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Introduction
Vine nutrition is a key element of vineyard management. Nutrient disorders affect vine
growth, crop yield, berry composition, and wine quality. Nutritional disorders can be detected
visually on leaves, fruits, stems or roots. This paper presents our proposed method of using a
smartphone app to capture and analyse images of vine leaves for identifying nutritional
disorders of grapevines rapidly and conveniently. Nutrient deficiency/toxicity symptoms were
created in hydroponically grown grapevines of both red and white varieties. RGB (red, green,
and blue) images of old and young leaves were taken weekly to track the progression of
symptoms. A benchmarked dataset was developed through a laboratory based nutrient
analysis of the petioles. A wide range of features (e.g., texture, smoothness, contrast and
shape) were selected for the following customised machine learning techniques. Our
proposed algorithm was developed to identify specific deficiency and toxicity symptoms
through training and testing process.

Method

B. Machine learning and image analysis
In most cases, a specific portion of the leaf was affected. Therefore, the region of interest
(ROI) for the nutritional disorder was cropped and processed for feature extraction as shown
in Figure 3. In order to distinguish the different nutritional disorders, a comprehensive set of
image features (e.g., contrast, correlation, energy, homogeneity, mean, standard deviation,
entropy, root means square (RMS), kurtosis and skewness) have been selected and fed into
the customised multiclass support vector machine (SVM) techniques to identify specific
deficiency and toxicity symptoms as shown in Figure 4 .
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Figure 3: Basic steps for grapevine disorders detection.

C. App development
The smartphone application was developed on the Android platform. The development
platform used Android Studio with Open Source Computer Vision (OpenCV) for Android add-on
library modules. The Application aimed at Android version 9.0 and required a minimum Android
version of 4.0.3. The application is designed to have the following functionality as shown in
Figure 5:
(i) Image acquisition and labelling
(ii) Crop the region of interest  
(iii) Diagnose cropped image with a multiclass SVM algorithm to identify a correct disorder
(iv) Provide verbal descriptions and fact sheets about relevant disorder

A. Development of Nutrient deficiency/toxicity symptoms
In order to develop an image processing algorithm for the identification of nutrient
deficiency/toxicity symptoms in grapevines, an image database with various symptoms was
developed. Nutrient deficiency/toxicity symptoms were created in potted grapevines grown
in a perlite medium, for Shiraz (a red variety) and Chardonnay (a white variety) (Figure 1).
Modified Hoagland’s nutrient solutions, with high or low levels of specific elements, were
used as treatments to create the symptoms. Chemical nutrient analysis of the leaf petioles
was matched with symptom development. Some sample images are shown in Figure 2.
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Experimental Results
To evaluate the performances of the proposed technique, we trained 75% of the entire dataset
and 25% for testing purposes. Then, we tested evaluation metrics (e.g., precision, recall and F1-
measure) of the proposed technique. The average F1-measure is 98.99% which represents the
overall performance of the proposed technique. An example is shown in Figure 6. This leaf
appears visually healthy, however, a laboratory test confirmed that it has nitrogen deficiency
(i.e., concentration range). Our proposed technique was thus able to detect it correctly and
outperformed the human assessment.

Figure 4: Classification algorithm.

Figure 5: Basic features of the App.

Conclusion
Successful crop cultivation is highly dependent on the ability to accurately detect and classify a
grapevine disorder and this can be done using image processing. This article has
elaborated feature extraction and classification methods of leaf symptoms. The SVM technique
was highly effective at correctly identifying and classifying the disorder. We have thus been able
to create a prototype for the first version of the mobile app. The experimental results show that
image analysis and the machine learning approach can be applied to the identification of
nutritional disorders with high prediction accuracy.

(a) (b) (c)                            (d)
Figure 2: (a), (b), (c) and (d) are the upper surface of the leaves for the control (i.e.,
healthy), Nitrogen, Potassium and Magnesium deficiency.

Figure 6: Visual output.
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Figure 1: Potted vines with specific nutrient formulations.  
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