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FHAEOCR B ED, (HIER A R
P g HGE! Y, BARORE, MRt
HAEBRHFZHPEIERRB DL, K284
PREFEES MR R MG . B4k, RiE N T
BREAAMP L R, N T2 M2 (Artificial neu-
ral network, ANN) £5 74 45 £ 68 555 114) o) 4% 2% > fig
R IR e AR LM R G MR M R A ) T
H, Hrr, Z2mEmE (RBF) &ML aeE Tt
BARZ M pREL, T AP R G0 N ME LA AT I R
HA RIFzALRe S, RPN SGERE, fEdE
PRECET . Fdlasrds . BTN, (FEAE SRR
G s . TR R IR S5 . SRR
DL SRS 2R A OGS, RBF M2 M 4% [l 2
AR A IE R, AR S A RO R
% (KFCM) Fl1 RBF HIZEMIZESH T XK (Zea mays
L.) = e i, s8N A H RBF 204 SR X
[IE: e w2 S I Wil = DU B oS B A E R/ |
H RBF A T #2825 58 o A 438 P o ot i) = o

( Leymus chinensis (Trin.) Tzvel. ) F£5r i, H3K
15 BRI . AWF5Tiz H RBF A T #2545 X 42
AR C. N, PEESHHE, A6, HIENRT
TEM R R AT BRI 2, DU AR | C.
N. P & Segiasca-w

1 MRS

1.1 ARXER

WFFE XA T IR E N B X 12 AR B0
PR AR A 103.30°~119.32° E, 22.25°~33.55° N,
TR R EE 60~1150 mo %X G ZE XA, 4R
SERRIRN 107~ 22.4°C, KRN 773~
782 mm, WS IX L HERAIARBAR K, XI5 A ]
BRI 534 P TR I RN A5 21398, v 30 o 1 ¥ 4%
B, DIKACEAS B AEHE 1. MR RE R E RRR E
FEAFEHRIE . FAKMEHS (Smilax spp. ) 5o
1.2 RESE T AR AR SR &

20184 7 H IS . 8 AW, TEEARFE X4
19 A FEARIE S 16 a BIAZ AR AR, Sz rg b
T3 0 2 S 3 U SE R, BFAMSRAE R BT T .
P ko i 22 5 A B AL, D32 5T
Yoo FEREA N AR EE 34 20 m x 20 m [FIAEHE
YENEA . AHARAE b ) T I T 20 m.

TERRNFERLY, BEAL. 51 HIEER S~6 HRK

PR AP RAEARIEATRAE . 7 0] BH TR0 oA sl A LA
W1 AEA N 2 AR AR A B, B SR TR RO i
RA W ADEAR, ZERTEEYMAMEmEED S,
18 FH LR FESCREE 0~20 em IR Z I,

UL, TR SRAEAN SRAE B AR bR R o AR
5. MRS M G ( www.worldclim.org ) 315
PR 1 km x 1 km AR ( mean annual
temperature, MAT ) FI4E-14[% /K ( mean annual
precipitation, MAP ) 4
1.3 kA&

FEWIRE AL 28 120°C /595, 70°C Mt = AE i
J& . JHBREEAL (Retsch MM400, fE[E ) X FE#EE
AT, DRAEARI . MR ALK (C) &k
FHERBRAEME; A (N). B (P) & &
K HHBLIR -5 AR B E . TR TR
it 2 mm G5, G, REEAPLK (SOC) & ERH]
HERIRA A SMNPGEI E; SR (SN) &
R HYLUE BB ; 94wk (SP) & @i
SEENNE ;. T pH R FHHL A E
1.4 HEkIR

S EFIRAERAT 5T AAZARM - C. N, P&
A, 57 413 SOC. SN, SP %Ml pH %L
it DAIS19 HASE . £BFE (LAT ), 1305 (ALT),
MAT Fl MAP %45 (3 1), #esh, 38 I SCHRICE
%, NERFRCEPAE 21 AASR T (L5
PR ) Bdls Bl ).

2  RBF # % W& AR M2

2.1 RBF #&EMKEE

7 Matlab P55 #4 £ 3% [0 AT 1 DX A2 A
A C. N, P&E WA RBF #2 M54 . RBF
P28 I RS RURE S AT AP R T

(1) B RBF i A% ) it . %64 LAT.
ALT. MAT. MAP. 14 pH. SOC. SN #I SP 1f
HEIAZ. UK R C. N, P & i)z,

(2) Bk B g e —1k
PR, DITHBR AN . TEbn A 2 S KAl R Y
M, A Matlab2012 4+ B 747 PR mapminmax ()
XTECR AMEHEATIH—fLAbB], HET X RBF A2 %)
28t b AU E A T RO — b3, AT

Xij = Xmin

Iij:ﬁa-pﬁ (l:1,2, ...... ’n;j:]’z’ ...... ’N)

Hor, 1 R x 9 f s x ORISR
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Table 1 Data of environmental factors for 19 yield sampling sites
B Py kR TSR TRk E TIEAEN iR iR
. E/(°) N/(°) Altitude/ MAT/ MAP/ pH SOC/ SN/ SP/
Site Province o - 1
m < mm (mgg’) (mgg’) (mgg)
LAY N
)V?{I% 7 IR 11195 23.10 80 22.40 1782 3.93 17.20 1.05 0.14
ijiang Forest Farm Guangdong
I
IT(H% 7 S : 111.80 24.47 210 19.13 1568 3.89 32.93 2.34 0.28
uangdong Forest Farm Guangxi
NGRS -
Xiaokeng Forest Farm ) ’RGuangdong  113.88 24.68 554 18.00 1748 4.37 24.73 1.60 0.23
7N ¥
/Tﬁ% 7 S ] 109.95 22.76 440 21.26 1531 4.06 11.70 1.03 0.21
Liuwan Forest Farm Gungxi
H b
D E{IJ.WF % /W : 106.73  22.26 305 21.81 1525 4.04 45.67 2.96 0.21
agingshan Forest Farm Guangxi
K k37 o
Daweishan 103.77 2297 635 20.68 1471 4.34 24.77 2.10 0.60
Yunnan
Forest Farm
‘;/—E *\4‘
@M.”t." o 105.06 27.90 1140 15.40 1011 4.60 42.00 3.16 0.70
Weixinzhen Yunnan
iii s ¥
Pﬂ\J {Eﬂrfé 109..95 26.98 350 16.83 1285 4.94 10.77 1.17 0.38
ingcun Hu’nan
TS -
Shanxia 3i ] 114.71 27.73 110 17.79 1516 4.00 18.30 1.31 0.23
iangxi
Forest Farm
NS Nk S i
'I?L/Ej:.ﬁ% 7 }E.i.% 117.47 26.68 258 18.76 1664 4.20 24.53 1.51 0.31
Jiangle State-owned Forest Farms Fujian
T —
Kaihua . 118.27 29.13 193 16.65 1671 5.40 28.97 1.93 0.37
Zhejiang
Forest Farm
\’«_{‘; E r—‘-’,l"
ﬁm%" E . 117.88 30.44 260 14.98 1682 491 32.47 238 0.27
ingyangzhen Anhui
YR o
Hongya A 103.31 29.80 1150 16.72 1579 3.45 31.87 2.44 0.33
Sichuan
Forest Farm
KM WL
e G g Zheiiang 119.84 3037 64 16.11 1292 4.09 17.20 1.29 0.24
< b IT %
]/;Fﬂ% 7 Q:j:; 119.32 31.87 60 15.43 1034 4.29 17.40 1.24 0.22
ongjin Forest Farm Jiangsu
- »‘D &
J\TKE%E? . I 115.70 31.80 510 15.40 1230 4.04 26.40 2.18 0.39
ujimiaoxiang Henan
r jf v
iﬂﬁﬁ(% Z @Hh 109.36  30.31 1120 12.16 1447 427 23.50 227 1.04
ongpenshui Forest Farm Hubei
PUE X ¥k 37 Bk
Hanbinqu Forest Farm Shaanxi 108.74 32.07 664 15.18 773 4.75 8.37 1.07 0.36
= AR 0%
;ﬁ.]./i$$.5j Bk g 110.86 33.56 825 10.69 825 4.89 23.40 1.65 0.21
anjiaochi Forest Farm Shaanxi

#: pH. SOC. SNAHISPHINZAE s FHIMHE o
Note: pH, SOC, SN and SP are the mean values of each sampling site.

i JERATEARECE , n=8; j RIIZGAEAEH, n=50;
Xpin T X 23 BER AT I95E § DT FR AR i
MEFEKAE; AW, o 1 RHBEL, 43RIgs
B 0.90 F10.05, A IE—fBEHRAE [0,1] Z [0,
2.2 RBF W& M &)l ZkidiE

FIFH Matlab2012 H1f4 newrb pRECE S 3 43 2
RBF &M 4, kM kit &2, &
A1 YRS 1 MR E R ST, B

FRZEALT HAn iR 25800 208 H IR B i R(E A
1. newrb PREHE AR :
net = newrb(P,T,GOAL,S PREAD,MN, DF)

Hrp, net MRS PR AW T R
Bl GOAL J2X¥ 75175 ; SPREAD A% 1) ik pR %L
()3 AT PR, B IS S A e A Bl s MN A
MZTT IR KRECH ; DF R PUREEARZ a4
2t H .
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IZRREAAL 5 2k 1 3 [ R A2 AR N AR Y
50 AR Z5 AT B A R AR SC K, newrb A
PREEAT AL, R NG LT S8 AT \
(1) BUMAZAM } C £k RBF MiZe /%4 MAT R
SR 9N . GOAL %A 1075 SPREAD HX MAP—>(/)&
0.027; MN 3 1005 DF 3 1. YIZRREAN 1~57 5 o —A
HIERT 1. 9. 25, 28, 32, 47, 56 FHY 50 AR, soc
(2) BEUAZAN H N & &Y RBF #fi 2 9 45 ot /
KBRS . GOAL #9105 SPREAD X N ) //
0.0152; MN 3 100; DF J3 1. YZREA N 1~57 sp— Q= %
SHERT 6. 7. 10, 30, 32, 41, 45 51 50 4IFEAR, Ry
N . AR &z iz
(3) BUAZ AR B P& /Y RBF fit 4 W 4% Input layer Hidden layer Output layer

BSHE S N . GOAL &M 10°; SPREAD B
0.0088; MN 4 100; DF 9 1. kAR 1~57
ST 11, 14, 28, 41, 44, 51, 54 5 50 4H
A

H AL T 3 4 3 )2 RBF #4550 T
YITMAZ AR B C. N, PR, HrpAdz
TE8 A, FEIRINATE 49 4, HiZot 1 4 (E 1),

3 R E50H

3.1 RBF #Z&MEEE KNI

AR C. N, P &AM 7 AR RmAEA
XTIl 455 B RBF i 25 R 28 R R HEA TG B . 7 A
B FEASAE RBF 128 ) 265 v (18 F5000 235 S AR S50 4 i)
T ILER 2,

ATLAE H, B RBF AT #1445 L A2 R
MR C. N. P& mai R 5 SER &8s, Hrp

1 #ZAKRMFE C.N.P 2E7illl RBF #2 /&%
Fig. 1 RBF artificial neural networks structure for
predicting leaf carbon, nitrogen, and
phosphorus contents of Chinese fir

AR R C &8I E R MRZE R 0.40%, ek
WER 4.32%, FHHXTIRE R 1.82%, HIRE
BAK, M 0.66; FZAKNM R N F & 0 U {E 15 2250
Fil h 3.89%~15.08%, “F-YJHHIXI1RZE N 9.88%, #H
KEREE, M 0.85; FZAM R P AR IINIME D2
T M 2.43%~12.38%, “FIJAHXTIRE R 7.02%,
MXRB S, 55099, UL 458 FEW], RBF
N T2 2 B R A & 3, KSR, T
HA B TE R
3.2 RBF #12WEE BRI R

o R Z8 11 2514 RBF #1285 28 45080 | 3 3o
SCHRIAR IR AR 1Y 21 41 (25 58~78) AT

&2 RBF AITHZMEHRNLER
Table 2 Testing results of RBF neural networks

% C/(mg-g™) A N/(mg-g") % P/(mg-g ")
KA HOEA A
Test samples SR oAl Test samples SR LR ek IR Test samples SR T E
Measured value  Output value Measured value  Output value Measured value  Output value
1 477 495.09 6 13.10 13.61 11 1.130 1.1025
9 490 493.67 7 14.70 15.94 14 1.060 0.9530
25 494 491.73 10 12.80 10.53 28 1.020 1.1463
28 513 490.83 30 13.60 12.01 41 0.960 0.9202
32 488 486.05 32 11.90 10.94 44 1.140 1.0534
47 475 467.38 41 12.30 11.77 51 1.100 1.0586
56 461 467.40 45 12.20 10.36 54 2.500 2.2819
FRX R ZE A 1 AHXS R 2T HME 5o AR R ZE P-4 =
Mean of relative error : Mean of relative error : Mean of relative error .
FHR R 0166 TR R e AHR R 000
Correlation coefficient ) Correlation coefficient : Correlation coefficient :
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BRI AZAM B C. N, P &S, 21 4in
A C S RTINSE RAE 356.40~532.17 mg-g ', F1y
B4 453.05mg-g s M N Sl 25— 7 6.00~

12.53 mg-g "', FHMEN 10.05mg-g'; MH P SEH
MZ5RTE 0.94~1.48 mg-g ', “FHMEN 1.27 mgg'
(#£3),

*3 BEAMHRHR A SEIETNESR
Table 3 Prediction results of leaf C, N, and P contents of Chinese fir

ETRE) B A {3 ETRs Bk £ 173
Number Cl(mg-g™") N/(mg-g™") P/(mg-g™) Number Cl(mg-g™") N/(mg-g™") P/(mg-g ™)
58 426.83 9.66 1.48 69 463.09 10.66 1.16
59 420.61 11.86 1.05 70 382.15 10.58 1.38
60 49386 10.62 1.38 71 48731 931 1.14
61 532.17 9.78 1.37 72 514.48 11.49 1.38
62 356.40 10.33 1.38 73 457.64 10.11 1.15
63 480.82 921 1.13 74 485.67 927 1.14
64 499.68 10.30 1.32 75 424.88 9.03 0.94
65 475.47 6.00 1.34 76 410.12 10.80 1.38
66 530.41 10.73 121 77 459.29 10.82 1.38
67 45031 10.86 1.38 78 371.52 7.18 1.28

68 391.34 12.53 124

33 AN RR.RESEHIE

AR C. N. P &EFHENE 4, AR C
SHEIEALIEE N 356.40~532.17 mg-g', BARF
PIE N 476.68 mg-g ', TR EARMA DI R C
SPHE R (455.10mgg ') U, kRl 3.70mg-g !,
R EBN 6.86%, AERACEWAR ., AR A N &
AL A 6.00~19.80 mg-g™', FAF-HH
1227 mgg ! (JLAT 2 {E K 12.02 mg-g '),
AL F4Ek 1280 Fh . FRIE 753 Mkt YT A N
SEIUEME (1834mg-g'. 18.60mg-g ') ™17,
bRz 027 mg g™, BFRECH 19.52%, JETH5%

5o KA R P A AR IR 0.73~2.96 mg-g !,
BRI A 1.24 mgg™" (JLAFEHEH 1.19
mg'g '), SIE 753 FlGHAE Y P R L]
SEEIE (1.21 mgrg ') MY, BT 4Bk 1280 Ff
FliAa Y B P LA (1.42mgg™') U7,
FRfERA 0.04 mgg™', AR REHN 31.48%, J& T
RS S, KM A N S RamAESERT P&
., 5 Han Z59 X3 [E 753 F ki b ke 90 F 9 &%

H—%, HMWE XS &S TR C & EmssaAE

Sk,

F4 AMRHR A BIENLFTELSITHE

Table 4 Statistics results of the leaf C, N, and P contents and stoichiometric ratio of Chinese fir

Eiztan AR R RAH ME HAFHIE P iR R R

Index Sample number Maximum Minimum Arithmetic mean Standard error coefficient variation/ %
fkC/(mg-g™") 78 532.17 356.40 476.68 3.70 6.86
& N/(mg-g™) 78 19.80 6.00 12.27 0.27 19.52
W P/(mg-g ") 78 2.96 0.73 1.24 0.04 31.48
AL C: N 78 79.22 24.75 40.28 0.94 20.62
WBEt C : P 78 706.85 169.59 412.01 11.54 24.74
HBELLN : P 78 15.62 4.46 10.50 0.32 26.64

T TRAFEARMIESONINZRREA, TMMREAS, 21D TIREAS

Note: 78 samples include 50 training samples, 7 testing samples and 21 prediction samples.
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34 BARMFA®B. R BESEEIT2HE

AR A S 2= s SR L3k 5. 2Rt
A C/N ¥E R 40.28, B & FBRAKEN ) m s
TR X FEE S AN, B THRE L
SREFHA CNERY, S AREREN 24.75~49.22, 5
HER A 0.94, 2853 RZEUN 20.62%, J&HEALR;
MR C/P ¥IE A 412,01, I & T2 ERE KN,

R ST = e 2R IX PR i S e AR VL R B 1
SREFHRE C/P AN, A3 AT RN 169.59~706.85,
PRUERN 11.54, R RECH 24.74, JBPEL R
A N/P BIE A 1050, KT E . 2rk & =k
JBE DX SR AR RN VT K B 1L SRR B N/P
(B 1920 AT 4.46~15.62, ARiERH 032,
A5 S KON 26.64, JRPEEAR R

x5 TEMARXKEEDM Fik B BHUFITER

Table 5 Stoichiomeric ratios of carbon, nitrogen, and phosphorus in plant leaves of different study area

T X 35 AR R WAL BRBELL  EBEE %O
Study area vegetation type C:N C:P N:P Reference
ZRHF 5T This study 2K C. lanceolata 40.28 412.01 10.50
=g JE [X JF & Head of the Three Gorges Reservoir Area HERIF A Evergreen broad leaved forest 37.80 478.90 12.80 [19]
WL K # 1 Tiantong Mountain in Zhejiang Province B &% AR Evergreen coniferous forest 48.10 677.90 14.20 [20]
1 [E China Fiti 4= AH ) Terrestrial plant — — 16.30 [4]
4=FK Global Fiti A=A ) Terrestrial plant 22.50 232.00 12.70 [18]

Y C. N. PASET R RRIE AR AE S AT
Wy 3% 53 R 803 DL R 557 43 BRI 28 R B2 g
C/N F1 C/P &9 FF I WAt Py W i 55 0 2 T g
LRI RE ), ERBAE Y E SR T R A HRCR N E
BHEFR, AZARM R /NI C/P EI R, LA
ARXF N P BF R TR =K, X AR fE
JE A2 AR X AR B Y — i A AR RS . A
N/P {8 1T DL R VAR 90 A A 97 32 37 43 B il 2 78 1y )
Wr, AWF5ERM, P N/P<14.00 B, HEYA
K32 NFRAI, M 14<N/P<16.00 I, [A]AF3Z N, P
PRI ASZBRE], 1A N/P>16.00 B, 32 P FREI,
AR 7 N/P AEfCH 10.50, W2E/NT 14.00
( One-sample T test, p<0.001), %8Ik E A
X A2 A K EEAZ N TR AR
4 it
4.1 7|/ RBF #ZMEMMZAM F#H. & B
ENVEEMATITE

LT ( Meta-analysis ) J& H HT7E 2R K F
SRR EXHEY S A S TR AR S T 2
WFFE rf s R Okt 1240, SAEsk, S Hb T A
FER T BBl Zis L, sl T 252 T e
FERS AL, RN RIS —A518 2 A, SR
T, A W A 3k A A i A% G 1 e IR R T
B, WM R B ET . RAREESRIE

S, XAV BEESSRRE U RS R G A
IR RO SRR o A, AR AR
TSR A, VUL R S A iE A AL
SRR, X T B PR X S R a5
A e 75 2 7 LA R S
TEVERBTTE AR S IR oo & il
Sl i ARG [ IH SRR AL (SVMR )
7 15 %k 2% ZOE TG £ AR P 3R AT B kA7 20 A 5 3
fgls 2l PRI, 7R AR T A T M STOAS IR (ELRY
AR T, AR XU EXHE Y A MR 24 T 15
MR T RIRE. Li 5527 A Y- L R ST HA
HIFRIMEERRE, RO T T eV T 57 o0
TRAKCF R BRI ARS8 T ) RBF 28 [ 4%
HABAERR IRt RS, Hibe
UG HER ML BT S 2R R GEARZRIESC R o Xl T
AR C. N, P &M T —F2br . REEM
FBto AWFTEERAS 11 5z 3 RBF 28 f 4%
BRI AL, SOK SR SRR & IR K
(B RSN T—IFA, TSR AA
B IE Y, HAERTER R, AR N TR 4k
S0 T EMAE KR 23 LA R RIS B B S R R
Pt TR R IE AT B
42 BAERZFRERGRE
WHAEOLT, N RPN SR X AR A S
ZGERIBRMGI T, P ZRPEIHF | 7Tl X RRAR
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PEAS R GURY PR A -0 R Rk RUE RS
Reich ST AN B L6 N (SRR ), 0t
FONL P &R, R N/P . Han S50 %)
T 753 FAEYIT R N P i (RS A RS SR
PPk, FRERBAM A N P S EERE A A AR i
s, WA NP ORI B, —
Bl Ty, MR RS P RAEAE S RG4S R EH A
A BRI OC RS e P AR A B Z A]
e FEEFRERY A NP & T2k i E )5
IS, Ik, AT RRRmE T S, REEY A
KRR 125 P AYBRE], JCH IR AT iy
HlX

2 AR ] BT 3 X 32 A B N TR
R, RO A A BT 32 Y R DT R 5 O
0B R, T AT XA A KB
Be. BUREmS R BT B e 22 5%, JERA
—HIEGHE. IAh, AR K IRFDTR Y
JTEARZEE, (B T B SMRVEE R KA 22 AR
i, SEOXLITEN TG FI, fEE
TR B AL AR R PR 0 N/P {45
FEARIIZAL R IRFTCR AT G FIWZARA 5
2.

FURIT, Xt bl ks Py =, T BR e R
N/P B EARZ Y, A5 5 A N/P R,
MR A KA AT RESZ N R BRI AW, iR
N/P (AL FHARKF, A2 A K25 N R Rl
Y TREPER . JCR RS/ 3 BT TR R DT R
R, Han 555 YU R AZ 7 OKF AT, WA
WA A s2 LR Y T REE RO . ABT TS, A
N &EEFAYET P i, FFERHEAER
32 N PR A9 T REE R o 4B 4 9F 70 R 4
FYPR B IR ICE NPT T b e B 21 LA e 4121
Yt e, BEIA Ry SR A ) ) — i B SR IR AL
il REHFEI, A P EHBBCR A
[F) 2 52 1Y 1R NIRRT 28, R TR
i IA g A e i - MR A2 BR Al Y ST 2,
Mariana S WA Ay HE MR ASC303 e Xt AT + 1%
SR Z B —RINE NN . ATELZ T, AR R T
JEd#, FRy P ERICECR Y- H RS PO
PRAL T AR R AR, AR A N EE O AT
RUEEASZ LN RBEZ MR tLoh, B
i AU AN ARES AT F L AR EARE [R)
frz (3°N) AUREATINGE, FFERH N R4 T

SRS A TR K BRI P 5536
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Prediction of Carbon, Nitrogen, and Phosphorus Contents of Chinese
Fir Based on Ecological Factors and Artificial Neural Networks

TONG Ran', CHEN Qing-biao*, ZHOU Ben-zhi'

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Qianjiangyuan Forest Ecosystem Research Station, National Forestry
and Grassland Administration, Hangzhou 311400, Zhejiang, China; 2. Xin’anjiang Forest Farm, Jiande 311600, Zhejiang, China)

Abstract: [Objective] To achieve the accurate, economical and quick prediction of leaf carbon, nitrogen, and phos-
phorus contents of Chinese fir. [Method] Taking the Chinese fir (Cunninghamia lanceolata) plantations in subtrop-
ical China as objects, a RBF (radial basis function) neural network with highly nonlinear mapping relationships
between input layer and output layer was used to build the optimal prediction models for the leaf C, N, and P con-
tents of Chinese fir and ecological factors including geography, climate and soil properties. [Result] The simulation
prediction of leaf average C, N, and P contents were 476.68, 12.27, and 1.24 mg-g ', respectively, the leaf N content
of Chinese fir was far less than that of terrestrial plants in China; the leaf average C/N, C/P, and N/P were 40.28,
412.01, and 10.50, respectively. The prediction results were well consistent with the measured values, indicating that
it was feasible to use the RBF neural network model for predicting the relationships between leaf C, N, and P con-
tents and ecological factors. [Conclusion] These models could accurately estimate the leaf C, N, and P contents of
Chinese fir, the mean errors are 1.82%, 9.88%, and 7.02%, respectively. Both the relatively low leaf N content and
N/P indicate the growth of Chinese fir is limited by N element in subtropical China.

Keywords: radial basis function neural network; ecological factor; leaf; carbon; nitrogen; phosphorus;

Cunninghamia lanceolata
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