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Abstract

The aim of this paper is to assess the ability of dynamic fuzzy neural network model in evaluating
the pollution status of rice field under the stress of heavy metal arsenic pollution. Heavy mental
arsenic pollution would change the chlorophyll content in leaves of rice, so the correlation be-
tween chlorophyll content and vegetation index was analyzed. By stepwise regression, NDVI,
MNDVI, MTCI, MSR, GNDVI were found which were very sensitive to the change of chlorophyll con-
tent. Then a dynamic fuzzy neural network was constructed where the five indices were used as
input parameters and the chlorophyll content of rice as the output parameter. The results reflect-
ed that the predicted chlorophyll content is in good agreement with the measured chlorophyll
content (R2 = 0.905). It was indicated that the chlorophyll content of rice under the stress of heavy
metal arsenic pollution could be predicted by dynamic fuzzy neural network model, which would
provide a reference for large area monitoring of heavy metal pollution in rice field.
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1. 5l

As XA BA B FHEE, HEYEARETER As I AN A A XS K 7 FUE TR IR,
BRI %3 2RV As 5 s, HEVIRIUVHRRIE D, W ARSI As V5 R I A K
HE As {55, PRI LAk, IRESH BRSO EEILT[1]. As DN eERESET R
WHEHENBINARA, fEH NERMERE, A As 1540 Nt el fo F 4k IE G & 2E[2] [3] [4] [5]- %4t
R KA A o B e 1) 5 AR B SRR EERE A E RIS N AT b, FEEE R HR BRI 2 0y, A
A JRPRYE, B FG TR R A R, PR PRI KA AR TS S I C 48 B .

AR N R RER H I ORI 2, CATIR 2 105238 R N R e 22 I 2% B F AR AR 3R 85875 3¢
(RIS R4 M 4l BP e/ 4 (6] [7] [8], {H BP HILMIEAENE, &5 FNJREHM/N G 3)
SRR P 2R A e R Z B R GE T BE T A4, A o T RO 42 P 28 AE S0 58 L IO AN E 1 )
I 3 R SN (10 gk e A e i L B ) e 20 I 48 2 F e T 00 L, SRR R ) 22 20 TR DA 22 ST AR
A, BRI MG A T BUE A, TR AEAN T 22 ST AR s A BB TR BRI, 5
BRI 22 00 28 7 i A LT 5 1 98 1 SO RS, BN AR/ K B [9]-[17]. FER AL, fEEEJE
TS0, JKAES e mis YRR Sy i it SRR 1S B RO SC IR AT KR A03IE, 1 Broge 58 A
WEFERE, £ 400 nm~700 nm 455 FUCBUE RN, R S8 SEPOUE RS RGP RMHRCR, Bt
R IR S SR A 32 B < s A PR R P [18]; R A8 T S5 BT FU R, SRS R A R FE A 23K (R 5
FAAERGR AR IS TE[19]; ARLLHASE AR WIIE L /KRR A OERERFAE, AT LASR 50t 7 e 2 < s Mol SE D U Y '
WEHE4[20]; Reza Amiri et al i 2% 3K (10 & EEAE R SO A VR AT 0 [21] ASCROKFEAR H Y
WEFERS 5, il P S A RO o 8 o 2% AR R T 2 2 5 BRI W /K R et L, AT A SIS L KT
R R AR FH 52 As T5 YR BRI, SIS Ao 22 1 26 4 R 7 ) AL BEAURE DL IR 1 s
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Figure 1. Flow chart
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2. BIERRE
2.1. AREXER
Tt 58 X IR EL T 75 MR TR TT = Bheys G FE AN [R] R /K R AP X 3540 0l A . A 5 R FE X 35 MR A BB ik
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AL T BT 4% [ (126°37'35.5"E, 43°55'10.5"N). /K& A A48 105, % B3R R X 8 DL B N 3,
J& T iR KT A, ST H)A0R 3°C~5C, F /K E 650~750 mm. =HFEEHh A%, BEK.
FeHE . BB HEK E R IEAR — . DICRAE X 3R S A8 A AT & bR e [22]« AR S 52 R4 BT
PR AR, A SREX AL H, B SRFEX . C S5 RFER IS PSRN 1 59/ 2 20153,
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Table 1. The division of pollution grade corresponds to the chlorophyll range

=1L SRFRHRI D NAI R REE

15 Y E M4 24 i (ug-em ?)
Toi5 Y >31
154 24~31
2 G5 0~24

2.2. ASD BRI E

fiTF 32 [ ASD 22w 47 (1) FieldSpec Pro3 BUGIBASCR A /K FE G 1E St 22, 5 wiT FH IR b b 1 A ot
ITRRIE, Mfh 107, PRELEKRBIITE A EE N T2 1 m W48, 75 2009 4 8~9 H T iR
REE, EPFAER PRI RS, HiERERF A 10:00~14:00, #KJEH % 3500~2500 nm, HH7E
350~1000 nm 3 K V8 4 (063 73 #E%  1.4 nm, 7E 1000~2500 nm [R)GE3 385 2 nm. & MREA S50
SRS 10 266 EE, X 10 26 i A B P E A R A s i o, XS 3 T AL BL C =
ASRFE X B IEER .

23 MEREFESHERSENNE

IR Fr 24 254 B IR Konica Minolta 2y 7 2E 7% ) SPAD-502 M4 R it HE ATl &, 5762
JEIE = FP AT . {2 SPAD-502 WS TS A R P SR S BN ESME, i S5
W R B B S FE AR O, BT DA R R AR I i S 2 B . AR SR S 2,
FEASKAE SRR RERIE RS Ly by FEANEEMAFEM R, AT RIS 6 K, S rFEE
NZIKFERFE K SPAD {H(SPAD-502 MR Z 1T 115:40) . SPAD fH 543 2 & & SEBRAE i % ¥ A 30 23]

LARNFIN
Y =0.996X -1.52

;X 4 SPAD-502 M4 it (il Y NsEhrnt Bk SR WS &, A pg-em 2,
24, FREETMEHFPESERIEANE

FEBF AN RAE FEE T IXAEA i DG B A 2R R 2, AR R s L, SRR RAE 51 0~10
cm IRFEMIRIZ £, RERFE L MCREI T O REEEE D, JFHERR (REEE PR, ISR, fESEiRE
2t BRI T, BTG T o AR B [24) L R SE A, R R h R As IS R il
AP BE AR LTV R S A O P AT 5E B

3. BTSRRI MR IRE
3.1. BhASIEMME L

ASSCHT R I B BORA 22 X 2% R K Zh A i B2 2R S M AR TR BOE I, TR s &I, TR
SR, B AN, BN AR AT S IR R, AR A S EOI A B AR R
AT T Y, T 7 U T SRR T LAY R GE E B i, TR, I ELBh A0 e o 4%
A ] B RN 2 SV B A T IR SR (R T, 1% TR RENS SN 1R AR BR AR 28 1 5K AR [25].

AWM BN 5 2 B BARMAR, MW ERR MR, B R NF
B EIR, BRI A RERE, B=RA DB ORISR, A2 R 2 A
BRI, 2EDYZ AR SBTIRNRHR, S HEMRE M ZH IE 2 Bs. 23R8 w0
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Figure 2. The structure of dynamic fuzzy neural network
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A SCARYE AT N BRI FE, 0 it H %o - 3 Uk 1) 15 AMEAAR S, 70 AN 3 — LR 50 NDVIL 1L
ILLEAE B Fa 2 MSR. LR RS RVIL Z0i04 BHRE REP. M4t R S 4840 CARL. Ak
4 KR T8 MCARIL 4 (00— 1L 4550 GNDVIL B IA— b i 4550 MNDVI. RDVI. 1
A L5 A A T E OSAVIL MSAVI, Jif |2 451 6 K B 2 183K SIPLL SRA. =Mt % TVI. MERIS
BRI ZABH MTCI 81t 15 AMEREFE R, 20 5 S0l 2R 38 & BV AH GO R, Al AIHE RECKT
0.5 A 8 MEMARE, FAE matlab B ES7 2 oiZ 8 RIABR, G/l H SE A BURIM B e 2. ) N
BB HIRE AR B 3 FoR, 7R 3 4R RER C 5 RAE X SRR s, BB ARK B 5 RFE X (R A,
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HETAKHACEE, UEgZRELSBISEMEN, TERXMSESRAEHERZML, FrelH
e RIS T DA s S HIE R e R IS &, BPRNIE 1R R 008 = 0] REUS TF H T agys e 55
%, SiEERX ZHORFEHL ST S R S E, SRS EE NS B 2 2 1 H S5
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Figure 3. Correlation between 5 vegetation indices and chlorophyll con-
tent

3. 5 MEWIEHSMHERRESEMEXNY

Table 2. Calculation formula of five vegetation indices
2 2. THikHRAY 5 MEMIEHMITE AR

TR THHE A S R
NDVI (R750 — R705)/(R750 + R705) Gitelson and Merzlyakz [26]
MNDVI (R750 — R705)/(R750 + R705 — R445) Sims and Gamon [27]
MTCI (R754 — R709)/(R709 — R681) Dash and Curran [28]
MSR ((R750/R705) — 1)/SQRT(R750/R705 + 1) Jordan [29]
GNDVI (R750 — R550)/(R750 + R550) Gitelson et al. [30]

BENRIHEZE, £ MATLAB S AT B8 I 2k, AR EE ST EE & 8 15 e hie 4 & 810 s
B, A'SRFEX . B 5RMEX . C 5 RIEDCREMIFEAR SN 38 11 DMFEAR ST, WSSO
2 L AT S e PR I R 4 TR L P 4 TR

#2009 4F 8~9 H i i R KB KA PEHT AR (D 5 R X)) S ) ASD #1421 5 ANAH [F] (1) 4 4
AR R NS EL, S 2R R S BEAE AN S ECHE N T I ZRIE I B 2SR A 20 X 28 R0 e gk
TR, £ MATLAB 32 WLIE 5 Procfgs R, 7T LAE t B Sl A BRI 1 20 [0 2 P g i 3R 1
AT s R S BEEAY S, HHEIRRASEH AN BIRIX S, BERXAHEREKETR—
POKREAH (D 5 REEIX) 1G5 2 JuiZ 8 Al 7 1% :

Y =-327.064X1+612.253X 2+11.009X 3+ 79.7966 X 4 —111.845X 5—89.9437

A AF: X1 A NDVI{E; X2 A MNDVI fE; X3 ;N MTCI {; X4 ¥ GNDVI {&; X5 4 MSR {f; Y A&
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FH B 2B o 25 X % AR AR g 9 T 2R 1 45 B R TN - 338 v B 4 5 Y G R B L 22 Tz A [l AR A
U, HL B A ASOP 22 0 2 TR0 (14775 G S5 40 A Sz s 39875 L5 40— 5.
5. &g
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Figure 4. Prediction results of dynamic fuzzy neural network
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Figure 5. Test results of dynamic fuzzy neural network
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