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“f} T CULTIVATION SYSTEMS: REDUCING
NUTRIENT RESIDUE ENTRY INTO THIE
ENVIRONMIENT

Shima Habibi (Master student of Greenhouse Products at Tabriz
University)

Hydroponics is a technique for growing plants in a nutrient-rich solution,
which may or may not include inert substrates like gravel, vermiculite, or
rock wool for support. There are two main types of hydroponic systems:
Active and Passive. In a passive system, the roots of the plants remain in
contact with the nutrient solution, while the substrate provides support.
An example of a passive system is the Wick system. Conversely, active
systems use motor pumps to supply the nutrient solution to the plant
roots, with gravity systems efficiently draining any excess solution for
reuse. Types of active systems include NFT, Deep Water Culture, Ebb
and Flow, Drip System, Aeroponic, and Dutch Bucket Method. Research
indicates that active systems tend to be more efficient than passive ones.
Soilless cultivation can be implemented in various environments, such as
greenhouses, vertical farms, and urban areas, making it especially advan-
tageous for urban agriculture and local food production.

Agricultural practices have experienced significant changes in recent
decades due to the need for sustainable solutions to tackle global issues
like population growth, food security, and environmental degradation.
Among these advancements, hydroponics has emerged as a promising
method for improving water and nutrient management while enhancing
crop yields. In traditional agriculture, soil acts as the growth medium and
the source of water and nutrients. However, soil-based systems are gen-
erally restricted by inefficiencies in water and nutrient use, which can re-
sult in environmental pollution and depletion of resources. Furthermore,
resources like fertile soil and clean water are already scarce in many re-
gions around the globe.
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The Nutrient Film Technique (NFT) was created by Dr. Allen Cooper in
England during the mid-1960s to address the limitations of the ebb and
flow system. In this setup, a thin film of nutrient solution or water cir-
culates continuously to a sloped tray by a pump. This incline allows the
nutrient solution to flow through the plant roots and collect in a reservoir
below. The roots are held in a hydroponic nutrient solution within a pipe
or conduit. The system includes a recirculation pipeline that enables the
transfer of used water or nutrient solution from the reservoir to a contain-
er which can be cleaned. This growing method relies entirely on water
pumps for the recirculation and provision of nutrients to the plants. Im-
portant aspects of nutrient management in NFT and hydroponics include
maximizing nutrient uptake efficiency and regulating pH and electrical
conductivity (EC) levels. Keeping the pH and EC levels within optimal
ranges in the nutrient solution is essential for ensuring that nutrients are
available and can be absorbed by plants. pH affects nutrient solubility
and microbial activity in the root zone, while EC reflects the concentra-
tion of dissolved salts in the solution. A key advantage of this technology
is its ability to recycle irrigation and nutrient solutions multiple times.
However, a significant disadvantage of this technique is its reliance on
electricity. Additionally, since the roots are constantly submerged in wa-
ter or nutrients, they are vulnerable to fungal infections. This technique is
particularly effective for cultivating leafy greens and is commonly used in
commercial lettuce farming. It can be adapted for various types of plants
and is especially suitable for fast-growing species like cereals.

NFT system

Fill tube

Water pump
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In NFT systems, plants can directly absorb nutrients from the nutrient
solution, enabling quick and effective uptake. This direct access to roots
reduces nutrient and water loss due to leaching and immobilization,
leading to greater efficiency in nutrient and water usage compared to
traditional soil cultivation. Furthermore, the absence of soil pathogens
in soilless cultivations decreases the chances of nutrient immobilization
and deficiencies, which boosts nutrient uptake efficiency. The absence
of weeds and soil pathogens also significantly reduces the need for pes-
ticides and herbicides, thereby lessening environmental pollution. This
method prevents chemical nutrients from running off into the soil and
underground water sources. Additionally, because NFT systems do not
require soil tilling, they can help mitigate erosion and enhance the quality
of soil and water resources. When implemented vertically, this method
can also maximize space efficiency.

-
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Hydroponics generally relies on mineral fertilizers to formulate the nu-
trient solution, which raises concerns about its utility and can impede
its global advancement. The reliance on fossil fuels for mineral fertiliz-
ers, along with their uneven global availability, makes their financial cost
vulnerable to international crises. The significant price surges of mineral
fertilizers in 2022 emphasizes the necessity for alternative solutions. Ad-
ditionally, these fertilizers are frequently hard to obtain in developing
countries or remote regions due to limited local market availability and
high prices. Finding alternatives to mineral fertilizers for hydroponics is
essential for integrating this method into a sustainable framework and
addressing global agricultural and climate change challenges. There is
increasing interest in using liquid organic fertilizers made from organic
waste and byproducts as a replacement for mineral fertilizers. This al-
ternative approach to traditional hydroponics is referred to as organic
hydroponics or “bioponics,” which signifies biological hydroponics. Re-
search has demonstrated that this method can effectively reduce plant
diseases and enhance the quality of crops, particularly by increasing ben-
eficial compounds and lowering nitrate levels in leafy vegetables. High
nitrate levels in vegetables are linked to adverse effects on human health,
including methemoglobinemia and an elevated cancer risk. Additionally,
utilizing nutrient-rich organic waste and effluents in closed-loop biopon-
ics offers a promising strategy for managing these materials, which can
otherwise lead to significant ecological issues like eutrophication, toxicity
to aquatic life, and soil acidification when they accumulate in water and
soil. In this context, bioponics serves as a nutrient recycling method that
can help lessen the reliance on synthetic mineral fertilizers. Bioponics can
be implemented as an NFT system and further increase the environmen-
tal benefits of this system.
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ARMING FOR THEFUTURE: HOW
PRECISIONGREENHOUSES SHAPEOUR
CLIMATEENVIRONMENT

Hossein Akhtari (Department of Biosystem Engineering, University of
Tabriz, Tabriz, Iran)

Agriculture plays a dual function in a society where climate change is
a constant source of concern: it may both contribute to environmental
problems and be a potential solution. Conventional farming methods
frequently result in overuse of water, deforestation, and greenhouse gas
emissions. But as precision farming becomes popularity, particularly in
greenhouses, we might be looking at a more sustainable method of food
production. Greenhouses with precision controls are a prime example
of agricultural innovation. These highly developed structures maximize
growing conditions, eliminate waste, and lessen farming’s environmental
impact through the use of automation, climate control systems, and sen-
sors. However, every technology has trade-offs. Precision greenhouses
offer the ability to reduce emissions and save resources, however there
may be drawbacks to the materials and energy requirements.
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This section of the magazine examines the advantages and disadvantages
of precision greenhouse technology for the environment or climate chang-
es and asks whether it actually offers agriculture a sustainable future.
Using technologies in greenhouses, particularly in precision greenhouses,
can have both positive and negative impacts on the climate, depending on
the types of technologies and practices used. In the first view, precision
greenhouses allow for more controlled environments, which can reduce
the use of water, fertilizers, and pesticides. This efficiency can lower the
carbon emissions associated with food production. For example, vertical
farming and hydroponics within greenhouses require less land and water
compared to traditional farming.

Precision greenhouses enhance resource efficiency by utilizing automat-
ed irrigation systems and moisture sensors to minimize water waste,
while hydroponics and aquaponics reduce water use by up to 90%. Con-
trolled environments limit pest infestations, lowering the need for pes-
ticides, and allow for precise fertilizer application, reducing excess use
and emissions. Additionally, vertical farming maximizes land use by
growing crops in layers, increasing yields in smaller spaces, which helps
preserve natural habitats and further lowers the overall carbon footprint of
agricultural production.

As greenhouse technology develops, it will become more common to
build greenhouses near cities. Localized food production in precision
greenhouses plays a crucial role in reducing the carbon footprint of food
transportation. By growing crops closer to urban centers where demand
is highest, the need for long-distance shipping is minimized, which
significantly reduces emissions associated with fuel consumption and
the logistics of transporting food over large distances (often referred to
as “food miles”). This not only cuts down on greenhouse gas emissions
but also ensures fresher produce for consumers, since food can be har-
vested and delivered in a shorter time frame. Additionally, localized
production reduces reliance on centralized agricultural hubs, decreasing
transportation infrastructure strain and enhancing food security in urban
areas.

While smart and precision greenhouse systems offer significant environ-
mental and climate benefits, they can also have certain negative impacts.
Precision greenhouses rely heavily on energy to regulate internal condi-
tions such as temperature, humidity, and lighting, particularly in areas
with limited natural sunlight. If this energy is sourced from fossil fuels, it
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can contribute to higher greenhouse gas emissions, undermining the
environmental benefits. However, by integrating renewable ener-
gy sources like solar or wind power, these systems can minimize their
carbon footprint and operate more sustainably, reducing their reliance on
non-renewable energy.

The construction and upkeep of greenhouses often involve resource-
intensive materials like glass, steel, and plasticc which require
significant energy to produce and can contribute to emissions if not sourced
responsibly. Additionally, the frequent replacement of greenhouse
plastics generates waste. As global temperatures rise due to climate
change, greenhouses in hot regions may require more cooling to main-
tain ideal growing conditions, further increasing energy demands and
emissions, especially if renewable energy sources are not used.

The impact of technologies in precision greenhouses on the climate

depends heavily on the energy sources used, the efficiency of resource
use, and the sustainability of materials. With the use of renewable energy
and sustainable practices, precision greenhouses can have a net positive
impact by increasing food security while reducing the overall carbon foot-
print of agriculture. However, if fossil fuels and unsustainable materials
are relied upon, they can contribute to environmental issues.
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HAT IS WASTES
(INTRODUCTION, EXPLANATIONS AND
DEFINITIONS)

Reza Kheyri (Ph.D. student in agricultural mechanization engineering-
recycling and waste management at the University of Tabriz)
Reza kheiri@tabrizu.ac.ir

There have been several definitions of waste proposed in recent years.
One common definition among these definitions is the concept that waste
is a material that is unwanted by its producer. The unwanted materials
may be by-products of a production process. Alternatively, they might
be products, the inherent value of which has been consumed from the
perspective of the current holder for instance, a newspaper that has
been read, a package that has been opened and emptied of its contents
or an apple eaten are all similar insofar as they have lost their original
inherent value from the consumers perspective. Therefore, it can be said
that wastes are substances that are not considered as valuable materials
in point of producers view.

However, the material may have value from the perspective of someone
else for example, the newspaper can be used as an input at a pulp and
paper plant or the apple can be used by a composting facility. Thus, a
waste services provider may divert such a material from the waste stream.
Value is reintroduced to the materials through the processes that treat
materials by some different processes to enable them to be reintroduced
back into the market place as a valuable good. For example, the news-
paper may be collected and taken to a Material Recycling Facility (MRF)
where it is sorted from other items, bundled up, and compacted, thereby,
preparing it in a shape that is marketable to the buyers such as a pulp and
paper mill.

Waste management system refers two interrelated elements namely
governments and other public organizations that provide or make
provision for waste management services and private firms that supply
these services. This system is the main responsible to manage and control
the wastes detrimental effects on humans and the environment.

Y LR o N ootl T |

All activities generate waste and regarding to their process the type of
waste is various and might be organic, hazardous, solid, liquid, chemical,
toxic, recyclable, etc. however, the major waste categories are following:
Agricultural waste

All waste materials produced as a result of agricultural activities,
including, for example, residues from the application of pesticides,
herbicides, fertilizers and other chemicals, wastewater, manure, bedding
material, etc.

1)  Anaerobic digestion: A series of processes in which microorganisms
break down biodegradable material in the absence of oxygen.

2)  Bioreactor landfill: A landfill where water and air are circulated into
a specifically designed landfill in order to cause accelerated biological de-
composition of waste material.

3) Biosolids: Includes solid or semisolid material obtained from
treated wastewater.

4)  Bottom ash: The residue ash that remains after the incineration of a
waste material.

5)  Composting: Composting is an aerobic biological treatment process
used most frequently in the world at this time for managing of biode-
gradable waste such as leaf and yard waste or food wastes.

6) Gasification: A process, in the context of waste that uses heat,
pressure and steam to convert materials directly into a combustible gas.

C&D waste, also is referred to as DLC (demolition, land clearing and
construction waste), refers to waste generated by construction and dem-
olition activities. It generally includes materials such as brick, painted
wood, drywall, metal, cardboard, doors, windows, wiring, etc. C&D
waste can come from residential sources such as house renovations or
from non-residential sources for example the construction or demolition
of office buildings.

C&D waste can be recycled in construction mills in order to sue them in
construction projects, in addition these materials include some valuable
materials such as metal, wood, soil, etc. that are logical to recycle and/or
reuse.
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Includes materials or substances that given their corrosive, inflammable,
infectious, reactive and toxic characteristics, may present a real or poten-
tial harm to human health or the environment.

1) Hazardous waste disposal: Disposal of hazardous waste at a facility
that meets legal standards for the disposal of hazardous waste (e.g., by
incineration, controlled confinement, landfilling and other methods).

2)  Hazardous waste recycling: The recycling of hazardous wastes in-
volves the treatment or processing of these wastes in order to reduce or
transform them into a new or reusable product or material that can be
used as an input into another production process.

IC&I Waste (industrial, Commercial, and Institutional) is the waste gen-
erated by all non-residential sources in a municipality, and is excluded
from the residential waste stream.

Landfilling: Is the first management method that in many countries is
used to manage these kind of wastes.

Reducing: Is recommended to reduce these wastes producing rate and
particularly institutional waste.

Recycle, reuse, and other local procedures are also used to manage or
dispose these wastes.

It is a proven fact the humans’ activities regardless of its type have led
to generate some material with specific characteristics that are known as
waste. Generally, wastes are defined the materials which their produc-
ers consider them such as invaluable substances. However, this attitude
is not too popular these days. Specialists believe wastes can return into
the consuming cycle in case they be treated properly. Therefore, the term
circular economy is introduced and developed. Circular economy tries to
recycle and/or reuse the generated wastes after treating, this attitude can
significantly decrease wastes” environmental burdens. Because, the first
and most influenced sector from wastes in the globe is the environment.
Climate change is the obvious phenomenon in across the world that de-
rived from consuming the material and energy without managing their
by-products.
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