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Fig. 1 Sample image after pollen staining
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FHEIE JRZ B Syt

Feature map Receptive field Prior boxes
13X13 K Large 10X 18 11X 25 16X 32
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Table 2 Comparison of pollen vitality rates estimated by

different models
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YOLOvV9 72.48 77.14 4.66
YOLOv10 72.17 77.29 5.12
YOLOv11 72.66 76.68 4.02
YOLOvII-FS 76.15 76.85 0.70
YOLOv12 74.36 76.39 2.03
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Table 3 Comparison of detection results of fertile and sterile pollen using different models
Al AEK Fertile pollen ANATH LR Sterile pollen
TR A L ke Kt [l F\ 55 IEAS Lo ek bt 1l Foy
Model True False False /% R/% /% True False False /% /% /%
ositive  negative  positive  Precision ~ Recall ~ F -score positive negative positive Precision  Recall — F-score
P g P P 8 P!
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Fig. 6 Visualization of YOLOv11-FS detection results of different citrus pollen varieties
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Fig. 7 Visualization of detection results of different citrus pollen varieties under different network models
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YOLOVI11-FS model-based detection of pollen viability in citrus

LIU Liyuan',ZHANG Xuelin', CHEN Hong', LI Weifu', LIAO Jianhua®,
XIE Kaidong”, WU Xiaomeng”, GUO Wenwu®, CHEN Yaohui’

1.College of Informatics, Huazhong Agricultural University, Wuhan 430070, China;
2.National Key Laboratory for Germplasm Innovation & U'tilization of Horticultural Crops , Wuhan
430070, China;
3.College of Engineering , Huazhong Agricultural University, Wuhan 430070, China

Abstract A dataset of detecting pollen viability in citrus was constructed to promote the breeding of citrus
seedless varieties and meet the demand for high-quality production of citrus. A new model of detecting pollen vi-
tality was proposed by improving the YOLOv11 deep neural network. A dataset suitable for detecting pollen vi-
tality was established through manual collection and expert annotation. The YOLOv11 deep neural network was
improved to develop the YOLOvV11-FS model. The Focal-EIOU loss function was used to replace the EIOU
loss of YOLOVII to enhance detection performance on imbalanced samples during the process of detection.
Soft-NMS was incorporated to improve the precision of detection boxes, overcoming challenges including obvi-
ous clustering, small size, and complex backgrounds of pollen grains in citrus. Results showed that the improved
YOLOvV11-FS model performed excellently in the task of detecting pollen, the predicted pollen viability deviates
from the true pollen viability by only 0.70 percentage points. The recall, precision, and F;-score of detecting fer-
tile pollen and sterile pollen reached 98.76%, 99.67%, 99.22%, and 94.87%, 98.89%, 96.84%, respective-
ly, meeting the basic needs of detecting pollen vitality. It is indicated that the method of detection establshed can
achieve efficient and accurate identification of pollen vitality in citrus.

Keywords citrus; detection of pollen viability ; YOLOv11-FS; Soft-NMS; Focal EIOU loss
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