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SOFM-based nutrient cycling classification of forest ecosystems in the Loess

Plateau
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Abstract: The classification of forest ecosystems is fundamental for identifying forest ecological processes. Traditional
methods of structural classification, such as climatic, geo-hydrologic, vegetative, and eco-systematic methods, reflect only
external forest features without distinguishing essential functional differences. The functional classification of forest
ecosystems would help remedy the deficiencies of traditional structural classification methods and provide a theoretical basis
for forest management. Nutrient cycling, which is one of the main functions of forests, plays an important role in protecting
the stability and sustainable development of forest ecosystems. An attempt to classify a forest ecosystem according to nutrient
cycling processes is certainly a significant work. In this paper, nutrient cycling characteristics of 18 different forest
ecosystems in 3 regions of the Loess Plateau were analyzed. The regions included the sand-blown region in the north part of
the Loess Plateau, the hilly region in the middle part of the Loess Plateau, and the gullied region in the south part of the
Loess Plateau. Indices of nutrient accumulation and distribution ( including biomass, litter accumulation, and nutrient
accumulation ) , nutrient cycling flux (annual absorption, retention, and return) , and nutrient cycling efficiency ( recycling

coefficient, utilization ratio, and nutrient productivity) were calculated. Self-organizing Feature Maps (SOFM) was used
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for nutrient cycling classification. Through the analysis, two first-order classes (including I-Moderate-quick nutrient cycling
and 1I-Slow nutrient cycling) and six second-order types were identified. The classification results were consistent with the
actual forest characteristics. Furthermore, the results accurately reflected differences in nutrient cycling characteristics
among the different ecosystems. A variety of indices reflecting different nutrient cycling processes were used in this
classification. This approach avoided errors and made the results more reasonable. Finally, the feasibility of using SOFM for

the classification of nutrient cycling in forest ecosystems has been demonstrated through this study.

Key Words: forest ecosystem classification; nutrient cycling; self-organizing feature maps networks

AR S RG] USSR RE WIS D7 TR ARA I8 At il NEE R RN D REMI R AR AT 02 AR5 7y
e F2 I NEE R IS MR S5 48 1) 25 R BRGNS A B AT 09, A48 UM o0 205 (MO 20 AR S8 AR
BRGAIREE X1 e AR RSN B RRAE 22 5 H T IR IR A BN AR N FE D REA T, {1
1k EUAT, I RE A HEAT 4325 2 WL, Rodin 11 Bazilevich $6AR I BRMR A 4y 5 /N 7 5 A V& 11k
F ] AN 95 4 43 2R AR At AU 20 o 12 A RIS Rt A A A AR SE A 5 40, (R
TR o3 R8s K2 I8 TR, i Tk B E DI RE R WM AE S R M sh S & L Fril 1%
XFRRMAE S RGBTk KA B T ORAMEGE 0 207 IR AN R | TG b o ORAF R B s 2 7 g 7R 2
ZERMEEISIE R,

TR RMA SRR EEINREZ — R4 AR A S R SRR E S8 )7 I HAT B EARE T B L
TR IEI A BE XS B AL S R G TN RE 328, TOBE — U AT 2 SR TR X 48 S AR RS #4837 YR Fi g
M HAWTER O E, T IRMERRZ B Z R B 52 , d 7 B — 8 bR 28 R Y 17 8103 280 AR — € 1Y
B, SOFM( Self-Organizing Feature Maps ) J& Kohonen fE 1981 442 Hi i —Fh [ 2 2L B4R AE M 4878 B
FFMRAFRE AT F SR A FR I, BEAS AL B O AEIR AN58 ROBORIE 2, 18 TxF 24 800s 617 03
L IR RA AR T S g % E R 3 A A AR X S [ AR A 2 R G 1 3R A R R I 5 R A AT, %
] SOFM 28T IR IMEER 532, LIYIRE S SR A M 1 Ak 25 - i S5O W) BRAR A 25 R GE TR 00T PR ) A o
255, NAMAR S R G DI RE 73 AR BE— MR A R RN 5%

1 BEEHR

ABIFSE LA B 4 i S AL AR S R VD R 22 T D DX (AR PG s 1 B 0 BAR X A A3 T I i i Y
RS AR AEREK R 316—450 mm, AFRR 7.8—9. 1 C, RIELIE AP 108 3 ) bR L
Bz DX (B Y i e EL i U M 37 D AR 3R T I i R PR R S A ) R S B AR IR 9. 4 C AR BB K
630. 9 mm , -3 AR (AR L )RR T R T 2 L AR YA AR DX ( LARR VS AL L B3 UMY g A0 T I Tk Aty
MR AR RE S B I R 2, AT H R i 600. 6 mm, 4R 10,5 °C, R 6 H R H B )
B BRI R TG, BRI TS 20—29 4F A2 3AA ( Pinus tabulaeformis) 25 ARG T-HA ( Pinus sylvesris var.
mongolica ) 24 "MK ( Platycladus orientalis) 29 4F-H:42J0Y& M ( Larix principis-rupprechtii) 20—23 4F-4
IINHA% (Populus simonii) \15—22 AE-H: Jl# ( Robinia pseudoacia) 36 4F-H: 10 R A% ( Quercus liaotungensis) 35 4F
A FHE( Betula platyphylla) (55 5 5200 ( Salix matsudana) 11 442 V0 ( Hippophae rhamnoides) .8 4F-A:47 4%
( Caragana microphylla) 8 A 25FEME (Amorpha fruticosa ) 55
2 MRAE
2.1 FRARAWE KR R PRI DI

(1) ARMAEYRNE S0 e s I 3 A FAE D) U X, TR RE A KRR, X ik ARG E A
KA FZTRARMRAEAM , e HAT MAACRAME Y 3 55 1, 23 53 B AR ST 20 m x 20 m 1Y 3 Hednife
H(FRAMH) 55 m x 5 m 1Y 3 Py (AR ) |, 982 BBy 57 b DR - (SR AR AL B ) BB | 4 R IR
55 VERPT CF%IE PR bR e () 22 SEIRAE) o AR A M A AR 5 I 08 I AR HERR () Wi

http ; //www. ecologica. cn



7024 A E = 314

BVEBCH A 27 T A R SRS A ( RIS 24048 = (H) P34 A (D) AR SR HL R M A4 A B Y B
FRAE Wi, e LAMR A2 B BN o7 T AR L AR e, e, MR S A% AR s A5 AF AR K i R b [ EE AT A
AR E AR Y AR B e A 7 DR bR ) A TI AR

(2) WA EHEFR A S ORI 2 6 B v M SR 5 DY, B AR 1 B3 AR AR (2—4 BR ) 1E L
FEAR, SRR AR 56t AN [R5 ) B I R (43 1—2 AR ARGk, ZAFR AR ) | v b AS TR 07 1) T4 1 e AR
F(41<0.5 cm HUARFI>0. 5 em HAR) HAFES s HiTE W EHZLLS A5 1 m x 1 m FEJ VRN E M 95 AR Rt | [
KA AT W I 7% 086 A 53 e A 7 5 AR RSB e A2 VA R AR L T R R i R KR T XU A
Lmm Fii45 . [T, 22 BT AR ERBRIRE DT N 5018 S A 1 m x 1 m R/NR/INEE DT W B V5 9 )2 (L
FE o2 ) RIS MR 0—10 em (10—20 cm B9 3, SR EHE 5 NMFE I B R ARG B b7 AR
F A EEZY AR 2 3 kg KA KT R LA 1 mm 00 304G . A AR R 1S3 5 Y 35 4 A
P4 BRI DU B ZRCR 2 et L EC o R0 D, SR FH A 8 L £ 300, 0 SR FH M Y B T T
MREYRFH 3 WEE (IRZEAIT 5% ) HFEHE,

(3) TR R BRI E I FRTTEAY 28 B ARG Y5 Db i AR Rt 4 DUE W i 5 H SR 40 & s e
RS, FR0 e B b A B (R ) L 0—40 em +)2 H 3 ( H A S IR E TR
SIS MR BUTE SR IE Pl R AR W =78+ 0 A OC R BT R A B
AEPRTE AR ARG T SRR, L AR A R I R AR A B AR R S R A R SR AR AT I
SR AT PR T VA R S AR R R Y S S AR R TR TR G SR B R R TR
2.2 FEOMIRIA AR BRA R B EE ST

JMRER A ZS R GRS AR AR bR 2 | T B e B LA HE bR T AN BE S e H 3 A F A0 3 R A1
AR, PIA S B RE 4 I S MR A AL RN A A (A AR B R B E R IR R
i) MR RO AR R AR ) DL SR MR SCR (TR R R R B 20k ) S 207
TS BRVE R o 2S8R 22 100 0 o SRAMIG IR 22 B8O B I ) | B T ARURE 4 2 00 R VA 34 1 55 40 0 T
W2 L 4RI AR IOk BT SR | RS 1 ARURE 420 BT W A A R R R 40 Y B S A A T R A BRAE R TP R
FO BRI, BT AR R F N R KD, R R R 0 I A7 e SR 57
IR T (Vkg) SEAE RN S Ry TR SRS T RE A P AR R TR AR P M T 18 MR
[l ZRARZE T 26 AN BRFR MG IR AR (R HE bR B , A AR T 18 26 4k i 45 di J %

2.3 BdiEmabe

SOFM & —Fi i 28 W 26 B2 vk, B LA TC 2O Wa B 1 77 2R AT I 28 31 3 3k Do 24 5 4 1) 1 2 20 DK 2
iy A0 & BT B PO TR BRI 76 N 45 i 1 45 A ) s ) 1 R A o3 A P R B ik AR
o SRR AR, RE A SR AR TR i TR AL, SOFM. 9 46 4 137 FH 7 Ak 22 43 R 5%
89250 O QOFM AR )2 ) S0 M LR LA

(D) RIERACRCE R B [ W, TR0, 1] X R BEHLIE , S FRAR AR v, ISR 2T 3R ()

(2)BAFEAR P, I XA R VR — oAb B8,

()5 w, 5 P, BRI Feth B/ EE R d,  BfE SRR ZTT ¢ .

d, =minld1 ,j=1.2,.... M

(4) PERERL TR A 2 e 403k N A9 BT A 4 22T

(5) BB T A () FHHFMEIER N, (1)

n(1)=n(0) [1 = L] 3l n(0) FAET s ¢ K2 STUHE TR AT YA

N,(0) = INT{N,(0) [1 = L]} Skt N,(0) 5 N, (o) bt
(6)HE FiR%E (3) 215 (5) b, H 2 25 1R (Bl in s K iy kA 22 el o

http ; //www. ecologica. cn



23 PREL A% BT SOFM 2800 88 g IR AR AR AR 25 R GE I SR M IR 73 W7 7025

TG, T 28 2 T A A i 2870 B LA 358 P9 AU 1) e i AR B, SEB TR0 2, LRI
SOFM [ £ R0 JEU R I 2 3] 509525 UL Matlab 502F v 56 T 28 0 4 T ELAR A4 FHE A
3 £R551%

ARRFF I E T 3 DRI 18 AR ZRARIE BT 26 A~ B F7 5306 20 5 T (0 48 A B0, A B T
18x26 4 BRI, 2 1 I H T 3B 0 G PR FRAE (A

W5 SRS EER I R B HE PR EE LA 22 440 B 352 A Matlab 503 2b 3845 fF rp |y T RE b 500d ELG AN [R) A 1
9, BUE M2 SARBR, T B S SE R BE A TR E AL AR ], 3#E A Matlab #2845 T HA8 ( NNtool ) , ik
F5 SOFM 28T $1 4P sRBGE SR hextop , I 25 REE PR linkdist, HEF B2 2 SR BUBRINE 0. 1, HEF B Bt
2 ] YR 5000 YR, L B B2 3] SR BUERIAE 0. 02, JH AL B Be AR A2 OB AE 1.0, 354 2 i 2T
M S=2 FFhR, SRIGIKUIN 1 HZE S=10, MARFRIMREERRE , % 5E8 4 m B X A AR X B SEBRE il , 24 S
=2 M S=6 I, R B2 H e 3, L, R 9283k, 24 S=2 i} B HEMAE S RGPk
FNER—HI325: 2 S=6 B HELEHMAESREIATIANM ] 6 RIAEN R mnde(F2), Hi, —%%
TUMHEIR 41 3 NFFEIX Y 18 AN [FIARMAE AR R GEA 53 R WK, 4320 7 43106 A 3 38 R TR0 R 53 2 B 3l o
PR, 6 A AR BIN AN Sy, BEREHE N HAS [RIB Bh ABR AR A 2 R G IR 01 PR 1Y) 25 SR ARRAE , L 28 4
RELBREFE .

MR RS o RS A5 T 2R bR AR 2 Dy s R AR A AR, 5 T B bR =
BUNYEN AR, 28 T MR A it I 3208 320 R IR IR PR RR AR (B B (2 L3 T 28 R, R A~ —
PIA) 25 50 B MR R G X AR R R AR . 28 T 2h e, B3 &K, E 5%t
R, IR G R, 7250 FH R B 5 TS T2 b B A 324026 7 D L s T 28y, 3L
EAHARAL, J8 T 12498,

MR R REE, — A S KIS R 1 IR 2 I AR RURE AN T

I -1 SR P i IR —rh 5 R H R BRI PR S AR T AR, B8 B T A AR, 5 301
INIERZAR 3 1 RIAR AR, DR AE S RGN R E SR T R IR I R BCRR R R, i Y A
0. 550—0.756 F10. 116—0.206 Z[a] , FE504 7= JIEAE 0. 151—0. 346 v/kg Z [0], i HZ R BMAE T RS+
BUBFRILRIE RGP G IR BRI, F2 50 I A7 RE 1 380, (A F2 43 B A2 7= A%, JB TR - IR A S R 5,
AN B P X A TAR PR LA 75 0 B 2 0 SR A0 e K, 5 A SRS S AR 9 AR 45 SR AR AL 3 3 A /N
A IR RRARA S AR I, =8 B S R PR AL T IR IX, A& B R R 3 3 40 e e e i, ] — 28 rp
SRR RS B IR R (AT — 2822 SRR, AN TR R A K

1 -2 S5 PRI — i BT R A 77 Ty B AR AU AL 456 88 B8 (%) /N A R B A R 8 ) SR
WS TUZRARI AR it | 22 3R R A R R I A i MRORAE Rt UL RIS 0 A0
BR AR S AR IR BT v, AR ER TE 155. 918—240. 106 kg-hm™a™' Z 8] 4E )AL 8 7E 132. 23—176. 75
kg hm™a™' Z[0], R RE5 51k 0. 749 F1 0. 862, FI| H R ECh BT A7 28 A8 2 v d i, FLAE 43714 0. 294 FiI
0.313,

I -3 FR o PG A —AR A T R B 7 8 AR A6 VAL R BB i MR AR AR AE S R B, 724016
PR REUR, FEEF TR R RO, HAY R 518 67. 825 v/hm fil 122,13 v/hm® , F24-EFF
ZET I 0.633 F10. 667,

[ -4 3550 A6 R —AR A T RBARAE = 8 BB i AR AR BRAR ) Sy 2 A8 A 8 53 0l v
ik 136. 677 t/hm’Fl 182. 785 tv/hm*, EEEFRITUR FL R G50 1015. 131 kg/hm* Fl 1498. 354 kg/hm’ , 57
A3 R B, S4B ST 514 0.070 F10.049 T FAREMRRIIL ARARAR OIS 7E 35a LA L, A i,
BIRITR MR K, W IR0 AFRE 184K,

http ; //www. ecologica. cn



7026 A E = 31 &

http ; //www. ecologica. cn



23 PREL A% BT SOFM 2800 88 g IR AR AR AR 25 R GE I SR M IR 73 W7 7027

http ; //www. ecologica. cn



7028 G 31 %
®2 ETFSOFM REMEBETBERKESEENFNERSLLER
Table 2 Nutrient cycling classification of forest ecosystems in the Loess Plateau based on SOFM
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