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VA BRI AR, BRI S R C/N JTER
A3 BT G B, B PR I R T SN R AR RS
H,0,-H,SO04 FLIG (KjedahD) V20, SR J5 HEHEELL
RS, LGS T . RS, H
W By, SRR TR KT, SR IRE
(AR A BRI o 3 AR G e R e T 22
oK B A e BB 1w g () L A a2 o R
(Leymus chinensis) , "&/EZIENYET, AP,
X FL R ER AL P A BRI 2 1, AR 2
BP9 DX b AR T b B A i S o — 1 sk
I 50a >k, W15 2B ANk PR 2 1 52,
FRHCEWCD, MEGERE R, A IRK, b
et s, HHERRGESEHSE, EHe=AHR
PEEE, BOHL ARSI A . BRI, X XCRER
B I SRR AR AN 22, 3k P fe v 0 TOLIU B UL R 4)
e B B EITIE A LER,

ST TURIL, WU ERR R B i A
AR EL, 5 RS A e
FPE, (B Sedg bR e = AP, A
TAIZE M %% (artificial neural networks, ANN) 57
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BA R 268 ), e 20 T I AT 3k
AR IR ALt RGEMAEL MR T E L
AU 45 ) JE K 5 (radial basis function, RBF)
PR 2 LA IEITRE J) o0 ME LR . 27 )l
FEAREEAL 5, A] DU BN B U AT & W AR 1 ok
o s A EEE N, Bz
TR doEr . Bk n2s. B30, H8
AbEE. BT, RGPS i, JFE
13 TARMF B8R, AR ILAERE ) TR 50 e T sk 1)
N AT WARIE . A8 T, ASCERis A RBF
N TAREE M2, I I AH S Ak 27 1 TR 2 BTk
B BEST R OCRE Y, MR E
W~ B BES I T

1S

1.1 HREHER

FRPEIAL TAACY I P e, IS IR S B
Wl 2 Mg, 10 ANE Gl XD o HbERARR
123°09' ~ 124°22'E, 44°57' ~45°46'N, MR FR 4
47 000 km® o %X Ay SR {1y 23 2 5 2 U A,
VU3, HELZXTE, EFmE2ZW, KRR
M2 I, £FEAEK. ZHVFHEKEY
400 mm, FHF 7. 8 Ay, P kERE KT
K WX Z A PSR 2 4.5°C, 7 AR
H23°C, 1 A&, H-17.5C.

DX T B A AT WL AR
PhJLTIAE, AAACTE RN FAX DS, Hilghig
%, ASSAIH, k) LR PRI Ak K B i 20
b, ARXHERKERZ o 1% X 3 EHL A Sy T
o0 I/ A 100 LR (T T =11 R L= 71 52
BOP R v asE, TR R B 1L Bt
P o <X I 7 1 L e SO 4 < S i (1 )
e | R X e W (T =i 117 S WS Y S N S E T - A e
AL ) B
1.2 H&EFEE

MR DA, 3501 T 2010 42 6 H 12012
6 HAEEMRA TR Z . Kg BRI Ry 28 B L HL
HAMREBMENERE AL ERE LIRS 103 4, F
TEREND 43 . FEIRE SRR, B SR B T BY
, EH AR AR, R DYMERRE, RN
FE A ERAF IR, G5l 1~43, 7 [a]sis s
AhEE, A FIE R AR . AR . EREY
RS RE 5 N TR R AR, S 1~43
S, HATIERFRIC N 44~103 5, T B4R
FEd o IR S CRAERT, ST PR RN AW Ad
B, BUEREHT 0~30cm #)2HI1HE, Lkt
HTAEYIN R ), R R 1 kg 24, T

AFEREEN .
1.3 MhkA*E

PR E 60°CHET G, HIR AR )5 PR AT
TR, HIFIE C A, 2. 2",
FE W 4 R R AL R AR T RS A2 AR
H,S04-H,0, ¥ & , ZMWy e 4 WX H
H,S0,4-H,0, 17, HHEMT LR . I8 LAk
M i (total organic carbon, TOC) : HUESTRPH- IR
HEvk GMm#FO e, HIESE YLK &l
o TIRKMER: RAARY L. IR
HCI04-H,S04 V5. HHEAHE: 0.5 mol/L NaHCO;
BBk, I pH (AW 2 SR WAL
(toKEA 1:2.5) o RIS E: RIS,

2 RBF #H2Z2MEREKRIE

RBF #14: M 4% 2 11 Moody #1l Darken - 20 1
20 80 AFARRIEH I —Fh B AT B2 s A mr it o
2 Mgl BAT 4 RE T A e E I P fE, T
DR/ K rak T PN = B | EE2 Y S W LI M T 2y /A
LA — R Ll T BP W4 ) R
M. TR S EGOT, L H R TR
IS 2
2.1 RBF AL#HZMLELEH

RBF 128 [ 26 — e 53 3 )25, BP 1T /NN )2
AN ER L AN 2, HamwnE 1 s,
o, SN 25 K R B S A, i
B S ER: RS ESHE TRB L
s T A B L AR SR AR e S s B S U)K
Bt 2 IR B SR P 4 ARSI R g e i A 5
HIBAT JRUEE g« A% 1) 55 o6 B a5 E e 4ot
(Fedk, R B 223 A, XA R EAT 1K
A4, K AR E R i N B A e B e T, AR
3 76 A 4 25 R) Y PR £ 2 S T ) ) A v 4 S )
PR T 43, i WU E X A e o 2 ) S22
gLt

TE: x RN RZRE R o 2SR R ERUE
y N RANREAKT I 199 2% (S B i o

Note: x is the input variable; R is the output of hidden layer; w is the weight
from hidden layer to output layer; y is the actual output corresponding to the
input sample.

A1 Zek&HAs Nkiniamn

Fig.1 Topological structure of radial basis function networks
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et
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BB B G s e At o s ek 4L
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FINJZSZIU RN x B R, IO AELEPE,
JESCBLE M R, 3 y gk vEmg ™, A0

y=f®=)" oR(x)

X x N R o BEAUE; m BE 2T 585G
y LR .
2.2 RBF HEZEMEFI) X

RBF #8458 1R 2% SR RE 20k 2 N B
55 1B B 2 45 RBF B2 J2 8717 1 1 36 s 2
Oy CRIBENE a5 55 2 B BOATTBE S 2 250 12 AL
1), el RBF P8I0 48 5L ik Kb 0o e BT VE 1)
AN[F, RBF #E ML 2% ) ik N 1) Bl
FUERCH O 2) BAZUERH.O0%; 3) AIE
BERCF L 4) IEACE/N 3% . RBF fHZ& M 4%
22 ) H R M SR R 2 A5 1T R 2R R
s G, BT LRI SERE o B N e/
et e B 2 B H 2 I AUE . RBF #2454
T 3 A N R R ZE R S AL G RIARUE o,
TR R R N 2 N R A, I R SIEAR  E E
W 28 [ i ) 40 71 22 008 B T FRDORG JEE BRI, 8%
2 1A A
2.3 RBF fHEZMEIRE AL

7 Matlab P15 44 £ 5 bR P8 350 5 Hb = B S
Tl & B TN 1) RBF A 28 R 4% 45704 1 2% 7. RBF
WL IR N i o & PR X 2 rh i
N2 FMZ, MGRERBRE R, MK
TR NG, YR PR, (RN 2 AR B D,
WA 2% (4] T A i S A 2 o DAL AT S8 BE T E A
A W % I A ek D i N 2 AR R TR, AR e
AR Z MG B o AR R AL H 5 2 5 ik A%
MR R LA . R S, KRR
HRWE pHE. LR, L7 NRARE N
ANE, FERR. A B 0MERNEHEE, A
ML EH Cy N P 551 RBF f148  2%
A,

WK, IHBRENAE . febr(igom g ik
KA R m, A seME SR ATt A . &

R (x) = exp(~

IR — AL 5, AN PR U 0 A E[0, 1] 1]
AICHEPRIH— AR FE DL K. RBF 148 ) 26 2 H 1)
FERME I A — AL HE R Matlab #4147 H iy
PR mapminmax( ) B 3258 .
BmH— AN
'xij ~ X mmin

[, ==L """ g4 p,
X

max X min

e L AHAE: Xmins Xmax AR THIZE i
AR REA B IMER IR KAE ;s o A1 B NBHL 4
SIEAE M 0.9 A1 0.05.

2.4 RBF #HEZMEZIRB AT

1. FH Matlab ¥4 9" newrb BREE L 3 4 3 2N
RBF #1840 IEARI ik B By 2, Bk
1R 1 AN B, HERRERTH
Prig 22 sl P 28 0 H R B i RAE IS 1o newrb PR
AL S WP
net=newrb(P, 7, GOAL, SPREAD, MN, DF)
A P oA R T oMM R GOAL b
JiiR7E; SPREAD JA42 [n) 3k o B 0 AT %, Jlck
LRI R R S FEA s MIN TG I
B KBH; DF 4 2 WKEBIRZ I8 FTas I £ o 5L
Hl o DATS PR UG 3508 55 s - 30 2 S S B 1 oy 2 )
FEA (38 H¥HE) » M newrb sfEAT M 4811 %,
G5 ) I A e

1) TR E28% 5 B i) RBF #2448 % S 501
4050 : GOAL %4 10®; SPREAD HX 0.0340;
MN 4 100; DF Jy 1. JIZRFEAN 1~43 ST
4, 37. 39. 40 F141 ‘51 38 4IkEA,

2) TRMIEEE S B 1) RBF #1225 % 25001
55 %4 : GOAL ¥4 10°%; SPREAD HY 0.0344;
MN % 100; DF 4 1. JIZFEAN 1~43 SHERT
23. 33. 37. 39 fil 41 511 38 LHFEA,

3) TN E RS E ) RBF A48 M 2% 8- 25001
505 %: GOAL %k 10, SPREAD HX 0.0231;
MN 4 100; DF Jj 1. YIZRFEAN 1~43 SR T
7. 15, 23, 31 F141 5 38 41kEA.

R A A T 5 R SR/ = R 0 el =4 ]
3AH 7T ABAMEIG. 37T MRS ML oA 1
AN 2 T AL S 3 2 RBFE 20 W 2% i 7Y
(K 2) .

2.5 RBF {42 M ZHEE R4 10

AWM 5 ARBAEAR (L 1) 5Tl
YxJ5 11 RBF WS RERIIEATAT G . 5 MR FEALE
RBF 1 28 [ 2% v (1) T 5 5 55 51 o 3K A 1) %
t, W& 1.
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Fig.2 RBF artificial neural networks structure for predicting
carbon, nitrogen, and phosphorus contents of Leymus chinensis

M 1 AT LA H, WA RBF T A4 j 25 540
W B BHESSEPREPA R SRRk & 5
(I FIAE fc /NR ZETA B 0.14%, e KiRZE N 2.27%,
SRR ZE AN 1.39%, MAH K REEAR, N 0.5;
LR BN T R 225 R 0.12%~9.35%, T
VIMXIRZE N 4.69%, MK REE &, N 0.93; F
O B W POME R 25 A AE 1.25%~14.11%, 1
VIR IR ZE N 7.65%, MHKREE S, N 094, K
B RBF A 11425 W) 2 OO ASE 70 8 b s B, R P
i, PN A AT A
2.6 RBF H42 M 4& &R BTN 45 R

I BRI 250 () RBF FR2e L8R5, 43 311 %F
TR RAEN 60 A (Fii'5 ok 44~103) L 3EFE S5
DY PR S T A T T o TRl &5 S LK 2.

#F 1 RBF ATH#HEZMEHIEIELER
Table 1 Test results of RBF artificial neural networks

T Carbon/(mg-g™) A Nitrogen/(mg-g™) % Phosphorus/(mg-g™)
R A SEPIE i R A S B R A SEPIE o
Test sample Measured Predicted Test sample Measured Predicted Test sample Measured Predicted

value value value value value value

4 440.30 448.23 23 15.50 15.081 7 0.940 1.0726

37 453.324 457.90 33 19.847 18.771 15 1.489 1.5076

39 437.686 447.62 37 21.018 21.044 23 1.015 0.9993

40 451.721 443.85 39 19.787 21.637 31 0.865 0.7594

41 455.255 454.60 41 21.491 22.748 41 1.535 1.3946
HOAT B T H i % HXT B T 169 A B T 763

Average relative error/% Average relative error/% Average relative error/%
HIXREC - os HIXREL - 0.03 XK - 004
Correlation coefficient Correlation coefficient Correlation coefficient

x2 ¥FHEiKk. B BWAETNER

and phosphorus concentration in Leymus chinensis

Table 2 Predicted results of carbon, nitrogen,

i s A Lz o s A iz
. Carbon/ Nitrogen/ Phosphorus/ . Carbon/ Nitrogen/ Phosphorus/

Serial number 1 A o Serial number o A 5]
(mg-g’) (mgg”) (mgg’) (mg-g”) (mg-g") (mg-g’)

44 439.75 18.457 1.0038 74 424.92 26.735 1.3800
45 384.75 12.243 0.6877 75 298.79 22.633 1.0321
46 347.84 34.024 1.6293 76 384.62 10.738 0.6710
47 397.4 13.042 0.6787 77 436.52 28.783 1.6946
48 374.93 15.361 0.6798 78 311.72 23.33 0.8301
49 378.84 18.665 0.7592 79 341.61 19.213 0.8797
50 377.89 18.287 1.1338 80 321.74 20.816 0.9710
51 343.91 20.898 0.7345 81 376.08 21.741 0.8547
52 398.34 13.729 0.6773 82 368.39 25.696 1.0712
53 387.97 13.244 0.6759 83 388.47 10.938 0.6718
54 374.44 23.19 0.8999 84 383.28 14.473 0.7612
55 384.09 15.122 0.6854 85 374.32 23.485 0.9163
56 380.23 16.015 0.8913 86 383.34 15.404 0.6947
57 471.87 15.89 0.8439 87 379.82 20.604 0.8152
58 398.93 12.761 0.6746 88 336.9 20.211 0.7997
59 386.09 15.891 0.6822 89 386.21 10.555 0.6710
60 382.93 16.417 0.7128 90 350.65 16.968 0.7945
61 392.13 12.292 0.6727 91 450.76 13.49 0.7914
62 383.5 15.438 0.6947 92 386.22 10.569 0.6710
63 396.21 12.252 0.6797 93 420.75 20.746 0.7438
64 389.95 11.35 0.6710 94 375.1 22.155 0.8713
65 386.92 12.393 0.6730 95 396.62 12.648 0.6832
66 392.83 12.702 0.7247 96 396.76 11.48 0.6792
67 384.67 16.393 0.7197 97 381.7 15.332 0.7112
68 387.46 14.986 0.7912 98 386.21 10.55 0.6710
69 431.08 16.788 0.6818 99 385.67 11.16 0.6728
70 438.03 12.758 0.7849 100 387.14 10.732 0.6710
71 379.78 13.238 0.8024 101 386.27 10.551 0.6710
72 365.68 29.185 1.5897 102 379.12 17.109 0.9912
73 368.34 15.213 0.8491 103 380.03 17.486 0.7367
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2.7 FERRABESUFITEIBIE

FHWL B BHESHETBREILER 3. N
* 3 ATLLEH, FERBMARAEEN 298.79~
528.90 mg/g, %I 411.46 mg/g, 1K T 425k 492 Ffik
AR B AR (464 me/g) PO, RRvEZE R
46.87 mg/g, LRAECN 0.11, LR/ AL
LI R 10.55~35.53 mg/g, ¥J(H 18.25 mg/g, 1k
TR BRI B RO TR Sy 8 (20.6 mg/g)
DK v A T8 TR 4 (20.2 mg/g) [,
FrfEZE 0 5.87 mg/g, B RECH 032, J& T EE .
T AL YE Rl 0.56~3.26 mg/g, 14 1.11 mg/g,
ik T 4 5k Bk 2B M 0 mF i B P 3 & A B
(2.0mg/g) , 5 EAEY M 81 34 5 4 2
(1.5 mg/g) 124, FrAEZER 0.54 mg/g, L RECH

0.49, MBS SFERRS AN AR S
AR T E %
2.8 F¥EC/N. C/P. N/P &
RS E I R K 4. WK 4 LG
H, 2R C/N BMER 24.70, BT AERKTP R oAt
XSRS CON A (R 5) , 2 AifE 10.22~
42.89, taifEZE N 7.54, B R FRHCH 031, JEHEEAL R
C/P ¥HE N 429.24, Gt TR NS H
B POk, bt DA A e AT X el A
W C/P1H (R 5) , MARAE 144.41~808.35, FpifEzx
13942, AR RECK 032, AR, N/P BEN
17.92, w2, JRm T AR X A
MR N/PAE (GRS) , /AL 6.00~28.91 Z[f], Ar#E
2495, BRZRECH 028, JEPEEL R,

®3 FEKR A BERFIHE

Table 3  Statistical results of carbon, nitrogen, and phosphorus in Leymus chinensis

= INI: brifEzE

Pt ‘ SN Byt BRAYCY
Amount of samples Maximum Minimum Average/(mg-g™) Standard Coefficient of variation
P value/(mg'g”) value/(mg-g™) g g8 deviation/(mg-g")

& 103 528.90 298.79 411.46 46.87 0.11
Carbon

. A 103 35.53 10.55 18.25 5.87 0.32
Nitrogen

i 103 3.26 0.56 1.11 0.54 0.49

Phosphorus

T CV<02 AFERM, 02<CV<0.5 HhEEREE, Cv=0.5 it .
Note: C.V<X0.2 is weak variability, 0.2<<C.V<C0.5 is moderate variability, C.V=>0.5 is strong variability *'’. The same as below.

x4 FERK A BESLFETELL

Table 4 Stoichiometric ratios of carbon, nitrogen, and phosphorus in Leymus chinensis

- A RME #ft bt EREHCV o
R : - Standard .
Maximum/ Minimum/ Average/ L Coefficient of Global
Amount of samples 1 1 =) deviation/ .. R
(mg-g™) (mg-g™) (mg-g™) (me-o) variation average/(mg-g™)
C/N 103 42.89 10.22 24.70 7.54 0.31 16
C/P 103 808.35 144.41 429.24 139.42 0.32 160
N/P 103 2891 6.00 17.92 495 0.28 10

x5 TRMARXEEDT AR B BESKFITER

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

WL [ ESIt

. C:N:P C/N C/p N/P
Study area Vegetation types
w 0,0 AT
JLREIAL il 202:13:1 15.54 202 13
Beijing and its periphery Forest -steppe ecotone
= 5 22] K B [ ) A
LR il 262:15:1 17.47 262 15
Loess Plateau Forest -steppe ecotone
WS HT A P 5 .
Inner Mongolia, Xinjiang and Tibet Steppe 265:15:1 17.67 265 15
ARl R A 10-
Global Terrestrial plant 160:10:1 16 160 10
b e T SR S
AR S 371:16:1 24.70 42924 17.92

Grassland in Western Jilin Province Leymus chinensis

PR S A 285 A 2 T R I E B Rt =
PRI EERBIMECER, MIKR IR RS AAT
HE R o AR AR FE R N AP o B 15 it 1
BRAIVEE FRICE, KRR DD RER A 3
SR, A NP AR AT LU T 4357 7 X A
WA KRR B bR . ARFFTRI], 2 N/P<
14 I, YRR AZ N BRG] 2 NP>16

N, XIHAZ P ARG 14<<N/P<<16 IR U] [A]IN 52
N. P BRI 5 B A s DB, R 4 ik 5 7]
A, BT ER NP R 17.92, R F AR50 H
FE AR TEEZ P IR IR

3 ¥ it

1 DIEAEXEY)- H ARG E S AT R
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WU R, AR G IR R N
FROEMRIZH) » TR R ALY, RAFE
an PR B S ), R AT O AR A
B, TN FHARS v 25 R SO 28 I 286 A5 TR KA A Tl
TR AR A A 5 18, DM XS X A4 (1)
AR A BT A e HT s JUHG T R
ERBFAL ™ T R AL R S R A, XK
JeiS S MERRSE B0 S R AL A REE . R R
RS RG, RIE I, S PR
AT SR K B B2

2) FERTYN R FE T, newrb PRECHACK Yy
7= GOAL, JEFE%mH 7S bafi -5 i e 2 %=
M7 7 I IR A, L mT DAVPA T ny 6 4t (1) A2 1b A
L, GOAL FHIHUE /)N, 22 B o £ ds HAT S (1)
K . A SCH GOAL FYBUIE N 10, Rk 245z
DA 55 P 2 18] () 2 5 2238 8 107 1, ds s
1b, BERE CRAUE T AR 2R AT A G RS I P o 2R 1)
Zroea, M 5 ARINFE AN RBF W28 5130 1T
Frae, ARPE A 5 S bR A R 22, I
AT FNAEL (P T 5, AR 22N, TR &
R, WERAR ZEIEAN B EK, T BN W 4
SPREAD fH, ELRIAHX 1R 2218 B BLARE A 1k 734%,
YIEFEAZAR (AR E 2O S, EREA 412
PAE R INGREAR, R EEAR], TN A%
i v 110 15 2 ) o 28 IO 8% YIRS 55 1 5 1) R a4 9k
DI, R R

3) RBF #H& M Z8 AEA T YIZRIdE R
TR B2 e e i, S S BRI RO R 4t
HRIRFELR M OC R RS b AR AT ok, M RERSE R
AR AR L 25 1F T S IO 3 B UMl i S R RS A
HITII, B A AT 23R 50 28 BRI ]

4) AHIFFUAN A 0] = FOR SURsH 2 = P 1 AR 7
VR —Fh 223k, AR DL MRS w4 354 T
M50, T L R Al e il — DR
e AEREAE BRI RN VB —Fh et
N T RSB J7%, RBF #2844 4% RE/E
T3 & BTS20 52 N . A )5
HIBIE T AE 73 i B 2 1 S R A M T B A
DLIE— D3y PRS2, by b 0 05 1) mT e 8201 )
PRAML A 1) PR S AT

4 #Z g

D R, 2% 2. KEEA.
2 pH A P B AR, 5K
R BESEA AR, R Matlab ZofgEar A2 1)
KR (RBF) 12 (99 2% ST AR 20 P -F-RAul S0 =
B R BRSO AT, JF H IR R LA

SERIAIRT AR ZE N 1.39% 4.69%F1 7.65%; AHIE
ZHUr A 0.5, 0.93 Fil 0.94,

2 PR TG 0 5 b = R U 1 T e 0 ) il
H 411.46. 18.25 F1 1.11 mg/g, A% T 23k 4E
R B B (1 38 5 s 2 S 1 4 1) 22
PRI AR T A s 50 C/N {H. C/P . N/P
i & T Aaskbi 2B syt i C/NAH. C/P {H. N/P
fl; “FH N/P>16, FHEMAEKTEESZ P ILHEM
Bl o

(& % x WK
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Prediction of carbon, nitrogen and phosphorus contents of Leymus
Chinensis based on soil chemical properties using artificial neural
networks

Li Yuefen, Wang Dongyan, Viengsouk Lasoukanh, Yang Xiaolin,

Li Wenbo, Zhao Yiying, Sun Chao
(College of Earth Sciences, Jilin University, Changchun 130061, China)

Abstract: Ecological stoichiometry is an emerging discipline started in China in recent years. It is the science of
studying the balance of energy and elements (i.e. carbon, nitrogen and phosphorus) in ecological processes and
ecological interaction, providing an integrative approach to investigate the stoichiometric relationships and rules
in the biogeochemical cycling and ecological processes. It has been one of the hotly-discussed issues in ecological
research. The contents of carbon, nitrogen, and phosphorus is a core issue in ecological stoichiometry studies. It is
necessary to choose a method that can simulate and accurately predict the contents of plant carbon, nitrogen, and
phosphorus in order to avoid destructive sampling. There is a complex nonlinear relationship between plant
carbon, nitrogen, phosphorus, and soil physical and chemical properties. It is difficult to accurately predict plant
carbon, nitrogen, and phosphorus by using traditional methods and models such as linear regression and a BP
neural network. As a new artificial neural network model, a RBF (radial basis function) neural network has some
advantages of fast learning, getting in the local minimum, and approximating any arbitrary accuracy of the global
nonlinear relationship. Therefore, a RBF neural network can show an ability to handle a complex nonlinear
relationship. Currently, a RBF neural network is one of the most accepted prediction methods. Taking the
prediction of 38 samples as a research sample, this paper established a prediction model based on a RBF Neural
network from seven impact indexes including pH, the total soluble salt, total carton, total nitrogen, total
phosphorus, available nitrogen, and available phosphorus. Taking the prediction of five samples as a test sample,
the results indicated that the relative errors of carbon, nitrogen, and phosphorus contents were only 1.39%, 4.69%,
and 7.65%, respectively, and the correlation coefficients were 0.5, 0.93, and 0.94 respectively. Therefore, a RBF
neural network had higher prediction accuracy. The statistical results showed that the average contents of carbon,
nitrogen, and phosphorus in Leymus chinensis (103 samples) were 411.46, 18.25, and 1.11 mg/g, respectively.
They are all lower than the global average contents of carbon, nitrogen, and phosphorus in a terrestrial plant. The
values of C/N, C/P, and N/P were 24.70, 429.24, and 17.92, respectively in Leymus chinensis. They were all
higher than those in a global terrestrial plant. The N/P was 17.92 in Leymus chinensis. The growth of Leymus
chinensis in the research area was limited by phosphorus.

Key words: neural networks; models; soils; ecological stoichiometry; Leymus chinensis; carbon, nitrogen and
phosphorus; Western Jilin Province
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