Jo i o 5 ot W o M

Spectroscopy and Spectral Analysis

Vol 42 ,No. 5,ppl1426-1432
May, 2022

v
oo g
&
o

ETODREMAATEESRIEEREREZRN

wokde', xR, KOE, AR
L PALABRRHE KR BLB S b F RSB, BT Bide 712100

2. WP Al 5 B 5 R T S L BRI Bk 712100
3. WHLAH AP TR B, 0L UM 311300

WOE Ghxh T S R e TR U R By A ) R, P O AR X T A S e v 5 AT
(POD) {if PEHEAT T » 56+ POD [ 16 52 3 1 15 44 S5 6 2 55 1) A6 0 R 2 000 o R 4 A0 U 4 K [l VR 12
B R 4 TR I 1] 19 5 % B AR A 96 1S R S SR A POD Bl Pk . 6 A AP O A (MC) 1 4b B8 77 v DA B3 D536 O
TERE R 22 . RIS B AT Ze R B A B ML 5k (RE) | S S8 5005 (SPA) | 524 B 3@ I A5 vk
(CARS) S 4 HEA7 0 2, 25 SR WA CARS FiL 4R BUW 72 A5 AE 9 K 408 8 57 19 POD Bl 36 4 14 D 35 /N
3 I )3 (PLSRO Hil i A5 B 0K e b FEFM AR A 8 RAR Ry 0. 958 1, B 77 Al 22 RMSE, 2y 25. 698 6

U=+ (ge+min) ',

e JE A% ) 3 R B 28 W 4% (RBENND #8047 POD [ 6 M F R B BE . B i ml o6 &R

HSLT POD FE PR 3 ) 208, Sl T 5T POD i 1 19 B 5 S5 10 50 i A8 75 B2 B0 . &5 SR UE WA Dl
PEBOAR B I E POD B P L 52 0 5 % 25 1 058 9 R6 9 7 B2 U 2 mT A7 19

KA B MR IR EOR SRS RRAEDL G BRI

hEHES: 0657.3 XERFRIRAD: A

51 5

R BRI AR Y, ALK T/NE ., KTE. £
Kt R R EEY . ERE SR FEFEMME X, HE
9 988 A % 1 | ) GG 9 0 g LD A B R T B K T
B A 51 7= 1 5 2K W6 TR R e E A — RO R M L K
RTE LR AR A F WA R A, VN AT R B R
W TR MG TF 9 T % T W 5 0 3 119 2 26 R Tt A N 0 000 o S 4%
B E PR R A EEE L.

AR ROGIB AR th T H o A 38 . AR A AR
A2 A5 Y IR SR L s ) N T AR ME M e R T
PRI B b . G ROR S S AR AL T ALt R 7 B A
505 A DG 1 — S8 AL S 500 S BN AR AR W 1 R R
M FFER TR RBOR . o8 G2 i ik 2y ik T 52 3
X A W6 0 R B 1 5 MR AR S ), IR R A AR R
Fi A B /N —. 7€ [1] ) (partial least square regression, PLSR)
A TR AR e A 2 9 3 07 462 025 43 7
AT I v R R AG DU ASE Y L ) T Ol 1 B AR T S B

i HE: 2021-03-31, 1EiTHH#A: 2021-07-16
E&WB: ERARBILLTH 3197178 ¥ Bl

FEZ B Ao AROKET, 1999 4R, DAL MR R 2 MU il 7 TR 2 B 0L F 5 A

* W INEH

e-mail: huyaohua@nwsuaf. edu. cn

DOI:; 10. 3964/j. issn. 1000-0593(2022)05-1426-07

o3 T AR AR A I i 5 e A S A O . AR L
S5 ST A TR AR B R B A R BTN v o A A B
PRI A, A e 3 2o 2 ST TR TS M5 0 AL B Ak
fif (superoxide dismutase, SOD) i Ul #5 AU fz v H 7K T8 F 98
EE WA SOD B % vk, SRS AU ROE SR AR
T AT X-LW-PLS {5 Hk 452 80 1 DL B0 =5 4% 35 i 5 o it A
rh e AL T A . G SETE SO T A [ R B E A T
V44 b AL AR 1) T000 AAS AL B A AT 52 oK RE K AL (B 1Y
738 Ak R [R) 95 T A 05 BIL B 45 G LA ST B R s R B 174 R PR TR

W ALY B (peroxidase, POD) J& —F I T 37 #9091t
TP A . HTEAR ) U 1 IR N W AR A 1Y . 5 A
FREE H ARG L SR gy 7 B s Wi R OR R R 2 1 4% 3
R POD i 3 VAR X T 580095 I B) i To B B 8L, SR B 1 A
POD Jifj 1 14 52 W 9% o5 35 2 B 0 T A7 1. PR S8 R A
G5 1E B I IXE POD i 3 4 1 e F000 . B A1 FH S50 19
POD B P ik 100 52 300 0 5% 55 e 5 0 3 19 7 1 10 J2 T
(RYiEP

AT 5T LAAS [R) B0 A2 B 1 T 4% B Jr S DR X 4. R
T X A ) 1 4 % 18 0 B 4% B 0 1 POD il i 1 9 17

e-mail: houbr@nwafu. edu. cn



B

vkl 45 - 3T T8 B G 2T O 1 A5 A I s R i B TR 1427

PR E . ST POD i 1 Rl 28 72 5 A8 Ak A ML . S B 3
T POD % 1 (9 B #% 2 W 5 5 FE0 9 2 32 A0 8 Ak TN . %
A1 B S NG 0 T ) SOSN8 96 e A 485 AR AR B4 AT
AR

1 SEHsy

1.1 REHR

TEFBEE 14570, R W e R A, )T A
FEALHh X . F 2020 4F 1 A R F 4 e SRR J A0 X
RERMAN, AT AR5, £98FAKEHOFEXR
WD R T R (@ ROIR 0 B AT K/ — B0y 548 5 0t Jr 3 b
HopE R BN WG N S8 E e 5, B E R
BOE M A ERE, BTRERATEZD Tl A LA
B R4 (RGX-250B, iR m = U ARAA, pED
hEEFE 24 h IR R U T . i F T 40 R R E AT Y
BEHRE R 16~24 °C. EHMEWLE R 5% L . K
RRADUAS ) h 4% 5 W 8 5 o A A IR B Ak . TRk ) B B R
15, 20 A1 25 “C A9 IR B BA B & 70% . 80%6 A1 90 % Y IE J&E A
B R BEENL R 9 AL, BE4L 15 A, oK 9 At R A Bl A
AN TR IR B R U R B FR AR TR BEAT 0T 5 R M BRI 2
RTERIE R 20 “CLIBEN 00 MIFEE KM TZ 1~5 d ¥ 5
J5 SR B AR

Bl ZEENEEIREHA

Fig. 1 Detached potato leaves after inoculation
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Fig. 3 Spectroscopic acquisition system

1: Reflection probe; 2: Fiber;
3: USB4000 spectrometer
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Table 1 Statistical results of POD enzyme
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activity of potato leaves
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Fig. 5 Spectral curves of potato leaves with
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Fig. 6 Changes of POD enzyme activity with inoculation time under the same humidity and different temperature conditions
(a): 70%; (b): 80%; (c): 90%
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Fig. 7 Changes of POD enzyme activity with inoculation time under the same temperature and different humidity conditions
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25 °C

Note: The leaves with inoculation time of 0 days are healthy leaves
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Table 2 PLS model results of full-wavelength spectrum data preprocessed by different methods
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Fig. 10 The results of CARS algorithm
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Table 3 Feature wavelength extracted by algorithms
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AR I K /nm
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794, 795, 801, 807, 813, 820, 822, 841, 842, 854,
860, 868, 871, 872, 874, 878, 888, 889, 892, 898,
901, 911, 914, 920, 922, 933, 937, 941, 942, 944,
945, 946
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Table 4 PLS model results based on characteristic

wavelength and full wavelength

e RS
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¢ [U«(g+min) '] P [U-« (g min) ']
PLS 2457 0.9582  23.8313  0.9650  23.6034
RF-PLS 16 0.7362  59.8837  0.7559 554172
SPA-PLS 21 0.8210  49.3305  0.9422  27.0360
CARSPLS 72 0.9973 6.0323  0.9581  25.6986
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Fig. 11 The prediction modeling results of the sample’s disease
degree established by multiple linear regression analy-
sis (a) and RBFNN (b)
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Prediction of the Degree of Late Blight Disease Based on Optical Fiber
Spectral Information of Potato Leaves

HOU Bing-ru', LIU Peng-hui', ZHANG Yang', HU Yao-hua' % **

1. College of Mechanical and Electronic Engineering, Northwest A&.F University, Yangling 712100, China

2. Shaanxi Key Laboratory of Agricultural Information Perception and Intelligent Service, Yangling 712100, China
3. College of Optical Mechanical and Electrical Engineering, Zhejiang A&.F University, Hangzhou 311300, China

Abstract To detect and prevent potato late disease, the peroxidase (POD) activity of potato late-blight leaves was predicted by
spectroscopic techniques, and the prediction of potato late-blight disease was realized based on POD enzyme activity. The
spectral reflectivity and POD enzyme activity of potato leal samples in different temperature, humidity and inoculation time
conditions were collected and measured. And the Mean Centering method is ultimately chosen, which is used to eliminate the
error of the original spectral data. In order to reduce the complexity of the model, RF, SPA and CARS algorithms were used to
filter the wavelengths, and the results showed that the partial least-square regression (PLSR) prediction model was established
by using the spectral data at 72 characteristic wavelengths which are extracted by the CARS algorithm was the best. The
coefficient of determination R? of the prediction set is 0. 958 1, and the root means square error RMSE, is 25.698 6 U« (g -
min) ~'. Finally, the RBF radial basis network was used to fit the relationship between POD enzyme activity, temperature,
humidity and inoculation time and established a kinetic model of POD enzyme activity. So the prediction of the disease period of
potato late blight based on POD enzyme activity was further realized. The results proved the feasibility of using spectroscopy to

rapidly determine POD enzyme activity to predict potato late blight.
Keywords Potato late blight; Spectroscopy; Peroxidase; Characteristic wavelength; Disease prediction
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