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Prediction of pesticide residues in citrus using BP neural network

ZHOU Jiajun!, GONG Daoxin'?, JIANG Ziyan', LIANG Jiahao', ZHAO Jia"?, SU Long"?, LIAO Chanjuan"*"

(1.College of Resources & Environment, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Institute of

Agricultural Environmental Protection, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: By use of the BP neural network algorithm, the principal component analysis method was used to obtain the
main factors affecting the pesticide residues including the relative molecular weight of pesticides, temperature,
precipitation, pH, CEC, organic matter, application concentration and harvest interval. These factors were then used as
input variables to preliminarily build the pesticide residue prediction model. The relative error of prediction was
0.92%-18.93%, the average relative error was 7.42%, and the absolute error was 0.001-0.153 mg/kg, and the coefficient
of determination of BP neural network prediction model was 0.962 05. It can be seen that in the face of complex natural
environment and citrus germplasm characteristics, the pesticide residue prediction system on citrus based on BP neural
network showed a high prediction accuracy for the residues of various pesticides on citrus, indicating that it was feasible

to apply machine learning algorithm to pesticide residues detection on citrus.

Keywords: citrus; pesticide residues; BP neural network; principal component analysis; prediction model
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Table 1 Standard curve equation and determination coefficient of five pesticides

KA LV (mg- L) LR e ) A PeE REURY) Fpe/ NG H T e 4/ (mg L)
TR 0.01~1.00 y=98 257x-1237.3 0.995 8 0.01
LB R 0.01~1.00 y=380 790x+4059.1 0.999 8 0.01
L e i R P 0.01~1.00 y=167 093x+1076.3 0.999 9 0.01
FUENE 0.01~5.00 y=16 569%-163.22 0.999 3 0.01
P 0.01~1.00 y=364 505%-3587.2 0.999 3 0.01

F2 5 MRAGHHTMEYER BN RERE

Table 2 Recovery rate and relative standard deviation of five

pesticides

s N SRR UE

CE IR E LTS e
IR 0.05 88 6
0.10 103 4
1.00 89 7
R LA R 0.05 97 4
0.10 95 3
1.00 95 5
LA Pk A T 0.05 96 4
0.10 97 2
1.00 93 1
HUBEN 0.05 91 5
0.10 99 7
1.00 93 8
DI 0.05 92 5
0.10 77 6
1.00 75 2

2 BP HZMEER TG R 255 S
SEXT R MAAG LA 2y 5 B IR A T8, B

ERT ) AR T Fafd Matlab2018a #:57. BP

PR AR | B S8 T B T I 2k

2.1 EMHBRAKREBENERS

B2 N FE A TENTE EAsR R &, HER
SRR ER o MR A NR AR G 85
FFAE . R B AR B R RN R i PR 3 45 4 Kk

M A 2545 B AR 25 E R A AR AT G L
M AR, I B T drh i) B AR DGR 2 iy 3
B R 7T Bt | L b ZBSUE L NS,
MR A G FTS 4 Eid 55 B R F
3 9 7E 2R 2R 3] 4 45 R R R A - R B
(R . B#/KE . pH. CEC. AHLR), LAMIRIGIR
BARHESEL; A EZEANREE BRI RS 6
e SCHRARAT S TR AR A BT MR 4 B840 (ORI ok [ B
YI(TSS). [EFR L R LE TSRS R R V-C).

iz SPSS 17.0 #ATHF43#r, e ALRAA
B R (R BUR 25 A 20 T i) . BREERRAE I
T L ARG R B EIR S8 SR G i i
NSRS e AR S b A, R S Y 22 RE B
SyITfERE, AR EIN SRR 3 iR, £ 3
SREAT NS G EYSEA S IE & i a1 UR
RN 12 AT, SR i T
B5(0.918), T4 LB AR A=A HLEL(0.754)



5548 B 5 M)

JUEREE LT BP #HZP45 AR G A 245 5% B8 1) 575

* 3 RAKXSMRFIFEFFE BRI F MR
HAEFRE

Table 3 Common factor variance of pesticide properties,

environmental characteristics and citrus germplasm

traits

EEF WIRE REYE

HMET WA fRRE

MXTFBTE 1.000  0.847 || TSS 1.000  0.906
Ak 1.000 0.880 || M2tk 1.000  0.806
ReK i 1.000 0.764 || ERHELL 1.000  0.913
pH 1.000  0.865 ||AIHMEHE  1.000 0918
CEC 1.000  0.916 || JHE 1.000  0.821
HHLE 1.000  0.754 ||V-C 1.000  0.823
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Table 4 Principal component analysis results of pesticide
properties, environmental characteristics and citrus

germplasm traits

% A PIGHSEAL

Bt R B

1 AR 53F BT 2492 20.769 20.769
2 A 2.230 18.587 39.356
3 Rk 1.775 14.792 54.148
4 pH 1.516 12.631 66.779
5 CEC 1.173 9.776 76.555
6 EEpIN 1.025 8.546 85.101
7 TSS 0.661 5.511 90.612
8 &5  LE 0.527 4.390 95.002
9 B LL 0.259 2.460 97.462
10 AR 0.210 1.748 99.210
11 A 0.082 0.682 99.892
12 V-C 0.013 0.108  100.000
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Fig.1 Prediction model of pesticide residues in citrus

i# 1 net=train(net, Pn, Tn)3ZIMZEIIL:, 15
AR, Hrr, Pn SHUIZREA, Tn AYIZRH
BB L y=net(Pn)da-2 15 BN ZAFEAS Y F5000 i 11
HRAEATAE E AR 2G5 B B PR O, A I ZRmsisy 5
BERERHF TR 001, EHET 09, Fkik
FRREL 2000, PRZEARVFR 0.01. ZOAUSIT

myNet.trainParam.epochs = 2000;

myNet.divideParam.trainRatio = 0.7;

myNet.divideParam.valRatio = 0.15;

myNet.divideParam.testRatio = 0.15;

myNet.trainParam.Ir = 0.01;

myNet.trainParam.goal = 0.01;

myNet.trainParam.mc = 0.9;
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W25 4 A 2555 B IO RS (36 160 2H) 01145 BP #i
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Table 5 Predicted and actual pesticide residues of fluazinam in citrus

FEAS sz momg  ARXS | (REAS st mGE OARRE | |REA sogls BugE ORRE | REAS st g R
H'F (mgkg ") (mg-ke") RE/%| |HTF (mgkeg") (mg-kg") BRE/%| |95 (mg-kg™) (mg-kg") RE/%| |95 (mgke") (mgkg!) HWE/%
1 0.201 0.169 18.93 11 1.685 1.726 2.38 21 1.795 1.815 1.10 31 0.132 0.120 10.00
2 0.139 0.151 7.94 12 0.984 0.942 4.46 22 0.843 0.996 15.36 32 0.109 0.108 0.92
3 0.192 0.175 9.71 13 0.516 0.524 1.53 23 0.336 0.406 17.24 33 0.158 0.148 6.76
4 0.144 0.156 7.69 14 0.315 0.282 11.70 24 0.201 0.236 14.83 34 0.132 0.134 1.49
5 1.984 1.842 7.71 15 0.201 0.170 18.24 25 0.167 0.159 5.03 35 0.173 0.169 2.37
6 1.123 1.164 3.52 16 0.133 0.146 8.90 26 0.142 0.148 4.05 36 0.149 0.151 1.32
7 0.527 0.551 4.36 17 0.182 0.171 6.43 27 1.684 1.722 2.21 37 0.180 0.178 1.12
8 0.264 0.243 8.64 18 0.142 0.160 11.25 28 0.749 0.695 7.77 38 0.160 0.164 2.44
9 0.188 0.157 19.75 19 0.161 0.141 14.18 29 0.278 0.302 7.95 39 0.131 0.125 4.80
10  0.151 0.143 5.59 20 0.135 0.131 3.05 30 0.194 0.186 4.30 40 0.109 0.116 6.03
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Fig.2 Regression results of neural network fitting
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