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Abstract

Here, we describe the details and motivation behind the
new dataset collected for the FGVC8 Plant Pathology 2021
Challenge competition. A total of 3,561 RGB images from
four foliar disease categories of apples: apple scab, cedar
apple rust, complex and healthy were used to launch the
Plant Pathology 2020 Challenge competition on Kaggle.
These images were captured with different distances from
the leaves, angles, and sunlight to represent real world sce-
narios for disease symptoms on leaves of cultivated apples.
Within 70 days of competition, 1,317 teams participated,
and a machine learning based model with highest AUC
(Area Under ROC Curve) value of 0.98 was reported. This
year, we have significantly increased the dataset to 23,249
RGB images, including two additional disease categories,
powdery mildew and frogeye leaf spot. We have also in-
troduced a new dataset for multi-label classification repre-
senting occurrence of multiple disease symptoms in single
leaf. The dataset and competition was launched at Kaggle
on March 15, 2021 and was open until May 26, 2021. A
total of 657 teams participated in the competition this year
and the highest mean F1-score reported on private leader-
board was 0.883.

1. Introduction
Apple is one of the most popular fruit crops grown in

temperate regions of the world including U.S. Like any
other crop, apple production is heavily affected by a wide
range of pests and diseases including mites, aphids, stink
bug, European sawfly, fungi, bacteria, viruses etc. The eco-
nomic impact of disease and pest infection on commercial
apple production has been further increased due to reliance
on few commercial cultivars. The most destructive diseases
in apple orchards are fire blight, apple scab, frogeye leaf
spot, alternaria leaf spot, powdery mildew, sooty blotch, fly
speck and summer rot [1, 3]. Early detection and manage-
ment of diseases is necessary to protect apple crops from

severe loss. The most common way of disease detection
in apple orchards is manual scouting where a human scout
visits random locations within an orchard and visually in-
spects for diseases. Manual scouting is expensive and time-
consuming and hence not an efficient way of disease detec-
tion and timely management.

In recent years, computer vision has been efficiently uti-
lized in disease detection in many crops including cassava,
cherry, corn, grapes, peaches, potato, tomato etc. [2]. Mo-
tivated by the potential application of computer vision in
plant pathology, we collected a pilot dataset of 3,651 RGB
images including healthy leaves and diseased leaves in 2019
[4]. Four different categories including cedar apple rust,
apple scab, complex and healthy were used to identify the
best classification models of machine learning [4]. The
dataset and challenge was hosted at Kaggle as a part of
CVPR 2020-FGVC7 workshop [4]. A total of 1,317 teams
participated in the competition [4] and reported top AUC
(Area Under ROC Curve) scores of 0.98445, 0.98182, and
0.98089.

Although computer vision-based models have shown
promise for plant disease identification, there are some lim-
itations that need to be addressed for higher prediction ac-
curacy of these models. Large variations in visual symp-
toms of a single disease across different cultivars are ma-
jor challenges for computer vision-based disease identifica-
tion. These variations arise from differences in natural and
image capturing environments, for example, leaf color and
leaf morphology, the age of infected tissues, non-uniform
image background, and different light illumination during
imaging etc. Thus, to represent the real field scenario, we
significantly increased the number of foliar disease images
and added additional disease categories.

In continuation of the FGVC7 workshop, we have
launched ‘Plant Pathology 2021 Challenge’ competition at
Kaggle as a part of FGVC8 on March 15, with more than
23,000 images including two additional disease categories
and six multi-label disease categories.

1



Figure 1. Different foliar diseases of apples: (a)frogeye leaf spot, (b) apple scab, (c) powdery mildew, (d,e) cedar apple rust, (f) complex.

2. The Plant Pathology 2021 Challenge dataset
Two different datasets for multi-class and multi-label

prediction have been generated (Table 1). A total of 23,249
and 1,703 RGB images were selected for the multi-class
prediction and multi-label prediction, respectively. Five
distinct disease categories including Apple scab, Frogeye
leaf spot, Cedar apple rust, Powdery mildew, Complex,
and Healthy were used for multi-class prediction (Figure
1) whereas a total of 1,703 RGB images, a subset of com-
plex disease category, were selected to run multi-label pre-
diction. The diseased leaves with complex disease symp-
toms including the presence of both Apple scab and Frog-
eye leaf spot, both Cedar apple rust and Frogeye leaf spot,
and a combination of Powdery mildew, Frogeye leaf spot
and Cedar apple rust with any other disease symptoms were
selected for multi-label prediction.

Foliar diseases Total
images

Training
dataset

Test
dataset

Apple scab 6034 4827 1207
Frogeye leaf spot 3979 3183 796
Ceder apple rust 2329 1863 466
Powdery mildew 1513 1210 303
Complex 3610 2888 722
Healthy 5784 4631 1158
Total 23249 18602 4652

Table 1. Total number of images for multi-class classification.

3. Baseline models
We used ResNet34 model to conduct both multi-class

and multi-label classification. The overall model’s perfor-
mance was better for multi-class classification than multi-
label classification (Table 3, Table 4). In multi-class clas-
sification task, the highest precision score was observed
for healthy leaves followed by Cedar apple rust, Powdery
mildew and Frogeye leaf spot. The classification metrics
including Precision, Recall and F1-scores were found to be

Foliar diseases Total
images

Training
dataset

Test
dataset

Apple scab + Fro-
geye leaf spot +
Other

250 200 50

Apple scab + Fro-
geye leaf spot

860 688 172

Cedar apple rust
+ Frogeye leaf
spot

155 124 31

Powdery mildew
+ Other

110 88 22

frogeye leaf spot
+ Other

206 165 41

Cedar apple rust
+ Other

122 97 25

Total 1703 1362 341

Table 2. Total number of images for multi-label classification.

Foliar diseases Precision Recall F1-score
Apple scab 0.78 0.82 0.80
Frogeye leaf spot 0.81 0.78 0.79
Cedar apple rust 0.86 0.84 0.85
Powdery mildew 0.83 0.95 0.89
Complex 0.57 0.69 0.62
Healthy 0.97 0.80 0.888

Table 3. Performance metrics of ResNet34 model for multi-class
classification.

least for complex disease category. In multi-label classifica-
tion, the precision score was greater than 0.75 for combina-
tion of Cedar apple rust and Frogeye leaf spot, and for com-
bination of Cedar apple rust and other diseases respectively.
The performance of the model was poor for combination of
Apple scab, Frogeye leaf spot, and other diseases.
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Foliar diseases Precision Recall F1-score
Apple scab + Fro-
geye leaf spot +
Other

0.00 0.00 0.00

Apple scab + Frog-
eye leaf spot

0.68 0.98 0.80

Cedar apple rust +
Frogeye leaf spot

0.76 0.94 0.84

Powdery mildew +
Other

1.00 0.77 0.87

Frogeye leaf spot +
other

0.68 0.32 0.43

Cedar apple rust +
Other

0.80 0.64 0.71

Table 4. Performance metrics of ResNet34 model for multi-label
classification.

4. Kaggle competition
The ‘Plant Pathology 2021 Challenge’ competition was

launched at Kaggle on March 15, 2021 and was open until
May 26, 2021. During these 41 days, a total of 657 teams
participated, reporting more than 10,349 entries. The eval-
uation of the model performance was based on mean F1-
score. The highest score reported on the private leaderboard
was 0.883 followed by 0.879 and 0.875. Approximately
60% of teams had top entries with >0.85 mean F1-score.

Figure 2. Frequency distribution of entries with mean F1-score
values from each team. The number inside the bar indicates the
total number of entries per mean F1-score category.

5. Conclusion
We have collected more than 23,000 RGB images of

healthy and diseased apple leaves to develop machine learn-
ing based models that can do multi-class and multi-label

classification. This dataset will contribute on automatic
image classification for identification and quantification of
apple diseases from a large number of disease symptom
classes in various real world scenarios.
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