DATA CHAIN MANAGEMENT ON CROP MAINTENANCE IN
PRECISION AGRICULTURE

Paweena Suebsombut’?, Aicha SekharP, Pradorn Sureephong’, and Abdelaziz Bouras?
'College of Arts, Media and Technology, Chiang Mai University, Chiang Mai, Thailand
2University Lumiere Lyon 2, Bron, France
3Qatar University

Introduction

Agriculture or Agricultural Activities is the farm practices and activities of crops production
including the soil’s tillage, crops’ planting, fruit trees’ growing, and harvesting of any agricultural and
horticultural commodities, and operated by a farmer on a farm excepting the processing or
manufacturing of farm products [1][2]. The cycle of crops production consists of the sowing of seeds,
the maintenance of crops during growth and development, harvesting, storage, and distribution [3] as
shown in Figure 1.

Previously, farmers cultivate and maintain their crop using indigenous knowledge, natural
resources, and cultural beliefs of the farmers. The number of world population in the next 40 years was
predicted by the Food and Agriculture Organization (FAQ) that will increase around 1.5 thousand million
people [4]. Additional, the unpredictable environment, for example climate change; drought; etc., is the
major problem of crop’s cultivation which affects to crop maintenance process and yields. Therefore,
farmers have to more emphasize on the significance for increasing the quality awareness of productivity
and foods' sufficiency for the world population.

Figure 1: Lifecycle of growing crops

Consequently, the limited amount of crops grown is the negative results from these impacts. To
reduce the risk from highly damages of farming operation is to adopt the concept of Precision Agriculture
(PA) for farms management by following the conditions of farm situation. The Precision Agronomics or
Precision Agriculture (PA) is adopted to enhance crop maintenance process and to improve quality of
productivity. According to the concept of Smart Farming from European Network Mainstreaming Smart
Farming Technologies among the European farmer community (Smart AKIS Network), PA is one of the
three pillars of modern information and communication technologies (ICT) application which is a concept
of farm management to observe and measure variance in cultivation using smart technology and
decision support system (DDS) for managing whole farm including fertilizing, irrigation, pesticides, etc.,
and enhancing quality of productivity [5]. PA techniques use data obtained by closely monitoring related
variables using smart technologies like sensors and remote sensing technology [6]. PA has developed
and applied in many countries such as Canada, USA, European, Japan, etc. For example, vineyard
adopts precision agriculture by installing sensors on farm and using smart technologies and sensing
technologies for monitoring farm’s environment (comprising air temperature, soil moisture, air humidity,
rainfall, wind speed and direction) via smartphone or tablet that helps farmers for farm management
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effectively and grapes’ quality controlling [7]. Another example is proposed by [8] which is tractor's
tracking in large farm areas using Global Positioning System (GPS) technology for tracking and ZigBee
wireless network for communicating so that tractors will be tracked when it is running on the farm field.
In PA, the data is very significant. Numerous data are relevant for crop maintenance which the
management of data chain is necessary. Gonsequently, this paper proposes the approach to manage
data chain for crop maintenance. The paper is structured as follows: starting from Concept of crop
Maintenance, Data relevance crop maintenance, Data chain management approach, and ending with
the Conclusion and future work.

Crop Maintenance

Crop management is the process to manage the crop cultivation in whole life cycle of crop
production consisting of beginning of life, middle of life and end of life. It is one of the processes on crop
production to protect the crop cultivation against issues which affect to yields such as weather, diseases
and insect, etc. A variety of cultural treatments also may be required to meet the purpose of the crop
cultivation. On the crop maintenance, the factors affecting to crop growth consists of growth regulator
and hormone, soil, nutrient, water, climatic, diseases, insect pests, and weeds [9]. Additional, there are
six main methods of crop maintenance [10]. Firstly, irrigation is one of important methods of crop
maintenance that crops need water for growth, dissolving nutrients into the soil, keeping moisture and
cool, and carrying nutrients through the crop. Secondly, fertilizing is the method to maintain crop to
healthy conditions and to increase their resistance to harm from diseases and pests. Thirdly, pruning is
the method for improving structure of crop, controlling size of crop, or removal of diseased, dying, or
dead branches. Fourthly, disease control is the method to protect crop by interfering crop as little as
possible so that forecasting and avoidance the occurrence of diseases, pests, and weeds are the most
reliable way to deal with them. Fifthly, insect pests control is the methods to avoid the insect pest attack
to crop including to care crop after attacked. Finally, weeds control is the method to avoid weed
occurrence which affect to soil properties, he habitat of poisonous animals like snacks.

Crop maintenance is relevant lifecycle of growing crop to care the crop from the beginning to
the end of crop’s life. Generally, the lifecycle of growing crop includes sowing the seeds into soil, young
crop, mature crop, flowering, ripening, dormancy, and death [11][12][13] as illustrated in Figure 2. Some
crops like grain, rice, the lifecycle is always starting from sowing the seed and ending with the death of
crops. On the other hand, the lifecycle of some crops like horticulture is starting from sowing the seeds
at the first time of planting, but it is ending at the dormancy stage, and it will start its next growing with
mature crop stage.

In each stage of crop’s lifecycle, the process to maintain crop (including irrigation, fertilizing,
pruning, diseases control, insect pests control, and weeds control) is different depending on the needs
of crop and environment. For example, crop in the flowering stage needs less water than other stages
because it helps to stimulate the sprout of flowers.
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Figure 2: Lifecycle of growing crops
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Data Relevance Crop Maintenance

Data is information or raw data collected using particular methods for a particular purpose of analyzing
and/or studying. In crop maintenance, numerous data are relevant that are classified based on the
sources of data comprising on-farm data, off-farm data, and expert's knowledge as shown in Table 1.

Table 1: Classification of crop maintenance data [14-32]

Method On-farm data Off-farm data Knowledge
Irrigation - Air temperature - Weather forecast, - Crop coefficient (Kc),
- Air humudity - Daily climatic datasets, - water requirement of crop,
- Canopy temperature - Daily ET0 - irrigation method,
-Rai - timing of irrigation water
- wind speed application,
- solar radiation - days of irrigation during
- Vapor pressure cultivation
- evapotranspiration (ET0)
- day length
- so1l moisture
- soil temperature
- Drainage
- electrical conductivity
- leaf wetness
- Crop canopy
-Trunk diameter
Fertilizing - leaf area - Harvest index, - timing of fertilizer
- Crop canopy - Grain weight, application,
- soil PH - type of soil, - nutrient requirement of
- soil salinity - soil diagnostic, crop
- rainfall - farm location,
- temperature - weather forecast
Pruning - Image of crop canopy - crop architecture,
- methods of pruning
Diseases Control | - Air temperature - historical climatic data, - Method to control diseases
- humidity - historical diseases
- rainfall occurrence data,
- day length - soil diagnose data,
- wind speed and direction - particular field of a
- evapotranspiration geographical area
- air pressure information,
- canopy temperature - weather forecast
- leaf wetness
- so1l motsture
- soil PH
Insect pests - Air temperature - Historical of insect pests - the life cycle of the insect
Control - humidity occurrence pests,
- solar radiation - methods to control insect
- rainfall pests
Weeds Control - Air temperature - Historical of weed - Methods to control weed
- humidity occurrence, occurrence,
- rainfall - Weed species density data, | - irrigation method
- soil temperature
- soil moisture
- soil PH
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Data Chain Management Approach

Data chain is data chain is a combination of two or more data elements in a prescribed seguence to
yield meaningful information. Nowadays, there has the gap between the raw data collection and
decision-making process in terms of data management so that the data chain will be help to close this
gap. [33]. Therefore, we propose the approach of data chain management for crop maintenance in
precision agriculture. This approach is aggregate the data from heterogeneous data sources including
on-farm data, off-farm data, and experts’ knowledge before using these data for decision-making. The
chain of our data starts from data collection, data processing, data storage, and data analysis as
illustrated in Figure 3.

Figure 3: Data chain management in context of crop maintenance in precision agriculture

In figure 3, the chain of data start from data collection which is process to collect data relevant crop
maintenance from data sources as a raw data of the chain. The next step of data chain is data processing
and integration comprising data processing and data storage. Data processing is the stage of collected
data processing that has two methods which are used for capturing experts’ knowledge and transforming
knowledge base in human language to machine language for analyzing. Data storage is the stage to
store processed data and distribute data to analysis stage. The last step of data chain is data analysis
which is the stage to process data for making decision on crop maintenance. In this paper, we will focus
on the chain of data from data collection stage until data dissemination to analysis stage.

In this approach, the expert's knowledge or knowledge base will be captured by interviewing experts
and transformed from human language to machine language by using Natural Language Processing
(NLP) so that machine will understand the data captured from experts. And, on-farm and off-farm data
that are collected by installing smart sensors on farm and accessing other data sources respectively,
will be integrated to be the inputs data of decision model. The combination data processing from
heterogynous data sources into a unified view, making it more meaningful and valuable information is
the concept of data integration that users, organizations and applications can merge different types of
data (such as tables, data sets, and documents) for using as business or personal functions and/or
processes.

Natural Language Processing (NLP)

The format of knowledge is categorized into two sources including structured and unstructured
knowledge. The structured knowledge includes XML file and relational database and the unstructured
knowledge includes image, document, and text file. The creation of both knowledge sources is the
concept of knowledge extraction. The expert's knowledge is captured or extracted by interviewing
experts. After that It will be converted from human language to machine language for machine-readable
in decision-making process.

For capturing and transforming knowledge, the artificial intelligence (Al) technique is necessary.
One Al's branch is NLP that is the combination between computational linguistics and computer science
to fill the gap between the communication of human and the understanding of computer [34]. NPL is the
method helping computer to understand, interpret, and manipulate the language of human. The function
of NLP is transformation information in human language to machine language that is the useful and
smart way helping computer to analyze and to understand the meaning of human language. The steps
of data processing in NLP consists of Lexical analysis, Syntactic analysis, Semantic analysis, Disclosure
integration, and Pragmatic analysis [35].

Extract, Transform and Load (ETL)

ETL is data integration process for transforming raw data from diversities databases and then
preparing the information for downstream uses [36][37]. The step of ETL consists of three steps
comprising extract, transform, and load. First step, the data reading from database is called extract step
that data will be collected from numerous and heterogeneous types of data sources. Then, extracted
data will be converted into the user need form called transform stage so that it can be placed into another
database. Final step, the data will be writing into the target database that is called load step.
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Relational Database management system (RDBMS)

To store the set of data, the database is significant. Generally, there are two main types of data
comprising structured and unstructured data which most of data is structured data for easily accessible.
Several types of database are used to store set of data. However, the most used of database is relational
database which is organized into table and allows users to access and to identify the relationship of data
in database. To manage the relational database, the RDBMS is applied that is the program allowing
administrators to create, to update, manipulate the relational database [38]. Most of RDBMS uses the
Structured Query Language (SQL) for database accessing [39][40]. The function of SQL is for data
communication that are stored in relational database to manage the storing and disseminating data in
database for analyzing.

Conclusions and Future Work

This paper proposes the approach of data chain management on crop maintenance in precision
agriculture. This benefit of this approach is helping to manage the chain of numerous data that collected
from heterogeneous data sources including on-farm data, off-farm data, and expert's knowledge. The
chain of crop maintenance data starting from data collection, data processing, data storage, and data
analysis. Natural Language Processing (NLP) will be used to capture and to transform knowledge base
captured from experts in human language to machine language for machine-readable data. Extract,
Load and Transform (ETL) is the method to integrate on-farm and off-farm data to be the inputs data of
decision system. And, Relational Database management system (RDBMS) based on the Structured
Query Language (SQL) language will be used to create database and to manage data for storing and
disseminating to/from database.

For the future work, the data will be collected and processed based on the proposed approach.
Additional, the method for data analyzing in decision model is not proposed yet in this paper. Therefore,
the appropriate method of data analyzing in decision model on crop maintenance processing will be
proposed in the future work.
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