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Abstract.

Sorghum aphid, Melanaphis sorghi (Theobald), became a significant pest concern due to the
significant yield losses caused in the sorghum production region. Different management
practices, including monitoring and applying insecticides, have been used to manage this
invasive pest in sorghum. The most common management strategy consists of visual
assessments of aphids on sorghum leaves to determine an economic threshold level to spray.
However, because of their rapid reproduction, a framework that can detect and count aphids
automatically is needed to reduce the time of visual assessments and human labor. To assist in
monitoring sorghum aphids, we used machine vision models to detect and count aphids on
sorghum leaves automatically. We used a dataset of 1190 images collected during pest
monitoring events to train 3 different detection models found in the YOLOV5 family that vary in
architecture. Among these models, the YOLOv5m Pytorch model was able to detect aphids with
a precision of 92%, a recall of 84.5%, and 90.6% MmAP@0.5, making it a candidate vision model
that can be used in web applications or be deployed into multipurpose robotic vehicles to detect
and manage aphids automatically. Our framework will aid the change of traditional pest
monitoring, using machine vision models and robotics for digital pest management in sorghum.
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Introduction

The sorghum aphid Melanaphis sorghi (Theobald) causes significant yield loss in sorghum. One
of the strategies to manage this pest and prevent yield loss is using pest monitoring to
determine an economic threshold level used for spraying insecticides. However, pest monitoring
is time-consuming and requires trained personnel and regular visual assessments across large
field areas once aphids are detected on sorghum plants. Therefore, we developed an aphid
counter system using machine learning to automate counting aphids and increase the precision
in pest sampling.

Machine learning, specifically deep learning, has been applied to different disciplines to
automate sampling activities that require identification, detection, counting, classification, or
segmentation of biological threats. Deep learning usually uses imagery to generate a labeled
dataset that can be used to train deep learning models to automate different activities performed
in research and agricultural production. In Entomology, specifically pest monitoring, this
technology can help reduce the time spent counting and identifying insects. For instance, Wang
et al. 2023 were able to detect and identify common coccinellids found in sorghum with an
average precision of 74.6% using images from iNaturalist. Grijalva et al. 2023a, demonstrated
that deep learning models can classify different aphid densities on images found on standard
economic thresholds for spraying with an accuracy of 86%. This information suggested that
deep learning models can be applied to the automated detection and counting tasks of aphids,
which are usually common activities performed during pest monitoring of aphids.

Consequently, the examination of detection and counting aphid individuals on images based on
standard densities for spraying was performed using the same technology (i.e., deep learning)
with different image processing techniques (Grijalva et al. 2023b). This helps inform us that
automation can be applied to pest monitoring of aphids, potentially reducing the time needed for
visual assessments of pests and training personnel.

Materials and Methods

A total of 1,190 images with different aphid densities were collected using a Sony ILCE-6000 v
3.10 digital camera from commercial sorghum fields in Kansas during pest monitoring events.
The collected imagery was labeled using the polygon tool to outline individual aphids within
each image using the cloud-based Roboflow environment (Dwyer, B and Nelson, J 2022). The
aphid individuals marked ranged from 1-125 sorghum aphids/leaf used to generate a training
dataset. Furthermore, we applied mosaic augmentation in the dataset to increase the diversity
of aphid densities and the performance of models. During the training phase, images were
standardized to 1280 x 1280 pixel sizes and trained with 3 different models within the YOLOv5
family (Ultralytics). The training was performed using NVIDIA A100 GPU from Colab and a
Google's Jupyter notebook-based Python environment with an open-source baseline notebook
(Ultralytics). The diagram of the methodology is depicted in Fig.1.

Results and Discussion

The YOLOv5m detection model is a potential candidate for detecting sorghum aphid densities
on leaves with 92% precision, 84.5% recall, and 90.6% mAP@Q0.5, followed by YOLOv5s and
YOLOvV5N (Table 1; Fig. 2). We encounter different detection problems with images that were
misidentified due to a similarity in shape and color of the sorghum aphids with the background
of the leaves. However, by allowing other researchers to access this trained model, it becomes
simpler for additional developers to further enhance the overall performances of these models in
identifying sorghum aphid densities.

The outcomes of our study showed promising potential. However, enhancing the performance
of these models could be achieved by incorporating additional training images. Also, improving

Proceedings of the 16" International Conference on Precision Agriculture 2
21-24 July, 2024, Manhattan, Kansas, United States


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/commercial-sorghum
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pest-monitoring

the resolution of the images used for training and applying effective augmentation techniques
could significantly increase their performance. Our study's methodology and the models we
examined helped us better understand how deep learning can be applied to detect pests. We
believe that our models have the potential to improve pest monitoring significantly by
substituting visual aphid assessments with RGB images, standardizing estimates, and
screening insect-resistant varieties. They can be easily deployed in web-mobile apps and
unmanned vehicles for real-time detection and decision-making. This approach has the potential
to significantly reduce the time and effort involved in pest monitoring and screening aphid-
resistant sorghum varieties.

Tables and Figures

Table 1. Overall precision, recall, and mMAP@0.5 scores of YOLOv5 models tested at 1280 x
1280-pixels input resolutions.

Model types | Precision (%) | Recall (%) | mAP@0.5 (%)
YOLOv5n 89.00 82.60 89.20
YOLOv5s 92.40 82.60 90.40
YOLOvVS5m 92.00 84.50 90.60
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Figure 1. Data flow diagram to evaluate the performance of YOLOv5 detection models.

Figure 2. Detection results using testing images at 1280 x 1280-pixels input resolution without
(A) or with aphid detections (B) performed by YOLOv5m model.
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Conclusion

This study introduced a framework and a model capable of identifying sorghum aphid
infestations at the leaf level using digital images. The YOLOv5m model achieved a precision of
92%, a recall of 84.50%, and a mAP@0.5 of 90.60% when detecting sorghum aphid
infestations. The methodology developed for pest sampling using images and the tested model
can be integrated into sampling protocols and screening programs for pest-resistant crop
varieties, potentially through advanced web-mobile applications and unmanned vehicles
equipped with sensor systems.
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