THE POWER OF CARBON: SUPERCHARGING GREENHOUSE PRODUCTIVITY

WITH CO, ENRICHMENT
Rutuja N. Deshmukh?, Shrikant G. Wankhade? and Pramod M. Lalge®

Introduction:

Greenhouse cultivation offers
controlled environmental conditions for plants,
including temperature, humidity, and light.
However, one limiting factor for plant growth
in greenhouses is often the concentration of
CO,. While atmospheric CO, levels are around
400 parts per million (ppm), plants can benefit
from higher concentrations for optimal growth.
Purpose:

The CO;

enrichment in greenhouses is to stimulate

primary  purpose  of
photosynthesis, the process by which plants
convert CO,, water, and light into energy_and
oxygen. By increasing CO; levels within the
greenhouse, photosynthesis rates can be
enhanced, leading to improved plant growth,
increased yields, and accelerated crop cycles.
Introducing CO, enrichment in a
greenhouse is a method used to enhance plant
growth by increasing the concentration of
carbon dioxide (CO,) in the air. This process is

particularly beneficial in greenhouses where

COs;, levels can become depleted due to plant

respiration and limited air exchange with the

outside  environment. Here's a brief
introduction to CO2  enrichment in
greenhouses:
Methods:

CO; enrichment in greenhouses can be
achieved through several methods:

1. Combustion: Burning fossil fuels
such as propane or natural gas within the
greenhouse can release CO, into the air.
However, this method requires careful
monitoring to ensure proper ventilation and
prevent the buildup of harmful gases.

2. CO, Generators: Specialized CO,
generators, fueled by propane or natural gas,
can be installed in the greenhouse to produce
CO..

amounts of CO, into the air, maintaining

These generators release controlled
optimal levels for plant growth.

3. Liquid CO; Injection: Liquid CO,
can be injected directly into the greenhouse
atmosphere using specialized equipment. This
method allows for precise control of CO,
levels and can be more efficient than
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combustion-based methods.
4. Solid CO; (Dry Ice): Solid CO,, or

dry ice, can be placed strategically within the

greenhouse to slowly release CO;, as it
sublimates. This method is less commonly
used but can be effective for small-scale
operations or short-term enrichment.

Carbon dioxide (CO,) enrichment in a
greenhouse can have several effects on plant
growth and productivity. Here are some of the
key effects:

1. Increased Photosynthesis: Carbon
dioxide is a key component in photosynthesis,
the process by which plants convert light
energy into chemical energy (sugars). By
increasing the concentration of CO; in the
greenhouse, photosynthesis rates can be
enhanced, leading to increased plant _growth
and productivity.

2. Improved Plant Growth: With
higher levels of CO, available, plants can grow
more efficiently, leading to faster growth rates,
larger plant sizes, and increased yields. This
effect is particularly noticeable in crops that
are classified as Cs plants, such as lettuce,
tomatoes, and peppers, which tend to respond
more positively to elevated CO, levels.

3. Enhanced Water Use Efficiency:
Increased CO, concentrations can improve the
water use efficiency of plants, allowing them
to maintain growth and productivity even
under conditions of limited water availability.
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This is because higher CO, levels enable
plants to partially close their stomata (small
pores on the leaves), reducing water loss
through transpiration while still allowing for
sufficient CO, uptake for photosynthesis.

4. Delayed Senescence: Elevated CO,
levels can delay the onset of senescence
(aging) in plants, prolonging the period of
active growth and productivity. This can result
in longer harvest periods and extended shelf
life for certain crops.

5. Increased Nutrient Use Efficiency:
CO; enrichment can improve the efficiency
with which plants utilize nutrients such as
nitrogen, phosphorus, and potassium. This can
lead to reduced fertilizer requirements and
improved nutrient uptake by plants, ultimately
resulting in healthier and more productive
crops.

6. Altered Plant Chemistry: Elevated
affect the chemical
their

CO, levels can

composition of plants, including
carbohydrate, protein, and mineral content.
While this can have both positive and negative
implications depending on the specific crop
and desired end use, it underscores the
importance of monitoring and managing CO;
levels to optimize crop quality.

Overall, CO, enrichment can be a
valuable tool for greenhouse growers seeking
to maximize the productivity and quality of
their However, it's

crops. important  to
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carefully monitor and control CO, levels to
avoid excessive concentrations, which can be
detrimental to plant health and lead to negative
environmental impacts.
Benefits:
CO;, enrichment offers several benefits
for greenhouse cultivation:
® Increased photosynthetic rates and
improved plant growth.
® Enhanced yields and quality of crops,
including  fruits, vegetables, and
flowers.
® Shortened crop cycles and faster
maturity of plants.
® Improved resource-use efficiency,
including water and nutrients.
® Enhanced resistance to environmental
stressors such as high temperatures or
fluctuations.
Considerations:
® Proper monitoring and control of CO,
levels are essential to prevent over-
enrichment, which can be harmful to
plants and humans.
® The effectiveness of CO, enrichment
depends on factors such as crop type,
light intensity, temperature, and
ventilation.
® Economic considerations, including the
cost of CO, generation and potential

energy savings, should be taken into

E-ISSN: 2583-5173

138

when

account implementing CO,
enrichment strategies.
Summary
CO; enrichment in greenhouses is a
valuable tool for maximizing plant growth and
productivity in controlled environments. By
carefully managing CO, levels, growers can
optimize crop yields and quality, ultimately
leading to more efficient and sustainable

greenhouse production.
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