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i . ABSTRACT

!

| Wheat is one of the highest cultivated and important crops to mankind but diseases are

| Check for Lo . - . . .

| updates known to reduce grain yield potential and quality and have historically caused major crop

! losses. Diseases detection is very important for increasing the livelihood of crops. The
Dol early detection of diseases can be very helpful in curing the disease completely. Many

techniques have been developed to detect the diseases in wheat crop at an early stage. In
this paper we have surveyed the meta heuristic and machine learning techniques used
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1. INTRODUCTION

Wheat is one of the main grown crops in the whole world. It provides a substantial source of food. After rice, wheat
is the second most important grain in India. It is an essential food especially for the Northern India. It is estimated that
almost 40% of worldwide crops are lost to various diseases [1]. Wheat diseases are not only degrading its quality but
also responsible for the severe decrease in its production. Early detection of disease is very important. Farmers use
manually inspection method for the disease detection but this process is very time consuming for the large farms.
Automated methods not only save time but also provide good results in detection of disease. Several researchers have
expressed their enthusiasm in automated detection of wheat diseases. This paper mainly surveys the use of
metaheuristic and machine learning methods in the field of diseases detection in wheat crop. Main diseases of that
currently contribute to its loss are rust, blotches and head blight [13]. Other wheat diseases like stripe rust, leaf rust,
powdery mildew, tan spot, Karnal Bunt also have severe effect on the production of the crop. Rust and non rust on
average causes 10-28% yield losses globally [14]. There is a high need of automated methods for the early detection of
these diseases. Meta heuristic and machine learning methods are highly adapted methods nowadays. These techniques
provide better and efficient results in detection of diseases. Techniques like PSO, ACO, ABC, GA and classifiers like SVM,
NN proved to be a boon in detection of diseases. Many researchers had used these techniques in their respective fields
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A Review on Role of Metaheuristic and Machine Learning in Wheat Disease Detection

and got amazing results. In this review study we have provided an overview of severe effect of these diseases on yield
loss and the use of metaheuristic and machine learning in detection of the wheat diseases.

2. WHEAT DISEASE DETECTION PROCESS

The process of detection of disease in wheat crop includes various steps which are shown below
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3. LITERATURE REVIEW

Some of the diseases of the wheat crop and their adverse effect on decreasing yield of wheat crop in agriculture
economy is shown in below given table [13][14].

Table 1 The estimated wheat yield losses due to diseases

Disease Yield Loss (US) Yield Loss (India)
Rust (Stem, Stripe, Leaf) $ 4.3 to 5.0 billion 10 to 70%
Leaf Rust $ 350 million 50-70%

Powdery Mildew $ 44.6 million 20-40%

Stripe Rust $ 1 billion 10-70%

Stem Rust $6.2 million 100%

Fusarium Head Blight (FHB) = $ 3 billion UPTO 80%

These diseases have severe effect on production and quality of crop so a quick solution to these diseases is required.
Metaheuristic and machine learning techniques can be useful in this detection process. Many researchers have done
research in this field using different techniques. Some used meta heuristic and machine learning techniques for detection
of disease and achieved better results. The research of some researchers is presented in the survey table below.
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Reference
S.M.Naveen Raja et.al
(2024)[3]
Musa Dogan
2023 [4]

et.al

El-Sayed M. El-
Kenawy
et.al(2022)[5]
Tagel Aboneh
2021[6]

Ali Moghimi et.al[7]
2019

Xin
et.al2019[8]

etal

Zhang

Varsha P. Gaikwad
et.al 2017[9]
Jiang Lu
2017[10]

et.al

Christoph Romer et.al
2011 [11]
Thorsten Mewe et.al
2011 [12]

Purpose of Research
Wheat leaf disease
detection

To determine
types of wheat
Weed detection

the

Wheat
detection
Detection of Fusarium
head blight disease
Detection of yellow
rust disease

disease

Detection of wheat
leaf disease
Proposed novel wheat
disease diagnosis
system

Wheat  Leaf
disease detection
Detection of wheat
disease

rust

Technqiue Used
MFO and RBFNN algorithms

HHO and PSO were used with ELM algorithm

GWO algorithm and SVM,KNN,NN classifiers

Deep learning models were used
Spectral bands and Machine learning classifiers

deep convolutional neural network (DCNN),
using very high spatial resolution hyperspectral
images captured with UAVs.

Neural network and SVM classifier and Image
processing technqiues
VGG-FCN-VD16,VGG-FCN-5 used

polynomial fitting of fluorescence signatures
with Support Vector Machines

HyMap bands,spectral angle mapper (SAM) and
support vector machines (SVM) classifiers were

Result/Outcome
99.32% accuracy was achieved

99.32% in binary classification and
95.95% in multi-class classification.
accuracy of 97.70% was achieved

accuracy 99.38%was achieved
99% accuracy

combining both spectral and spatial
information could significantly improve
the accuracy

SVM achieved more accuracy(89.23%)
than neural network

97.95% and 95.12% accuracies achieved

93% accuracy was achieved.

SVM provided better results.

used

4. KEY CHALLENEGES

Apart from the benefits that machine learning offers in detection of disease it faces some challenges. First challenge
is the changeability in environmental factors. Environmental conditions like rain, humidity and temperature can affect
the intensity of disease transmission cycle. Environmental factors can change the dynamics of diseases. It can even lead
to the outbreak of new disease. Second challenge is real time monitoring. Real time monitoring leads to quicker
identification of disease [15]. Disease detection at an early stage can be really helpful in detection process. Real time
monitoring helps the researcher in gaining abundance of data to check the progress of disease over time. So real time
monitoring should be done carefully. Another challenge is dataset. More the data is much better the results will be.
Getting quality of data is a one of the challenging task. By getting labeled data researchers can train their model to identify
the disease patterns. So, these are some of the challenges which machine learning and metahueristic techniques face
while detecting the disease. Despite the challenges both techniques have shown their strength and capability in detecting
the disease.

5. CONCLUSION

Metaheuristic and machine learning techniques have given good results and accuracy. Combinations of these will
surely give much better results. The combination of these techniques in detection of diseases either on crops, fruits or
vegetables will give good results. More future research can be done using the combination of these two techniques.

CONFLICT OF INTERESTS

None.

ACKNOWLEDGMENTS

None.

ShodhKosh: Journal of Visual and Performing Arts 2318


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://link.springer.com/article/10.1007/s00521-023-08354-x#auth-Musa-Dogan-Aff1

A Review on Role of Metaheuristic and Machine Learning in Wheat Disease Detection

REFERENCES

R. Strange, “In this issue,” Food Security, vol. 2, no. 2, pp. 111-112, 2010. [Online]. Available:
http://dx.doi.org/10.1007/s12571-010-0064-5.

An in-field automatic wheat disease diagnosis system Jiang Lu a,b, Jie Hu a, Guannan Zhao a, Fenghua Mei b, Changshui
Zhang a “Computers and Electronics in Agriculture” https://doi.org/10.1016/j.compag.2017.09.012 0168-
1699/ 2017 Elsevier B.V. All rights reserved.

S. M. Naveen Raja & A. Shajin Nargunam , “An Optimal feature selection-based deep learning approach for wheat disease
identification” published: 06 june 2024, Volume 84,pages 12855-12876,springer.

Musa Dogan, Ilker Ali Ozkan “Determination of wheat types using optimized extreme learning machine with meta
heuristic  algorithm” volume 35, pages 12565-12581,(2023), Neural Computing  and
Applications,https://link.springer.com/article/10.1007 /s00521-023-08354-x

El-Sayed M. El-Kenawy, Nima Khodadadi, Seyedali Mirjalili, Tatiana Makarovskikh, Mostafa Abotaleb, Faten Khalid
Karim, Hend K. Alkahtani, Abdelaziz A. Abdelhamid, Marwa M. Eid, Takahiko Horiuchi, Abdelhameed Ibrahim,
Doaa Sami Khafaga” Metaheuristic Optimization for Improving Weed Detection in Wheat Images Captured by
Drones” Mathematics 2022, 10(23), 4421; https://doi.org/10.3390/math10234421.

Tagel Aboneh, Abebe Rorissa, Ramasamy Srinivasagan, Ashenafi Gemechu “Computer Vision Framework for Wheat
Disease Identification and Classification Using Jetson GPU Infrastructure”, echnologies 2021, 9(3), 47;
https://doi.org/10.3390/technologies9030047 Published: 2 July 2021

Ali Moghimi, Ce Yang, James A. Anderson, Susan K. Reynolds, “Selecting informative spectral bands using machine
learning techniques to detect Fusarium head blight in wheat” ASABE 2019 Annual International Meeting, DOI:
https://doi.org/10.13031/aim.201900815 Paper Number: 1900815

Xin Zhang, Liangxiu Han, Yingying Dong, Yue Shi, Wenjiang Huang, Lianghao Han, Pablo Gonzalez-Moreno, Huiqin Ma,
Huichun Ye and Tam Sobeih “A Deep Learning-Based Approach for Automated Yellow Rust Disease Detection
from High-Resolution Hyperspectral UAV Images” Remote Sens. 2019, 11, 1554; doi:10.3390/rs11131554
www.mdpi.com/journal/remotesensing.

Varsha P. Gaikwad, Dr. Vijaya Musande,” Wheat Disease Detection Using Image Processing” 978-1-5090-4264-
7/17/$31.000©2017 IEEE.

Jiang Lu a,b, Jie Hu a, Guannan Zhao a, Fenghua Mei b, Changshui Zhang.” An in-field automatic wheat disease diagnosis
system”, Computers and Electronics in Agriculture Accepted 8 September 2017, 2017 Elsevier B.V.

Christoph Romer, Kathrin Biirling, Mauricio Hunsche , Till Rumpf , Georg Noga, Lutz Plimer “Robust fitting of
fluorescence spectra for pre-symptomatic wheat leaf rust detection with Support Vector Machines”, Computers
and Electronics in Agriculture, 0168-1699/$ - see front matter 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.compag.2011.09.011.

Thorsten Mewes e Jonas Franke ¢ Gunter Menz “Spectral requirements on airborne hyperspectral remote sensing data
for wheat disease detection” Published online: 16 March 2011 Springer Science+Business Media, LLC 2011,
Precision Agric (2011) 12:795-812 DOI 10.1007/s11119-011-9222-9.

Melania Figueroa, Kim E Hammond-Kosack, Peter S Solomon “A review of wheat diseases—a field perspective” Molecular
Plant Pathology, Mol Plant Pathol. 2017 Dec 26;19(6):1523-1536. doi: 10.1111/mpp.12618.

Xinyao He, Navin C. Gahtyari, Chandan Roy, Abdelfattah A. Dababat, Gurcharn Singh Brar & Pawan Kumar Singh “Globally
Important Non-Rust Diseases of Wheat” Springer Link, https://link.springer.com/chapter/10.1007/978-3-030-
90673 3_9#:~:text=9.2%20Introduction,0f%20each%20disease%?20is%20summarized.

Devangi Patel, Narendrakumar 1. Patel & Meghna Patel “Advancements in Wheat Disease Detection: A Comprehensive
Survey of Techngiues, Challenges” Springer, https://link.springer.com/chapter/10.1007/978-981-97-
6684-0_51. 27 December 2024.

Dr Grant Hollaway, Senior Plant Pathologist Cereals, “leaf rust of wheat”, Victorian Government Department of
Environment and Primary Industries Melbourne, ISSN 1329- 8062, may 2014 [16] Hui Wang, Feng Qin, Qi Liu,
Liu Ruan, Rui Wang, Zhanhong Ma, Xiaolong Li, Pei Cheng, and Haiguang Wang, “Identification and Disease Index
Inversion of Wheat Stripe Rust and Wheat Leaf Rust Based on Hyperspectral Data at Canopy Level” Journal of
Spectroscopy, Article ID 651810, PP. 10, 2015

ShodhKosh: Journal of Visual and Performing Arts 2319


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191

Amanjot Kaur, and Dr. Nirmal Kaur

Zahra Sarayloo, Davud Asemani, “Designing a classifier for automatic detection of fungal diseases in wheat plant by
pattern recognition techniques”, Shariati Avenue, Tehran 1355-16315, Iran, 23rd Iranian Conference on
Electrical Engineering (ICEE), pp.1193-1197, 2015

Pratiksha Gupta (PG Scholar, ECE) Kanika Sharma (Assistant Professor, ECE), “Review Paper on Various Clustering
Schemes”, IEEE International Conference on Smart Technologies and Management for Computing,
Communication, Controls, Energy and Materials (ICSTM),Veltech Dr. RR & Dr.SR University, Chennai, T.N., India,
pp- 44-48, 2 - 4 August 2017

R. Venkat and Pamidi Srinivasulu, “Clustering of Data using Fuzzy C-Means (FCM) Algorithm With Aid of Gravitational
Search Optimization”, 2017 IEEE International Conference on Smart Technologies and Management for
Computing, Communication, Controls, Energy and Materials (ICSTM), Veltech Dr. RR & Dr.SR University, Chennai,
T.N., India, pp. 232-234, 2 - 4 August 2017

Bharat Mishra, Mamta Lambert, Swapnil Nema, Sumit Nema, “Recent Technologies of Leaf Disease Detection using Image
Processing Approach - A Review”, International Conference on Innovations in Information, Embedded and
Communication Systems (ICIIECS). 2017 [21] Ranjeet kaur, Miss. Manjeet Kaur, “A Brief Review on Plant Disease
Detection using in Image Processing”, [JCSMC, Vol. 6, Issue. 2, pp.101-106, February 2017

Rajleen Kaur, Dr. Sandeep Singh Kang, “An Enhancement in Classifier Support Vector Machine to Improve Plant Disease
Detection”, IEEE 3rd International Conference on MOOCs, Innovation and Technology in Education (MITE), pp.
135-140, Amritsar, India, 2015

Shanwen Zhang, Chuanlei Zhang, “Orthogonal locally discriminant projection for classification of plant leaf diseases”,
Ninth International Conference on Computational Intelligence and Security, pp.241-245, 2013

Seokhwan Yang, Jaechun Kim, Mokdong Chung “A Prediction Model based on Big Data Analysis Using Hybrid FCM
Clustering”, International Conference for Internet Technology and Secured Transactions, Korea, pp-337-339,
(ICITST-2014)

Dr. K. Thangadurai, K. Padmavathi, “Computer Vision image Enhancement for Plant Leaves Disease Detection”, World
Congress on Computing and Communication Technologies, pp.173-175, 2014

T Mewes, B Waske, | Franke, G Menz, “Derivation of Stress Severities In Wheat Form Hyper spectral Data Using Support
Vector Regression”, University of Bonn, Germany, 2010

ShodhKosh: Journal of Visual and Performing Arts 2320


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.5191

	A REVIEW ON ROLE OF METAHEURISTIC AND MACHINE LEARNING IN WHEAT DISEASE DETECTION
	Amanjot Kaur 1, Dr. Nirmal Kaur 2
	1 Research Scholar, Department of Computer Science & Applications, Sant Baba Bhag Singh University, Jalandhar (144030), India
	2 Associate Professor, Department of Computer Science & Applications, Sant Baba Bhag Singh University, Jalandhar (144030), India


	1. INTRODUCTION
	2. WHEAT DISEASE DETECTION PROCESS
	3. LITERATURE REVIEW
	4. KEY CHALLENEGES
	5. CONCLUSION
	CONFLICT OF INTERESTS
	ACKNOWLEDGMENTS
	REFERENCES
	R. Strange, “In this issue,” Food Security, vol. 2, no. 2, pp. 111–112, 2010. [Online]. Available: http://dx.doi.org/10.1007/s12571-010-0064-5.
	An in-field automatic wheat disease diagnosis system Jiang Lu a,b , Jie Hu a , Guannan Zhao a , Fenghua Mei b , Changshui Zhang a “Computers and Electronics in Agriculture” https://doi.org/10.1016/j.compag.2017.09.012 0168-1699/ 2017 Elsevier B.V. All...
	S. M. Naveen Raja & A. Shajin Nargunam , “An Optimal feature selection-based deep learning approach for wheat disease identification” published: 06 june 2024, Volume 84,pages 12855-12876,springer.
	Musa Dogan, Ilker Ali Ozkan “Determination of wheat types using optimized extreme learning machine with meta heuristic algorithm” volume 35, pages 12565-12581,(2023), Neural Computing and Applications,https://link.springer.com/article/10.1007/s00521-0...
	El-Sayed M. El-Kenawy, Nima Khodadadi, Seyedali Mirjalili, Tatiana Makarovskikh, Mostafa Abotaleb, Faten Khalid Karim, Hend K. Alkahtani, Abdelaziz A. Abdelhamid, Marwa M. Eid, Takahiko Horiuchi, Abdelhameed Ibrahim, Doaa Sami Khafaga” Metaheuristic O...
	Tagel Aboneh, Abebe Rorissa, Ramasamy Srinivasagan, Ashenafi Gemechu “Computer Vision Framework for Wheat Disease Identification and Classification Using Jetson GPU Infrastructure”, echnologies 2021, 9(3), 47; https://doi.org/10.3390/technologies90300...
	Ali Moghimi, Ce Yang, James A. Anderson, Susan K. Reynolds, “Selecting informative spectral bands using machine learning techniques to detect Fusarium head blight in wheat” ASABE 2019 Annual International Meeting, DOI: https://doi.org/10.13031/aim.201...
	Xin Zhang , Liangxiu Han, Yingying Dong, Yue Shi, Wenjiang Huang, Lianghao Han, Pablo González-Moreno, Huiqin Ma, Huichun Ye and Tam Sobeih “A Deep Learning-Based Approach for Automated Yellow Rust Disease Detection from High-Resolution Hyperspectral ...
	Varsha P. Gaikwad,  Dr. Vijaya Musande,” Wheat Disease Detection Using Image Processing” 978-1-5090-4264-7/17/$31.00©2017 IEEE.
	Jiang Lu a,b , Jie Hu a , Guannan Zhao a , Fenghua Mei b , Changshui Zhang.” An in-field automatic wheat disease diagnosis system” , Computers and Electronics in Agriculture Accepted 8 September 2017,  2017 Elsevier B.V.
	Christoph Römer, Kathrin Bürling, Mauricio Hunsche , Till Rumpf , Georg Noga, Lutz Plümer “Robust fitting of fluorescence spectra for pre-symptomatic wheat leaf rust detection with Support Vector Machines”, Computers and Electronics in Agriculture, 01...
	Thorsten Mewes • Jonas Franke • Gunter Menz “Spectral requirements on airborne hyperspectral remote sensing data for wheat disease detection” Published online: 16 March 2011 Springer Science+Business Media, LLC 2011, Precision Agric (2011) 12:795–812 ...
	Melania Figueroa, Kim E Hammond‐Kosack, Peter S Solomon “A review of wheat diseases—a field perspective” Molecular Plant Pathology, Mol Plant Pathol. 2017 Dec 26;19(6):1523–1536. doi: 10.1111/mpp.12618.
	Xinyao He, Navin C. Gahtyari,  Chandan Roy, Abdelfattah A. Dababat, Gurcharn Singh Brar & Pawan Kumar Singh “Globally Important Non-Rust Diseases of Wheat” Springer Link, https://link.springer.com/chapter/10.1007/978-3-030-90673 3_9#:~:text=9.2%20Intr...
	Devangi Patel, Narendrakumar I. Patel &  Meghna Patel “Advancements in Wheat Disease Detection: A Comprehensive Survey of Technqiues, Challenges” Springer,            https://link.springer.com/chapter/10.1007/978-981-97-6684-0_51. 27 December 2024.
	Dr Grant Hollaway, Senior Plant Pathologist Cereals, “leaf rust of wheat”, Victorian Government Department of Environment and Primary Industries Melbourne, ISSN 1329- 8062, may 2014 [16] Hui Wang, Feng Qin, Qi Liu, Liu Ruan, Rui Wang, Zhanhong Ma, Xia...
	Zahra Sarayloo, Davud Asemani, “Designing a classifier for automatic detection of fungal diseases in wheat plant by pattern recognition techniques”, Shariati Avenue, Tehran 1355-16315, Iran, 23rd Iranian Conference on Electrical Engineering (ICEE), pp...
	Pratiksha Gupta (PG Scholar, ECE) Kanika Sharma (Assistant Professor, ECE), “Review Paper on Various Clustering Schemes”, IEEE International Conference on Smart Technologies and Management for Computing, Communication, Controls, Energy and Materials (...
	R. Venkat and Pamidi Srinivasulu, “Clustering of Data using Fuzzy C-Means (FCM) Algorithm With Aid of Gravitational Search Optimization”, 2017 IEEE International Conference on Smart Technologies and Management for Computing, Communication, Controls, E...
	Bharat Mishra, Mamta Lambert, Swapnil Nema, Sumit Nema, “Recent Technologies of Leaf Disease Detection using Image Processing Approach – A Review”, International Conference on Innovations in Information, Embedded and Communication Systems (ICIIECS). 2...
	Rajleen Kaur, Dr. Sandeep Singh Kang, “An Enhancement in Classifier Support Vector Machine to Improve Plant Disease Detection”, IEEE 3rd International Conference on MOOCs, Innovation and Technology in Education (MITE), pp. 135-140, Amritsar, India, 2015
	Shanwen Zhang, Chuanlei Zhang, “Orthogonal locally discriminant projection for classification of plant leaf diseases”, Ninth International Conference on Computational Intelligence and Security, pp.241-245, 2013
	Seokhwan Yang, Jaechun Kim, Mokdong Chung “A Prediction Model based on Big Data Analysis Using Hybrid FCM Clustering”, International Conference for Internet Technology and Secured Transactions, Korea, pp-337-339, (ICITST-2014)
	Dr. K. Thangadurai, K. Padmavathi, “Computer Vision image Enhancement for Plant Leaves Disease Detection”, World Congress on Computing and Communication Technologies, pp.173-175, 2014
	T Mewes, B Waske, J Franke, G Menz, “Derivation of Stress Severities In Wheat Form Hyper spectral Data Using Support Vector Regression”, University of Bonn, Germany, 2010


