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Soilless Rooftop Solution in Japan
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Abstract: As climate change threatens global food security, climate-resilient crops like Ragi and Pearl Millet offer a sustainable
solution, especially in space-constrained countries like Japan. This paper proposes a soilless rooftop urban farming model using
these millets grown in grow bags, coupled with rainwater harvesting, QR-based traceability, and biofortified microgreens. The
model integrates recent epigenetic findings that link environmental stress to heritable gene expression, improving stress
tolerance without genetic modification. The approach is youth-friendly, scalable, and aligns with organic farming principles.

L. INTRODUCTION
Climate change has brought unprecedented challenges to agriculture through rising temperatures, erratic rainfall, and increasing
salinity. To ensure food and nutritional security, especially in urban and land-scarce regions like Japan, there is an urgent need to
explore sustainable farming practices using climate-resilient crops. This paper presents a practical rooftop farming model using Ragi
(Eleusine coracana) and Pearl Millet (Pennisetum glaucum), integrating modern epigenetic insights and urban sustainability
techniques.

A.  Why Millets?

Millets are nutrient-dense, drought-tolerant, and climate-resilient cereals with deep cultural roots in India. Ragi (Eleusine coracana)
and Pearl Millet (Pennisetum glaucum) are known for their:

1) Low water and nutrient needs

2) High tolerance to salinity and temperature

3) Superior nutrition (Calcium, Iron, Fiber)

1. EPIGENETICS: THE MOLECULAR MEMORY OF STRESS
Epigenetics refers to heritable changes in gene expression that occur without altering the DNA sequence itself. These changes are
triggered by environmental stressors such as drought, salinity, and heat.
Plants respond to such stress by activating specific defense genes through mechanisms like DNA methylation, histone modification,
and non-coding RNA regulation. This allows plants to ‘remember’ and adapt more efficiently to future stress events, improving
survival and yield.
For instance, in Arabidopsis thaliana, drought exposure triggers gene expression that enhances water-use efficiency. Recent research
at the Okinawa Institute of Science and Technology (OIST), especially by the Plant Epigenetics Unit led by Prof. Hidetoshi Saze,
demonstrates how plants use these mechanisms to improve tolerance to heat and salinity. These findings support a future where
climate adaptation can be achieved without GMOs, aligning with organic and sustainable farming.

A. Insights from OIST

Researchers at the Okinawa Institute of Science and Technology (OIST), including Prof. Nicholas Luscombe and Dr. Tomoko Ohta,
have investigated how stress factors like salinity and heat influence epigenetic regulation in plants and marine organisms. Their
findings suggest that:

"Epigenetic responses can enhance adaptability in non-genetically modified crops, aligning well with traditional and organic
agriculture.”

This makes epigenetics a promising tool in natural breeding and sustainable agriculture.
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1. RAGI AND PEARL MILLET - TRAITS AND IMPORTANCE
Ragi and Pearl Millet are naturally adapted to dry, hot climates and have deep roots, short growth cycles, and excellent drought
resistance. They require minimal inputs, have high nutritional value (especially calcium, iron, and fiber), and are suitable for both
microgreen production and full grain farming. These crops are well-suited for Japan’s climate zones, especially in urban rooftop
settings with limited arable land.

Traits of Ragi and Pearl Millet

Crop Drought Tolerance Salinity Tolerance Nutritional Content Traditional Use

Ragi High Moderate Rich in Calcium, Iron, Baby food, porridge
Fiber

Pearl Millet Very High High Iron, Protein, Amino Flatbreads, gruel
Acids

Both are well-suited for semi-arid climates and require 30-40% less water than wheat or rice.

V. ROOFTOP SOILLESS FARMING DESIGN
A.  Why Rooftop?
1) Japan has limited arable land (~12% of total area).
2) Urban rooftops offer unused potential for food production.
3) Soilless systems avoid land degradation.
The rooftop soilless farming system is designed to maximize productivity in limited urban spaces while conserving resources. This
model utilizes lightweight grow bags filled with a balanced medium of cocopeat and compost, offering excellent water retention,
aeration, and root support without the need for soil.
The bags are arranged in rows on flat rooftop surfaces with minimal structural modifications. A low-cost drip irrigation system is
integrated, which operates using harvested rainwater stored in rooftop tanks, ensuring water efficiency and reducing dependence on
municipal supplies. This setup significantly minimizes water wastage and supports year-round cultivation even during dry spells.
The system is optimized for the cultivation of nutrient-rich microgreens or green fodder using crops like Ragi (Eleusine coracana)
and Pearl Millet (Pennisetum glaucum).
These crops are selected for their short growth cycles, high tolerance to environmental stress, and minimal input requirements.
Dense sowing patterns allow for high yields in a compact area. Designed with modularity in mind, this system can be scaled and
adapted to various urban settings such as school rooftops, residential terraces, institutional buildings, and community centers.
Lightweight, weather-resistant support frames made from bamboo, recycled plastic, or steel can be used to secure shade nets or
trellises, if needed.
Overall, the design promotes sustainable urban agriculture, reduces urban heat island effects, and enhances local food security
while engaging citizens, especially youth, in climate-resilient food production.

V. PRACTICAL URBAN MODEL: JAPAN + INDIA INTEGRATION
1) Climate Suitability: Japan’s warm summers and mild winters can support fast-growing millet varieties like Ragi and Pearl
Millet.
2) Urban Rooftop Trials: Pilot models can be tested in Osaka, Fukuoka, or Yokohama.
3) Biofortified Varieties from India: ICAR-developed Ragi varieties can be introduced via collaboration.
4) Rainwater Collection: Japan receives ~1600 mm rainfall/year—sufficient to grow one millet crop per season.

VI. QR-BASED TRACEABILITY AND NUTRITIONAL DASHBOARD
Each grow bag or rooftop unit can be assigned a QR code that links to a digital dashboard showing the crop’s nutritional value,
harvest date, water use, and carbon savings. This tech-forward approach increases awareness and transparency while attracting
younger generations to participate in urban farming. Tech tools like QR traceability and dashboards boost consumer trust and
transparency.
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A. QR Sample Dashboard (Design Idea)
1) Crop: Pearl Millet Microgreens

2) Grown on: Rooftop,

3) Harvest Date: 12 July 2025

4) Water Used: 2L/week

5) Iron Content: High

6) Calories: Low, Diabetic-friendly

VII. ROLE OF YOUTH AND SCHOOL COMMUNITIES IN SAFEGUARDING FUTURE AGRICULTURE
The success of sustainable and climate-resilient farming depends not only on technologies and policies but also on the engagement
of youth and educational institutions. Ragi and Pearl Millet cultivation in urban rooftop systems provides a practical, scalable, and
educational platform for young minds.

A.  Why Engage Youth?

e Youth are future farmers, entrepreneurs, and policymakers.

e Early exposure to climate-smart practices builds long-term awareness and responsibility.

e Agriculture becomes "cool™ again when linked to technology, sustainability, and urban innovation.

B. School-Based Initiatives:
o Urban Grow Bags Project: Install small millet grow bags in schools to teach crop cycles, nutrition, and resource conservation.
e “Adopt-a-Plant” Campaign: Every student nurtures one millet plant with monitoring through an app or QR-code diary.
e Agri-Tech Hackathons: Encourage students to innovate rooftop farm monitoring apps, water-saving tools, or epigenetic plant
games.
e Food + Science Curriculum Integration: Merge biology, environmental science, and home science to cover:
o0 Nutritional value of millets
0 Gene expression and climate stress (basic epigenetics)
o0 Water-efficient systems (rainwater harvesting, drip irrigation)

C. Youth Empowerment Models:

e  Set up Youth-Led Rooftop Farming Units on colleges and apartment buildings.

e Promote millet-based entrepreneurship kits (grow bags + guidebooks + marketing ideas).

e Global Connections: Encourage participation in:

1) UN Youth Envoy Projects

The UN Youth Envoy actively promotes youth involvement in food systems, agriculture, and climate action. Through mentorship,
advocacy, and partnerships with the UN Food Systems Summit and other global platforms, young leaders are encouraged to design
solutions for sustainable farming. Students working on millet rooftop models can present their innovations through youth
consultations and SDG campaigns.

2) 4-H International

4-H is a global youth development organization that supports hands-on learning in agriculture, nutrition, STEM, and leadership. Its
“Healthy Living” and “STEM” programs include urban agriculture, gardening, and small-scale farming projects. Rooftop millet
farming aligns perfectly with their experiential learning approach and is increasingly included in urban settings.

3) FAO’s World Food Forum (WFF) & Youth4SDGs

The World Food Forum (WFF) by FAO is a global platform where youth pitch sustainable agriculture ideas, join innovation
competitions, and engage in policy dialogue. The Youth Track hosts global events and startup challenges, making it ideal for
showcasing millet-based urban agriculture models.

Youth4SDGs, supported by the UN SDG Action Campaign, connects young people working toward food security, climate action,
and biodiversity.
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VIIl.  FUTURE SCOPE
1) Collaboration with OIST: Further research into epigenetic pathways and their practical application in millet crops.
2) Scaling in ASEAN cities: Tokyo, Osaka, Seoul, and Taipei face similar space challenges.
3) Mobile Millet Units: Using solar-powered hydroponics vans for demonstration and awareness.

IX. CASE STUDIES & KNOWN RESEARCH
Pearl millet is recognized for high heat and drought tolerance. However, germination and early growth decline significantly above
37-38 °C, and viability often drops near 45 °C (Springer, 2022; ICAR, 2021).
Urban agriculture initiatives in Japan, including Osaka and Tokyo, have successfully implemented rooftop hydroponic systems for
vegetables. While millets are not currently part of these projects, the model provides a scalable platform for future millet-based
urban farming (Springer, 2018)

X. INDIA-JAPAN MILLET COLLABORATION SECTION:
The Pasona Group’s vertical farms in Tokyo, which grow leafy greens in converted office spaces, highlight Japan’s technological
readiness for advanced urban agriculture. However, the current crop portfolio does not include Indian-origin millets. This presents a
unique opportunity for Indo-Japanese collaboration, where India’s rich biodiversity and expertise in climate-resilient millets—such
as Ragi and Pearl Millet—can complement Japan’s innovation in controlled-environment farming. Such a partnership could pioneer
nutrient-dense, sustainable food systems for urban populations in both countries.
1) Indo-Japan Collaboration for Climate-Resilient Urban Farming
2) Integrating Indian Millets into Japan’s Urban Agriculture Models
3) India—Japan Partnership: Leveraging Millets for Sustainable Vertical Farming
4) Bridging Traditional Crops and Modern Technology: A Bilateral Millet Model
5) Opportunities for Indo-Japanese Cooperation in Millet-Based Urban Food Systems

XI. CONCLUSION
This paper demonstrates how integrating climate-resilient millets, rooftop farming, and epigenetics can support sustainable
agriculture in Japan. The model is practical, scalable, and inclusive. It empowers youth, strengthens food systems, and aligns with
Japan’s environmental and nutritional goals.
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