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Pertanian di Indonesia menghadapi tantangan kompleks, termasuk 

perubahan iklim, keterbatasan sumber daya, degradasi lahan, krisis air, rendahnya 

produktivitas, serta keterbatasan modal, fluktuasi harga, dan rendahnya 

keterampilan petani. Faktor lain seperti alih fungsi lahan, usia petani yang tua, 

rendahnya minat generasi muda, kesenjangan distribusi keuntungan, serta tekanan 

global juga menghambat keberlanjutan usahatani. Namun, adopsi Smart farming 

masih rendah dan dukungan kelembagaan yang belum optimal karena infrastruktur 

terbatas, biaya tinggi, literasi teknologi rendah, dan dukungan kelembagaan belum 

optimal. Tujuan penelitian ini adalah (1) menganalisis jenis-jenis teknologi Smart 

farming beserta fungsi dan keunggulannya dalam mendukung proses budidaya, 

seperti pemantauan lahan dan tanaman secara real-time, pengelolaan irigasi dan 

pemupukan secara presisi; (2) menganalisis tingkat adopsi teknologi Smart farming 

4.0 dalam mendukung keberlanjutan usahatani; (3) menganalisis faktor-faktor yang 

memengaruhi adopsi teknologi Smart farming 4.0 oleh petani dalam mendukung 

keberlanjutan usahatani; (4) menganalisis pengaruh tingkat adopsi teknologi Smart 

farming 4.0 dalam mendukung keberlanjutan usahatani; (5) menganalisis 

keberlanjutan ekonomi, sosial, dan lingkungan dapat diwujudkan dan perbedaan 

dampak teknologi Smart farming terhadap keberlanjutan ekonomi, sosial, dan 

lingkungan; (6) merumuskan strategi adopsi Smart farming 4.0 yang efektif 

diterapkan petani untuk mendukung keberlanjutan usahatani yang lebih baik. 

Penelitian ini didesain sebagai penelitian kuantitatif yang didukung oleh data 

kualitatif. Penelitian kuantitatif dilakukan melalui metode survei. Teknik 

pengumpulan data dilakukan dengan cara wawancara, observasi dan studi 

dokumentasi. Jumlah sampel ditentukan  dengan metode sensus. Seluruh populasi 

dijadikan sampel dengan jumlah 135 petani di Jawa barat yang masih menggunakan 

teknologi Smart farming pada saat penelitian dilakukan. Analisis data 

menggunakan uji statistik deskriptif dan analisis statistik inferensial menggunakan 

software SMARTPLS 3.0, uji MANOVA dan Post Hoc Tukey HSD.  

Habibi Garden memudahkan otomatisasi irigasi, pencahayaan, dan nutrisi 

tanaman, sementara IoT memungkinkan pemantauan lahan dan tanaman secara 

real-time. Haiwell mengintegrasikan perangkat IoT dengan sistem kontrol cerdas 

untuk pengelolaan irigasi, pemupukan, dan lingkungan tanaman. NSC Pro dan Ritx 

Soil and Weather Sensor menyediakan data presisi tentang kondisi tanah, nutrisi, 

dan cuaca, mendukung pengambilan keputusan yang akurat. Netafim sebagai sistem 

irigasi tetes memastikan distribusi air dan nutrisi yang efisien. Kombinasi 

teknologi-teknologi ini memungkinkan pemantauan lahan dan tanaman secara real-

time, pengelolaan irigasi dan pemupukan presisi, serta pengendalian lingkungan 

tanaman, sehingga risiko gagal panen dapat diminimalkan dan produktivitas 

meningkat. Tingkat adopsi teknologi Smart farming berada pada kategori sedang 

dengan kecepatan adopsi tinggi, menandakan bahwa petani mampu menerima 

teknologi relatif cepat meskipun penerapannya belum optimal di seluruh kegiatan 

usahatani. Adopsi ini didominasi oleh petani berusia 41-50 tahun, berpendidikan 



SMA, memiliki pengalaman usahatani 1–5 tahun, luas lahan <1000 m², serta 

didukung oleh pendidikan nonformal, tingkat kosmopolitan, dan motivasi tinggi. 

Adopsi teknologi Smart farming dipengaruhi oleh beberapa faktor, salah 

satunya adalah karakteristik petani. Faktor ini meliputi usia, pendidikan, 

pengalaman bertani, keterbukaan terhadap perubahan, dan kemampuan finansial. 

Petani yang lebih terdidik atau memiliki pengalaman luas biasanya lebih cepat 

memahami manfaat dan cara penggunaan teknologi baru. Selain itu, persepsi 

terhadap inovasi juga memengaruhi adopsi. Semakin positif pandangan petani 

terhadap keuntungan, kemudahan penggunaan, dan pengurangan risiko dari 

teknologi, semakin tinggi kemungkinan mereka untuk mengadopsinya. Faktor 

lainnya berasal dari dukungan lingkungan eksternal dan intensitas belajar petani. 

Lingkungan yang mendukung, seperti  bantuan pemerintah, penyuluh pertanian, 

kelompok tani, akses pasar, dan infrastruktur teknologi, mempermudah petani 

untuk mencoba dan menerapkan Smart farming. Sementara itu, intensitas belajar, 

seberapa aktif petani bereksperimen, mempelajari, dan menyesuaikan teknologi 

dalam praktik pertanian —menentukan seberapa efektif dan cepat teknologi 

tersebut diadopsi. Dengan kombinasi faktor internal dan eksternal ini, proses adopsi 

Smart farming dapat berlangsung lebih optimal. Selain itu, penggunaan teknologi 

NSC Pro dan Haiwell IoT terbukti memberikan dampak positif terhadap 

keberlanjutan usahatani, karena kedua teknologi tersebut memungkinkan petani 

untuk mengelola kegiatan pertanian secara lebih efisien dan tepat sasaran. Dengan 

NSC Pro, pemantauan kondisi lingkungan dan tanaman menjadi lebih akurat, 

sehingga kebutuhan pupuk, air, dan perlakuan lainnya dapat disesuaikan secara 

optimal. Sementara itu, Haiwell IoT mendukung otomatisasi sistem pertanian dan 

pengumpulan data secara real-time, sehingga petani dapat membuat keputusan 

berbasis data yang meningkatkan produktivitas sekaligus mengurangi pemborosan 

sumber daya. Kombinasi kedua teknologi ini tidak hanya meningkatkan hasil panen, 

tetapi juga mendukung praktik pertanian yang lebih ramah lingkungan dan 

berkelanjutan, sehingga usahatani dapat bertahan dan berkembang dalam jangka 

panjang. Strategi adopsi teknologi Smart farming perlu difokuskan pada 

peningkatan kualitas dan perluasan penerapan teknologi agar tidak hanya cepat 

diadopsi, tetapi juga optimal dalam seluruh aktivitas usahatani. Strategi pertama 

adalah memperkuat kapasitas petani melalui pelatihan berkelanjutan dan 

peningkatan sikap dan pengetahuan petani sehingga mampu meningkatkan 

intensitas belajar dan pemahaman teknologi. Strategi kedua adalah meningkatkan 

persepsi positif terhadap inovasi dengan menampilkan demonstrasi lapang, studi 

kasus keberhasilan, dan penggunaan langsung teknologi seperti NSC Pro dan 

Haiwell IoT untuk menunjukkan manfaat nyata terhadap produktivitas dan 

keberlanjutan usahatani. Strategi ketiga adalah memperkuat dukungan lingkungan 

eksternal melalui kolaborasi antara pemerintah, penyuluh, lembaga pendidikan, dan 

penyedia teknologi dalam bentuk pendampingan, subsidi, akses pembiayaan, serta 

penyediaan infrastruktur digital. Strategi keempat adalah mendorong 

pengembangan jejaring dan kosmopolitan petani melalui komunitas, kelompok tani 

berbasis digital, dan pertukaran informasi antarpelaku, sehingga proses adopsi 

menjadi lebih merata dan berkelanjutan. 

 

Kata kunci: Adopsi Inovasi, Keberlanjutan Usahatani, Smart farming, Tingkat 

Adopsi,  



SUMMARY 

LINA ASNAMAWATI. The Adoption of Smart farming 4.0 Technology to 

Support Sustainable Agriculture in West Java. Supervised by ANNA 

FATCHIYA, DWI SADONO, and MA'MUN SARMA.  

Agriculture in Indonesia faces a range of complex challenges, including 

climate change, resource scarcity, land degradation, and water crises. Furthermore, 

the sector is hampered by low productivity, limited capital, price volatility, and a 

lack of technical skills among farmers. Furthermore, factors such as land conversion, 

an aging farming population, declining interest from the younger generation, 

inequitable profit distribution, and global economic pressures further impede 

agricultural sustainability. However, Smart farming adoption remains low due to 

limited infrastructure, high costs, low technological literacy, and suboptimal 

institutional support.  The research results had also given a general description of 

the extent to which Smart farming 4.0 contributes to increasing productivity, 

environmental sustainability, social sustainability, and economic resilience of 

farming businesses in West Java, as well as formulating an appropriate technology 

adoption strategy for the sustainability of farming businesses in West Java. The 

objectives of this research are (1) to analyze the types of Smart farming tools along 

with their functions and advantages in supporting the cultivation process, such as 

real-time monitoring of land and plants, precise irrigation and fertilization 

management; (2) to analyze the adoption rate of Smart farming 4.0 technology in 

supporting sustainable farming businesses; (3) to analyze the factors that influence 

the adoption of Smart farming 4.0 technology by farmers in supporting sustainable 

farming businesses; (4) to analyze the influence of the adoption rate of Smart 

farming 4.0 technology in supporting sustainable farming businesses; (5) to analyze 

the economic, social, and environmental sustainability that can be realized and the 

differences in the impact of Smart farming tools on economic, social, and 

environmental sustainability; (6) to formulate an effective Smart farming 4.0 

adoption strategy that can be implemented by farmers to support better sustainable 

farming businesses.This study was designed with quantitative research supported 

by qualitative data. Quantitative research was conducted through a survey method. 

Data collection techniques were carried out through interviews, observations, and 

documentation studies. The number of samples was determined by the census 

method. This research was designed as quantitative research which was supported 

by qualitative data. Quantitative research was conducted by a survey method. Data 

collection techniques were carried out through interviews, observations, and 

documentation studies. The number of samples was determined by the census 

method. All of population were sample by the total of 135 farmer participants who 

still used Smart farming technology when this research was conducted. Data 

analysis used descriptive statistical tests and inferential statistical analysis by using 

SMARTPLS 3.0 software, MANOVA test and Post Hoc Tukey HSD. This research 

aims to analyze various aspects of the implementation of Smart Agriculture 4.0 by 

farmers, which include the types of Smart Agriculture tools along with their 

functions and advantages in supporting cultivation, the level of technology adoption, 

the factors that influence adoption, the impact of adoption on the sustainability of 

agricultural enterprises, and the formulation of effective adoption strategies. The 



research results indicated that Smart farming 4.0 used various tools to increase the 

efficiency and sustainability of cultivation, such as.  

Habibi Garden had facilitated the automation of irrigation, lighting, and 

plant nutrition,  meanwhile IoT monitored the land and plants in real time. Haiwell 

integrated IoT devices with an intelligent control system for irrigation, fertilization, 

and plant environment management. NSC Pro , Ritx Soil and Weather Sensor 

provide precise data on soil conditions, nutrients, and weather, supporting accurate 

decision-making. Netafim, as a drip irrigation system, ensured that the distribution 

of water and nutrients  efficiently. The combination of these tools enables real-time 

monitoring of land and plants, precision irrigation and fertilization management, 

and control of the planting environment. This minimizes the risk of crop failure and 

increases productivity. The adoption level of Smart farming technology is in the 

moderate category, with high-level adoption. It indicated that farmers could accept 

the technology relatively quickly, although its implementation has not yet been 

optimal in all farming activities. This adoption level was dominated by farmers aged 

41-50 years, with a high school education, 1–5 years of farming experience, land 

area <1,000 m²,  and it was supported by non-formal education, the cosmopolitan 

level, and high motivation.  

The adoption of Smart farming technology is influenced by several factors, 

one of which is farmer characteristics such as age, education, farming experience, 

openness to change, and financial capacity. Farmers who are more educated or have 

extensive experience so they are usually quicker to understand the benefits and 

know how to use new technology. Furthermore, perceptions of innovation also 

influenced adoption. The more positive farmers' views are regarding the benefits, 

ease of use, and risk reduction of the technology, the more likely they are to adopt 

it. Other factors came from external environmental support and the intensity of 

farmer learning. The supportive environment, such as government assistance, 

agricultural extension workers, farmer groups, market access, and technological 

infrastructure which made it is easier for farmers to try and implement Smart 

farming. Meanwhile, the intensity of learnin and how active farmers did experiment, 

learned , and adapted technology to their agricultural practices to determines how 

effective and quick the technology were adopted. The combination of  internal and 

external factors, the Smart farming adoption process could proceed more optimally. 

In addition, the use of NSC Pro and Haiwell IoT devices has been proven to have a 

positive impact on the sustainability of farming businesses, because both 

technologies enable farmers to manage farming activities more efficiently and 

precisely. With NSC Pro, monitoring environmental and crop conditions becomes 

more accurate, so the needs for fertilizer, water, and other cares can be adjusted 

optimally. Meanwhile, Haiwell IoT supports the automation of agricultural systems 

and real-time data collection, allowing farmers to make data-driven decisions that 

increase productivity while reducing resource waste. The combination of these two 

tools not only increases crop yields but also supports more environmentally friendly 

and sustainable agricultural practices, so that farming businesses can survive and 

thrive in the long term. Smart farming technology adoption strategies need to focus 

on improving the quality and expanding the application of technology so that it is 

not only rapidly adopted but also optimally implemented across all farming 

activities.  The first strategy is to strengthen the capacity of farmers by conducting 

continuous training and improving the attitudes and knowledge of the farmers, so 



that they can also increase the intensity of learning and understanding of technology. 

The second strategy is to increase positive perceptions of innovation by presenting 

field demonstrations, successful case studies, and direct use of tools such as NSC 

Pro and Haiwell IoT to demonstrate tangible benefits to farming productivity and 

sustainability. The third strategy is to strengthen external environmental support 

through collaboration among the government, extension workers, educational 

institutions, and technology providers in the form of mentoring, subsidies, access 

to financing, and the provision of digital infrastructure. The fourth strategy aims to 

foster farmer networks and increase cosmopolitanism through the establishment of 

digital communities and farmer groups. By facilitating information exchange 

among stakeholders. This approach ensures that the technology adoption process is 

more equitable and sustainable. 

Keywords: Adoption Rate, Farming Business Sustainability, Innovation Adoption, 

Smart farming,  
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