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Abstract. Precision agriculture techniques have been increasingly adopted
worldwide to optimize cultivation practices and achieve sustainable crop
production. In this study, we developed a Machine Learning approach to
identify optimal cultivation practices for sustainable apple production in
precision agriculture in the Msemrir town Morocco. We collected a dataset
of cultivation practices and apple yield and size data from 10 farms in the
town and used correlation-based feature selection and three Machine
Learning algorithms (Linear Regression, Decision Tree, and Random
Forest) to develop predictive models. The results showed that irrigation,
fertilization, and pruning are the most important cultivation practices for
apple production in the region, and the Random Forest model performed the
best in predicting apple yield and size based on the selected practices. The
use of Machine Learning techniques can help farmers optimize cultivation
practices and achieve sustainable apple production by reducing inputs such
as water and fertilizer and minimizing environmental impact. Moreover, the
use of precision agriculture techniques can help farmers meet consumer
demand for sustainable and high-quality apple products.
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1 Introduction

In recent years, precision agriculture has emerged as a key approach to increase crop
productivity while reducing the environmental impact of agriculture [1]. Precision agriculture
uses advanced technologies such as Internet of Things (IoT), remote sensing, Geographic
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Information System (GIS), and Machine Learning (ML) to optimize crop management
practices and achieve sustainable crop production.

Apple production is an important agricultural activity in Morocco, with a growing
demand for sustainable and high-quality apple products in both domestic and international
markets [2]. Msemrir, a town located in the Tinghir Province in the southeast region of
Morocco, is one of the areas where apple farming takes place. Although it is not considered
a major apple-producing region in Morocco, it is a significant contributor to the country's
overall apple production, and as such, optimizing cultivation practices is crucial for achieving
sustainable apple production that meets the quality standards and reduces environmental
impact in this region [3].

In this paper, we propose a ML approach to identify optimal cultivation practices for
sustainable apple production in precision agriculture in the studied area [4]. The objective is
to develop a model that can predict the best cultivation practices for apple production,
considering the specific soil and weather conditions in the region.

To achieve this objective, we collected a dataset that includes various cultivation
practices and their associated apple yield and size data from the studied zone. We then applied
ML techniques to the dataset to develop a model that can predict the yield and size for apple
production based on the specific optimal cultivation practices.

The proposed approach has the potential to significantly improve apple production by
optimizing cultivation practices and reducing environmental impact [5]. The results of this
study can be used to develop precision agriculture strategies for apple production in this
region and other similar regions.

The paper is structured to provide a comprehensive understanding of the proposed ML
approach for identifying optimal cultivation practices for sustainable apple production in
precision agriculture. The literature review presents an overview of precision agriculture
techniques and previous research on the use of ML in precision agriculture. The methodology
section details the data collection, feature selection, and ML algorithms used in this study.
The results and discussion section includes the identification of optimal cultivation practices
for sustainable apple production. Finally, the article ends with a discourse on the discoveries
and suggestions for prospective investigations.

2 Literature review

2.1 Overview of Precision Agriculture Techniques

Precision agriculture involves the use of advanced technologies to optimize crop
management practices and achieve sustainable crop production. The main technologies used
in precision agriculture include remote sensing, GIS, and ML [6]. Remote sensing techniques,
such as satellite and aerial imaging, can provide high-resolution data on crop health, soil
moisture, and other variables [7]. GIS can be used to integrate and analyze spatial data on
soil, weather, and other factors [8]. ML techniques can be used to analyze large datasets and
develop predictive models that can optimize crop management practices [9].

Previous research has shown that ML can be used to optimize crop management practices
in precision agriculture. ML algorithms can analyze large datasets to identify patterns and
predict optimal cultivation practices. For example, ML has been used to predict crop yield
based on weather and soil data, optimize irrigation scheduling, and detect crop diseases [10-
12]. However, there is a need for more research on the use of ML in precision agriculture for
specific crops and regions.



E3S Web of Conferences 469, 00052 (2023) https://doi.org/10.1051/e3scont/202346900052
ICEGC"2023

2.2 Importance of Sustainable Apple Production in Precision Agriculture

Apple production is an important agricultural activity in Morocco, with a growing
demand for sustainable and high-quality apple products in both domestic and international
markets. Sustainable apple production is important to meet consumer demand while
minimizing the environmental impact of apple production. In precision agriculture,
sustainable apple production can be achieved by optimizing cultivation practices based on
local soil and weather conditions [13].

Cultivation practices have a significant impact on apple yield and size. Important
cultivation practices include irrigation, fertilization, pest and disease management, and
pruning. Optimal cultivation practices depend on local soil and weather conditions, as well
as apple cultivars. Sustainable cultivation practices can increase apple yield and size while
reducing environmental impact [14].

3 Methodology

3.1 Data Collection

To develop the ML model, we collected a dataset that includes various cultivation
practices and their associated apple yield and size data from Msemrir, a town located in the
Tinghir Province in the southeast region of Morocco. The dataset was obtained from The
Regional Agricultural Development office (RAD) in Ouarzazate Morocco, i.e. Office
Régional de Mise en Valeur Agricole de Ouarzazate (ORMVAO), and includes data from 10
apple farms in the town. The cultivation practices in the dataset include irrigation,
fertilization, pest and disease management, and pruning. The yield data were collected at
harvest time for the 5 years between 2018 and 2022, and include period of harvest and
average apple size.

Table 1 shows the fertilization schedule for farms 1 to 10, with each farm being fertilized
twice a year, first in early spring and second in early summer.

Table 1. Fertilization Schedule and Nutrient Content for Apple Farms

Date of First First Nutrient Date of Second Nutrient
Farm Fertilization Fertilizer Content Second Fertilizer Content
Type (%) Fertilization Type (%)
N: 10, P: Fish N:5,P: 1,
1 March 1 10-10-10 10, K: 10 June 1 Emulsion K1
N: 20, P: Fish N: 10, P: 2,
2 March 15 20-10-10 10, K: 10 June 15 Emulsion K2
N: 10, P: Fish N: 2.5, P:
3 March 5 10-10-10 144 k10 June 5 Emulsion | 0.5,K: 0.5
N:15,P: 5, N: 0.8, P
10 March 20 15-5-10 K- 10 June 20 Compost 0.8, K: 0.8
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Each farm receives a different type of fertilizer with varying nutrient contents based
on their specific needs.

Table 2 shows the average amount of irrigation water applied per month in
millimeters for each year from 2018 to 2022 for each farm.

Table 2. Average Monthly Irrigation Amounts for Apple Farms by Year and Irrigation Method

Irrigation Avg. Water Applied per Month (mm)
Farm Method
etho 2018 2019 2020 2021 2022
1 Sprinkler 26 29 30 32 27
2 Flood Irrigation 27 31 29 28 24
3 Drip Irrigation 28 25 30 29 25
10 Drip Irrigation 28 22 28 28 20

The average monthly irrigation amounts for each farm vary based on the irrigation method
and the year, as every farm resources are affected differently by the weather changes.

Table 3 shows the pruning dates and pest control dates for each of the 10 farms for the year
0f 2019. Each row represents a pruning and pest control event for a particular farm.

Table 3. Average monthly irrigation amounts for apple farms and irrigation method in

2019
Farm Date of Pruning Pest Control Date
1 01/12/18 15/01/2019
1 01/02/19 23/03/2019
2 14/11/18 03/01/2019
2 08/01/2019 26/02/2019
3 19/12/2018 16/01/2019
3 20/02/2019 02/03/2019
10 10/11/2018 28/01/2019
10 10/01/2019 15/03/2019

By tracking pruning and pest management activities during the appropriate periods,
farmers can help ensure optimal apple growth and yield. Pruning helps shape the trees, control
their size, and promote healthy growth, while pest management helps prevent damage from
insects, mites, and diseases.

Table 4 shows data related to the yield and and average size of apples harvested from the
farms for the year of 2019.
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Table 4. Yield and average size of harvested apples in 2019

Farm Avg. Apple Size (cm) Yield per Hectare (t/ha)
1 7.5 12.1
2 7.0 13.4
3 8.0 11.6
4 7.3 12.8
5 7.5 12.6
6 6.5 14.3
7 8.2 11.9
8 6.7 13.8
9 7.0 124
10 7.7 14.1

By tracking these measures, farmers can evaluate the success of their growing and
harvesting practices and identify any potential issues that may need to be addressed in future
growing seasons.

3.2 Feature Selection

To identify the most important cultivation practices for apple production in the studied
region, we performed feature selection using a Correlation-based Feature Selection (CFS)
algorithm [15]. The CFS algorithm measures the correlation between each feature and the
target variable (i.e., apple yield and size) and selects the features that are most strongly
correlated. We used the WEKA software [16] to perform the feature selection.

3.3 ML Algorithms

We used three ML algorithms to develop the predictive model: Linear Regression (LR),
Decision Tree (DT), and Random Forest (RF). LR is a simple algorithm that models the linear
relationship between the input variables and the target variable. DT and RF are more complex
algorithms that can model non-linear relationships and interactions between variables.

We split the dataset into training and testing sets using a 70:30 ratio. The training set was
used to train the ML models, and the testing set was used to evaluate their performance.

3.4 Evaluation metrics

We compared the performance of the three ML models using the Root Mean Square Error
(RMSE) and the Coefficient of Determination (R?). We also performed a sensitivity analysis
to evaluate the impact of the selected features on the model performance. Finally, we used the
trained models to predict the yield and size of apple production, based on the optimal
cultivation practices in each farm.
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4 Results and discussion

4.1 Feature Selection

The feature selection using the CFS algorithm identified irrigation, fertilization, and
pruning as the most important cultivation practices for apple production in the studied region.
Table 5 shows the feature selection results using the CFS algorithm.

Table 5. Feature selection results using CFS algorithm

Cultivation Practice CFS Score
Irrigation 0.87
Fertilization 0.82
Pruning 0.52
Pest control 0.38
Soil management 0.27
Harvesting 0.16

These results are consistent with previous research on apple production, which has
shown that irrigation, fertilization, and pruning are key factors affecting apple yield and size
[17,18].

4.2 Machine learning models

We trained three ML models LR, DT and RF on the dataset and evaluated their
performance using the RMSE and R-squared metrics. The results showed that all three
models performed well, with the random forest model achieving the lowest RMSE and
highest R-squared values (RMSE=0.12, R-squared=0.87) as shown in table 6.

Table 6. Prediction performance for the ml algorithms

Model RMSE R-squared
Linear Regression 0.18 0.76
Decision Tree 0.15 0.83
Random Forest 0.12 0.87

The LR model preforms the worst with an RMSE of 0.18 and an R-squared of 0.76.

Fig. 1 shows a comparison of actual and predicted yield and size of apple for farms one
and two using the three ML algorithms.
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Fig. 1. Actual and predicted yield and size comparison for farms one and two

These results indicate that the random forest model is the most accurate in predicting
apple yield and size based on the selected cultivation practices.

4.3 Sensitivity Analysis

To evaluate the effect of the selected features on the model performance, we conducted a
sensitivity evaluation by eliminating individual features and subsequently retraining the
models.. The results showed that the removal of any of the three selected features (irrigation,
fertilization, and pruning) led to a significant decrease in model performance, indicating the
importance of these features in predicting apple yield and size.

4.4 Discussion

Drawing from the outcomes of our study, we were able to predict the yield and size of
apple production in Msemrir town in the southeast region of Morocco, by utilizing the trained
models and optimal cultivation practices for each farm. This is a notable contribution to the
area of apple cultivation, as it allows for accurate prediction of yield and size, which in turn
can aid in making informed decisions regarding crop management and resource allocation.

Our findings also highlight the importance of optimal cultivation practices, as they
significantly impact model performance. In particular, our sensitivity analysis showed that
the removal of any of the three selected features (irrigation, fertilization, and pruning) led to
a significant decrease in model performance. This underscores the importance of
implementing these practices in apple production, as they are crucial in achieving high yields
and size produce.

The results of our study are consistent with previous research on apple production in other
regions of the world. For example, a study by Jiang et al. (2021) [19] showed that precision
agriculture techniques, including irrigation and fertilization management, can significantly
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increase apple yield and size. Our study extends these findings by showing that ML
techniques can be used to develop predictive models for apple production in specific regions
and optimize cultivation practices.

Our study has important implications for sustainable agriculture in the studied region and
other regions with environmental conditions. The use of ML techniques can help farmers
optimize cultivation practices and achieve sustainable apple production by reducing inputs
such as water and fertilizer and minimizing environmental impact. Moreover, the use of
precision agriculture techniques can help farmers meet consumer demand for sustainable and
high-quality apple products.

5 Conclusion

In this study, we developed a ML approach to identify optimal cultivation practices for
sustainable apple production in precision agriculture in the Msemrir town in Morocco. We
collected a dataset of cultivation practices and apple yield and size data from 10 farms in the
region and used correlation-based feature selection and three ML algorithms. The results
showed that irrigation, fertilization, and pruning are the most important cultivation practices
for apple production in the region, and the RF model performed the best in predicting apple
yield and size based on the selected practices.

Our study supports previous research on apple production and emphasizes the
significance of precision agriculture techniques, including irrigation and fertilization
management, in improving apple yield and size. We extend these findings by demonstrating
the potential of ML techniques in developing predictive models for apple production in
specific regions and identifying optimal cultivation practices. Our research has important
implications for sustainable agriculture in the studied region and beyond, as ML techniques
can help farmers reduce inputs and minimize environmental impact while meeting consumer
demand for sustainable and high-quality apple products.

One limitation of our study is the small size of the dataset, which may limit the
generalizability of the results to other regions. Future research could include the collection
of larger datasets from multiple regions to develop more accurate and generalizable models.
Additionally, future research could explore the use of other ML techniques, such as neural
networks and support vector machines, to develop predictive models for apple production in
precision agriculture.
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