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Grading Method of Disease Severity of Wheat Stripe Rust
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Abstract; Wheat stripe rust caused by Puccinia striiformis . sp. tritici, is one of the most important and
devastating diseases in wheat production. Identification and classification of wheat stripe rust plays an
important role in high-quality production of wheat, which helps to quantitatively assess the level of wheat
stripe rust severity in the field to make strategies to achieve effective control for wheat stripe rust in early.
Currently, estimation disease severity of wheat stripe rust is mainly relied on naked-eye observation
according to the manual field investigation. However, this method is labour-intensive, time-consuming,
besides requiring workers with high professional knowledge. In order to quickly and accurately evaluate
the disease level of wheat stripe rust, a novel grading method of disease severity of wheat stripe rust based
on hyperspectral imaging technology was proposed. Firstly, hyperspectral images of 320 infected at
different levels and 40 healthy wheat leaf samples were captured by a HyperSIS hyperspectral system
covering the visible and near-infrared region (400 ~1 000 nm). Secondly, via the analysis of spectral
reflectance of leaf and background regions, there were obvious differences in spectral reflectance at the
555 nm wavelength. Therefore, the image of the 555 nm wavelength was named the feature image, which

was manipulated by threshold segmentation to obtain a mask image. The logical and operation was

WekS H . 2017 —11-08  {&[a] [ 8. 2017 — 12— 09

EETE : 7G4 T A7 B H (2015KTZDNYOL - 06)

TEE WA T (1990—) , 5, Wi, 1B MR A L 15 [ 3 A H R B9, E-mail : 1y759059219@ 163. com

BAEEE : (A (1957—) 8 B0 W-H 2 ST, % ISR R 5 4l £ B R BF 5, E-mail; hdj168@ nwsua. edu. en



%5 1

T AF 2T OGRS BN A5 i R 2 95 ik 227

conducted by using the original hyperspectral image and mask image to remove the background

information. Thirdly, the principal component analysis ( PCA) method was used for the dimension

reduction of hyperspectral images. The operation results showed that the second principal component

image (PC2) can significantly identify the stripe rust spot area and healthy area. On this basis, stripe

rust spots area was efficiently segmented by using an Otsu method. Finally, the degree of the disease

severity of wheat stripe rust was graded according to the proportion of stripe rust spots area on a whole

leaf. To verify the effectiveness of the proposed method, a total of 270 leaf samples were collected for the

performance evaluation. Experimental results showed that 265 samples could be accurately classified at

different disease severities of wheat stripe rust and the overall classification accuracy was 98.15% . In

conclusion, the experimental results indicated that the method using hyperspectral imaging technology

proposed is able to satisfy the precision demand of quantitative calculation and provide a foundation for

evaluating the field disease level of wheat stripe rust and a new idea for resistance identification method of

wheat stripe rust.

Key words: wheat stripe rust; disease severity; hyperspectral imaging; principal component analysis;

grading; Otsu method
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Fig.2 Reflectance spectrum of normal and disease regions
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Fig.3 Procedure for image segmentation
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Fig.5 Segmentation results of wheat stripe rust leaf
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Tab.1 Test results of disease severity grading

C =

Ao

of wheat stripe rust

5 FEA S B L G W R/ %
1 30 0 100
2 30 1 96. 67
3 30 0 100
4 30 1 96. 67
5 30 1 96. 67
6 30 2 93.33
7 30 0 100
8 30 0 100
9 30 0 100

Bt 270 5 98. 15

H1# 1 A& 1,270 AILEEA S 5 AR
AP R I, HAFEIER ANy 98. 15% ., o,
i ESF O 1.3.7 8.9 1Y P RE AN S 2 AE Ay R 8
N 100% 395 FSFH N 2 FHREA T A 1 DAY
WO LG, Sy PRy 96. 67 % 5 95 T 55 %y 4

(b) HEA 1 FIRCRE

(d) FEAR2IFHIOR P

() A3y FIHCRIE

(h) BEAHHIR R

Bl 6 FBI: R AR AL BEAOCR

Fig. 6 Processing effect of partial disease samples



%5 1

T AF 2T OGRS BN A5 i R 2 95 ik 231

FHIFEA T A 1 AREARGARD N S T, 73 BB
0 96.67% ;i HFHR N S FMHEAH A L AFEA
YR 4 G, 73 FAE RN 96. 67% 5 95 5 55 H
6 JHEAH A 1 AFAP IR NS H, 1 DAY
W T R, BRI N 93.33%

S 2 TE B R 0 R A QD Dl i IR A Ay
PR AGBRE o /N2 2% 86 o o BE L2 AT IR, ol T
T G AX 23 e 3 4 B4, R IR o D 3 PR A e
HBH IR 2R 0 B 2 R O R B Ok, B s 2
WAN 1 %o Qs FAEAREI . AFHEH Z
[ 149 25 455 0 o B 52 55 T A5 v T B A B AELAR A AX
FHZE 1% , AR AE AR B 3 S5 Ak T P 2
[ 4 s 5 s B ST A 5 B R 20 26 o

MA PR (A EORE TR/ Z B R 1R
QELLJE, FL Fr ity oA 0 4 if 2 252 B IR | 4 3Rk
FER 2 TR T B A St 2 kAl e &
A I T I8 2 IR i B (8 B B B, T EoM 3k
BB FEm RS g E N I A I G
P15 A 7T DL ST 21 A1 DX 3 e 1) T HE i e &5 4 LA %

ot 2 2L, 2 WL o 06 B AR B AR RS /N 2%
5 o s AR L HEAT O3 GO T AT I, AT /N 2 AR B
T R G AR A — OB 7 i o

4 it

(D) MR i 5 7 5 XBTE 555 nm 40 1 06 %
751, 38 3 B FARATHE NS IR, O A 8 B P45 %)
o G T PG IE AT HE 5 AR L, S I T AL I R R DG
TG R T PCA Jy ¥ 00 8 D' i PG B0 aie 1R AT e 2
ABE 45 3 5 T X 73 4% 55 8 BE A 4 e X S i) PC2 [
B, 11 PC2 AR AT oy ) H 2% 455 993 o BRE R4 B IX 35
SE MR TR RUBE b o T B/ A 5 i B e
DX IO R 72 5 AN W S i G A 0 ) )

(2) JH 4% 55 9 o BRE 01 4 B i 7 DX 38 F) Of6 33 2
S S T SR K H I BUTE 2 bs E— B Sk
TG AR BRI /N 22 5% 85 0 0 R 2 A
TE 90 T B 2> G AR R T 98. 15% o M 5T Al
Dy 7N Z 2% 5 9 1) B ) 9 7 R R ARG 0 4R 1 B il o
/INFE 2R P W T S SRR I 4R AL O A e

& £ x Wt

AR W L. P E/NESER M. AU E AR AR, 20021 - 204.

11

ZHANG D Y, LIN F F, HUANG Y B, et al. Detection of wheat powdery mildew by differentiating background factors using
hyperspectral imaging[ J]. International Journal of Agriculture and Biology, 2016, 18(4) . 747 —756.

ZHANG J C, YUAN L, PU R L, et al. Comparison between wavelet spectral features and conventional spectral features in
detecting yellow rust for winter wheat[ J]. Computers and Electronics in Agriculture, 2014, 100; 79 - 87.

HUANG W, LAMB D W, NIU Z, et al. Identification of yellow rust in wheat using in-situ spectral reflectance measurements and
airborne hyperspectral imaging[ J]. Precision Agriculture, 2007, 8(4 -5) . 187 - 197.

CHEN W Q, WELLINGS C, CHEN X M, et al. Wheat stripe (yellow) rust caused by Puccinia striiformis f. sp. tritici[ J].
Molecular Plant Pathology, 2014, 15(5) : 433 —446.

AR, B, KoL S PRI R R A SR AT X R G AN E MR (R) LSRR L] T EK
Bl2%,2010,43(14) :2889 —2896.

HAN Dejun, WANG Qilin , ZHANG Li, et al. Evaluation of resistance of current wheat cultivars to stripe rust in Northwest China,
North China and Middle and lower reaches of Changjiang River epidemic area[ J|. Scientia Agricultura Sinica, 2010, 43(14) .
2889 —2896. (in Chinese)
2N T B %
33(10) :2661 -2665.

LI Xiaolong, MA Zhanhong, ZHAO Longlian, et al. Early diagnosis of wheat stripe rust and wheat leaf rust using near infrared
spectroscopy[ J]. Spectroscopy and Spectral Analysis, 2013, 33(10) : 2661 —2665. (in Chinese)

2N, T 5 RO, SF . B T AL R BN SR I IR PRI [T]. DG 5O 047, 2014,34(7)
1853 - 1858.

LI Xiaolong, MA Zhanhong, ZHAO Longlian, et al. Detection of Puccinia striiformis f. sp. tritici latent infections in wheat leaves

H T UL LD AN GG BRI 2 S A B 9 U2 W (1], i s 506 IE 4 #2013,

using infrared spectroscopy technology[ J]. Spectroscopy and Spectral Analysis, 2014, 34(7): 1853 - 1858. (in Chinese)
SRR RAAR  IRTE I, 55 S5 G T 2O RE AN R A SOOI 1) /N 22 A5 B s W MRS B F A [T ] A IR 97 ,2016,42(2) 238 ~ 46.
Al Xiaoyi, SONG Weidong, ZHANG Jingcheng, et al. Conbined canopy spectral and leaf physiological observations in model
development for wheat stripe rust detection[ J|. Plant Protection, 2016, 42(2) : 38 —46. (in Chinese)
KRB, T, BT AR ARG R KT /N RS ST [T ). s EARO R %% 4R ,2016,21(4) 42 - 51.
ZHANG Yuping, MA Zhanhong. Wheat stripe rust disease index inversion by remote sensing technology under different nitrogen
application[ J]. Journal of China Agricultural University, 2016, 21(4): 42 =51. (in Chinese)
WANG H, QIN F, RUAN L, et al. Identification and severity determination of wheat stripe rust and wheat leaf rust based on
hyperspectral data acquired using a black-paper-based measuring method[ J]. PLOS ONE, 2016, 11(4): 1 -25.



232

Ko BLOW % R 2018 4

12

13

14

16

17

19

20

21

22

23

24

25

26

27

28
29

ZHAO J, HUANG L, HUANG W, et al. Hyperspectral measurements of severity of stripe rust on individual wheat leaves[ J].
European Journal of Plant Pathology, 2014, 139(2) . 401 —411.

PNIE FE RO A LLAMEIEEOR /N A B AR B LT . i 506 i ,2015,35(2) 1367 - 371.

LI Xiaolong, QIN Feng, ZHAO Longlian, et al. Identification and classification of disease severity of wheat stripe rust using near
infrared spectroscopy technology[ J]. Spectroscopy and Spectral Analysis, 2015, 35(2) : 367 —=371. (in Chinese)

YU K Q, ZHAO Y R, ZHU F L, et al. Mapping of chlorophyll and SPAD distribution in pepper leaves during leaf senescence
using visible and near-infrared hyperspectral imaging[ J|. Transactions of the ASABE, 2016, 59(1): 13 -24.
OB, 550, S0, 4. BT G R Y K R R F AR R 07k [T ] Rl LA AR ,2015,31(1) <212 - 219.
HUANG Shuangping, QI Long, MA Xu, et al. Grading method of rice panicle blast severity based on hyperspectral image[ J].
Transactions of the CSAE, 2015, 31(1): 212 -219. (in Chinese)

BAEEEE, ). ST @otib R BOR BT i M R s S DTS [T ], D6k 56k, 2013, 33(8) : 2168 -2171.

YU Jiajia, HE Yong. Study on early detection of gray mold on tomato leaves using hyperspectral imaging technique [ J].
Spectroscopy and Spectral Analysis, 2013, 33(8) . 2168 —2171. (in Chinese)

SEBTE BET R, B L S R T R I USRI S S BT R T RSB LT ] o6 50615 4347 ,2010,30(5) 1357 - 1361.

CHAI A L, LIAO N F, TIAN S X, et al. Identification of cucumber disease using hyperspectral imaging and discriminate analysis
[J]. Spectroscopy and Spectral Analysis, 2010, 30(5): 1357 —1361. (in Chinese)

QIN J W, BURKS T F, RITENOUR M A, et al. Detection of citrus canker using hyperspectral reflectance imaging with spectral
information divergence[ J]. Journal of Food Engineering, 2009, 93(2) . 183 - 191.

B, BT e, 5. 55T 040 w0 1% BUAR 0 SR Bk L e P A5G IR [ T/OL ] Al AL B %% 4% ,2015,46(3) -
235 -241. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20150334 &journal _id = jesam.
DOI:10.6041/j. issn. 1000-1298.2015.03. 034.

CHI Qian, WANG Zhuanwei, YANG Tingting, et al. Recognition of early hidden bruises on kiwifruits based on near-infrared
hyperspectral imaging technology[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46(3) . 235 -
241. (in Chinese)

A 0, A pE R, AR, S KL T e I R B R R R SR R A A T AR TS [T ] e 506 4T ,2014,34(5) ¢
1378 — 1382.

ZHAO Yanru, YU Keqiang, LI Xiaoli, et al. Study on SPAD visualization of pumpkin leaves based on hyperspectral imaging
technology[ J]. Spectroscopy and Spectral Analysis, 2014, 34(5): 1378 — 1382. (in Chinese)

MOSHOU D, BRAVO C, OBERTI R, et al. Plant disease detection based on data fusion of hyper-spectral and multi-spectral
fluorescence imaging using Kohonen maps[ J]. Real-Time Imaging, 2005, 11(2) . 75 - 83.

HUANG L S, ZHAO J L, ZHANG D Y, et al. Identifying and mapping stripe rust in winter wheat using multi-temporal airborne
hyperspectral images[ J]. International Journal of Agriculture and Biology, 2012, 14(5) : 697 —704.

KB, 55T, S, A5 T ROGIE AR B B KRR R R Ok (1] Aol T4 ,2013,29(19) : 138 -~ 144.
ZHENG Zhixiong, QI Long, MA Xu, et al. Grading method of rice leaf blast using hyperspectral imaging technology [ J].
Transactions of the CSAE, 2013, 29(19): 138 —144. (in Chinese)

LEE W S , EHSANI R, ALBRIGO L G. Citrus greening disease ( Huanglongbing) detection using aerial hyperspectral imaging
[ C] // The Proceedings of the 9th International Conference on Precision Agriculture, 2008.

P Ra i B, E. RIS RO R BN AN R E R EDTFELT]. B4R ,2007,25(6) :23 -26.

LI Jing, CHEN Yunhao, JIANG Jinbao, et al. Using hyperspectral derivative index to identify winter wheat stripe rust disease
[J]. Science and Technology Review, 2007, 25(6): 23 —26. (in Chinese)

A SC, RS, £/, 45 BET ot i R p 2R B R I ARRAE ) i e T [T ] Aolk TRE4 4% ,2014,30(12) :132 - 139.

TIAN Youwen, CHENG Yi, WANG Xiaoqi, et al. Feature vectors determination for pest detection on apples based on
hyperspectral imaging[ J]. Transactions of the CSAE, 2014, 30(12): 132 —139. (in Chinese)

khwr, m S R — Rk B R Ty 2535 [T ], 404K ,2003,25(5) :33 - 36.

DU Qi, XIANG Jianyong, YUAN Shengchun. An improved method of maximum classes square error[ J]. Infrared Technology,
2003,25(5) : 33 -36. (in Chinese)

RIS AE ARSCHL , ERAM. /NE S ™ L - FARER AR (], MR ,1990,1(1) :31.

EME X, AN, 2. T CF — I/WFV $odli 194 /N2 & i B [ T]. Aol L2441 ,2017,33(20) 153 - 160.
WANG Limin, LIU Jia, YANG Fugang, et al. Winter wheat stripe rust remote sensing monitoring based on GF — 1/WFV data
[J]. Transactions of the CSAE, 2017, 33(20): 153 —160. (in Chinese)



