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Table 1 Wavelength range, measurement parameters, advantages and disadvantages of phenotypic imaging technology
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Research progress on the phenotype imaging technology for diagnosis
of crop drought stress

CHENG Qiang'>*, LIU Yuxin' , YANG Hanging' , XU Xinyu! , FAN Jize! , YAN Xiaofei? , DU Taisheng®**

(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;
2. School of Technology, Beijing Forestry University, Beijing 100083, China; 3. State Key Laboratory of Efficient Utilization of
Agricultural Water Resources, Beijing 100083, China ; 4. National Field Scientific Observation and Research Station on Efficient Water
Use of Oasis Agriculture,Wuwei 733009, China)

Abstract: Drought stress of crops is an important factor affecting their yield and sustainable agricultural development.
Accurate diagnosis of crop drought stress is the basis for improving water resource utilization. Imaging technology can quickly,
automatically, non-destructively, accurately acquire and analyze the phenotype characteristics of crops, providing a powerful
new tool for crop science research. This paper focuses on the review of phenotype imaging analysis techniques for crop drought
stress diagnosis. First, the single imaging technique for crop drought stress diagnosis was introduced, and then we introduced
the fusion imaging technique for crop drought stress diagnosis. In the aspect of single imaging technology introduction, firstly,
the principles of six phenotype imaging techniques including RGB imaging, 3D imaging, near-infrared imaging, hyperspectral
imaging, chlorophyll fluorescence imaging and thermal imaging are introduced in this paper, and then we introduced research
progress of the single imaging technology in crop drought stress phenotype analysis, beside the research achievements in crop
drought stress in recent years were further summarized. Finally, the imaging technology was summarized and prospected at the
end of each imaging technology introduction. In the fusion imaging technology of crop drought stress, this paper first
summarized the research results of the automatic comprehensive phenotype imaging analysis platform of crop drought stress in
recent years, and then summarized and analyzed the research of different fusion imaging methods, analyzed their advantages
and disadvantages, and prospected the future research direction of fusion imaging technology in the end. With the horizontal
and vertical comparative analysis of the research results of a single imaging technology, we found that RGB imaging
technology has the lowest application cost and the most extensive application range, but the lowest accuracy. The 3D imaging
solves the problem of crop occlusion in RGB imaging, improves the accuracy, and is widely used in high-throughput phenotype
extraction platforms. The information on crop phenotype parameters can be obtained by near-infrared spectroscopy, chlorophyll
fluorescence and hyperspectral imaging in a fast and non-destructive way. Among them, the application scope of NIR imaging
is limited due to its limited ability to obtain phenotype information and relatively high cost. Chlorophyll fluorescence and
hyperspectral imaging are better at obtaining physiological and biochemical parameters of crops, and are widely used in the
fusion of imaging methods. Thermal images obtained by infrared thermal imaging are often used to obtain crop physiological
parameters, and are also combined with visible light images for phenotype extraction. In the meantime, the method of obtaining
crop phenotype by using the fusion of multiple imaging technologies has the advantages of different imaging technologies,
which can effectively avoid the defects of a single imaging technology and make up for the deficiencies of obtaining single
imaging phenotype parameters, so as to reflect the crop growth status more accurately and efficiently. More accurate feature
extraction can be achieved by integrating various image information obtained by various imaging technologies and using
artificial intelligence methods for integrated image processing. The use of fusion imaging technology to obtain crop phenotypes
will be one of the important directions of crop drought stress phenotypes extraction in the future. Finally, according to the
current development situation, future research on phenotypic imaging technology for crop drought stress diagnosis prospects,
including the development of new devices and the combination of new artificial intelligence algorithms.

Keywords: crops; drought stress; phenotyping; imaging techniques; precision diagnosis
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