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Study on prediction model of disease and pest control of crystal pear
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Abstract: [ Aim] This study was conducted to improve the efficiency of the pest control used for crystal pears, and to build a pre-
diction model to determine the effecctiveness of treatments against diseases and pests. [ Method] The grey model (GM) was used to
model environmental factors relevant for crystal pears to obtain a pest forecast. The time response formula and parameter estimation
were derived through the differential equation, and a grey model (OIVGM) for optimizing the initial value was established. The
OIVGM was combined with the BP neural network prediction model ( BP) , and this grey BP neural network prediction combination
model (OIVGM-BP) was used to optimize the initial value. [ Result] In this paper, the stability of the model is measured by the u-
nit root test. After the first-order difference processing of OIVGM-BP, the T statistic ( —5.487654)is less than the 5% critical value
(=2.878073). The data series is stable indicate that OIVGM-BP can predict stably. This paper measures the adaptability of OIVGM-
BP by using the white noise test method. The P value of the residual of OIVGM-BP starts from the second order and is greater than
0.05, indicating that the adaptability of OIVGM-BP is good, and each order has passed the white noise test. The experimental results
show that the average prediction accuracy of LRM, GM, TSM, BP and OIVGM-BP for six diseases and insect pests of pear rust,
powdery mildew, rot, pear yellow aphid, pear binary aphid and pear wood lice are 70.81%, 70.09%, 69.74% , 65.64% and
83.01% respectively, the prediction accuracy of OIVGM-BP is better than the other four classical prediction models. [ Conclusion ]
OIVGM-BP can effectively predict diseases and insect/pest infestations in crystal pears and guide agricultural production.
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Table 1 The original data of some environmental factors of pear rust

(crystal pear orchard in Songjiang District, Shanghai, May 6, 2018) )

. ‘3:2/:\:?51{; %’fﬂﬁﬁffﬁg j:%‘*ﬁxﬂirg 4l fi j:%ﬁﬁ'iﬁ RL?_%BZ ' . 7'(:%’@: ' TR
Time Air temperature Al.r 1.rclatlvc S()l'l rclatlvc Soil pH Soil salt Wind lan_HSIty Light intensity CO, content
/°C humidity/% rh humidity/% rh content/ % /(m-s") /(Ix) /(mg+m™)
1:00 17.3 65.3 87.6 5.96 0.18 4.6 10 1260.38
2.00 16.5 65.4 87.5 5.95 0.18 3.9 10 1274.29
3.00 16.4 65.6 87.5 5.95 0.18 3.8 10 1285.63
4.00 16.3 65.7 87.4 5.95 0.18 3.6 20 1310.25
5:00 16.4 66.1 85.9 5.95 0.18 3.2 50 1335.63
6.00 16.8 66.3 84.2 5.95 0.18 2.8 230 1380.26
7:00 17.5 65.2 81.6 5.94 0.18 3.5 1210 1136.58
8:00 18.1 64.4 78.8 5.94 0.18 3.1 2120 1023.25
9:00 19.6 63.6 76.8 5.94 0.18 2.9 4870 856.24
10.00 20.8 62.3 74.8 5.94 0.18 3.3 7680 758.63
11.00 22.1 60.3 72.9 5.93 0.18 4.5 12060 753.29
12:00 23.4 58.5 68.9 5.93 0.18 3.1 13250 686.54
23.00 17.5 64.2 87.7 5.96 0.18 3.2 10 1214.23
24:00 17.4 64.9 87.8 5.96 0.18 3.1 10 1231.25
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2.1 RBIFREMERIE

FIFH OIVGM-BP X 7K & A5 o 58 3 47 300000 Bl
T AT AR Y ) SRR AR AR 50 LURR A OTVGM-BP
RERZHEATIE R BN, (i Eviews 9.0 #/4 RH
PN ARKG I AT PR AR 56, it K AT A5
JEFE 1) T 583 &8 K - 1. 712396, 5% I A {5 K
-2.878073, T Giit & KT 5% F1H, £ ¥ 51 A
e, — By 2 A BRI T 48T -5.487654 5%
Il SHEL A - 2. 878073, T G it i /N T 5% I FHE, 1t
B 3144, OIVGM-BP 1] AR /K [ AL g 3

HEATIE R T
22 BEAREERE

] Eviews 9.0 3R R FH M A5 A 90 7 A 56
OIVGM-BP Ry i Pk, WEEFR 2 g5, OIVGM-
BP B3k 22 19 P {5 Z B FF IR, 3 90l O 0.554
0.321.0.442.0.578.0.586.0.5450.652,0.708
0.653.0.498 . 0.286.0.074.0.075.0.124,0.125,
0.148.0.175.0.231 .0.204, ¥J K T 0.05, 58] OTVGM-
BP (38 7 PR % 47, 45 B Y0 0 TR S R 5
OIVGM-BP A] DIXEK i Zidps He 5 147 1 H 50

%2 OIVGM-BP BIZHEi018
Table 2 OIVGM-BP white noise test

TRMERB PAC HMXRE AC

TRHIEREPAC BHMEREAC

Bt P
Q jl_'ﬂ—i Partial correlation  Autocorrelation P i ©Q /ﬁ1+$ Partial correlation  Autocorrelation P i
(-statistics .. .. P value (-statistics .. \ . P value
coefficient coefficient coefficient coefficient
0.1658 0.036 0.036 9.5862 0.153 0.138 0.498
0.3476 -0.039 -0.038 0.554 13.3522 -0.186 -0.139 0.286
2.2327 -0.123 -0.125 0.321 20.7253 -0.221 -0.241 0.074
2.2653 0.065 0.056 0.442 20.7561 -0.085 -0.063 0.075
2.7524 0.018 0.028 0.578 21.0364 -0.067 0.048 0.124
3.6231 0.069 0.079 0.586 21.1289 -0.052 0.023 0.125
4.8953 0.115 0.108 0.545 21.5687 0.043 0.029 0.148
5.1216 0.017 0.018 0.652 22.1258 0.075 0.045 0.175
5.3625 0.085 0.052 0.708 21.5693 0.175 0.068 0.231
6.7458 0.125 0.101 0.653 23.7856 0.007 -0.085 0.204
2.3 REVEREITEM ®3 ARMMERELETFN
- y Table 3 Perfq luati f th
}IQHEJ RMSE . MAE . MAPE 3 *EP ﬁ/f , % LRM . able . er| orman'ce.eva uation of the
different prediction models
N b I AL R P B
GM TSM BP \OIVGM-BP 5 F5 sy 3 i B PE A R e
iﬂfﬁj‘ﬂz’m\o EE %:Z 3 ﬁf%ﬂ : OIVGM-BP E@ RMSE {E ke LRM 0.916 0.658 0.0207
LRM .GM . TSM . BP 4 R 7 45 31| ﬁ%{f& T 38.65% . GM 0.703 0.409 0.0134
TSM 1.125 0.729 0.0228
i Tk
20.06% .50.04% .37.28% , F 5 Fii K fh RMSE ik o Vo s oo
F e/ ME , VLI OTVGM-BP T8I0 1) 25 Hi f i /N OIVGM-BP 0.562 0.313 0.0108

T {8 AH XF £ € ; OIVGM-BP () MAE {H It LRM |
GM.,TSM, BP 4 Ff £ 7 43 5 BE AKX T 52. 43% .
23.47% .57.06% .46.40% , 5B OIVGM-BP & 71
25 B /N, K5 B B 55 OIVGM-BP 1y MAPE 1{# It
LRM .GM . TSM ,BP 4 Fp#5 73 5| AL T 47.83% |
19.40% .52.63% .39.33% , W] OIVGM-BP H 55 H
TR e/ B PR, Bt 5 A A
() RMSE \MAE MAPE 3 Fh:BEPEH 46 b 0 25 5 50
B o] LIS H 4518 . OIVGM-BP HE % BT 47 Hb 428 4l 7K
BB R 5 BUFE KA Z R SC R i
oINS 3 S PR A, B8 T 4 b A 7K b A
FE R TAER B H A SRR,

LRM : 2Rk [ 5 GM : JR (48780 5 TSM . 6 il 51 A5 80 ; BP . BP
P2 R Z8 A5 ; OTVGM-BP « L AL HI A K 2 BP 2 W25 T 20 5
B RMSE - #177MRUR 22 s MAE - P #2605 12 2% s MAPE - F-X 4501 B 43
HiR2E,

LRM: Linear regression model; GM: Grey model; TSM: Time se-
quence model; BP: BP neural network model; OIVGM-BP. Grey BP
neural network prediction combination model for optimizing initial value;
RMSE: Root mean squared error; MAE; Mean absolute error; MAPE .

Mean absolute percentage error.

2.4 RN AERHERLBESH

T BRUE OTVGM-BP X 7K i AL HL 3 A 7 )
AR, B 8000 ZH 7K & A B 15 PR 7 T 4 B340 40 47 5
5, FF 8000 LA T34 434 10 o3, B4 800 ZH %K
P, 2 O (BRI TR RIS 1 Oy B AR A T
Bl R R AE R AR 4,
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M4l w R EDER LR ZELSER,  70.81% .70.09% 69.74% 65.64% 83.01% . MEHE
B—UH PR RDETE 2017 4E 4 A 6 H, W33k SkRFE, OIVGM-BP 1Y 1t il 1 B 38 40 X LRM, GM |
8.59% ., LRM GM . TSM .BP ,OIVGM-BP 5 Fh#iRI%}  TSM . BP 4 Ff# 81 23 HI4R T+ T 17.23% . 18.43% .
LRI NI B ELE BLEORIE AL T E ALK 19.03% .26.46% , 15 OIVGM-BP 7E % 111 72 H %
B\ 6 e HUE Y T E RO Y E o D IRZERARTR IE AL PSR R

R4 TETTMAEE T K FHL% L E A R B

Table 4 Comparison of prediction accuracy of diseases and insect pests of crystal pear with different prediction models

%
_ T R Prediction accuracy
oA A R oy P T
Prediction o I JARS A/;L\a/r;a:tjl ma ;:};a his A};s llf Mean
model Pear rust Powdery Mildew Alsa canker P e naap R
Jakusuiense piricola chinensts
LRM 70.83 72.15 69.65 71.85 68.39 71.96 70.81
GM 68.36 66.84 72.59 71.68 72.69 68.35 70.09
TSM 72.53 71.65 70.25 68.36 69.67 65.96 69.74
BP 59.68 69.65 70.86 68.69 65.29 59.66 65.64
OIVGM-BP 85.63 80.26 84.36 82.68 80.95 84.16 83.01

LRM ; £8P [ AR s GM . JK G 5 TSM . 1) (7] ) B4R KD ; BP . BP 4 28 I 45 4581 OTVGM-BP . LAk 40 SR (1 A4 1 5 BP 5 28 1o 45 T 20 &
FLAY
LRM: Linear regression model; GM: Grey model; TSM: Time sequence model; BP: BP neural network model; OIVGM-BP: Grey BP neural

network prediction combination model for optimizing initial value.

2.5 KBEEFTMKRS mnA AR TN [F R EE B AL S, AL LRM, GM |
T HAIE OIVGM-BP 7E/K fH AL A P2 e (9 F50  TSM . BP ,OIVGM-BP 5 Ffufsi 5 43 51 %F BLEE 555 1Y & 06
B A T AT KK R AL Bl X R FH A e I S EAT T 1500, A T80 2% SR K &, OIVGM-BP 11 7l
WA REM K BB E KA R 50 X AL e DUE S s 3 BB & s R S B, 196 HH AR S ST
177 SR AT T 8dRg T, il 1 R, ) OIVGM-BP AT B AF IR fiE~4 > BE T, BRSO
FE 1 AT%T,2021 43 H S H—4 H 28 H, /K HEHLTINK S AL HUE | b dg SRl A= 7=

——IRM —8—GM —4—TSM ——BP —¥%— OIVGM-BP
—0— FUFER R IR LBRE  Actual value of incidence rate of pear rust/%
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Fig.1 Statistics of incidence rate of pear rust in real time
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