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Accurate crop yield prediction is paramount in agriculture to improve decision-making and
resource allocation. It is a key part of precision agriculture, a sustainable farming approach
that uses data and technology to improve crop yields while reducing environmental impact.
Machine learning techniques have been extensively researched to enhance the accuracy of
yield prediction. Athorough comprehension of the available literature on this topic is im-
perative. This study aims to categorize research, map relevant literature, and evaluate the
progress made in yield prediction with machine learning over the last 13 years using biblio-
metric techniques. It analyzed the Scopus database for articles using search keywords Yield
Prediction, Yield Estimation and Yield Forecasting with Machine Learning. It located 1177
pertinent articles, confirming the significance of machine learning in yield prediction. The
Biblioshiny package analyzes the aggregated Scopus database, identifying current trends,
challenges, and future research directions. The insights gained from this study can advance
agricultural practices and contribute to sustainability efforts. Outcome: The study high-
lights the crucial role of machine learning in predicting crop yield accurately by using the
Scopus database for finding articles, and the biblioshiny package of R is used to identify
the current trends, challenges, and future research directions, which has the potential to
transform precision agriculture by increasing crop yield and minimizing environmental
impact.
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1 Introduction

Crop yield prediction is crucial for farmers and policymakers as it helps them make informed decisions
about crop planting, resource allocation, and market planning. Over the years, the field has evolved
significantly due to advancements in computational capacity, data availability, and analytical
techniques. The traditional yield prediction models reliled on statistical methods and domain-specific
expertise, while the recent introduction of Machine Learning (ML) techniques has revolutionized the
field [1]. ML models can analyze vast and varied datasets and identify patterns and correlations to
generate predictive models encompassing crop growth and yield dynamics [2].

There are several ML algorithms used for crop yield prediction, and the final choice depends on the
data characteristics and research objectives [3]. These algorithms [4—8] help manage complex
relationships between input variables such as soil properties, weather patterns, crop management
practices, and yield outcomes, improving prediction accuracy, and facilitating informed agricultural
practices [9].

Despite the history of crop yield prediction, there is an urgent need for additional quantitative
bibliometric analysis to fill the gaps and provide guidance for future research. Predicting crop yield is
essential for smart farming, enabling optimal resource allocation, crop management, risks and
uncertainty mitigation, identifying factors impacting crop growth, timely actions to address challenges,
and planning harvest [10].

This investigation aims to establish the present-day cutting edge in implementing machine learning for
agricultural yield forecasting and discern the trends in the field by leveraging the Scopus database and
the Biblioshiny package of R language.

2 Literature review

In the past, the scientific impact of a publication was predominantly assessed based on the quantity of
citations it garnered. It was commonly employed to evaluate the impact of research organizations,
academic institutions, and the entire country [11]. The quantity of citations is a metric that measures
the overall quality of research and its degree of influence [12].

Recently, there has been significant interest in applying machine learning techniques and
methodologies to predict agricultural crop yields. While several studies have been conducted on this
topic, no strctured bibliometric analysis of crop yield prediction using machine learning has not been
conducted so far. This is particularly important and timely given the current global crises affecting food
production, the environment, and biodiversity.

This literature review aims to present a thorough and inclusive overview of the current research on the
utilization of machine learning methods in predicting crop yields. By analyzing numerous articles,
distinct and significant themes have been identified.

1 Crop Yield Prediction Models: An important theme that has been identified pertains to
investigating diverse machine learning models in the context of agricultural yield prediction.
Traditional models, including Random Forest, Support Vector Machines, and Gradient Boosting,
have been extensively used due to their interpretability and robust performance. Moreover, deep
learning architectures such as Convolutional Neural Networks (CNNs) and Recurrent Neural
networks (RNNs) have also shown promise in capturing complex patterns in agricultural data.
Several studies have highlighted the importance of developing and implementing prediction
models that accurately estimate crop yield. These models incorporate environmental conditions,
soil characteristics, and historical yield data to predict crop yield [12]-[13].
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2 Machine Learning in Agriculture: Another key theme is machine learning algorithms, which have
transformed the sector by enabling data-driven decision-making. These algorithms can precisely
predict crop yields by utilizing environmental factors, historical data, and agronomic practices.
The potential of machine learning in enhancing agricultural productivity and resource
management has been underscored in numerous studies. Yield prediction has been accomplished
with the aid of machine learning algorithms, including kernel Ridge, Lasso, Convolutional Neural
Networks, and Long-Short Term Memory [3], [7], [14]- [15].

3 Climate Change: The impact of climate change on crop performance has emerged as a major
concern, and researchers have acknowledged its adverse effects. As such, they have emphasized
the importance of crop yield forecasting in advance to support policy decisions and mitigate
potential risks. [17-20].

4 Integration of Remote Sensing: It has been discovered that remote sensing technologies, such as
sensor platforms and satellite imagery, are indispensable for predicting crop yields [21-26].
Through the collection and analysis of massive amounts of data, these technologies enable
precise forecasts and efficient nitrogen management.

5 Feature Engineering and Selection: The feature engineering process is paramount in augmenting
machine learning models' prognostic capacities in predicting crop yield. Numerous studies have
underscored the significance of discerning pertinent attributes, including historical yield data,
meteorological parameters, and soil characteristics, to enhance models' precision. In order to
identify crucial features, methodologies such as Principal Component Analysis (PCA), Recursive
Feature Elimination (RFE), and Forward Feature Selection (FFS) have been implemented [8, 27—
31].

3 Research Questions

The primary essential step to undertaking a systematic mapping study is establishing pertinent
research questions (RQs). This particular study aims to comprehensively summarize prevailing
practices in Crop Yield Prediction with Machine Learning while categorizing the qualitative outcomes
of pre-existing research. To achieve this, this study has formulated the following set of RQs:

RQ1: What research has been conducted regarding using machine learning to predict crop yields?
RQ2: Which nation is leading in employing machine learning to forecast crop yields?

RQ3: How are studies distributed between academic journals and conferences?

RQ4: What is the extent of research in applying machine learning to predict crop yields?

RQ5: What academic disciplines presently dominate this field?

The current investigation necessitates access to various resources that provide insightful data on
research and publications. Popular repositories such as Scopus, Web of Science, Scimago, and Google
Scholar are generally recognized as some of the finest places to get this kind of data. Among these,
Scopus is one of the most popular and extensively used databases.

This investigation focuses on literature published between 2011 and January 05, 2024. The collection's
most frequently mentioned articles are shown in Table 1.

Table 1. Most cited articles on Predicting Crop Yield using machine learning

Focus of the paper Journal Total
Indexing Citations

Machine learning applications in Agriculture comprehensive review MDPI, 1340

[32] WOS

Meta-review on remote sensing technology in agricultural applications | MDPI, 733

[33] WOS

Review and analysis on machine for crop yield prediction and nitrogen | ELSEVIER | 711
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status estimation [34]

Systematic literature review on predicting crop yield using machine ELSEVIER | 549

learning algorithms [2]”

“Predicting soybean yield using a UAV data and deep learning [35]” WOS, 433
MDPI

4 Methodology

4.1 Search Criteria

The search criteria for this review include two parts: C1, which is a string with the keywords “Machine
Learning” OR “Deep Learning” AND “Yield Prediction,” and C2, which is a string with related yield
prediction keywords. The search criterion is “C1 OR C2,” with an example search being “Yield
Prediction,” “Yield Estimating,” “Yield Forecasting,” and “Machine Learning,” or “Deep Learning.”

4.2 Criteria for Exclusion and Inclusion
Table 2 provides an outline of the criteria for inclusion and exclusion.

Table 2. Exclusion and Inclusion Criteria

Criteria for o The study discusses the application of machine learning to crop yield prediction;

Inclusion o Papers published between 2011 and Januaryos, 2024;

o Papers that are in Scopus;

o Papers published in Computer Science, Agricultural and Biological Sciences,
Engineering, Earth and Planetary Sciences, Decision Sciences, Environmental
Science, Multidisciplinary, Business, Management & Accounting, and Mathematics.

Criteria for o The study is not a primary study, such as editorials, keynotes summaries, seminars,
Exclusion and tutorials;

o The study is not written in English;

o The study does not have an abstract;

o The study has only an abstract;

o Publications that have only summarized information;

5 Bibliometric Analysis and Result

Bibliometric analysis is a quantitative research technique used to identify patterns, relationships, and
research trends within scientific publications related to crop yield prediction using machine learning
techniques. The process includes analyzing pertinent keywords to determine publication trends and
categories, followed by statistical analysis to examine subject areas, authors, citations, and affiliations.
Common bibliometric analyses include citation, co-authorship, journal, and keyword analyses.

5.1 Performance Analysis

Distribution of Publications and their Sources per Year: By conducting a meticulous keyword search in
the Scopus database, 1,177 publications were extracted from 2011 to Januaryos, 2024. The resulting
data is further scrutinized to determine any trends in publication frequency, encompassing
publications from journals and conferences. Table 3 demonstrates the publication count from 2011 to
Januaryos, 2024.
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Table 3. No. of Publications from 2011-2023

Year | Number of Publications Year Number of Publications
2011 |1 2018 25

2012 |1 2019 66

2013 | 2 2020 123

2014 | 4 2021 194

2015 | 4 2022 313

2016 | 9 2023 408

2017 |3 2024 24

Table 3 shows a significant increase in publications on crop yield prediction using machine learning
since 2012. Remote sensing has been published in most articles in this field, and the adoption of
computer-based technologies and funding of agricultural initiatives have led to a remarkable increase
in publications.

OMPUTERS AND ELECTRONICS IN AGRICULTURE o

LECTURE NOTES N NETWORKS AND SYSTEM {32]

OMMURNICATIONS (N COMPUTER AND INFORMATION

INTERNATIONAL GEGSCIENCE AND REMOTE SENSING SYMPOS

N. of Documents

Figure 1. Top 10 Leading Journals

5.2 Most Influencing Journals

Various articles on yield prediction using Machine Learning can be found in academic literature.
According to Scopus data from 2011 to 2024, Figure 1 lists the journals that have published the most
studies on this topic. Agronomic and Computer Science research journals have been the most active in
publishing scientific articles. “Remote Sensing” journal is a prominent source with fifty-two published
articles focusing on remote sensing applications involving IoT, Machine Learning, Image Processing,
and Remote Sensing techniques. Elsevier's "Computers and Electronics in Agriculture" journal has
published forty-four articles on applying monitoring systems, software, computer science, and
electronics to agricultural challenges. "Frontiers in Plant Science" has also contributed significantly to
the discipline with eighteen published articles.

5.3 Most Influencing Articles
Table 4 lists the eight most influential articles on machine learning for crop yield prediction. They were
ranked by global citation count, with “Machine learning in agriculture: A review” being the most cited.

“Computer and Electronics in Agriculture” and “Remote Sensing Environment” also had significant
impacts.
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Table 4. Top Eight Leading Articles

References | Year | Local Global References | Year Local Global Citations
Citations | Citations Citations

[32] 2018 |9 1340 [35] 2020 |1 433

[33] 2020 | O 733 [36] 2016 | 90 350

[34] 2018 | 132 711 [5] 2016 |9 339

[2] 2020 | 2 549 [37] 2019 11 328

5.4 Details of the Keywords for the Advanced Search

Important keywords for conducting an advanced search on predicting crop yield using Machine
Learning techniques include "Crop,” "Machine Learning," "Crop Yield," "Forecasting," "Estimation,"
AND "Yield Prediction." These keywords are searched using "AND" and "OR" conditions in the Scopus
database, resulting in a refined search from 2011 to Januaryos, 2024. Figure 2 highlights a few
important keywords related to Crop Yield Prediction.

5.5 Publication Type

The search was restricted to English publications, with only 3% in Chinese and Portuguese. The results
are refined based on publication type. A total of69o articles, 369 conference papers, 52 Reviews, 26
Conference reviews, and 40 book chapters were found.

5.6 Analysis of Geographical Region-Based Publication Counts

Figure 3 shows the research contributions made by different countries in machine learning-based Crop
Yield Prediction. India has the most significant influence with 213 articles, followed by the USA (131
articles) and China (119 articles). To obtain a more exhaustive understanding of researchers' academic
affiliations and geographic distribution, kindly refer to Table 6.

Keywords Pl

Qgcurreances

Figure 2. Top 20 Keywords per Document
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Figure 3. Top 10 Countries per Documents

This research investigates authors’ countries and academic affiliations regarding Machine Learning
techniques to forecast crop yields. Table 6 shows "China Agricultural University" as the leading
contributor with 111 articles, followed closely by " LOWA STATE UNIVERSITY" and NANJING
AGRICULTURAL University" with 64 and 61 articles. Notably, universities in the United States, such as
"LOWA State University" and the "University of Florida," produced 31publications each.

Table 5 showcases their academic contributions.

Table 5. Top 10 Relevant Affiliations

Rank |Affiliation Articles| Rank | Affiliation Articles
1. CHINA AGRICULTURAL 111 6. SOUTH CHINA 45
UNIVERSITY AGRICULTURAL
UNIVERSITY

2. IOWA STATE UNIVERSITY |64 7. ZHEJIANG UNIVERSITY |40
3. NANJING AGRICULTURAL |61 8. WUHAN UNIVERSITY |38

UNIVERSITY
4. |BELJING 54 |o. UNIVERSITY OF 31
CALIFORNIA
5. |BELJING NORMAL 53 |10. | UNIVERSITY OF 31
UNIVERSITY FLORIDA

Furthermore, Figure 4 depicts the nations of origin and corresponding authors of published works.
This figure also looks at the number of articles and how they are distributed across single countries
(SCP), multiple countries (MCP), and the fraction of publications that involve multiple countries. The
top three contributors are India, China, and the United States, with 83, 72, and 40 publications,
respectively. India leads the way with 76 Single-Country Publications (SCP) and 7 Multi-Country
Publications(MCP), followed by China (49 SCP and 23 MCP) and the United States (33 SCP and 7
MCP).

5.7 Analysis of Publications Counts for Each Author
The field of crop yield prediction through machine learning techniques has been dominated by notable
authors. According to data, 2,227 authors have contributed to this field of study. Zhang Z holds the
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highest position with 26 articles, followed by LIH and ZHANG Y with 17 articles each. Among all
authors, Dimitrios Moshou[32] emerges as the most influential, with 1393 citations. In terms of
average citations, Dimitrios Moshou maintains the lead with an average of 661.5 citations, followed by
Liakos KG and Busato P with 547 average citations each, albeit for a small number of articles. The top
ten prolific researchers in yield prediction using machine learning have contributed to 16.93% of all
publications and generated 2,856 citations. It is important to note that these statistics were derived
from data retrieved from the Scopus database. Table 6 also depicts the top 10 Author Contributors
based on the published articles and total count.

ol Docurments

Figure 4. Corresponding author's countries and their publications

Figure 5. Networking mapping of bibliometric coupling analysis

Table 6. Top contributing authors based on the published articles

ol AROranoe
- e

Authors Articles | TC | H_index | TC/Articles Authors Articles | TC H_index | TC/Articles
ZHANGZ | 26 700| 15 35 LIZ 13 440 | 8 48.88889
LIH 17 204| 8 15.69231 WANGX | 13 357 | 3 39.66667
ZHANGY |17 327| 8 29.72727 ZHANG X | 13 2908 | 7 37.25
MAY 16 261| 7 26.1 ZHUY 13 83 |5 10.375
WANGL |16 145| 5 16.11111 CHENZ |12 41 4 5.125
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5.8 Bibliographic Coupling Analysis

Bibliographic coupling is a technique that helps explore potential advancements in a specific field by
identifying similarities between two papers through their shared references. This study analyzed 65
papers across five clusters focusing on machine learning and remote sensing for crop monitoring, yield
prediction, and precision agriculture using a Biblioshiny package of R programming for bibliographic
coupling.

The first cluster focuses on machine learning and remote sensing for crop monitoring and yield
estimation. Figure 5 highlights it with red bubbles. This cluster highlights the use of advanced machine
learning techniques [38], [39] [40] for accurate mapping of end-of-season wheat yields and precise
estimations of soybean cereal yield [41].

The second cluster is comprised of 16 articles on machine learning and remote sensing to predict crop
yield. These studies identify significant correlations between input variables and crop yields using
machine learning algorithms like random forest (RF), support vector machines (SVM), and neural
networks (NN) have been used along with historical data about weather conditions, crop types, soil
characteristics, and other relevant factors to identify significant correlations between input variables
and crop yields [42—44].

Cluster 3compares 14 articles on "Machine Learning Techniques for Crop Yield Prediction." These
articles offer valuable insights into optimizing agricultural processes, resource allocation, and risk
management in crop production [37,45—-48] [49—51].

The fourth cluster includes ten articles on predicting crop yields and practicing precision agriculture
within machine learning. The studies showcase phenological variables' efficacy in improving predictive
accuracy [52], and some studies have developed a workflow for large-scale crop yield forecasting that
combines crop modeling principles with machine learning.

The fifth and final cluster comprises four articles focusing on the diverse applications of machine
learning techniques within the agricultural industry, explicitly predicting crop yield and detecting
produce fruit in agricultural settings [53].

Future Research Directions for each Cluster

Cluster 1: Prioritize the development of remote sensing technologies, engage in advanced fusion
techniques, develop a novel machine learning algorithm, and integrate environmental factors into
remote sensing and crop models.

Cluster 2: Integrate data from various sources, fine-tune machine learning algorithms, optimize
algorithm parameters and architecture, and explore advanced remote sensing technologies.

Cluster 3: Develop automated methods for extracting useful features from various data sources and
optimizing input variables for the model. Explore ensemble methods that leverage the strengths of
different algorithms.

Cluster 4: Incorporate comprehensive and real-time data, fine-tune model parameters and
hyperparameters, and customize models for different crop types and regions.

Cluster 5: Refine and enhance deep learning methods, optimize machine learning techniques, and
achieve the automation of fruit counting by refining and expanding machine vision techniques in
different agricultural contexts.

6 Limitations of the Study

This Bibliometric analysis has certain limitations:

1 Exclusive use of Scopus database only.

2 Focus on only English-language articles and limited data from only ten subjects.

These limitations highlight the need for additional research using a wider variety of databases,
languages, sources, and periods to understand the topic entirely.
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=7  Conclusion

This research paper analyzesi, 177 articles on machine learning for crop yield prediction. The study
identified key research topics, authors, institutions, and leading countries. Most publications on this
topic in Computer Science, Engineering, Environmental Science, and Earth and Planetary Sciences
came from China, India, and the USA. Cultivation, deep learning, and remote sensing were the most
popular topics. The findings revealed that ZHANG Z was the most productive author, while Dimitrios
Moshou was the most influential. Liakos K’s research was identified as the most influential article
through citation analysis. Five significant clusters were also identified, providing a valuable guide for
researchers and decision-makers using machine-learning techniques to predict crop yield. By mapping
out each cluster, this comprehensive research is a valuable resource for future investigations and
progress in this vital study area.
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