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he storage of Onion (Allium cepa L.) is described as a delicate balance between the 

principles of physics and plant physiology. Unlike many other vegetable varieties, onions 

require highly precise regulation of environmental temperature and humidity to successfully 

maintain their state of 'induced dormancy'. This study delves into the mechanical and 

biological necessity of aeration, specifically analyzing how it influences the respiration rate, 

thermogenesis (internal heat production), and the suppression of aggressive post-harvest 

pathogens. Controlled aeration stands as the single most decisive factor in extending onion 

shelf life, offering the potential to increase marketability by up to 180 days while 

simultaneously reducing spoilage losses by up to 70%. 

Introduction: The Storage Crisis 
Onions are classified as semi-perishable organisms 

because they contain approximately 85–90% 

moisture and remain metabolically active even after 

they have been harvested. On a global scale, post-

harvest losses in this crop can exceed 40%, primarily 

driven by physiological weight loss (PWL), 

premature sprouting, and general decay. The 

fundamental problem is likewise the other biological 

produce, onions continue to "breathe" post-harvest, a 

process that continuously releases heat, CO2, and 

water vapor into the surrounding environment. 

Without an effective mechanical mechanism to 

remove these gases, onions effectively "suffocate" 

within the high-density storage piles. Aeration 

functions as the vital respiratory system of the 

storage facility by maintaining safe surrounding for 

the bulbs, dissipating metabolic heat, and preserving 

the structural integrity of the bulb. 

The Mechanics of Aeration: Why Movement Matters 
Heat Dissipation (Thermogenesis Challenge) 

As onions respire, they release metabolic energy in the form of heat. In bulk storage piles, 

this heat tends to accumulate in the center of the stack. Because stagnant air is a poor 

conductor of heat, the core temperature of a pile can rise significantly higher than the ambient 

air outside the pile. This temperature disparity creates a "thermal runaway" effect: higher 

temperatures further increase the respiration rate, which in turn generates even more heat. 

Aeration provides necessary convective cooling by moving fresh air through the interstices 

(tiny gaps) between individual bulbs to strip away this sensible heat. 

 

T 

Figure 1: Mechanically ventilated onion bulk 

storage structure (KALA Biotech, Pune). 
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Moisture Management and the Vapor Pressure Deficit (VPD) 

Moisture is identified as the primary catalyst for storage rot. If the humidity surrounding the 

bulb reaches a saturation point, water vapor condenses on the skin, a phenomenon known as 

"sweating". Aeration manages the Vapor Pressure Deficit, which ensures that the air retains 

the capacity to absorb moisture from the onion surface without causing excessive dehydration 

of the bulb's internal tissues. 

Strategic Curing: The First Line of Defense 
Before onions can be placed into long-term storage, they must undergo "curing," which is a 

drying process intended to desiccate the outer scales and the neck area. Proper aeration 

during the critical first 10 days post-harvest is essential to constrict the neck. This 

constriction is vital because the neck serves as the primary entry point for most storage 

diseases. Forced Aeration Curing involves pushing high-velocity air, at approximately 2.0 

m
3
/min/m

3
, directly through the pile. This process results in a tightly sealed neck and a dry, 

paper-like tunic that acts as a natural prophylactic barrier against infection. 

 
Figure 2: Air blower setup used to distribute air via ducts for bottom-up aeration in 

onion pile (Farmer Tushar ambre, Ahilyanagar) 

Impact on Pathogen Suppression 
Pathogens, including fungi and bacteria, are opportunistic and wait for stagnant, moist 

conditions to proliferate. Aeration transforms the storage environment from one that is 

"pathogen-friendly" to one that is "biologically stable". 

Table 1. Pathogen Proliferation vs. Aeration Efficiency 

Pathogen 
Disease 

Name 

Favorable Growth 

Conditions 
Aeration’s Preventive Role 

Aspergillus niger Black Mold 
High humidity (>80%) & 

stagnant air 

Maintains RH below 70%; 

removes spores 

Botrytis aclada Neck Rot 
Moist neck tissue; 15-

20°C 

Rapidly desiccates neck 

tissue post-harvest 

Pectobacterium 
Bacterial 

Soft Rot 

Standing water on bulb 

surface 

Prevents condensation and 

sweating 

Fusarium 

oxysporum 
Basal Rot 

High soil moisture/warm 

storage 

Lowers temperature to inhibit 

fungal metabolism 

Engineering the Airflow: Forced vs. Passive Systems 
Engineering the airflow in onion storage is crucial for maintaining uniform temperature, 

humidity, and oxygen distribution throughout the bulk. Proper aeration prevents moisture 
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accumulation and microbial decay by ensuring continuous air exchange between the bulb 

layers. By optimizing airflow dynamics, storage efficiency and onion shelf life can be 

significantly enhanced. 

Natural Ventilation (Passive) 

In many traditional “chawl” style onion storage structures, aeration is achieved through 

natural ventilation, which relies on the Bernoulli effect and ambient wind pressure to move 

air through the stored produce. This method takes advantage of differences in air velocity and 

pressure to create passive airflow, which can help 

remove heat and moisture from the storage 

environment. While it is a low-cost and easily 

implementable solution, its effectiveness is highly 

variable. In smaller-scale setups, natural airflow may 

be sufficient to maintain acceptable storage conditions. 

However, in large-scale or bulk storage, the resistance 

to airflow created by densely stacked onions or 

enclosed storage spaces often exceeds the capability of 

natural forces to circulate air adequately. As a result, 

temperature and humidity control is inconsistent, and 

areas of the storage may develop hotspots or moisture 

pockets, leading to accelerated spoilage and reduced 

shelf life. (Fig.3) 

Forced Ventilation (Active) 

This method employs mechanical fans or blowers to 

generate forced or positive pressure aeration at the 

base of the onion pile. By actively pushing air into the 

storage mass, it overcomes the limitations of natural 

ventilation and ensures uniform airflow throughout the 

stack. Even the onions located in “dead zones” areas at 

the bottom or center of the pile where natural airflow 

is minimal receive a continuous supply of fresh air. 

This controlled airflow helps regulate temperature and 

humidity, reduces the buildup of heat and moisture, 

and minimizes the risk of rot, sprouting, or pathogen 

development, thereby significantly extending the shelf 

life of stored onions. 

Limitations of aeration and Critical Considerations 
While aeration is indispensable, it must be managed with extreme precision to avoid 

damaging the crop: 

 Over-Aeration: This can lead to excessive physiological weight loss. If an onion loses 

more than 10% of its initial weight, it loses its "crunch" and market value. 

 Relative Humidity (RH) Limits: Air should ideally be maintained at 65–75% RH. 

 Biological Consequences: If RH rises above 75%, roots begin to grow. 

 Physical Consequences: If RH falls below 60%, the protective skin can shatter. 

 Static Pressure: Engineers must calculate the Pascal pressure required to push air through 

deep piles. If the fan system is too weak, the air will bypass the pile entirely through the 

path of least resistance. 

Future Scope: Smart Storage Systems 
The integration of the Internet of Things (IoT) into onion storage represents the next 

technological frontier. Future storage systems will likely feature: 

 Automated Dampers: These will open or close automatically based on the external dew 

point. 

Figure 3: Traditional chawl type naturally 

ventilated onion storage structure (DOGR, Pune). 

Figure 4: Blower used for forced aeration in onion 

storage (Farmer : Balasaheb, Kopargaon). 
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 Differential Sensors: These monitor the temperature difference between the bottom and 

top of the pile to trigger fans only when a specific thermal gradient is detected. 

 CO₂ Scrubbing: This combines aeration with gas-selective membranes to further induce 

dormancy in the bulbs. 

Conclusion 
Aeration is not merely an optional feature in onion storage; it is a critical physiological 

necessity for maintaining the crop’s viability. Properly managing the aerodynamics of the 

storage environment allows for precise control of temperature, humidity, and gas exchange, 

effectively mitigating the biological and biochemical triggers that lead to decay and spoilage. 

In contrast, traditional, uncontrolled storage methods often result in uneven airflow, hotspots, 

and accelerated deterioration. Transitioning to scientifically designed, mechanically aerated 

storage systems is therefore essential not only to extend shelf life and reduce postharvest 

losses, but also to stabilize market prices, enhance food security, and maximize economic 

returns for farmers. By aligning storage practices with the crop’s physiological requirements, 

aeration becomes a cornerstone of sustainable onion production and postharvest management. 
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