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@%’5@ 3D printing, formally known as additive manufacturing, is rapidly emerging as a o2
&% transformative technology across several industries including agriculture. It enables &
nggﬁ the layer-by-layer construction of objects from digital designs, offering flexibility, cost [f%g&?_ﬁ
B savings and reduced waste over traditional manufacturing. In agriculture, its applications %
ot span from custom farm tools and irrigation components to smart sensors, food processingand .
2% the use of agricultural wastes as printing materials. This article reviews the key roles and 208
K applications of 3D printing in agriculture, discusses the materials involved and explores the Gt
280 challenges and future opportunities this technology holds for the farming sector. iy
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.. Introduction
z; Imagine a farmer in a remote hilly area whose tractor breaks down right in the middle of

- arvesting season. The spare part is unavailable locally and waiting weeks for delivery cou

- h ting The spare part lable locally and waiting ks for delivery could
@t:o mean losing the entire crop. Now imagine if that same farmer could simply download a

i z design file and print the required component on-site within hours. This is no longer science
o525%0 fiction; it is the promise of 3D printing technology in modern agriculture.

&

, 3D printing, or additive manufacturing (AM), is the process of creating three-
02550 dimensional objects layer by layer from a digital model. Unlike traditional manufacturing,
&% which removes material from a larger block, additive manufacturing adds material only
=2, where it is needed, significantly reducing waste. The technology has already found wide
5% applications in construction, healthcare, electronics and defense and now it is steadily making
its way into the agricultural sector as well.

The two most popular materials used in agricultural 3D printing are Polylactic Acid
(PLA) and Acrylonitrile Butadiene Styrene (ABS). Both are thermoplastic filaments that are
inexpensive, easy to print and widely available. PLA is biodegradable and recyclable, making
it a more environmentally friendly choice (Crisostomo and Dizon, 2021). Among all
available printing technologies, Fused Deposition Modelling (FDM) remains the most
commonly used in agricultural settings due to its simplicity, low cost and compatibility with
these materials.

Printing Custom Agricultural Tools and Equipment

One of the most immediate and practical uses of 3D printing on the farm is the production of
custom tools and spare parts. Think of the everyday frustration of a broken irrigation
connector, a cracked spray nozzle or a missing seed planter component. With 3D printing,
these can be produced on demand at a fraction of the cost and time of ordering from a distant
supplier.

Common items that have already been 3D printed for farm use include spray nozzles, gy
tube distributors for irrigation, hose splitters, seed planting tools and corn auger spare parts -
(Pearce, 2015). A particularly clever innovation is the 3D-printed fruit picker, a tool that 9.8
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combines printed parts with simple wooden handles and screws to allow farmers to retrieve
high-hanging fruits without a ladder, making harvesting faster, safer and less physically
demanding.

Custom irrigation components are another strong suit of this technology. Sprinkler
heads designed for specific chemicals, nozzles with particular spray rates and bespoke
connectors can all be designed and produced with a specific farm's requirements in mind.
Thermoplastic materials like PLA and ABS are ideal for these components as they can
greatly assist in replacing costly original parts in farm water distribution systems (Pearce,
2015). Since PLA is also biodegradable, its use in such tools promotes sustainability
alongside functionality.

Sensors and Smart Monitoring:

Modern farming demands real-time information about soil health, crop condition and
environmental quality. 3D printing plays an important and often overlooked role here,
enabling the production of customized housings and enclosures for sensors that are tailor-
made for specific field environments.

A good example is the "nEMos" device, a portable, low-cost air quality monitoring
system made from PLA material using 3D printing. Because it is lightweight and easy to
carry, it can be deployed across large geographical areas to continuously track environmental
conditions. In water management, flexible nylon-based 3D-printed structures combined with
sensors and automated pathways can create efficient pre-filter systems well suited to
agricultural use (Podchasov, 2021).

The broader value here is customization. Traditional sensors come in fixed shapes and
sizes, but farms have unique spatial and environmental requirements. 3D printing makes it
possible to create sensor housings that fit specific attachment points, withstand exposure to
soil, moisture and chemicals and integrate smoothly with existing farm infrastructure
(Crisostomo and Dizon, 2021).

3D Printing in Food Processing

Of all the applications of 3D printing, the one that surprises people the most is its use in food.
Using extrusion-based printing, edible materials can be deposited layer by layer to create
food items with precise shapes, textures and nutritional profiles.

A wide variety of ingredients can serve as raw materials. Meat mixed with gelatin,
fruit-based snacks prepared with pectin and mashed potatoes made from gelatinized starch
have all been successfully printed (Derossi et al., 2018). Vegetables such as corn, carrots and
peas are also relatively easy to print and serve as inexpensive natural colouring agents. In
confectionery, 3D printing allows cake decorating robots to produce layered products
repeatedly with the same precision every time.

One of the most meaningful medical applications is for patients suffering from
dysphagia, a condition that causes difficulty in swallowing solid food. Dysphagic diets
require textural modifications to render food soft and safe to swallow and these diets must
also be visually appealing to encourage adequate food intake and prevent malnutrition (Pant
et al., 2021). 3D printing can produce pureed food shaped to resemble familiar dishes,
preserving the visual experience of eating while ensuring the food is safe to consume.
Moreover, the exact nutritional composition of each printed item can be pre-programmed and
adjusted before printing, enabling highly personalized diets that traditional food preparation
cannot achieve at scale.

Using Agricultural Waste as Printing Material

Perhaps the most eco-friendly angle of 3D printing in agriculture is the possibility of turning
waste into something useful. Agricultural production generates enormous quantities of waste,
such as husks, shells, peels and pulp, most of which is discarded or burned. 3D printing offers
a way to give this waste a second life.
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The process is straightforward. The waste material is dried and ground into a fine
powder then mixed with a biodegradable plastic like PLA to create a composite filament that
can be used in standard FDM printers. Commonly used waste materials include rice husks,
coffee grounds, sugarcane bagasse, walnut shells, eggshells and fruit peels (Crisostomo and
Dizon, 2021). More innovative experiments have explored PLA reinforced with shrimp shells
or buckwheat husks to enhance mechanical strength. A combination of powdered banana
peels with guar gum has even shown promise as a sustainable packaging material.

Among all printing techniques tested, FDM has produced the strongest and most
durable structures using these composite materials, making it the preferred method for
agricultural waste-based printing. This represents circular agriculture in its truest sense, as it
reduces waste, lowers input costs, and promotes environmental sustainability simultaneously.

Challenges and Future Prospects

Despite all its promise, 3D printing in agriculture still faces real hurdles. The initial cost of
commercial printers can be a barrier for small and marginal farmers. A degree of technical
knowledge in CAD software and machine handling is also required, which not every farmer
currently possesses. Material durability remains a concern. PLA can soften under heat and
may not withstand prolonged outdoor exposure without degrading. In the food sector,
equipment requires regular cleaning and strict hygiene maintenance, and scaling up food
printing for commercial use remains technically challenging (Crisostomo and Dizon, 2021).
Looking ahead, the integration of 3D printing with precision agriculture tools like drones, 10T
sensors and Al-based systems will expand what this technology can do on the farm.
Development of more durable, bio-based and fully biodegradable printing materials will
strengthen both the performance and sustainability case.

Conclusion

3D printing is no longer a tool limited to engineers in laboratories. It is a practical and
increasingly affordable technology with real implications for agriculture. From printing spare
machine parts in remote villages to producing personalized food for patients, from housing
precision sensors to recycling agro-waste into functional filaments. As material costs fall and
technical knowledge spreads, additive manufacturing is set to become a meaningful part of
the modern agricultural toolkit. For agriculture students today, understanding this technology
is simply part of being ready for the farm of tomorrow.
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