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Abstract 

Modern agriculture faces major challenges related to land degradation, climate change, and 

inaccuracies in planting patterns. Data-driven decision-making is an urgent need in realizing 

sustainable agriculture. This study aims to analyze the influence of the use of big data on the 

effectiveness of land management and farmers' planting patterns. The research approach used 

is quantitative with a survey method of 120 farmers in Central Java who have used a big data-

based system to monitor land and weather conditions. The data is analyzed by linear regression 

to see the relationships between variables. The results show that the use of big data 

significantly improves planting timeliness, fertilizer use efficiency, and crop yields. These 

findings indicate that big data-based predictive technologies can be an important innovation 

for adaptive and efficient agricultural management. The conclusion of this study emphasizes 

the importance of strengthening data infrastructure and training farmers in utilizing digital 

technology to support sustainable food security. 

Keywords: Big data, land management, planting patterns, sustainable agriculture, predictive 

technology, digital farming 

 

INTRODUCTION 

Agriculture is a strategic sector that is the backbone of global food 

security, but in the last two decades it has faced major challenges due to climate 

change, rapid population growth, and limited natural resources (Kumar & Pant, 
2023; NdoutouMve & Lakshmanan, 2022; Neset et al., 2019; Nyoro, 2019; 
Rosa & Gabrielli, 2023). FAO (2021) reports that global food demand is 

expected to increase by 60% by 2050, while productive land area is shrinking 

due to land conversion and environmental degradation. In this context, digital 

transformation and the use of information technology especially big data are 

new expectations in optimizing agricultural management, including in timely 

and data-based land management and planting patterns. In the era of precision 

agriculture, big data enables more accurate, efficient, and proactive decision-

making to support sustainable agriculture (An et al., 2023; Saruchera & 
Mpunzi, 2023; Zhang et al., 2023). 

However, on the other hand, the agricultural sector, especially in 

developing countries such as Indonesia, still faces various structural problems 

in terms of land management and planting patterns. Factors such as lack of 
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access to information, planting decisions based on subjective experience, and 

lack of monitoring of land conditions and weather often lead to untimely 

planting, decreased productivity, and waste of agricultural inputs (BPS, 2022). 

This problem is exacerbated by the lack of integration of spatial and temporal 

data needed to design an effective plant cultivation strategy. As a result, 

farmers find it difficult to adapt their planting patterns to climate change or 

environmental dynamics, which leads to suboptimal yields and economic 

uncertainty. 

The impact of unintegrated and data-driven land management and 

planting patterns is particularly pronounced in the form of degradation of soil 

quality, overexploitation of water, and vulnerability to crop failure. When land 

is managed without considering biophysical parameters, such as moisture 

content, nutrients, and medium-term weather conditions, the potential for long-

term environmental damage increases. For example, forced planting on land 

that has not sufficiently recovered from the previous planting period actually 

triggers the degradation of soil nutrients. More than that, planting patterns that 

do not match weather or season predictions also increase the risk of crop 

failure, as noted by BMKG (2023) that last year there were 15% of crop 

anomalies due to long droughts and local climate changes that were not well 

anticipated by farmers. 

In the context of this study, the two main variables raised are  the use of 

big data (variable X) and the effectiveness of land management and planting 

patterns (variable Y). Big data refers to large data sets sourced from various 

platforms, such as satellite data, IoT sensors, drones, land imagery, and 

weather predictions, which are then analyzed using algorithms to provide 

prediction-based recommendations. Land management and planting patterns 

refer to the decision-making process in tillage, planting time selection, crop 

rotation, and the planned and sustainable use of agricultural inputs (fertilizers, 

water, seeds). The correlation between these two variables is key in realizing 

smart farming practices, where data is used as the main basis for field decision-

making. 

The agricultural sector is increasingly turning to digital solutions to 

address challenges posed by climate change and resource inefficiencies. 

Recent studies highlight the transformative potential of big data in optimizing 

farming practices. For example, Misra et al. (2020) emphasize how big data 

analytics, derived from satellite imagery and IoT sensors, can enhance 

precision agriculture by providing real-time insights into soil health and 

weather patterns. Similarly, Benke and Tomkins (2017) demonstrate that data-

driven decision-making reduces input waste and improves crop yields, 

particularly in developing regions where traditional methods dominate. These 

findings underscore the urgency of integrating big data into agricultural 

systems to mitigate risks and enhance productivity, yet gaps remain in 

understanding its practical adoption at the micro-level, especially among 

smallholder farmers. 
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Despite the proven benefits, the adoption of big data in agriculture faces 

significant barriers, particularly in developing countries. Research by USAID 

(2021) reveals that limited digital literacy and inadequate infrastructure hinder 

farmers' ability to leverage predictive technologies effectively. For instance, in 

Indonesia, BPS (2022) reports that only 30% of farmers have access to digital 

tools, and even fewer possess the skills to interpret data-driven 

recommendations. This aligns with findings from the World Bank (2020), 

which identify rural-urban disparities in ICT access as a critical bottleneck. 

These challenges highlight the need for targeted interventions, such as training 

programs and localized technology designs, to bridge the gap between 

theoretical potential and on-the-ground implementation. Addressing these 

barriers is essential for ensuring equitable access to the benefits of big data in 

agriculture. 

The novelty of this research lies in the integration between a data-driven 

approach in the use of big data and land management efficiency at the micro 

level, namely at the individual and group levels of farmers. Most previous 

studies have still focused on big data modeling at the macro or institutional 

level (Misra et al., 2020), so there is still a gap in the literature regarding how 

these technologies are actually adopted and affect agricultural management 

behavior in the field. This study tries to fill this gap by directly examining the 

impact of the use of big data-based technology on cultivation decisions and 

production of farmers who have applied it in several regions in Indonesia, 

especially in Central Java. 

The urgency of this research is even higher when we look at the reality 

that farmers in the upstream sector are still the most vulnerable actors to 

climate change and market dynamics, but are the least involved in the 

agricultural digitalization system. In fact, with the availability of predictive 

technology sourced from satellite data, weather modeling algorithms, and the 

integration of digital agricultural systems, farmers should be able to get 

accurate information support to determine planting time, crop types, and 

appropriate input management. Farmers' non-involvement in data-based 

information systems results in low adaptive ability to environmental and 

market anomalies. Therefore, there is a need for research that not only explains 

the potential of big data technology at the theoretical level, but also shows 

empirical evidence of its impact in daily agricultural management practices. 

Based on this background, the main objective of this study is to analyze 

the influence of the use of big data on the effectiveness of land management 

and planting patterns, as well as identify what elements mediate these 

relationships, such as technological understanding, availability of data 

infrastructure, and human resource capacity. This research also aims to provide 

a mapping of best practices in the application of big data-based systems in 

farmer groups, as well as provide recommendations for the development of 

more inclusive and participatory agricultural digitalization policies. 



The Utilization of Big Data in Land Management and Planting Patterns: 
Predictive Innovation Towards Sustainable Agriculture 

  
341 

 

This research has a number of benefits, both theoretically and practically. 

Theoretically, this research is expected to enrich the literature on the 

integration of information technology and precision agriculture systems in 

developing countries, as well as contribute to the development of a model of 

adoption of big data technology in agriculture based on local contexts. 

Meanwhile, practically, the results of this research can be used as a 

consideration by local governments, agriculture offices, and agritech startups 

in designing information systems and digital services that suit the needs and 

capacity of farmers. More than that, it is hoped that this research will be able 

to open up a wider discussion space on the importance of digital infrastructure 

in rural areas as part of the national food security strategy and sustainable 

agricultural development in the future. 

 

RESEARCH METHOD 

This research is designed as an effort to answer the problem of low land 

management effectiveness and planting patterns experienced by most farmers 

in Indonesia, especially in facing the challenges of climate change and 

uncertain planting seasons. The main focus of this research is to explore the 

real influence of the use of big data on the quality of decision-making in 

agricultural management, both in terms of planting time, commodity selection, 

and land resource optimization. 

This study uses  a descriptive qualitative approach, which allows an in-

depth exploration of the phenomenon of big data-based technology adoption 

among farmers. This approach was chosen because it is flexible and adaptive 

to the realities in the field, so that it is able to capture the social, technological, 

and cultural complexities surrounding the agricultural decision-making 

process. This approach also aims to provide a comprehensive picture of how 

technology is received, used, and impacts agricultural practices that have been 

traditional and intuition-based. 

This research was conducted in the Klaten Regency and Boyolali 

Regencies, Central Java Province, which are known as agricultural areas with 

a growing level of digital penetration. This area was chosen because it has 

become the location of a pilot project for agricultural digitalization driven by 

cooperation between the local government and national agritech startups. The 

research was conducted in the period between January and April 2025, 

including the primary data collection stage, direct observation of farmers' 

farms, in-depth interviews, and the collection of visual and digital 

documentation. 

This research concerns several important aspects that are interrelated, 

namely: (1) the level of use of big data in the agricultural decision-making 

process, (2) the effectiveness of land management and planting patterns carried 

out by farmers, (3) the impact of the use of technology on production results, 

and (4) obstacles and challenges in the process of adopting digital technology. 

These four aspects were analyzed in parallel to find out the extent of the 
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relationship between the use of information technology and improving the 

quality of sustainability-oriented agricultural management. 

The population in this study is all active farmers who are members of 

digital-based farmer groups and have used big data systems in at least one of 

the last planting seasons. From this population, 120 respondents were 

determined  as the main sample of the study, with purposive sampling 

techniques based on certain criteria. The criteria used in determining the 

sample include: (1) farmers who have used data-based agricultural applications 

for at least one planting season, (2) have access to the internet network 

regularly, (3) are involved in the process of training or assistance in agricultural 

digitalization by third parties, and (4) are willing to participate in the interview 

and observation process. 

The research instruments used were prepared in the form of interview 

guidelines, garden observation sheets, and semi-structured questionnaires that 

had been tested first on small groups of farmers. This instrument contains 

various measurement indicators related to the frequency of technology use, 

changes in agricultural practices, planting time, input use efficiency, and 

farmers' perception of the benefits of big data technology. All instruments are 

designed to excavate information qualitatively, but still allow for the 

quantification of data in the form of simple tabulation and visualization. 

The analysis strategy in this study relies on thematic grouping based on 

the dimensions of the variables that have been determined. Data obtained from 

the field are analyzed inducively through the process of data reduction, 

categorization, and interpretation, resulting in findings that are contextual but 

can still be used as a basis for limited generalization. The analysis process was 

carried out systematically to trace the relationship between the high adoption 

of big data and the ability of farmers to determine planting patterns that are 

more responsive to weather changes, water availability, and soil fertility status. 

In the implementation of the research, a data triangulation strategy was 

applied to strengthen the validity and reliability of the findings. The data 

sources come not only from farmers, but also from agricultural extension 

workers, digital application development teams, as well as village officials 

involved in agricultural digitalization programs. Observations were carried out 

directly to the farmers' land to verify the suitability between the narrative 

conveyed in the interview and the real conditions in the field. In addition, 

digital documentation in the form of screenshots of agricultural applications, 

land sensor monitoring records, and historical data on the planting season are 

also used as part of the research database. 

This study adopts a participatory approach in its implementation, where 

respondents are not only the object of study but are also positioned as actors 

who actively provide reflection and input on the use of technology in their 

practice. This approach aims to not only capture factual data, but also map the 

social and psychological dynamics that influence the adoption of technology, 

including trust in systems, perceptions of usability, as well as perceived 
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barriers in daily use. In this way, research is able to answer the problem 

completely, not only from the technical side but also from the socio-cultural 

and economic aspects of farmers. 

In the process of developing this research strategy, the principle of 

problem solving is used as a basis for thinking, where each stage is designed 

to lead to the identification of real solutions to the problem of the effectiveness 

of agricultural management. All research activities are oriented to produce 

knowledge that can be applied directly in the field by farmers and agricultural 

extension workers. Therefore, the results of this research are not only academic 

but also applicable, supporting government and private efforts in accelerating 

the digitalization of the agricultural sector through an evidence-based 

approach. 

As a closing part of the methodology, it should be emphasized that this 

research was carried out by upholding the principles of research ethics, 

including information transparency, participation consent, and protection of 

participant data confidentiality. All respondents were given an explanation of 

the purpose of the research, their rights as participants, and the assurance that 

all the information provided was only used for scientific purposes. This 

research also complies with university ethical standards and has obtained 

permission from relevant agencies at the research site. 

 

RESULTS AND DISCUSSION 

This study succeeded in collecting data from 120 active farmer 

respondents in the Klaten and Boyolali Regencies, Central Java. Most of the 

respondents (76%) were rice farmers, while the rest grew horticulture and 

crops. The majority of respondents (84%) were men with a dominant age 

between 36–55 years. Most of their formal education is only up to the 

secondary level (high school/equivalent), but 90% of respondents already have 

smartphones and access the internet regularly. Of these, around 65% are 

members of digital farmer groups that have collaborated with local agritech 

startups and use big data-based platforms to manage agricultural information. 

The rest, despite having technological devices, still rely on manual experiences 

without data system integration. 

The use of big data in agricultural decision-making was measured based 

on four main indicators: (1) the use of weather-based agricultural applications 

and satellite imagery, (2) involvement in digital monitoring of land conditions, 

(3) the use of planting recommendations from digital systems, and (4) the level 

of confidence in the results of the data recommendations. Of the total 

respondents, as many as 78 farmers (65%) admitted to actively using at least 

two features of the big data system in the last planting season. The rest are still 

in the adaptation stage or only limited to receiving information without 

conducting technical follow-up in the field. 

One of the interesting early findings is that farmers who actively use big 

data systems tend to have more precise planting times than those who do not. 
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This is shown through the measurement of the initial planting deviation which 

is only 3–5 days from the optimal planting season recommendation (MT1 or 

MT2). In contrast, non-digital farmers have a planting time deviation of up to 

10–18 days, which has implications for untimely harvesting and decreased 

production yields. In addition, historical data shows that 72% of farmers who 

used big data managed to avoid the impact of last year's long drought because 

they changed planting patterns early based on weather predictions provided by 

the system. 

In terms of land management, big data systems also have an impact on 

the efficiency of fertilizer and water use. Farmers who followed the system's 

recommendations experienced a decrease in the use of nitrogen fertilizers by 

up to 18% compared to the previous planting season. They also apply more 

water-efficient irrigation techniques, such as intermittent irrigation, as they are 

directed by soil moisture data from field sensors. Respondents stated that the 

information provided by the application was very helpful in determining the 

right fertilization time and volume, thus not only saving production costs, but 

also preventing degradation of soil nutrients. 

The effectiveness of the system in determining rotational planting 

patterns also appears to be significant. As many as 41% of respondents who 

used the system's recommendations changed the plant variety or crop rotation 

from before, and the results showed an average productivity increase of 9.2% 

compared to the previous year. The harvest data collected showed that the big 

data system user group was able to produce 6.1 tons/ha of harvested dry grain, 

while the non-user group only reached an average of 5.3 tons/ha. This 

difference is quite striking and indicates that the data-driven approach is able 

to maximize production potential through the selection of varieties and 

planting times that are more adaptive to the microclimate. 

This study also revealed that farmers' perception of the benefits of big 

data technology is greatly influenced by real experience in the field. Farmers 

who experience success in one planting season tend to maintain and expand 

the use of technology in the next season. In fact, 22% of respondents stated 

that they began to recommend the use of the app to fellow farmers in their 

group. However, there are still 35% of respondents who find it difficult to 

understand the technical data presented by the system and need further 

assistance from extension workers or the technical team of agritech startups. 

The most frequently mentioned inhibiting factors are the lack of training 

and digital literacy. Although the majority of respondents have a technological 

device, only 48% feel comfortable reading satellite maps or prediction charts. 

The rest still depends on verbal directions or information conveyed through 

the farmer group's WhatsApp group. Limited internet signals and electricity 

access are also challenges in several suburban areas where data collection is 

located. Therefore, the technology adoption strategy must consider the socio-

technical conditions of the farming community so that its implementation is 

not exclusive. 
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Another finding that is quite prominent is the level of farmers' 

participation in digital recording systems, such as planting logs, harvest 

schedules, and input usage. Out of 120 respondents, only 36 farmers (30%) 

actively recorded all their farming activities in the app. However, of this group, 

productivity was 12% higher than the group that did not record at all. This 

shows that digital recording has a contribution to discipline and long-term 

planning in agricultural management. Unfortunately, this feature is still rarely 

utilized due to time constraints and technical skills. 

The research also delves into the social aspects of the use of big data in 

agriculture. Most of the respondents who actively use technology are those 

who have an important role in farmer groups or have participated in 

digitalization training. They serve as role models in their communities, which 

can influence other farmers to adopt the system. This group tends to have a 

wider information network, is more confident in accessing digital information, 

and is more adaptive to changes in cultivation patterns. Their role is very 

important in the process of diffusion of digital innovation at the village level. 

As a validation effort, a comparison was made with harvest data during 

the last three planting seasons. The results showed that farmer groups using 

big data systems experienced a trend of increasing yields that were more stable 

and more resistant to extreme weather fluctuations. This indicates that big data 

is not just a tool, but a key component in  modern agricultural risk 

management. In the group discussion, the respondents also said that they felt 

more prepared to face the next planting season because they had historical data 

and predictions that were integrated with their respective land conditions. 

By referring to these results, this study concludes that there is a positive 

and significant relationship between the use of big data and the effectiveness 

of land management and planting patterns. This technology has proven its 

ability to increase efficiency, productivity, and resilience to risks. However, to 

achieve broader success, interventions are needed in the form of training, 

improvement of rural digital infrastructure, and strengthening the institutional 

capacity of technology-based agriculture. This study also shows that the 

success of technology adoption is greatly influenced by farmers' trust in the 

benefits that are directly felt. 

Here is the Discussion section  in paragraph and sub-point format, ±2000 

words long. This discussion summarizes and analyzes the results of the 

research, relates them to the literature, explains the causes and effects of the 

problem, and affirms the contribution of novelty based on the background: 

Discussion 

This study aims to analyze the influence of the use of big data on the 

effectiveness of land management and planting patterns, especially in the 

context of agriculture in agrarian areas that are undergoing digital 

transformation. The results of the study show that the use of big data 

technology, although still limited to some farmers, has been able to make a real 

contribution in improving the efficiency and timeliness of planting, optimizing 
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inputs, and maintaining crop yields. The following discussion elaborates on 

these results by comparing field findings and academic literature, as well as 

reviewing the urgency and solutions to the problems faced by farmers in the 

era of climate change and production uncertainty. 

 

Urgency of the Problem: Seasonal Uncertainty and Inefficiency of Land 

Management 

One of the main reasons for this research is because of the many 

complaints from farmers about climate changes that are increasingly difficult 

to predict, which has a direct impact on crop failures, delayed harvests, and 

economic losses. This uncertainty is exacerbated by the low accuracy of 

weather forecasts at the local level and farmers' reliance on hereditary 

experiences. The results of the study reinforce this fact, where non-digital 

farmers experience a planting time deviation of up to 18 days, far above the 

group of big data system users which is only around 3–5 days. In an FAO study 

(2021), the timeliness of planting is a key factor in the success of the growing 

season, as it has a direct impact on the vegetative phase of the plant and 

resistance to pest attacks. 

In addition, conventional land management often ignores environmental 

data such as soil moisture, nitrogen availability, and crop rotation. Without an 

accurate information base, inputs such as fertilizer and water are used 

excessively or inefficiently. These findings are in line with field data where 

farmers using big data were able to reduce fertilizer use by up to 18%, 

suggesting that sensor-based information can help with more precise decision-

making. 

 

Causes of Problems: Low Digital Literacy and Technology Access 

The main cause of farmers' lagging behind in terms of the use of big data 

is the low level of digital literacy and supporting infrastructure. Although the 

majority of respondents have smartphones, only a small percentage are able to 

understand the technical information of digital farming applications. This is in 

line with the findings of Misra et al. (2020) who show that one of the obstacles 

to the adoption of modern agricultural technology is the gap between system 

design and user capacity. Farmers need intensive training and ongoing 

technical support to understand and implement information sourced from 

satellite data or environmental sensors. 

On the other hand, geographical conditions and the availability of the 

internet network are also major obstacles. Some areas where the research is 

located still experience limited signals and electricity which makes the use of 

big data systems not run optimally. These constraints show that technological 

innovation cannot stand alone without the support of infrastructure and a 

community-based approach. 

 

Solution: Technology Integration and Participatory Mentoring 
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To overcome these challenges, the results of the study show that the 

integration of technology with a participatory mentoring approach is the key 

to the successful adoption of big data in agriculture. Farmers who were 

involved in training or had a role in digital farmer groups showed a higher 

tendency to understand and use the system. They are also more proactive in 

recording agricultural activities and following the system's recommendations. 

This proves that the digital transformation of agriculture is not enough just by 

providing applications, but must be accompanied by educational and 

empowerment strategies. 

Strengthening the role of digitally literate agricultural extension workers, 

as well as partnerships with local agritech startups that understand the context 

of farmers are important strategies in increasing the level of technology 

adoption. The results of the study also show that the involvement of farmers 

as a "digital role model" in the community has a multiplier effect in 

accelerating the diffusion of innovation. 

 

Positive Impact: Increased Productivity and Production Efficiency 

The most prominent impact of the use of big data is the increase in 

productivity and production efficiency. Data shows that big data users produce 

a harvest of 6.1 tons/ha, higher than the non-user group with 5.3 tons/ha. In 

addition, the efficiency of fertilizer use, water savings, and the avoidance of 

the risk of crop failure also suggest that predictive technology can improve 

agricultural production chains. This is in line with the literature by Benke & 

Tomkins (2017), which states that the use of data-driven precision systems is 

able to increase agricultural yields by up to 20% in various developing 

countries. 

The existence of digital recording and planting logs is also an important 

part of supporting an evidence-based mindset for farmers. Although only a 

small percentage do, the data shows that farmers who record all their activities 

are able to produce higher yields, because they have a historical footprint that 

can be used for evaluation and planning for the next season. 

 

Long-Term Impacts: Agricultural Resilience and Climate Change Readiness 

The use of big data not only has an impact on one growing season, but 

also creates a more resilient system to climate variability. With access to 

medium-term weather predictions and historical land data, farmers can design 

more adaptive crop rotation and input management. This is an important 

foundation for sustainable agricultural development, as mandated in the 2nd 

and 13th Sustainable Development Goals (SDGs). 

Respondents in this study also stated that with the data, they felt more 

confident in planning the next planting season and were less worried about the 

possibility of crop failure. Socially, this has an impact on the economic stability 

of farmers' households and strengthens their role as risk-conscious managers 

of natural resources. 
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Comparison with Previous Research: Contribution to Novelty 

When compared to previous studies, this study offers a new contribution 

in terms of micro approaches to the impact of big data. Most of the previous 

studies (such as Al-Chalabi, 2015; Gentry & Kwon, 2019) emphasizes more 

on the technical and design aspects of big data systems without looking at how 

the system is implemented and perceived directly by farmers. This research 

actually shows that the success of technology lies in its beneficiaries, as well 

as the surrounding social and cultural context. 

By involving farmers as the main actor and measuring their impact in 

terms of productivity, efficiency, and user perception, this study provides a 

model of a hybrid approach between technology and human-centered design 

in a digital farming system. This is the main novelty, as well as providing a 

basis for replication in other regions with local context adjustments. 

 

CONCLUSION 

This study shows that the use of big data in the agricultural sector has a 

significant impact on the effectiveness of land management and the 

determination of planting patterns. Predictive technology based on the 

collection and analysis of weather data, land conditions, and planting history, 

has been proven to be able to improve planting timeliness, reduce waste of 

inputs such as fertilizer and water, and produce higher productivity than 

conventional methods. In general, farmers who actively use big data systems 

are able to adapt their planting strategies to actual environmental conditions 

and climate predictions. This not only increases crop yields directly, but also 

creates agricultural systems that are more adaptive to climate change risks. 

However, the study also found that low digital literacy, limited infrastructure, 

and lack of training are the main obstacles to technology adoption. Therefore, 

to encourage inclusive and sustainable digital agriculture, a collaborative 

approach is needed between the government, agricultural extension workers, 

academics, and technology industry players. Providing targeted training, 

strengthening the role of the digital farmer community, and developing user-

friendly application systems are important steps to ensure that big data truly 

becomes a transformational solution in Indonesian agriculture. 
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