"-N: Ammonium nitrogen; NO3™-N: Nitrate

nitrogen; AP: Available phosphorus; n = 18.
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30~50 cm ) TIEMFEARRHESSS, HETAKR L
WAL (R 1) RS L HERHEFS bR IC W 2 25 6]
B, BAXKABENLIT R Py (X)) Py Pa.
Ps. Py, Ps 6403, ptifiatl 4354 0. 60,
120, 180. 240. 300 kg-hm?Za™', T 20184
7 AT N TERE, S0R0S g 2 AN H 1 IR BIK
4 Po. Py Py Py Py Py APREFFGELGS A3
#r4l NaH,PO4-2H,0 0, 0.39, 0.78, 1.17, 1.56,
1.95 kg 75T 20 LK, AW CH shmiss
A W B A A B A T 1 R I
22 HmRESNE

2021 4£ 7 ], BT X RAFEITAZ AR B M A2
ErRARIE I 3 BRI, A8 R A el 2 s e
TAARARL R BE R 5% 1~2 MY, FEALAR LRI A A=
SR E BRI s IFRIEAKR AR 3 D56 (LA
TAHBLORE R =552 b ) TSRS, BT
RN REELRE S, TR IRAEARIBOREERR , SR HIYE
WA T, 20 3~5 {7 IRER, FERAT
Phit i HAE < 2 mm BIEIARYY, FoR AL
AL AR T E i L AR DR RIR . B
FIT 3AER, AR 94N EE
221 et R ke mE NEERRERE AR BE £
30 F Y AR fd R o HoA R it it e, FRS B
9 0.01 mm BYHLFIiEbR- R RAEM R AERHIKET .
A g R JER R, RSB iz iy
J&JE (LT); H Epson Perfection V370 Photo 1
WA AR, A Imaged V1.52 ( National
Institutes of Health, USA) i+58 M (LA);
W58 J5 g AR iR AT K h 2 E e, R
FHWR K AR £ R T 2K 53, RIS
(0.01 g ¥5 1 ) FREMAGE TR (LSFW), K5
PR CABLAS . 7E 65 C MR R AR L2
fH G PR T i (LDW). M DiRe Ry
THE AP,

SLA = LA/LDW
LTD = LDW/(LAx LT)
LDMC = LDW/LSFW

X f . SLA M HFIE AL, LTD Ry i 41 21%
J&; LDMC Jy-THy & .
222 mRFaeRnZ  H Epson Perfection
V370 Photo {374 BAE < 2 mm B4R, Jf:
f#iH RhizoVision explorer v2.0.3 (Noble Research

Institute, LLC, USA ) H3 Z ¥4 78 4 A7 K 4 b BE ]
1%, BRI E (RL) . MW EHEH (RA).
YIARIAFL (RV) E%dE . G AR R1E 65 C
T EEFEEFER T RE (RDW)., R D6
PERAGTHE AT G0

SRL = RL/RDW

SRA = RA/RDW

RTD = RDW/RV

A SRLAHREK; SRANHARKM;
RTD AR 4% B

KA REMER T B (P &%
Valladares %" {5k 58, AxXanr .

PI = (max(i) — min(i))/max(i)

K max (1) ATEEPERTESE LT 19 A%
KAE, min (/) HUIREMEIRAE AL BE T 15/ IMEL

BRFRE(CV) MITEARXh:

CV = SD/mean x 100%

K. SD HIREMARTEA [ b BT 9 4 1
2%, mean AUIRETEIRTEAFIAL BT B F- 3416
23 HFE/RESSZITHH

% F Microsoft Excel 2016 1 SPSS 19.0 %X
4 ( SPSS Inc., Chicago, IL, USA) *f%i# it
78308, FIH Origin 2019 ( OriginLab Corp-
oration, Northampton, MA, USA) #{1EHE .
TIHEANRIBEEE P SIS AZ AR B AR AR T e PR AR
1) 22 5ok H SPSS 19.0 B4 1y 5 F 3= O 25 40 #r
(one way ANOVA ) ;5 , J1i47 Duncan £ &
Fb 3 AT A R Ak 3 22 ) 22 S PR A 3 o A (P <
0.05), Jil Pearson #H 3¢ 43 A1 4 46 -+ e AN [] 5 JiE
P UINE 25 ThRe tER A AH DG

3 HR5H

3.1 RZKRM R ThEe AR X - 5 RR n A9 i i
A R, BEE G P 8 A hn, A
FUCLA), HMA (SLA) ¥setimmv)s, Hi,
Py kbR LA fc R (1.17 cm?), P, ZbFR[Y SLA
oK, B P, AbERR) SLA 4b, P UHNALERR) LA | SLA
YSHEeAMESARE, K 1B A pEEE
P RN, EARMNALUEE (LDT), MTYeE
it (LDMC) HESETHE s Py, Pa. Py
LEFRAY LTD E Py 20l B ERHIR T 33.3% . 25.7%.
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14 A CJrbmfl [ i 140 050 (B [ Imteguagy [ THFREH 036
Leaf area Specific leaf area a Leaf tissue Leaf dry matter
13l a 130 -~ ~045| density content 0.34 g
£ a 120 @ g @ X 2
] : a ab ab
s 12} ab 5 2040} 0.32 oy €
3 a + a a 10 _, % w S + ab ifé 2
© a = 9 % s 8
w1402  aab ab 100E & 5035 b b abl [} g 30 & ©
(%) = o o N O
= b 5% & b b =
X 90 =& 8 b i
10t o T 2030} 028 E
= = 2 >
& 80 g = -
L .t
09t » 8025 026 3
70 a
0.8 60 0.20 0.24
PO P1 P2 P3 P4 P5 PO P1 P2 P3 P4 P5
Ab P Treatment AbF Treatment

W: Po Py Py Py Py Ps438i% 0. 60, 120, 180, 240, 300 kg-hm2a™,
Notes: Py, P4, Py, P3, P4, P5 were 0, 60, 120, 180, 240, 300 kg-hm2-a™,

different treatments at 0.05 level. The same below.
1
Fig. 1

Cunninghamia lanceolata (mean * SE)

322% (P<0.05), Py, PsAbBER) LTD 5 Py 2

SRR Py Py AbFE) LDMC L Py 43 51 i 3
WA T 7.6%. 10.4% (P<0.05); TMiPy. Py, Ps
&BE—FE/‘]LDMCIQP()%%Z:E%; P1\ Pz\ P3\ P4\
PsAb#L[E] /) LTD, LDMC¥) 2R AW (P >
0.05).

PoHH 2R A EE (P> 0.05);

2RI R e IR IR R ERER AR ( F191E + FREIR )

Response of leaf functional traits to soil different gradient phosphorus addition in

ARG FREFR AR R 2R B % (P<0.05), N,

respectively. Different small letters meant significant difference under

Py, Py AbEf

#) RTD . X T Ps 4b ¥ (P <0.05); Py, Py

WFRR I RTD 5 P,
T2 AR R
MR SR AR
SRA 5 Py ¥R AR E (P>0.05);

(K 2B),

Py, Ps AbBHE] X 22 7 A
( SRA) Fiijifi P 1
AN P s imAb B Y

Py b B

3.2 MARLRIHREMEIRIS T EEBER N A i bz
AR (SRL) Bt P A5 N & 53y
RIS, B EZE A B2 (18] 2A),

EARALUEE (RTD) M P & A5 in &5 e %
REE RS, NFEELE P Bmasr) RTD 5
1001 A 036 g
= a ~ 034}
o 95 l z
£ a S 032}
= 90 2
N E’ a a ET;( % 0.30 1
%% 85 a . ié 028fab
S 80 = % 0.26 |
s =024 |
375 g ol
7.0 0.20

3.3
TR e Nl Rz

AT EAYEFSRR (PI) HEEE R TR

PO P1 P2 P3 P4 P5
AbEE Treatment

i) SRA fix K, 4 183.95 + 7.39 cm*g™', W E

T Py, PsAb3 R SRA (P < 0.05);
SRA &= T P, ALBEAY (P <0.05);
T SRA 5 P,. Py, Py,

# (K 2C),

b

b
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AR AN
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Fig. 2 Response of root functional traits to soil different gradient phosphorus addition in
Cunninghamia lanceolata (mean * SE)
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AR/ F A0 4R Th BE AR AT 28 1M X 1 3Bk IR

P

AR T IAMARECT 3 0.21, Horp, LTD ) Pl i

K, A 0.33, HIKK K SLA, LA, LDMC,

H:

>N

PI{E 5342 0.27. 0.11,

0.10; ZHARIHAEMEIRAY

nfEAPEFE R 0.16, Hid, RTD WY PR,
4 0.18, Hk Kk SRA Fl SRL, PI{E4y514 0.16.,

0.14 (51 3A). M A FIZHMR T fig
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MR RO A
Mean of leaf plasticity index
oo AT YRR O
Mean of fine root plasticity index
LDMC
LAl ] :
SRL
SRA :
RTD |

SLA

ifierEdk Functional traits

LTD : |

0 005 0.10 0.15 0.20 0.25 0.30 0.35

Al A IETE %L Plasticity indices

AR RECTM
Mean of leaf coefficient of variation

o AR S R EOT

Mean of fine root coefficient of variation
B

LDMC

LA
SRL :
SRA[
RTD ‘

itttk Functional traits

SLA

LTD 5 |

0 2 4 6 8 10 12 14 16
AR 5t 2 Coefficient of variation/%

W LA: WERR; LTD: MAAZURRE; SLA: WHTEA; LDMC: MTHBiaa; SRL: WRK; RTD: MBAL%E,; SRA: WHRHEMH. TR .
Notes: LA: Leaf area; LTD: Leaf tissue density; SLA: Specific leaf area; LDMC: Leaf dry matter content; SRL: Specific root length; RTD: Root

tissue density; SRA: Specific root area. The same below.

B 3 MAMAEMARDEEERE LERRSEBRRIM TR ESEREY (PI) FTERRH (CV)
Fig. 3 Plasticity index (Pl) and coefficient of variation (CV) of functional traits in leaf and fine root of
Cunninghamia lanceolata under soil different gradient phosphorus addition

RECFY 0 8.9%, LTD, SLA, LA, LDMC ffj CV
35K 15.9%. 10.8%. 4.9%. 3.9%; AHEIIHE
PR 28 S B2 EOEY S 7.2%, Hid, RTD ) CV
K, N 89%, Hik N SRAF SRL, CV /3l
4 6.9%. 5.7% (K 3B),
3.4 MARMF RN EEMERTE IR RS ERE
M TR RS

M2 2 AT 2RI AL AR RE IR 1] A A
KRR T AN R BE B P ES IR B4 e B AN 6], A
Po /¥R, LTD 5 LA, SLA 2B E MR (P<
0.05); LA 5 SLA 25 #EIFA (P<0.05); SRA
5 SRL 2 B #EEAMK (P<0.01), 5RTD£
BEAMLE (P<0.05), 7Py 4B T, Bk LDMC
H5LTD 2R FIEMK (P<0.05) 4, HEIhbE
PR A TG B M . E P, AR, LTD 5 LA
BREMMHL (P<0.05), 5 SLAEWKBER
X (P<0.01); SRAS RTD £ M & ki %
(P<0.01), 7 P bR, SLAY LA W
EAME (P<0.05); RTD 5 SRL. SRA £
MK (P<0.01); SRAS SRL W B EIF
XK (P<0.01), f£P, b3 F, SLAS LDMC
BB ENMEE (P<0.01); SRAL SRLE#H
WEIEMX (P<0.01), 5 RTD 2 W3 fAH
X (P<0.01); RTD 5 SRLERBEMAMHK (P<
0.05); 7¢ P54 N, SRA S5 SRL & #% & % 1E
X (P<0.01), 5 RTDEW B ETMME (P<
0.01),

4 i
4.1 AR B DhEEME R TR R AL R R Ay
Mie] &2

L 6 A 5% T R ) R PRI 48 0 P L i 1T AR
(SLA) #ATM78RP4, SLA K, RUEYH HfE
WO 2 YRR, HET R S ARG A E R AL
B L 0= L7 L NS S A8 B <9 1 7 B S 7 e
AR B RE A K TR AR SRR X S D S B R ) 4R
W, AWF5ET, 78 Po M1 PR, AWK
FEZ I P ARCEBRE], BN AL (LA).
FELrP AL (SLA) RERSIS/DREDIZERE | BRI
HEAAE IR, R A N i 55 5 I B0 R AR
MNTTREARR T ARSI A AR R, AR I 1955253
KEBA R FE HILRAEFIG 8 . 76 Py A FR T,
AR SLA BEET Py, H NTEH#HK AT
TR B, e T R eI P
R T AR P ARSI, A
TEAMAEKELRE, H LA, SLA B3 KA A
R HOCTEIRRE e m, LA R, X5
IR RO XA AR R H A 1Y) P IR I IE 25 R — 2
MrER PAMEETR, AW LA, SLA E8HIB/NG
R, BTN AR Z R T — e R

H-FH & (LDMC) BYR /N T A A
BIPICEMRE SN, AT, ARRMHL%
JE (LTD). LDMC 7£ P, P53 AbFRF B (KT Py,
TE Py, P ALFER, LTD 1 LDMC W S 38 fina#i
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Table 2 Pearson correlation coefficients among functional traits
proywRS
Treiifent Furfjét?grrwéaﬁrait LA LD SCA LDMC SRL RiD
LTD -0.796'
SLA 0.726' -0.792"
LDMC -0.365 0.621 -0.072
Po SRL 0.397 -0.314 0.650 0.442
RTD -0.325 0.195 -0.339 -0.135 -0.263
SRA 0.450 -0.300 0.590 0.400 0.837" -0.734"
LTD 0.202
SLA 0.033 -0.578
LDMC -0.113 0.677" -0.530
P1 SRL -0.432 -0.413 0.338 -0.323
RTD -0.595 0.034 -0.451 0.345 -0.204
SRA 0.166 -0.168 0.630 -0.087 -0.026 -0.168
LTD -0.713"
SLA 0.627 -0.881"
LDMC -0.039 0.280 -0.488
P2 SRL -0.616 0.587 -0.493 0.158
RTD 0.261 -0.560 0.405 -0.366 0.156
SRA -0.394 0.655 -0.592 0.330 -0.130 -0.874"
LTD -0.337
SLA 0.678" -0.604
LDMC -0.386 0.200 -0.536
Ps SRL -0.401 -0.046 0.000 -0.022
RTD 0.368 -0.138 0.095 0.013 -0.913"
SRA -0.396 0.011 -0.040 0.025 0.977" -0.974"
LTD -0.342
SLA 0.558 -0.299
LDMC -0.505 0.325 -0.855"
e SRL -0.042 -0.036 -0.257 0.118
RTD -0.125 0.234 0.297 -0.317 -0.717
SRA 0.020 -0.130 -0.332 0.214 0.945" -0.894"
LTD 0.220
SLA -0.363 0.110
LDMC 0.480 -0.169 -0.314
i SRL -0.322 0.125 -0.113 0.176
RTD -0.033 0.255 -0.001 -0.230 -0.654
SRA -0.197 -0.043 -0.002 0.183 0.910” -0.902"

7. PearsonfHkArHT, XML ** FRP <0.01, *F£RP<0.05.
Notes: Pearson correlation analysis, two-tailed teat; ** means P < 0.01, * means P < 0.05.
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TEARBE SR, 8 E I LDMC, LTD fefs I e i
FEYIE A B T4 5 58 22 i FHOR ARG e e, 2
TR IR 25 B A R 3 K ARSIt 7 A
I3 I e T B s A 2 i BEL P9, ARG Rk
2R, DAGEREI X R 8 R 2R k8 5 4 o
IR RS AZARHE HHEAR PRI T A IE % A=
Ko 1 Py, Pz bH TR ARG R, LDMCAIK,
F IR D BEAR T X M 7 A e A LB, LTD 38
%, MR PTG SR, A R 2 3Rk
ABI AR, B0 TR R4 T AL, A
Yyt R X SR A AE R T RRAIR, IX 5 R S AR T
BT as R —2. X REFEPE R, FERSTRE
R T, EYDEARE R, AR,
{EREAS B 5t IR A AR R RE I & F R, X EA
IS5 —EG mirem P AR, AR LTD,
LDMC ¥5im, it — AR LR P & T
ZH| T W .
4.2 FARARIPEEMRI HIER B ER RN
Mie) Jiz

FEARE (SRL) FIHUARTE AL ( SRA) JE:A 4l
HRXT 3 SR A WRCR I B AR FRPY, XTAR AT
REARR R, IS RE AT I EEY
MR, AICHY LRI ZI% E (RTD ) RIIAIMR A
2 1 B K 3 VB SRR, AR SR BN,
AR PASINALE T, SRL G #H25, Ui
AR AIRAE AR b B —E M NER T RTD
BN E KA, SRA T 5 A K5 v/
FIkaH, (KB (Py. Py) KFETF, EARAY SRA FI
B 1 RTDUL I AEARBE I8 A2 AR X 3857 53 1
WSO FH AEE i 2 2], X 5 T H P2 Y
She—3 MR, SRS IR
FROPWOCRFAE KB, YA P it e, PR
PR YLK & B BRI S Er, 0 P s
R DI RE MR AN 1 TR, T &8 Z E
HROFRE N, I H SR T YR N HE BT R AL
e, SFEAEYEEERL, (LAY /e R
S, KRB AR YIEAE, MR K,
ARG — B IAE T 5 P ARSI A A A K i
FHELE
4.3 TZARMFFMRINEE R E T BN R EB
AT R TS AN R

TR A ] B8 1 R R A AR 3 N RS e Rt v

RAEFLAEHPY, 1EIRRA T YA RO MR
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Leaf and Fine Root Functional Traits Response of 10-Year-Old
Cunninghamia lanceolate Plantations to
Soil Phosphorus Addition

ZHANG Yun', SONG Chong-lin', CHEN Jian', SHI Zuo-min', XIAO Wen-fa',
ZHAO Guang-dong', YUAN Xiao-ping?, WU Jian-guo®
(1. Key Laboratory of Forest Ecology and Environment of National Forestry and Grassland Administration, Ecology and Nature

Conservation Institute, Chinese Academy of Forestry, Beijing 100091, China; 2. Experimental Center of Subtropical Forestry,
Chinese Academy of Forestry, Fenyi 336600, Jiangxi, China)

Abstract: [Objective] To reveal the response of leave and fine root functional traits of 10-year-old Cunning-
hamia lanceolate plantation to soil phosphorus (P) addition so as to provide scientific basis for its pro-
ductivity improvement. [Method] Six treatment of P, (control), P4, P,, P5;, P, and Ps were set up in the 10-
year-old C. lanceolate plantations. Soil P addition amount was 0, 60, 120, 180, 240 and 300 kg-hm™2-a™’
respectively, and simulated P deposition experiment was carried out for three years to analyze changes of
functional traits, phenotypic plasticity index (PI), coefficient of variation (CV) and the correlation between
functional traits including leaf area (LA), specific leaf area (SLA), leaf tissue density (LTD), leaf dry matter
content (LDMC), specific root length (SRL), specific root surface area (SRA), root tissue density (RTD).
[Result] In the condition of soil P limitation, with the increase of P addition amount, LA, SLA, SRL and
SRA of C. lanceolate increased firstly and then decreased, whereas LTD, LDMC. RTD decreased firstly
and then increased. Under different soil P addition treatments, the average P/ values of leave and fine root
functional traits of C. lanceolate were 0.21 and 0.16 respectively; The range of CV was 3.9%-15.9%, which
showed a weak variation; The LTD of C. lanceolate was negatively correlated with LA and SLA under P,
and P, treatments (P < 0.01), and LTD was positively correlated with LDMC under P, treatment (P < 0.05).
SLA was positively correlated with LA under Py and P5 treatment (P < 0.05), and SLA was negatively cor-
related with LDMC under P, treatment (P < 0.01). The SRL of C. lanceolate was positively correlated with
SRA under Py, P3, P4, and Ps treatments, and SRL was negatively correlated with RTD under P; and P,
treatments (P < 0.01); RTD was negatively correlated with SRA under Py, P,, P3, P4, and P5 treatments (P
< 0.01). [Conclusion] Cunninghaia lanceolata developed a survival strategy to cope with changes in soil P
content by coordinating the coupling correlation between leaf and fine root functional traits. This research
showed that appropriate P addition (P,, P3) was beneficial to soil nutrient absorption and growth of 10-
year-old Chinese fir plantation.

Keywords: Cunninghamia lanceolata; soil phosphorus addition; leaf; fine root; functional trait; correlation
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