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Implementation of Information
Communication Technologies
and Machine Learning in
Tanzania for Precise Agriculture:

A Review

Ghaniya Rashid", Paulraj Prabhakaran?

ABSTRACT

Precision agriculture is needed possibly in the future to increase the quality of
products from agriculture and services. Information Communication Technology
(ICTs)-based and Machine Learning (ML) applications are to be used to cut costs
and improve trade. The goal of this study is to design the most common uses of
ICTs and how they are used in agriculture, weather forecasting, prediction of
minimum and maximum rainfall, soil fertility, minimum and maximum
temperature, unnecessary fertilizer, pesticide use, detection of soil nutrients, crop
management, livestock monitoring, and water management are all examples. The
study focuses on presenting a comprehensive assessment of studies on machine
learning applications in an agricultural production system and ICTs studies from
various scholars for ten years (2011-2021). By employing ICTs and ML in topics
mentioned above the challenges related to traditional data management

techniques would be solved.

Keywords: Agriculture, weather forecasting, ICTs, ML, crop management, and

livestock monitoring.

1. INTRODUCTION

ML is a scientific subject that enables machines to learn without being explicitly
programmed. Weather forecasting is the application of science and technology to
forecast the state of the atmosphere in a specific area. Weather forecasts are based
on the collecting of quantitative data on the current state of the atmosphere as
well as the use of scientific knowledge of atmospheric processes to forecast how
the atmosphere will evolve in the future. (Abhishek et al., 2012; Sannakki et al.,
2013). ICTs are telecommunications-based technologies that give access to
information internet, wireless networks, mobiles, and other communication
technologies. These are examples of agriculture whereby, the use of ML and ICT
is emerging into a potential field for extracting information from enormous data
sets, increasing production, and lowering costs of investment ML and ICT can

employ novel technologies and platforms to generate, process, and visualize
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enormous amounts of data to make predictions and make decisions in the future. Remote sensing devices, Geographical
Information System (GIS), Global Positioning System (GPS), Wireless Sensor Network (WSN), Climatically conditions, and weather
conditions are essential for data collecting and real-time decision assistance in precision agriculture (Bendre et al., 2016; Chauhan et
al., 2016; Mohammed & Bello, 2021). ICT data collection, analysis, and visualization of different applications. In comparison to
countries with thriving agricultural sectors, Tanzania's usage of ICT in agriculture is still minimal. The bulk of farmers relies on
conventional agricultural knowledge and methods. ICT plays a critical role in bridging the communication gap produced by
geographic boundaries. Tanzania is a good example of the difficulties in reaching out to people in rural places. Rural people have
not had access to good education and knowledge in agriculture, human resource development, capacity building, and training for
agricultural advancement because of ICT transfer mechanisms from haves to haves (Rohila et al.,, 2017; Singh et al., 2015). In
Tanzania’s case, temperature, rainfall, and humidity are all essential weather-related characteristics for agricultural systems. Crop
productivity is lost due to weather volatility and incorrect farming methods. As a result, weather forecasting plays a critical role in
addressing these issues. Incorporating projected weather data into crop management evaluations could give important and timely
information for reducing possible losses and increasing crop productivity and income. Weather-based forecasting systems lower
production costs by adjusting the frequency and timing of control activities, and they protect farmers, consumers, and the
environment by minimizing chemical use (Fathi et al., 2021; Gupta & Tyagi, 2018).

Related Works

Need of ICTs in Tanzania's agriculture

In one village, the farmer-to-extension officer ratio is 100:1, making it difficult for extension professionals to reach out to a larger
number of farmers. For this, we need to introduce ICTs to upgrade ways of information. Tanzania is moving to the fourths
industrial revolution and the main phases of the agriculture industry all require ICT to modernize the process. These processes are
Crop Cultivation, Water Management, Livestock Monitoring, Notification of new breeding, Application of Fertilizer, Fumigation,
Controlling Pests, Harvesting, Post-Harvest Handling, Food/Food Product Transportation, Packaging, Preservation of food, Food
Processing, Food Quality Managing, Food Security, Food Storing, Food selling. To handle these phases effectively, all players in the
agriculture industry require information and expertise about them. Any system used to obtain information and knowledge for
making decisions in any industry should provide accurate, complete, and concise data promptly (Dlodlo & Kalezhi, 2015;
Glendenning & Ficarelli, 2012; Lin et al., 2017; Mahant et al., 2012; Mubin et al., 2015; Riaz et al., 2017). When applying ICTs in

farming and livestock keeping simplifies works and notification will be via short message or an e-mail.
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Figure 1: Example of smart farming by using ICT, source (Tanwar et al., 2019)
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Figure 2. Smart livestock, source (Iwasaki et al., 2019)
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Figure 3. ICTs adoption in Tanzania, source (Msuya et al., 2018)

Implementation of ML in agriculture

An introduction to machine learning types (unsupervised or supervised), learning models (classification, regression, clustering, and
dimensionality reduction), and the learning models used to accomplish the given task are all used to classify ML tasks. Implement
the selected task such as soil factors such as carbon-based and moisture content, crop yield prediction, crop management, livestock
production, fertility of animal’s pattern disease and detection of weeds in crops, and detection of species (Liakos et al., 2018; Sharma
et al., 2020; Swain et al., 2020).
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Figure 4. Atypical machine learning approach, source (Liakos et al., 2018)

Decision Support System

Decision support tools (DSS) are meant to assist users in making better-informed decisions that are successful by bringing and
making clear decision phases and displaying the possibility of various outcomes arising from various options (Rose et al., 2016). The
main necessities in agriculture are presented in the fourth evolution of farming technology, which is increasing production,
judiciously managing resources, adjusting to climate change, and reducing food waste are all priorities (Kukar et al., 2019; Zhai et
al., 2020). ML and ICTs tools such as decision support system (DSS) concerning weather forecasting describe the potential of
knowing soil nutrient and soil fertility, insects, fungi, water contents acidity, alkalinity, and pest management (Lindblom et al.,
2017). These will lead to enhanced crop production and selection of fertile land without the use of excessive fertilizers pesticides.

During cultivation, farmers will handle the crops safely in automated ways (Bonfante et al., 2019).

2. METHODOLOGY

Extraction of relevant literature on the various roles of ICT and ML models in agriculture, as well as abstracts and citations, was
done using a Google scholar of published articles by various experts of various countries between January 2011 and December 2021.
This analysis is based on primarily secondary data. This study relied heavily on data from many published publications, journals,
and book reviews. This is completely a review paper. The data gathered from these sources were synthesized to meet the goals of
this review publication. It was compiled using Internet searches, in-depth analyses of numerous articles available in various

journals, as well as books and proceedings held in libraries and university repositories see Table 1 below.

Table 1. ML and ICTs approaches in various fields of agriculture

S/No | Study Approach References
. . (Balakrishnan & Muthukumarasamy, 2016; Ip et al.,
. ML used in the production of . .
1 Crop production ) ) ) 2018; Kale & Patil, 2019; Kumar et al., 2015; Mishra et
maize and rice and fruits
al., 2016)
5 Weather ML for weather conditions (Dorling, 2014; Feleke, 2015; Guravaiah & Raju, 2020;
forecasting such as rainfall, temperature Hansen et al., 2011; Veenadhari et al., 2014)
. . . . (Agarwal et al., 2020; Ashqar & Abu-Naser, 2018;
Crop disease ML detection of diseases in o
3 ) ) . Camardo Leggieri et al., 2021; Dhau et al., 2018; Sethy
detection Tomatoes, maize and rice .
et al., 2018; Sharma & Kukreja, 2021)
ML detection of soil nutrients
such as nitrogen,
. . . (Benedet et al., 2021; Ghadge et al., 2018; Koley, 2014;
4 Soil fertility phosphorous, potassium, )
) . Nawar et al., 2019; Pandith et al., 2020)
moisture alkalinity, and
acidity.
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ML and ICTs by using sensing
moisture, the temperature of
5 Water management . (Goap et al., 2018)
underground and relative
humidity
) . Application of ICTs in )
Detection of Soil . ] ) (Alfin & Sarno, 2017; Lavanya et al., 2020; Na et al.,
6 . detection and testing soil
nutrients . . L 2016; Veena et al., 2018)
nutrients in cultivation lands
. . Uses of ICTs in crops (Doshi et al., 2019; Eitzinger et al., 2019; hari Ram et
Agriculture Field o . . .
7 o monitoring and protection and | al., 2015; Mohanraj et al., 2016; Patil & Kale, 2016; Rao
monitorin
& reduce labor costs. & Sridhar, 2018; Sreekantha & Kavya, 2017)
Livestock health . .
o Implementation of ML and (Brock et al., 2021; Chaudhry et al., 2020; Garcia et al.,
8 monitoring, and Lo .
. o ICTs in livestock farming 2020; Kleanthous et al., 2018; Wang et al., 2021)
diseases prediction.

3. DISCUSSION

The study consists of research articles and reviews articles whereby some approaches and models were observed. From the above
table, Machine Learning was applied in crop management by such as weather forecasting, crop disease detection, soil fertility, and
detection of soil nutrients. In addition, water management, livestock, and disease prediction of animals. ICTs were applied in Water
management, and soil nutrients detection. By 76% the Machine Learning and Information Communication and Technologies were

applied in crop management, 11% in Livestock, 10% IN Weather forecasting, and 3% in Water management.

4. CONCLUSION

Agricultural production is heavily influenced by the weather. It has a big impact on a crop's growth, development, and yields, as
well as pest infestations. In terms of changes in nutrient mobilization owing to water strains, as well as the timeliness and
effectiveness of preventive and cultural operations on crops, diseases, water needs, and fertilizer requirements. Extreme weather
and natural disasters disproportionately affect the poor, particularly those living in rural areas. Crop, fruit, and livestock output
and productivity are predicted to improve as technological expertise and information become more readily available. For long-term
agricultural production, an ICT-enabled information distribution system is essential. As technical knowledge and information
become more widely available, crop, fruit, and livestock yield and productivity are expected to improve. It is necessary to attempt
to improve rural people's and marginal landowners' educational levels. Traditional data management systems, intuition prediction,

and invalid technology all of this could remedied by using machine learning in weather forecasting.

Funding

This study has not received any external funding.

Conflicts of interests
The authors declare that there are no conflicts of interests.

Data and materials availability
All data associated with this study are present in the paper.

REFERENCES AND NOTES

1. Abhishek, K., Singh, M., Ghosh, S., & Anand, A. (2012). 3. Alfin, A. A, & Sarno, R. (2017). Soil irrigation fuzzy

Weather forecasting model using artificial neural network.
Procedia Technology, 4, 311-318.

M., Gupta, S. K, & Biswas, K. (2020).
Development of Efficient CNN model for Tomato crop

Agarwal,

disease identification. Sustainable Computing: Informatics and
Systems, 28, 100407.

estimation approach based on decision making in sugarcane
industry. 2017 11th International Conference on Information
& Communication Technology and System (ICTS),

Ashgar, B. A, & Abu-Naser, S. S. (2018). Image-based
tomato leaves diseases detection using deep learning.
Balakrishnan, N., & Muthukumarasamy, G. (2016). Crop
production-ensemble model  for

machine learning

ISSN 2278-5469 EISSN 2278-5450 | OPEN ACCESS

Page248



DISCOVERY | SHORT REVIEW

10.

11.

12.

13.

14.

15.

16.

17.

prediction. International Journal of Computer Science and
Software Engineering, 5(7), 148.

Bendre, M., Thool, R, & Thool, V. (2016). Big data in
precision agriculture through ICT: Rainfall prediction using
neural network approach. Proceedings of the international
congress on information and communication technology,
Benedet, L., Acuna-Guzman, S. F., Faria, W. M., Silva, S. H.
G., Mancini, M., dos Santos Teixeira, A. F., Pierangeli, L. M.
P., Janior, F. W. A., Gomide, L. R., & Janior, A. L. P. (2021).
Rapid soil fertility prediction using X-ray fluorescence data
and machine learning algorithms. Catena, 197, 105003.
Bonfante, A., Monaco, E., Manna, P., De Mascellis, R., Basile,
A., Buonanno, M., Cantilena, G., Esposito, A., Tedeschi, A.,
& De Michele, C. (2019). LCIS DSS—An

supporting system for water use efficiency improvement in

irrigation

precision agriculture: A maize case study. Agricultural
Systems, 176, 102646.

Brock, J., Lange, M., Tratalos, J. A., More, S. J., Graham, D.
M., & Thulke, H.-H. (2021).

Combining expert knowledge and machine-learning to

A., Guelbenzu-Gonzalo,

classify herd types in livestock systems. Scientific Reports,
11(1), 1-10.

Camardo Leggieri, M., Mazzoni, M., & Battilani, P. (2021).
Machine learning for predicting mycotoxin occurrence in
maize. Frontiers in microbiology, 12, 782.

Chaudhry, A. A, Mumtaz, R., Zaidi, S. M. H., Tahir, M. A,
& School, S. H. M. (2020). Internet of Things (IoT) and
machine learning (ML) enabled livestock monitoring. 2020
IEEE 17th International Conference on Smart Communities:
Improving Quality of Life Using ICT, IoT and AI (HONET),
Chauhan, N. Patel, J, & Vinaya Kumar, H. (2016).
ICT Models
development. National Seminar SEEG-2016: Lead Paper,
Dhau, I, Adam, E.,, Mutanga, O., & Ayisi, K. K. (2018).

Detecting the severity of maize streak virus infestations in

Innovative for sustainable agricultural

maize crop using in situ hyperspectral data. Transactions of
the Royal Society of South Africa, 73(1), 8-15.

Dlodlo, N., & Kalezhi, J. (2015). The internet of things in
2015

international conference on emerging trends in networks

agriculture for sustainable rural development.
and computer communications (ETNCC),

(2014).
agriculture: Using weather forecasting to support farming
adaptation. Outlook on Agriculture, 43(1), 13-18.

Doshi, J., Patel, T., & kumar Bharti, S. (2019). Smart Farming

using IoT, a solution for optimally monitoring farming

Dorling, S. Managing climate variability in

conditions. Procedia Computer Science, 160, 746-751.

Eitzinger, A, Cock, J., Atzmanstorfer, K., Binder, C. R,
Léderach, P., Bonilla-Findji, O., Bartling, M., Mwongera, C.,
Zurita, L., & Jarvis, A. (2019). GeoFarmer: A monitoring and

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

feedback system for agricultural development projects.
Computers and electronics in agriculture, 158, 109-121.

Fathi, M., Haghi Kashani, M., Jameii, S. M., & Mahdipour, E.
(2021). Big data analytics in weather forecasting: A
systematic review. Archives of Computational Methods in
Engineering, 1-29.

Feleke, H. (2015). Assessing weather forecasting needs of
smallholder farmers for climate change adaptation in the
Central Rift Valley of Ethiopia. Journal of Earth Science and
Climate Change, 6(10), 1-8.

Garcia, R., Aguilar, J.,, Toro, M., Pinto, A., & Rodriguez, P.
(2020). A systematic literature review on the use of machine
learning in precision livestock farming. Computers and
Electronics in Agriculture, 179, 105826.

Ghadge, R., Kulkarni, J.,, More, P., Nene, S.,, & Priya, R.
(2018). Prediction of crop yield using machine learning. Int.
Res. ]. Eng. Technol.(IRJET), 5.

Glendenning, C. J., & Ficarelli, P. P. (2012). The relevance of
content in ICT initiatives in Indian agriculture. International
Food Policy Research Institute, 1-40.

Goap, A., Sharma, D., Shukla, A. K., & Krishna, C. R. (2018).
An IoT based smart irrigation management system using
Machine learning and open source technologies. Computers
and electronics in agriculture, 155, 41-49.

Gupta, R, & Tyagi, A. (2018). ICT Enabled Agricultural
Transformation: Some Notes for Fiji. Fijian Studies, 1-4.
Guravaiah, K., & Raju, S. S. (2020). e-Agriculture: Irrigation
System based on Weather Forecasting. 2020 IEEE 15th
International Conference on Industrial and Information
Systems (ICIIS),

Hansen, ]J. W., Mason, S. ]., Sun, L., & Tall, A. (2011). Review
of seasonal climate forecasting for agriculture in sub-
Saharan Africa. Experimental Agriculture, 47(2), 205-240.

hari Ram, V. V., Vishal, H., Dhanalakshmi, S., & Vidya, P.
M. (2015). Regulation of water in agriculture field using
Internet Of Things. 2015 IEEE Technological Innovation in
ICT for Agriculture and Rural Development (TIAR),

Ip, R. H,, Ang, L.-M.,, Seng, K. P., Broster, J., & Pratley, J.
(2018). Big data and machine learning for crop protection.
Computers and Electronics in Agriculture, 151, 376-383.
Iwasaki, W., Morita, N., & Nagata, M. P. B. (2019). Iot
sensors for smart livestock management. In Chemical, Gas,
and Biosensors for Internet of Things and Related Applications
(pp- 207-221). Elsevier.

Kale, S. S., & Patil, P. S. (2019). A machine learning approach
to predict crop yield and success rate. 2019 IEEE Pune
Section International Conference (PuneCon),

Kleanthous, N., Hussain, A., Mason, A., Sneddon, J., Shaw,
A., Fergus, P, Chalmers, C., & Al-Jumeily, D. (2018).

Machine learning techniques for classification of livestock

ISSN 2278-5469 EISSN 2278-5450 | OPEN ACCESS

Page249



DISCOVERY | SHORT REVIEW

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

behavior. International Conference on Neural Information
Processing,

Koley, S. (2014). Machine learning for soil fertility and plant
nutrient management using back propagation neural
networks. Shivnath Ghosh, Santanu Koley (2014)“Machine
Learning for Soil Fertility and Plant Nutrient Management using
Back Propagation Neural Networks” International Journal on
Recent and  Innovation  Trends in and
Communication, 2(2), 292-297.

Kukar, M., Vracar, P., Kosir, D., Pevec, D., & Bosnié, Z.

(2019). AgroDSS: A decision support system for agriculture

Computing

and farming. Computers and Electronics in Agriculture, 161,
260-271.

Kumar, R., Singh, M., Kumar, P., & Singh, J. (2015). Crop
Selection Method to maximize crop yield rate using machine
learning technique. 2015 international conference on smart
technologies and management for computing,
communication, controls, energy and materials (ICSTM),
Lavanya, G., Rani, C, & GaneshKumar, P. (2020). An
automated low cost IoT based Fertilizer Intimation System
for smart agriculture. Sustainable Computing: Informatics and
Systems, 28, 100300.

Liakos, K. G., Busato, P., Moshou, D., Pearson, S., & Bochtis,
D. (2018). Machine learning in agriculture: A review.
Sensors, 18(8), 2674.

Lin, Y.-P., Petway, J. R., Anthony, J., Mukhtar, H., Liao, S.-
W., Chou, C.-F., & Ho, Y.-F. (2017). Blockchain: The
evolutionary next step for ICT e-agriculture. Environments,
4(3), 50.

Lindblom, J., Lundstrém, C. Ljung, M., & Jonsson, A.
(2017). Promoting sustainable intensification in precision
agriculture: review of decision support systems
development and strategies. Precision Agriculture, 18(3), 309-
331.

Mahant, M., Shukla, A., Dixit, S., & Patel, D. (2012). Uses of
ICT in Agriculture. International Journal of Advanced
Computer Research, 2(1), 46.

Mishra, S., Mishra, D., & Santra, G. H. (2016). Applications
of machine learning techniques in agricultural crop
production: a review paper. Indian |. Sci. Technol, 9(38), 1-14.
Mohammed JK, Bello MZ. (2021). Potentials of information
and communication technology in real estate management
and valuation practice. Discovery, 57(301), 63-73

Mohanraj, I, Ashokumar, K., & Naren, J. (2016). Field
monitoring and automation wusing IOT in agriculture
domain. Procedia Computer Science, 93, 931-939.

Msuya, C. A., Mjema, E. A. M., & Kundi, B. A. T. (2018). ICT
ADOPTION AND USE IN TANZANIA SMEs. Journal of
Engineering and Technology, 36.

Mubin, O., Tubb, J., Novoa, M., Naseem, M., & Razagq, S.

(2015). Understanding the Needs of Pakistani Farmers and

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

the Prospects of an ICT Intervention. Proceedings of the
33rd Annual ACM Conference Extended Abstracts on
Human Factors in Computing Systems,

Na, A, Isaac, W., Varshney, S., & Khan, E. (2016). An IoT
based system for remote monitoring of soil characteristics.
2016 International conference on information technology
(InCITe)-the next generation IT summit on the theme-
internet of things: Connect your Worlds,

Nawar, S., Delbecque, N., Declercq, Y., De Smedt, P., Finke,
P., Verdoodt, A., Van Meirvenne, M., & Mouazen, A. M.
(2019). Can spectral analyses improve measurement of key
soil fertility ~parameters with X-ray fluorescence
spectrometry? Geoderma, 350, 29-39.

Pandith, V., Kour, H., Singh, S., Manhas, J., & Sharma, V.
(2020).
techniques for mustard crop yield prediction from soil
analysis. | Sci Res, 64(2).

Patil, K., & Kale, N. (2016). A model for smart agriculture

using IoT. 2016 international conference on global trends in

Performance evaluation of machine learning

signal  processing,  information and
communication (ICGTSPICC),
Rao, R. N., & Sridhar, B. (2018). IoT based smart crop-field

monitoring and automation irrigation system. 2018 2nd

computing

International Conference on Inventive Systems and Control
(ICISC),

Riaz, W., Durrani, H., Shahid, S., & Raza, A. A. (2017). Ict
intervention for agriculture development: Designing an ivr
system for farmers in pakistan. Proceedings of the ninth
international conference on information and communication
technologies and development,

Rohila, A. K., Yadav, K., & Ghanghas, B. (2017). Role of
Information and communication technology (ICT) in
agriculture and extension. Journal of Applied and Natural
Science, 9(2), 1097-1100.

Rose, D. C., Sutherland, W. J., Parker, C., Lobley, M., Winter,
M., Morris, C., Twining, S., Ffoulkes, C., Amano, T, &
Dicks, L. V. (2016). Decision support tools for agriculture:
Towards effective design and delivery. Agricultural Systems,
149, 165-174.

Sannakki, S., Rajpurohit, V., Sumira, F., & Venkatesh, H.
(2013). A neural network approach for disease forecasting in
grapes using weather parameters. 2013 Fourth International
Conference on Computing, Communications and
Networking Technologies (ICCCNT),

Sethy, P. K., Negi, B., Barpanda, N. K., Behera, S. K., & Rath,
A. K. (2018). Measurement of disease severity of rice crop
using machine learning and computational intelligence. In
Cognitive science and artificial intelligence (pp. 1-11). Springer.

Sharma, A., Jain, A., Gupta, P., & Chowdary, V. (2020).
Machine learning applications for precision agriculture: A

comprehensive review. I[EEE Access, 9, 4843-4873.

ISSN 2278-5469 EISSN 2278-5450 | OPEN ACCESS

Page2 50



DISCOVERY | SHORT REVIEW

56.

57.

58.

59.

60.

61.

62.

63.

64.

Sharma, R., & Kukreja, V. (2021). Rice diseases detection
using Convolutional Neural Networks: A Survey. 2021
International Conference on Advance Computing and
Innovative Technologies in Engineering (ICACITE),

Singh, K. M., Kumar, A. & Singh, R. (2015). Role of
information and communication technologies in Indian
agriculture: An overview. Available at SSRN 2570710.
Sreekantha, D., & Kavya, A. (2017). Agricultural crop
monitoring using IOT-a study. 2017 11th International
conference on intelligent systems and control (ISCO),

Swain, M., Singh, R., Thakur, A. K., & Gehlot, A. (2020). A
machine learning approach of data mining in agriculture
4.0. Int. ]. Emerg. Technol, 11, 257-262.

Tanwar, S., Tyagi, S, & Kumar, N. (2019). Multimedia big
data computing for IoT applications: concepts, paradigms and
solutions (Vol. 163). Springer.

Veena, S., Mahesh, K., Rajesh, M., & Salmon, S. (2018). The
survey on smart agriculture using IOT. Int | Innov Res Eng
Manag (IJRIREM), 5(2), 63-66.

Veenadhari, S., Misra, B.,, & Singh, C. (2014). Machine
learning approach for forecasting crop yield based on
climatic parameters. 2014 International Conference on
Computer Communication and Informatics,

Wang, Z., Shadpour, S., Chan, E., Rotondo, V., Wood, K. M.,
& Tulpan, D. (2021). ASAS-NANP SYMPOSIUM:
Applications of machine learning for livestock body weight
prediction from digital images. Journal of Animal Science,
99(2), skab022.

Zhai, Z., Martinez, J. F., Beltran, V., & Martinez, N. L. (2020).
Decision support systems for agriculture 4.0: Survey and
challenges. Computers and Electronics in Agriculture, 170,
105256

ISSN 2278-5469 EISSN 2278-5450 | OPEN ACCESS

Page2 51



