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Table 1

AN AR SCLL 10 AR AR N AR X
&, AT BUE 6 AN IR Y 1 SRS 4 ] L
5, SRITEZARM R AIARILAY D REMOIR T 3 4F 4
WS I B N, S AR G, LAB R 3R A2 AR N Ak
A= TR IR A o

1 R XA

R A T e E RO R0 5% e AT ARl S
I K IR ST Mg (27°33" N, 114°35'E),
HLTTVEE A E BN, AR R X, F
BIER 150 m 224y @ WG IR A, AR
il 18.0 °C, M 39.9 °C, Wm{ikiE- 10 °C,
SR KR 1 600 mm, 4ETCFEM 270d, T
BRI A KB ML, KIBST Mg IR
LIARIAIER 1 113.57 hm?, HARIBEREAK 206.8 hm? |
Z2UE AR 40 hm?; LA TGS R E R 7.1 5 m®,
FEA I AR N T, W Z ( Camellia
oleifera Abel.) #k . FEA4T ( Phyllostachys edulis
( Carriere ) J. Houzeau ) #RPLK & FTRASHRAE .
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RIEg It

2018 4F 6 H, L4 3 By 1a) 4 74 By ol v b
Y. B 25°~30°, HZEEE/D 60 m L L
BRATHE R 2 m x 3 m (% 10 4ELER2 R N Tk, —3k
EARNTMA—A XA, FHiE&E 6 10mx10m
WIRETT, AR5 Z [E] (] R i 2 2220 20 m, e
H 2 £ A7 AR 2% E (0~10, 10~30,
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Basic characteristics of soil samples before P addition (mean * SD)

+ )2 Soil layer/cm

TR

Soil indicators 0~10 10~30 30~50
F{E Mean P T4 Mean P “F4{E Mean P
pH 427+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
2ETN/(gkg™) 1.69 +0.22 0.258 0.93+0.32 0.236 0.67 +0.26 0.693
£HETP/(gkg™") 0.28 + 0.03 0.677 0.24 +0.03 0.252 0.23 +0.05 0.204
SHITKI(g-kg™) 26.66 + 2.36 0.168 24.57 +3.07 0.309 24.09 + 3.66 0.297
B ENH, * -N/(mg-kg™) 6.47 + 1.41 0.555 3.96 + 1.57 0.178 3.13+0.67 0.989
A ZNO; =N/(mg-kg™) 1.06 + 0.21 0.147 0.79 £0.25 0.159 0.69 % 0.29 0.662
A AP/ (mg-kg™) 0.96 + 0.24 0.187 0.43+0.15 0.397 0.29+0.13 0.476

FE: OM: AHUR: TN: 4% TP: AWk TK: 28 NH-N: #E%: NOy-N: RS&%: AP: A n=18.
Notes: OM: Organic matter; TN: Total nitrogen; TP: Total phosphorus; TK: Total potassium; NH,"-N: Ammonium nitrogen; NO5;™-N: Nitrate

nitrogen; AP: Available phosphorus; n = 18.
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30~50 cm) T EEMIEARHEFEbR, FEAE R
AR (1) R HARIER AR TG 5 25 1]
A5, BAXABENL N Py (XFHE) . Py Py,
Py, Py, P56 /NACHEL, i =" 4354 0. 60,
120, 180. 240. 300 kg-hm=Za™', T 2018 4E
7 ATFEE N TR, SURUS A 2 AN H 1R BK
¥ Py, Py, Py Pg. Py, Ps AbBRATTEELERANM 43
Bréli NaH,PO,-2H,0 0, 0.39, 0.78., 1.17. 1.56,
1.95 kg /i fET 20 LK HL, = shmiss
PRS2 A R AR S Y A
22 HREXES5NE

2021 5 7 A, FEFXT AT B iR
AEARIE I 3 MRAREAR , s R BT R A2 e
T AF L BE AR 25 1~2 MR, FEARG 4% DRI AR A fgk
SR H BCGARI B s MAREAARTS A 3 00 (LR
TAHBLOHBE =552 ) HTAIRRE, mT
MRNIRREEER I A%, AR IR AEARIBOREERS , SRITSE
HRIAR TR, B0 3~5 KuEEMRER, HEREP
Phit th A < 2 mm B9IE AR, TR AR i
A 4RSI T i A AR TR Rk . B
FJr 34 EE, BV bsdt 9 iR,
221 etHpaepkem 2 NEERRFREAR PR
30 A YAPEAE Al R v 48 H oA Rt o, RS B
7 0.01 mm AYRLFIEbR- R RAER R AR .
At o R R R, ORI E iz By
JEEE (LT); i Epson Perfection V370 Photo §1
AR, I Imaged V1.52 ( National
Institutes of Health, USA) iT#& A (LA);
58 Ja et AR AT Kb e R, AR5
FHW KGRI et i R 2R K 5, FIHHETRF
(0.01 g f5E) it fia (LSFW), Bils
W RERTAMAS T, 7E 65 °C TR H RS AL T 2=
fH e AR T s (LDW). M A IhBEMEIR Y
A P,

SLA = LA/LDW
LTD = LDW/(LAXLT)
LDMC = LDW/LSFW

Ko SLAK W IFE R LTD Hyit 4141 %
FE; LDMC AWM.
222 wmkFreikal 2 H Epson Perfection
V370 Photo {43 52 < 2 mm Y4, If
f#H] RhizoVision explorer v2.0.3 (Noble Research

Institute, LLC, USA) #3 2 ¥ 1 43 B 44 4k 2L 5]
1%, AR BEE (RL) . MR FEEH (RA).
AIARIAFL (RV) 5%5dE . FHGE AR &7 65 C
T EEEREER TR (RDW) ., iR I6E
PEIR BRI I

SRL = RL/RDW

SRA = RA/|RDW

RTD = RDW/RV

Af: SRLMIEHRK ; SRA Jy AR K H R 5
RTD A4 AL %

A REHER W AT B (P 3%
Valladares %52 (50148, AT -

PI = (max(i) — min(i))/max(/)

A max (1) AIIEEHERTESE AL T 1 i
KAE, min (7) AIIREMEIRAEFAL PR T 19 fe/IMEL

R ZRE (CV) BiEA=UN:

CV = SD/mean x 100%

K. SD AT ae M RTEA R AL BT () bk 1
25, mean HUIFETRIRTEARFIALH N B F-HME
2.3 HIEAMESSZITHT

¥ H Microsoft Excel 2016 fl SPSS 19.0 %
4 ( SPSS Inc., Chicago, IL, USA) X% #E i
7853143 #r, HIHH Origin 2019 ( OriginLab Corp-
oration, Northampton, MA, USA) #{F/EK .
IR EE P U AZ A A AR 2 R 1R R
1922 5 R FH SPSS 19.0 2 A4 (1 5 K R J5 22 43 B
(one way ANOVA) ¥:%:, Jf#t1T Duncan £ &
LA AT A [ b 38 22 ) 2 S R A 3 43 B (P <
0.05), H Pearson #H 3¢ 43 A1 5 4 + S8 AN [A) 46 JiF
P ESIIT 25 DR IR A AE G .

3 HREHHH

3.1 RZIKRM R ThEE PR X - 35 R 0 A Ml Rz
AR TARTR . BEFE G P A3 im, A i
FUCLA), HEMEAL (SLA ) B5et s/, Hif,
Py A BRI LA fe K (1.17 cm?), P, AbFR[K) SLA
Bk, bR Py ACBRER SLA A1, P USIIACEER) LA . SLA
BIS5HEAMERARE ., HE 1B oA MEE
PN, FAMALIEE (LDT) ., MHYme
it (LDMC) RSN THE . Pyy Ps. Py
AEEERY LTD Lt Py 43510 RN T 33.3%., 25.7%.
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H: Py Py P, Py P, Ps/3iill25 0. 60, 120, 180. 240, 300 kg-hm™2-a™', ANR/NE FEFR AR ZF 8% (P<0.05), .
Notes: Py, P4, Py, Ps, P4, Ps were 0, 60, 120, 180, 240, 300 kg-hm™2-a™", respectively. Different small letters meant significant difference under

different treatments at 0.05 level. The same below.
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Fig. 1
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Response of leaf functional traits to soil different gradient phosphorus addition in

Cunninghamia lanceolata (mean * SE)
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Po LY 22 R A% (P>0.05); Py, PyibH
# RTD %1% T Ps 40 (P <0.05); Py, Py
WHF ) RTD 5 Py, Py, Py AbFRH] 4 22 550K i
# (E2B), ZAWREF (SRA) Hij P &1
WSS BEAR R, AR[E P B ik B
SRAS Py ¥R AR E (P>0.05); Pz
1) SRA £z K, }y 183.95 + 7.39 cm?>g™", W&
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SRA W #E = T P, b B (P <0.05); PyAbs
TH SRAY5 P,, Py, Py, PsAbFRH 225K 8
% (K 2C).
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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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(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.
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MBSO
Mean of leaf plasticity index
oo AT YR RO
Mean of fine root plasticity index
LDMC
LAl ] :
SRL i
SRA E

RTD |

ifie Ptk Functional traits

SLA

LTD : |

0 005 0.10 0.15 0.20 0.25 0.30 0.35

A FAVESE %L Plasticity indices

AR RECP
Mean of leaf coefficient of variation

oo TRAE S RO

Mean of fine root coefficient of variation
B

LDMC

LA
SRLI_— ] i
SRA————

RTD

SLA

itttk Functional traits

LTD : |

0O 2 4 6 8 10 12 14 16
As 5 Z KL Coefficient of variation/%

H: LA: MR LTD: MEHZEREE; SLA: WA, LDMC: W ¥ id; SRL: WWHUKC; RTD: ML, SRA: IR, W .
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.

3 ARMREM@ARIEEERETERESERBSM TR ZEER (PI) MERRH (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

ZECFH 4 8.9%, LTD, SLA. LA, LDMC ) CV
29 15.9% . 10.8%. 4.9%. 3.9%; ZiHIIfHE
PEIR 72 ST R BN 7.2%, Hih, RTD Yy CV
WK, N 89%, HK K SRAFI SRL, CV4rii
$16.9%. 5.7% (X 3B),
3.4 HMARMREMERINEEMRE L ERRY ERE
AT R X

M2 2 AT 2K R AR BEE IR ] A
e METE LN R RSB P BN R B v AN 6], 7R
PoAbBET, LTD 5 LA, SLA R RBEHAL (P <
0.05); LA 5 SLA B W FIEA (P<0.05); SRA
5 SRL B BFEIEMX (P<0.01), 5RTD &2
ERME (P<0.05), £ Py 4B, Bk LDMC
5 LTD &R FIEMX (P<0.05) 4, HEIhkE
PEAR ] TC A DG . 7E Py ABER, LTD 5 LA
ERERAHE (P<0.05), 5 SLA 2 B EH
% (P<0.01); SRAS RTD Sk . 3% ik ¢
(P<0.01), 7 P /b HEF, SLAE LA W
FAX (P<0.05); RTDY5 SRL. SRA &k i
FMAK (P<0.01); SRAS SRL B ¥ 1E
XK (P<0.01), £ P, 4bFF, SLAS LDMC
BB EAME (P<0.01); SRAYS SRL &
WEEMKE (P<0.01), 5 RTD 2 & # M
X% (P<0.01); RTD 5 SRL 2R E MR (P <
0.05); 7E P54, SRA 5 SRL &% % 1E
¥ (P<001), 5RTDEWMBERIL (P<
0.01),

4 i
41 KA B heEMER X HIER ERE BRI
je) )iz

0 %ot A 35 0 U 1 ) L A50R 22 8 P L TR
( SLA) #4722, SLA i, R Ffg
UM Z G RE R, SRR SR A T IR
B S =L L NS TR s b B2 9 1y S I S 7
TR AL A RE A K TR LR HERE X A S B R A 2
W, ABFGE, 78 Po AP EFRTF, BARMAK
FEZ I P ARCEMBRE], BN AL (LA ).
e (SLA) RefE s/ AEMIZE IS | REARAEI Y
AR IR, R AR N 1 5 5 I Bl R AR
NI FAR T A RO AR A K, MR 93743
KB IR AP 3) 1E Py AR T,
AR SLA BEET Py, HANTET#K BT
TIEF B, e T R ERH P S
L EHE T AR 1 P R E AR, T A A
FRARMERET, H LA, SLA BRI A
OB TRIRE it R, SRR TERR, X5
ISPV R R R HAA ) PR I ST 25 SR — 2
M7ER PALBER, AR LA, SLA 2 BLH /MK
e SRR ZR T —E REE RN

HFY A (LDMC) BYR/Ne T R AR
FFRMITTEMBE NP, AR, AN AL
fE (LTD). LDMC ¥£ Py, P3 4bHE T i E (KT Py,
16 Py, PsACFER, LTD i LDMC ) 52 5 finka
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Table 2 Pearson correlation coefficients among functional traits
P
Tre&zi}r%e nt Furfjét?grrlﬁéﬁrait A L SLA LDMC SRL e
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
P 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"
P4 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
E 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"

¥: PearsonfHIC T, WKL ** RRP<0.01, * £/RP<0.05.

Notes: Pearson correlation analysis, two-tailed teat; ** means P < 0.01, * means P < 0.05.
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i, MR NG SR, R s SR 2 3R kA
AFIRPIA K, B TR RIS, R A
Yyt | X SR B A7 BE T B AR, X 5 R AP
IBFR SR —3, XIREFP R, ERsTE
WA, APOLARE IR, R R,
(A AR B XTSRS R RE I & R I, X5
W L5 —8 Witem P AR, AR LTD,
LDMC $thn, #t—L Ul AR L3 P & T
Z 3 T e .
4.2 FAARINEEMER X HIEEREREERR MG
ie) )iz

AR (SRL) FILLARMEFR ( SRA) Ay &4
HRXT 3 2 W IBRCR I B AR AR, XTAR T
AR RS, IPAESRE AT A EEY
Mo, B LUARZH AU B (RTD ) RN A
B K A FVE FRIOIOSOR P, AR 4 R s,
TEARFREE POINALEE R, SRL LB #2253, it
WA AR AR AE A AR A b HAT — 2 A RTD
EIERUNER R R, SRA W e K58/
M, KB (Po. Py) KPR, #KAY SRA Al
B ) RTDUE AR BE a8 T AZ AR XS £ 357531
W SCR Az i Az 2P0, X5 F IR GH P BT
Ze—8, MR R, BRI S IER
FROPMBCRERAERKES, +3 P it 2, P A
PR K& B RS AR, s P s
R RE MR AW 1 TR, SEMIIN 8 E Z E
ARCFIRS Y, I HECE TR B TR AL
i, FEAEYIGHZESL, (AT AR R
5, REHE IR B YEAE, PR K,
AR HE— A BUE T 5 P ARFE SR A4 KRy
FHELES
4.3 RN KR EE MR E T IBR RS R
ARINT R AT B N2 i

R PEAR I P S M R AR 38 o PR B R v

RAFFEZAERPY, R TR A RO R
) T S oy R AN RIS, ARBIE SR e, AZR I R A
AR T BE R G T BB FR B (PL) S5 R4y BN
0.10~0.33., 0.14~0.18, M IIREVEIR Y AT #87%
RECEHE S T AR DRtk A RS, DEPAFE +
BPWIT, AL FHAERRE (L
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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,, P53, P, and P5 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™-a™
respectively, and simulated P deposition experiment was carried out for three years to analyze changes of
functional traits, phenotypic plasticity index (P/), 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 P5 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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