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Introduction 
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Freshly harvested fruits, seeds, vegetables, and flowers may appear lifeless once removed from the field, 

yet they remain living entities that continue to respire, age, and respond to their environment. Their 

storage life is therefore limited, and without proper handling, significant losses can occur. Understanding 

how these products behave after harvest is essential for preserving quality, reducing waste, and ensuring 

that consumers receive produce in good condition. This Series sets the foundation for appreciating the 

delicate balance between physiology and storage practices. 

The aim of this Series is to equip you with the knowledge and skills to explain the post-harvest 

physiology of crop produce, analyse the factors influencing storage life, and evaluate both traditional and 

modern methods of preservation. 

We shall commence this Series by examining the post-harvest physiology of crop produce, focusing on 

their nature as living entities and the changes they undergo after harvest. Next, we will explore the storage 

life of fruits and vegetables, considering their unique characteristics, common problems, and strategies to 

extend their shelf life. Following that, we will move on to the storage behaviour of seeds and flowers, 

highlighting issues of viability, dormancy, and preservation techniques. Finally, we will wrap up by 

comparing traditional and modern storage practices, assessing their effectiveness and relevance in 

maintaining the quality of harvested produce. 

 

 

 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 1.1 define post-harvest physiology and explain the nature of harvested produce as living entities, 

SLO 1.2 describe the physiological changes that occur after harvest and analyse the factors 

influencing storage life, 

SLO 1.3 explain the characteristics of fruits and vegetables that affect their storage life, 

SLO 1.4 identify common storage problems in fruits and vegetables, 

SLO 1.5 demonstrate strategies for extending the storage life of fruits and vegetables, 

SLO 1.6 describe seed viability and dormancy in relation to storage, 

SLO 1.7 explain the storage behaviour of ornamental flowers, 

SLO 1.8 evaluate preservation techniques used for seeds and flowers, 

SLO 1.9 describe traditional methods of storage and preservation, 

SLO 1.10 explain modern approaches to prolonging storage life, and 
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SLO 1.11 compare traditional and modern storage practices in terms of effectiveness and relevance. 

 

 

 

1.1 Post Harvest Physiology of Crop Produce 

1.1.1 Nature of harvested produce as living entities 

Harvested produce such as fruits, seeds, vegetables, and flowers remain living entities, meaning 

they continue to respire, metabolise, and undergo physiological changes even after being 

detached from the parent plant. Their cells remain active, and processes such as respiration and 

transpiration persist, influencing storage life. Recognising produce as living systems helps us 

understand why they deteriorate over time and why careful handling is essential. 

Fill in the blank: Harvested produce continues to __________ even after being removed from the 

parent plant. 

 
Plate 1.1 Harvested produce as living entities 

 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

1.1.2 Physiological changes after harvest 

After harvest, produce undergoes several physiological changes, including respiration, 

transpiration, and senescence. Respiration is the process by which stored carbohydrates are 

broken down to release energy, while transpiration refers to the loss of water vapour from 

produce surfaces. Senescence is the natural ageing process that leads to deterioration in quality. 

These changes reduce storage life and must be managed through appropriate storage conditions. 

Fill in the blank: The natural ageing process that leads to deterioration in quality is called 

__________. 

 
Figure 1.1 Physiological changes after harvest 

 

1.1.3 Factors influencing storage life 

The storage life of produce is influenced by both internal and external factors. Internal factors 

include the type of produce, its maturity at harvest, and inherent biochemical composition. 

External factors include temperature, humidity, handling practices, and exposure to light or 

gases. For example, fruits harvested at full ripeness have shorter storage life compared to those 

harvested at mature but unripe stages. Proper management of these factors is critical to 

prolonging shelf life and reducing losses. 
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Fill in the blank: Fruits harvested at full __________ generally have shorter storage life than 

those harvested earlier. 

Factor Type Examples / Notes 

Internal factors 
Genetic makeup, respiration rate, moisture content, and maturity stage at harvest. 

Produce harvested immature or overripe has shorter storage life. 

External factors 
Temperature, relative humidity, light exposure, and handling practices during 

storage and transport. Poor handling increases mechanical damage and spoilage. 

Biological factors 
Presence of pests, diseases, and microbial contamination that accelerate 

deterioration. 

Packaging and 

storage conditions 

Use of ventilated crates, controlled atmosphere storage, and proper sanitation 

extend shelf life. 

Box 1.1 Factors influencing storage life of harvested produce 

 

Pilot questions 1.1 

Define post-harvest physiology. 

State one reason why harvested produce is considered a living entity. 

Mention one physiological change that occurs after harvest. 

What is senescence? 

Give one external factor that influences storage life. 

 
 
 
 
 

1.2 Storage Life of Fruits and Vegetables 

1.2.1 Characteristics of fruits and vegetables affecting storage 

Fruits and vegetables are highly perishable because they contain high amounts of water and 

remain metabolically active after harvest. Their storage life depends on factors such as maturity 

stage, respiration rate, and sensitivity to environmental conditions. For example, climacteric 

fruits like bananas and mangoes continue to ripen after harvest, while non-climacteric fruits such 

as grapes and citrus do not. Vegetables, particularly leafy types, lose water quickly and wilt if 

not stored under cool and humid conditions. 
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Fill in the blank: Fruits such as bananas and mangoes are classified as __________ fruits because 

they continue to ripen after harvest. 

 
Figure 1.2 Characteristics of fruits and vegetables affecting storage 

 

1.2.2 Common storage problems in fruits and vegetables 

Several problems reduce the storage life of fruits and vegetables. Mechanical damage during 

harvesting or handling creates entry points for pathogens. Microbial spoilage caused by fungi 

and bacteria leads to rotting. Physiological disorders such as chilling injury occur when tropical 

produce is stored at very low temperatures. In addition, wilting due to water loss is common in 

leafy vegetables. These problems highlight the need for careful handling and appropriate storage 

conditions. 

Fill in the blank: Tropical fruits may suffer __________ injury when stored at very low 

temperatures. 
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Plate 1.2 Common storage problems in fruits and vegetables 

 

 

1.2.3 Strategies to extend storage life 

To extend the storage life of fruits and vegetables, several strategies are employed. 

Temperature management is crucial, with refrigeration slowing down respiration and 

microbial growth. Humidity control helps prevent wilting and shrivelling. Modified 

atmosphere packaging (MAP) reduces oxygen levels and increases carbon dioxide to slow 

ripening. Careful handling minimises mechanical damage, while sanitation practices reduce 

microbial contamination. These strategies, when combined, significantly prolong shelf life and 

maintain quality. 

Fill in the blank: Reducing oxygen and increasing carbon dioxide in packaging is known as 

__________ atmosphere packaging. 

Strategy Description / Notes 

Refrigeration 
Lowers respiration rate and slows microbial growth, extending shelf life 

of perishable produce. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Strategy Description / Notes 

Humidity control 
Maintaining optimal relative humidity prevents wilting, shriveling, and 

excessive moisture loss. 

Modified Atmosphere 

Packaging (MAP) 

Adjusting oxygen and carbon dioxide levels in packaging slows ripening 

and reduces spoilage. 

Careful handling 
Minimizing bruising and mechanical damage reduces entry points for 

pathogens and delays deterioration. 

Sanitation 
Clean storage facilities, containers, and equipment prevent 

contamination and microbial growth. 

Controlled atmosphere storage 
Advanced systems regulate temperature, humidity, and gas composition 

for long-term preservation. 

Box 1.2 Strategies to extend storage life of fruits and vegetables 

 

Pilot questions 1.2 

What is the difference between climacteric and non-climacteric fruits? 

State one common storage problem in fruits and vegetables. 

What is chilling injury? 

Mention one strategy used to extend the storage life of fruits and vegetables. 

What does MAP stand for in storage technology? 

 
 
 
 
 
 

1.3 Storage Life of Seeds and Flowers 

1.3.1 Seed viability and dormancy in storage 

Seeds are unique in that they can remain viable for long periods if stored under appropriate 

conditions. Seed viability refers to the ability of a seed to germinate and produce a healthy plant. 

Dormancy is a natural mechanism that prevents seeds from germinating until conditions are 

favourable. Factors such as moisture content, temperature, and seed coat integrity influence how 

long seeds remain viable. Dry and cool environments generally extend seed storage life, while 

high humidity and warmth accelerate deterioration. 
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Fill in the blank: The ability of a seed to germinate and produce a healthy plant is called seed 

__________. 

 
Figure 1.3 Seed viability and dormancy in storage 

 

1.3.2 Storage behaviour of ornamental flowers 

Flowers are highly perishable because they continue to respire and lose water after harvest. Their 

storage behaviour depends on species, maturity at harvest, and environmental conditions. Cut 

flowers such as roses and carnations require cool storage and hydration to maintain freshness. 

Ethylene gas, produced by some fruits, can accelerate flower senescence, making separation 

during storage important. Proper handling and controlled environments are essential to prolong 

vase life and maintain aesthetic quality. 

Fill in the blank: Ethylene gas accelerates flower __________, reducing their storage life. 
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Plate 1.3 Storage behaviour of ornamental flowers 

 

1.3.3 Preservation techniques for seeds and flowers 

Several techniques are used to preserve seeds and flowers. For seeds, drying to safe moisture 

levels and storing in airtight containers helps maintain viability. Cold storage or gene banks are 

used for long-term preservation. For flowers, techniques include refrigeration, hydration 

solutions, and chemical preservatives that slow senescence. Modern approaches such as 

cryopreservation are also applied to conserve genetic resources. These methods ensure that seeds 

remain viable for planting and flowers retain their decorative value. 

Fill in the blank: Storing seeds at very low temperatures in gene banks is an example of 

__________ preservation. 

Technique Description / Notes 

Drying 
Seeds are dried to safe moisture levels to prevent fungal growth; flowers can be air-

dried or desiccated for long-term preservation. 

Airtight storage 
Seeds stored in sealed containers protect against moisture and pests; flowers 

preserved in airtight packaging maintain shape and color. 

Refrigeration Cool storage slows metabolic activity in seeds and reduces wilting in cut flowers. 

Hydration solutions Flowers kept in water with nutrient or preservative solutions extend vase life. 
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Technique Description / Notes 

Cryopreservation 
Ultra-low temperature storage (liquid nitrogen) maintains viability of seeds and 

genetic material for decades. 

Controlled 

atmosphere 

Adjusting oxygen and carbon dioxide levels in storage environments reduces 

deterioration. 

Box 1.3 Preservation techniques for seeds and flowers 

 

Pilot questions 1.3 

What is seed viability? 

Define seed dormancy. 

State one factor that influences seed storage life. 

How does ethylene gas affect flowers in storage? 

Mention one preservation technique used for seeds or flowers. 

 
 
 
 
 
 

1.4 Traditional and Modern Storage Practices 

1.4.1 Traditional methods of storage and preservation 

Traditional storage methods have been used for centuries to prolong the life of harvested 

produce. These include sun-drying, smoking, salting, and underground pits. Sun-drying reduces 

moisture content, making produce less susceptible to microbial spoilage. Smoking adds 

preservative compounds while reducing water content. Salting draws out moisture and inhibits 

microbial growth. Underground pits or earthen structures provide cool and stable environments 

for root crops. While these methods are simple and inexpensive, they often result in variable 

quality and limited shelf life. 

Fill in the blank: Reducing moisture content by exposing produce to sunlight is known as 

__________. 
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Plate 1.4 Traditional methods of storage and preservation 

 

1.4.2 Modern approaches to prolonging storage life 

Modern storage methods rely on scientific principles to maintain quality and extend shelf life. 

These include refrigeration, controlled atmosphere storage, and packaging technologies. 

Refrigeration slows respiration and microbial activity. Controlled atmosphere storage adjusts 

oxygen, carbon dioxide, and nitrogen levels to delay ripening and senescence. Packaging 

technologies such as modified atmosphere packaging (MAP) and vacuum sealing reduce 

exposure to air and contaminants. These approaches are more effective than traditional methods, 

though they require investment in equipment and energy. 

Fill in the blank: Adjusting oxygen and carbon dioxide levels in storage is called __________ 

atmosphere storage. 
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Figure 1.4 Modern approaches to prolonging storage life 

 

1.4.3 Comparative evaluation of traditional and modern practices 

Both traditional and modern storage practices have advantages and limitations. Traditional 

methods are low-cost, accessible, and culturally familiar, but they often compromise quality and 

shelf life. Modern methods provide superior preservation, maintain nutritional value, and reduce 

losses, but they require infrastructure, energy, and technical knowledge. Evaluating these 

practices helps farmers and stakeholders choose appropriate methods depending on resources, 

crop type, and intended market. 

Fill in the blank: Traditional storage methods are generally low-cost but may compromise 

__________. 

Storage 

Method 
Advantages Limitations 

Traditional 

methods 

Low cost, locally available materials, simple 

techniques (e.g., underground pits, clay pots, 

natural drying). 

Limited control over temperature and 

humidity; higher risk of pest infestation 

and spoilage. 

Modern 

methods 

Advanced technologies such as refrigeration, 

controlled atmosphere storage, and modified 

atmosphere packaging (MAP). 

Higher initial investment, requires 

energy and infrastructure, less 

accessible to smallholder farmers. 
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Storage 

Method 
Advantages Limitations 

Traditional 

methods 

Environmentally friendly, minimal energy use, 

culturally familiar practices. 

Shorter storage life, inconsistent quality, 

and limited scalability. 

Modern 

methods 

Longer shelf life, better quality preservation, 

reduced postharvest losses. 

Dependence on external inputs and 

technical expertise. 

Box 1.4 Comparative evaluation of traditional and modern storage practices 

 

Pilot questions 1.4 

State one traditional method of storage. 

What is the main principle behind salting as a preservation method? 

Mention one modern storage approach. 

What does controlled atmosphere storage involve? 

Give one limitation of traditional storage methods. 

 
 
 
 
 

Series Summary 

This Series has introduced you to the concept of storage life in harvested fruits, seeds, vegetables, and 

flowers, emphasising its importance in reducing post-harvest losses and maintaining quality. We began by 

exploring post-harvest physiology, recognising produce as living entities that continue to respire, 

transpire, and age after harvest. We then examined the storage life of fruits and vegetables, identifying 

their unique characteristics, common storage problems, and strategies to extend shelf life. Following that, 

we studied seeds and flowers, focusing on seed viability, dormancy, storage behaviour of ornamental 

flowers, and preservation techniques. Finally, we compared traditional and modern storage practices, 

highlighting their advantages and limitations. 

By completing this Series, you should now be able to define post-harvest physiology, describe 

physiological changes after harvest, and analyse factors influencing storage life. You should also be able 

to explain the characteristics and problems of fruits and vegetables, demonstrate strategies to extend their 

storage life, evaluate preservation techniques for seeds and flowers, and compare traditional and modern 

storage methods. These abilities directly align with the Series Learning Outcomes, equipping you with 

practical knowledge and skills to manage the storage life of diverse crop produce effectively. 
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Glossary of Terms 

Controlled atmosphere storage: A modern storage method where oxygen, carbon dioxide, and 

nitrogen levels are adjusted to slow down ripening and senescence. 

Dormancy: A natural mechanism in seeds that prevents germination until conditions are favourable. 

Ethylene: A plant hormone in gaseous form that accelerates ripening and senescence in fruits and 

flowers. 

Modified atmosphere packaging (MAP): A packaging technique that reduces oxygen and increases 

carbon dioxide levels to slow down respiration and ripening. 

Respiration: The process by which harvested produce breaks down stored carbohydrates to release 

energy, continuing even after harvest. 

Seed viability: The ability of a seed to germinate and produce a healthy plant under suitable 

conditions. 

Senescence: The natural ageing process in harvested produce that leads to deterioration in quality. 

Storage life: The period during which harvested produce retains acceptable quality before 

deterioration occurs. 

Sun-drying: A traditional preservation method that reduces moisture content by exposing produce to 

sunlight. 

Transpiration: The loss of water vapour from the surface of harvested produce, often leading to 

wilting and shrivelling. 

 

 

 

Concept Check Questions [Series 1] 
Objective questions 

Harvested produce continues to __________ even after being removed from the parent plant. 
(Linked to SLO 1.1) 

The natural ageing process that leads to deterioration in quality is called __________. (Linked to 
SLO 1.2) 
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Fruits such as bananas and mangoes are classified as __________ fruits because they continue 
to ripen after harvest. (Linked to SLO 1.3) 

Tropical fruits may suffer __________ injury when stored at very low temperatures. (Linked to 
SLO 1.4) 

Reducing oxygen and increasing carbon dioxide in packaging is known as __________ 
atmosphere packaging. (Linked to SLO 1.5) 

 

Short-answer questions 

Define post-harvest physiology. (Linked to SLO 1.1) 

Explain one physiological change that occurs after harvest. (Linked to SLO 1.2) 

State one characteristic of fruits or vegetables that affects their storage life. (Linked to SLO 1.3) 

Mention one common storage problem in fruits and vegetables. (Linked to SLO 1.4) 

Give one strategy used to extend the storage life of fruits and vegetables. (Linked to SLO 1.5) 

What is seed viability? (Linked to SLO 1.6) 

Define seed dormancy. (Linked to SLO 1.6) 

How does ethylene gas affect flowers in storage? (Linked to SLO 1.7) 

State one preservation technique used for seeds or flowers. (Linked to SLO 1.8) 

Mention one traditional method of storage. (Linked to SLO 1.9) 

What does controlled atmosphere storage involve? (Linked to SLO 1.10) 

Give one limitation of traditional storage methods. (Linked to SLO 1.11) 

 

Long-answer questions 

Analyse the physiological changes that occur in harvested produce and explain how they 
influence storage life. (Linked to SLOs 1.1, 1.2) 

Evaluate the common storage problems in fruits and vegetables and propose strategies to 
overcome them. (Linked to SLOs 1.3, 1.4, 1.5) 
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Discuss the preservation techniques for seeds and flowers, highlighting their importance in 
maintaining viability and quality. (Linked to SLOs 1.6, 1.7, 1.8) 

Compare traditional and modern storage practices, explaining their advantages and 
limitations. (Linked to SLOs 1.9, 1.10, 1.11) 

 

Answers to Concept Check Questions [Series 1] 
Objective questions 

Respire 

Senescence 

Climacteric 

Chilling 

Modified 

 

Short-answer questions 

Post-harvest physiology is the study of the biological and chemical processes that occur in 
produce after harvest. 

Respiration, where carbohydrates are broken down to release energy. 

High water content. 

Microbial spoilage. 

Refrigeration. 

The ability of a seed to germinate and produce a healthy plant. 

A natural mechanism that prevents seeds from germinating until conditions are favourable. 

It accelerates senescence, reducing storage life. 

Drying seeds to safe moisture levels. 

Sun-drying. 

Adjusting oxygen and carbon dioxide levels in storage. 
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They often compromise quality and shelf life. 

 

Long-answer questions 

Basic response: Harvested produce undergoes respiration, transpiration, and senescence, all 

of which shorten storage life. 

Value-added response: Learners may add that managing these processes through 

temperature and humidity control can significantly extend shelf life. 

Basic response: Common problems include mechanical damage, microbial spoilage, chilling 

injury, and wilting. Strategies include careful handling, refrigeration, and humidity 

control. 

Value-added response: Learners may add that advanced techniques such as modified 

atmosphere packaging and sanitation practices further reduce losses. 

Basic response: Seeds are preserved through drying, airtight storage, and cold storage, while 

flowers are preserved through refrigeration and hydration solutions. 

Value-added response: Learners may add that cryopreservation and chemical 

preservatives are modern techniques that ensure long-term viability and quality. 

Basic response: Traditional methods are low-cost and accessible but compromise quality, 

while modern methods maintain quality but require infrastructure. 

Value-added response: Learners may add that integrating both approaches, depending 

on resources and crop type, provides balanced solutions for diverse farming contexts. 

 

Answers to Pilot Questions [Series 1] 
Part 1.1: Post-harvest physiology of crop produce 

Post-harvest physiology is the study of biological and chemical processes in produce after 
harvest. 

Because they continue to respire, metabolise, and undergo physiological changes. 

Respiration. 

Senescence. 

Temperature. 
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Part 1.2: Storage life of fruits and vegetables 

Climacteric fruits continue to ripen after harvest, while non-climacteric fruits do not. 

Wilting. 

Chilling injury. 

Refrigeration. 

Modified atmosphere packaging. 

 

Part 1.3: Storage life of seeds and flowers 

Seed viability is the ability of a seed to germinate and produce a healthy plant. 

Dormancy is a mechanism that prevents seeds from germinating until conditions are 
favourable. 

Moisture content. 

It accelerates senescence. 

Drying seeds to safe moisture levels. 

 

Part 1.4: Traditional and modern storage practices 

Sun-drying. 

It draws out moisture and inhibits microbial growth. 

Refrigeration. 

Adjusting oxygen and carbon dioxide levels. 

They often compromise quality and shelf life. 
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References and Attributions [Series 1] 

This section compiles references, suggested open educational resources (OERs), and AI prompts 

used for illustrations in Series 1: Storage Life of Harvested Fruits, Seeds, Vegetables, and 

Flowers. 

 

General References 

Brady, N. C., & Weil, R. R. (2016). The nature and properties of soils (15th ed.). Pearson. 

FAO. (2019). Post-harvest management of fruits and vegetables. Food and Agriculture 
Organization of the United Nations. 

Kader, A. A. (2002). Postharvest technology of horticultural crops (3rd ed.). University of 
California, Agriculture and Natural Resources. 

OpenStax. (2016). Biology. OpenStax CNX. Available at: https://openstax.org/books/biology 

Figures, Plates, and Boxes 

Plate 1.1 Harvested produce as living entities 

Attribution: AI-generated using prompt “Generate an image showing harvested fruits 
and vegetables with arrows indicating respiration and transpiration processes.” 

Suggested OER search string: “harvested produce respiration transpiration OER image” 

Figure 1.1 Physiological changes after harvest 

Attribution: AI-generated using prompt “Generate a diagram showing respiration, 
transpiration, and senescence in harvested produce.” 

Suggested OER search string: “physiological changes harvested produce respiration 
transpiration senescence OER diagram” 

Box 1.1 Factors influencing storage life of harvested produce 

Attribution: AI-generated using prompt “Generate a text box summarising internal and 
external factors influencing storage life of harvested produce.” 

Suggested OER search string: “factors influencing storage life harvested produce OER 
box” 

Figure 1.2 Characteristics of fruits and vegetables affecting storage 
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Attribution: AI-generated using prompt “Generate a diagram comparing climacteric and 
non-climacteric fruits, showing their ripening behaviour after harvest.” 

Suggested OER search string: “climacteric vs non climacteric fruits OER diagram” 

Plate 1.2 Common storage problems in fruits and vegetables 

Attribution: AI-generated using prompt “Generate an image showing wilting leafy 
vegetables, microbial spoilage in fruits, and chilling injury in tropical produce.” 

Suggested OER search string: “storage problems fruits vegetables wilting microbial 
spoilage chilling injury OER image” 

Box 1.2 Strategies to extend storage life of fruits and vegetables 

Attribution: AI-generated using prompt “Generate a text box summarising strategies to 
extend storage life of fruits and vegetables, including refrigeration, humidity control, 
MAP, careful handling, and sanitation.” 

Suggested OER search string: “strategies extend storage life fruits vegetables OER box” 

Figure 1.3 Seed viability and dormancy in storage 

Attribution: AI-generated using prompt “Generate a diagram showing viable seeds, 
dormant seeds, and deteriorated seeds under different storage conditions.” 

Suggested OER search string: “seed viability dormancy storage OER diagram” 

Plate 1.3 Storage behaviour of ornamental flowers 

Attribution: AI-generated using prompt “Generate an image showing fresh cut flowers 
stored in cool conditions compared with wilted flowers exposed to ethylene gas.” 

Suggested OER search string: “storage behaviour cut flowers ethylene OER image” 

Box 1.3 Preservation techniques for seeds and flowers 

Attribution: AI-generated using prompt “Generate a text box summarising preservation 
techniques for seeds and flowers, including drying, airtight storage, refrigeration, 
hydration solutions, and cryopreservation.” 

Suggested OER search string: “preservation techniques seeds flowers OER box” 

Plate 1.4 Traditional methods of storage and preservation 

Attribution: AI-generated using prompt “Generate an image showing traditional storage 
methods including sun-drying grains, smoking fish, and storing root crops in pits.” 
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Suggested OER search string: “traditional storage methods sun drying smoking pits 
OER image” 

Figure 1.4 Modern approaches to prolonging storage life 

Attribution: AI-generated using prompt “Generate a diagram showing refrigeration, 
controlled atmosphere storage, and packaging technologies for harvested 
produce.” 

Suggested OER search string: “modern storage methods refrigeration controlled 
atmosphere packaging OER diagram” 

Box 1.4 Comparative evaluation of traditional and modern storage practices 

Attribution: AI-generated using prompt “Generate a text box comparing traditional and 
modern storage practices, highlighting advantages and limitations.” 

Suggested OER search string: “traditional vs modern storage practices OER box” 

 

 

Course code: CPS 408 

Course title: Post Harvest Physiology and Produce Storage 

Course credit load: 2 Units 

Series 2: Tropical Environment, Maturity, 

Ripeness, and Senescence 

Part 2.1: Influence of tropical environment on crop produce 

Sub-Part 2.1.1: Climatic factors affecting harvested produce 

Sub-Part 2.1.2: Temperature and humidity interactions 

Sub-Part 2.1.3: Environmental stress and its impact on storage life 

Part 2.2: Maturity and harvest stage 

Sub-Part 2.2.1: Physiological maturity versus commercial maturity 

Sub-Part 2.2.2: Indicators of maturity in fruits, seeds, vegetables, and flowers 

Sub-Part 2.2.3: Consequences of harvesting too early or too late 

Part 2.3: Ripeness and quality attributes 
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Sub-Part 2.3.1: Ripening processes in climacteric and non-climacteric produce 

Sub-Part 2.3.2: Physical and chemical changes during ripening 

Sub-Part 2.3.3: Ripeness as a determinant of consumer acceptability 

Part 2.4: Senescence and post-harvest deterioration 

Sub-Part 2.4.1: Biological basis of senescence 

Sub-Part 2.4.2: Symptoms of senescence in different crop categories 

Sub-Part 2.4.3: Strategies to delay senescence and extend shelf life 

 

 

Introduction 

In tropical regions, harvested produce faces unique challenges because of high temperatures, intense 

sunlight, and fluctuating humidity. These environmental conditions accelerate physiological changes, 

making maturity, ripeness, and senescence critical factors in determining storage life and quality. For 

farmers, traders, and consumers, understanding how tropical environments influence produce is essential 

for reducing losses and ensuring that crops reach the market in good condition. 

The aim of this Series is to enable you to explain the influence of tropical environments on harvested 

produce, analyse the role of maturity and ripeness in determining quality, and evaluate strategies to 

manage senescence and extend shelf life. 

We shall commence this Series by examining how tropical environments affect crop produce, focusing on 

climatic factors, temperature, humidity, and environmental stress. Next, we will explore maturity and 

harvest stage, distinguishing between physiological and commercial maturity and considering the 

consequences of harvesting too early or too late. Following that, we will study ripeness and its associated 

physical and chemical changes, linking these to consumer acceptability. Finally, we will wrap up by 

analysing senescence, identifying its symptoms, and discussing strategies to delay deterioration and 

prolong storage life. 

 

 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 2.1 explain how tropical climatic factors influence the storage life of harvested produce, 

SLO 2.2 analyse the effects of temperature and humidity interactions on crop quality, 
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SLO 2.3 describe the impact of environmental stress on harvested produce, 

SLO 2.4 distinguish between physiological maturity and commercial maturity in crop produce, 

SLO 2.5 identify indicators of maturity in fruits, seeds, vegetables, and flowers, 

SLO 2.6 evaluate the consequences of harvesting produce too early or too late, 

SLO 2.7 explain ripening processes in climacteric and non-climacteric produce, 

SLO 2.8 describe the physical and chemical changes that occur during ripening, 

SLO 2.9 assess ripeness as a determinant of consumer acceptability, 

SLO 2.10 define senescence and explain its biological basis, 

SLO 2.11 identify symptoms of senescence in different crop categories, and 

SLO 2.12 evaluate strategies used to delay senescence and extend shelf life. 

 

 

 

 

 

2.1 Influence Of Tropical Environment On Crop Produce 

2.1.1 Climatic factors affecting harvested produce 

The tropical environment is characterised by high temperatures, intense solar radiation, and 

variable humidity. These climatic factors accelerate physiological processes such as respiration 

and transpiration, thereby shortening the storage life of harvested produce. For example, fruits 

stored in hot and humid conditions deteriorate faster than those kept in cooler climates. 

Understanding these influences is essential for designing effective storage and preservation 

strategies. 

Fill in the blank: High temperatures and variable humidity in tropical regions accelerate 

__________ processes in harvested produce. 
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Figure 2.1 Climatic factors influencing harvested produce 

 

2.1.2 Temperature and humidity interactions 

Temperature refers to the degree of heat present in the environment, while humidity is the 

amount of water vapour in the air. In tropical regions, the combination of high temperature and 

high humidity creates conditions that favour microbial growth and rapid deterioration. 

Conversely, low humidity can cause excessive water loss, leading to wilting and shrivelling. 

Effective storage requires balancing these two factors to minimise spoilage and maintain quality. 

Fill in the blank: Excessive water loss due to low humidity results in __________ of fruits and 

vegetables. 
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Plate 2.1 Effects of temperature and humidity interactions on produce 

 

2.1.3 Environmental stress and its impact on storage life 

Environmental stress refers to unfavourable conditions such as heat waves, drought, or 

excessive rainfall that affect produce before and after harvest. Stress during growth can weaken 

produce, making it more susceptible to deterioration during storage. For instance, crops exposed 

to drought may have reduced water content, while those exposed to excessive rainfall may be 

more prone to fungal infections. Managing environmental stress through proper cultivation and 

post-harvest handling is vital for extending storage life. 

Fill in the blank: Crops exposed to excessive rainfall are more prone to __________ infections 

during storage. 

Stress Factor Impact on Storage Life 

Heat waves 
Accelerate respiration and water loss in harvested produce, leading to faster 

deterioration. 

Drought 
Reduces moisture content at harvest, making produce more prone to shriveling and 

reduced shelf life. 

Excessive rainfall 
Increases risk of fungal and bacterial contamination, causing spoilage during 

storage. 

Fluctuating 

humidity 

Promotes condensation and microbial growth, reducing storage quality and 

longevity. 
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Stress Factor Impact on Storage Life 

Temperature 

extremes 

Both high and low extremes can damage tissues, impair quality, and shorten storage 

duration. 

Box 2.1 Environmental stress factors affecting storage life 

 

Pilot questions 2.1 

State two climatic factors that influence harvested produce in tropical regions. 

What is the effect of high temperature and high humidity on storage life? 

Explain one consequence of low humidity on fruits and vegetables. 

Define environmental stress in relation to crop produce. 

Give one example of how environmental stress affects storage life. 

 
 
 
 
 

2.2 Maturity And Harvest Stage 

2.2.1 Physiological maturity versus commercial maturity 

Physiological maturity refers to the stage when a crop has completed its natural growth and 

development, and seeds or fruits are capable of germination or ripening. Commercial maturity, 

on the other hand, is the stage when produce is harvested to meet market demands, which may 

occur before or after physiological maturity. For example, tomatoes may be harvested at the 

breaker stage for transport, even though they are not fully physiologically mature. Recognising 

the difference between these two forms of maturity is crucial for balancing storage life and 

consumer expectations. 

Fill in the blank: The stage when produce is harvested to meet market demands is called 

__________ maturity. 
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Figure 2.2 Physiological versus commercial maturity 

 

2.2.2 Indicators of maturity in fruits, seeds, vegetables, and flowers 

Indicators of maturity vary across crop categories. In fruits, colour change, firmness, and aroma 

are common signs. Seeds are considered mature when they reach maximum dry weight and 

moisture content is reduced. Vegetables show maturity through size, shape, and texture, while 

flowers are harvested when buds are partially open to ensure longer vase life. These indicators 

help farmers and traders decide the optimal harvest time for quality and storage. 

Fill in the blank: Seeds are considered mature when they reach maximum __________ weight 

and reduced moisture content. 
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Plate 2.2 Indicators of maturity in fruits, seeds, vegetables, and flowers 

 

2.2.3 Consequences of harvesting too early or too late 

Harvesting produce too early often results in poor flavour, reduced nutritional value, and shorter 

storage life. For example, immature fruits may fail to ripen properly. Harvesting too late, 

however, can lead to over-ripeness, increased susceptibility to microbial spoilage, and reduced 

market value. Both extremes negatively affect consumer satisfaction and profitability. Therefore, 

identifying the correct harvest stage is essential for balancing quality, storage, and economic 

returns. 

Fill in the blank: Harvesting produce too late often results in __________ susceptibility to 

microbial spoilage. 

Harvest 

Timing 
Consequences 

Too early 
Produce may have poor flavour, low sugar content, and reduced nutritional value. Storage 

life is shortened due to immaturity, and market value declines. 

Too late 
Overripe produce is more prone to spoilage, mechanical damage, and microbial attack. 

Quality deteriorates, storage life is reduced, and marketability decreases. 

Both cases 
Harvesting outside the optimal window leads to economic losses, reduced consumer 

satisfaction, and higher postharvest waste. 
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Box 2.2 Consequences of harvesting too early or too late 

 

Pilot questions 2.2 

Distinguish between physiological maturity and commercial maturity. 

State one indicator of maturity in fruits. 

What is the maturity indicator for seeds? 

Explain one consequence of harvesting produce too early. 

Give one consequence of harvesting produce too late. 

 
 
 
 
 
 

2.3 Ripeness And Quality Attributes 

2.3.1 Ripening processes in climacteric and non-climacteric produce 

Ripening is the process by which harvested produce undergoes changes that improve flavour, 

texture, colour, and aroma, making it acceptable for consumption. Climacteric fruits such as 

bananas, mangoes, and tomatoes continue to ripen after harvest due to a surge in respiration and 

ethylene production. Non-climacteric fruits like grapes, citrus, and strawberries do not ripen 

further once harvested, so they must be picked at the desired eating stage. Recognising these 

differences is vital for determining harvest timing and storage methods. 

Fill in the blank: Fruits such as grapes and citrus are classified as __________ because they do 

not ripen further after harvest. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

 
Figure 2.3 Ripening processes in climacteric and non-climacteric produce 

 

2.3.2 Physical and chemical changes during ripening 

During ripening, produce undergoes several physical changes such as softening, colour 

development, and increased juiciness. At the same time, chemical changes occur, including the 

breakdown of starch into sugars, reduction of acidity, and development of volatile compounds 

that contribute to aroma. These changes enhance consumer appeal but also reduce storage life, 

making ripeness a critical stage to manage. 

Fill in the blank: The breakdown of starch into __________ is a key chemical change during 

ripening. 
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Plate 2.3 Physical and chemical changes during ripening 

 

 

2.3.3 Ripeness as a determinant of consumer acceptability 

Ripeness strongly influences consumer acceptability, as it determines flavour, texture, and 

nutritional quality. Consumers generally prefer fruits and vegetables that are ripe enough to be 

palatable but not overripe. For example, a ripe mango is sweet and aromatic, while an overripe 

one may be mushy and less appealing. Producers must balance ripeness with storage and 

transport requirements to ensure produce reaches consumers in good condition. 

Fill in the blank: Overripe fruits often become __________ and less appealing to consumers. 

Aspect Influence of Ripeness 

Flavour 
Ripeness enhances sweetness, aroma, and overall taste; underripe produce is bland, 

while overripe may taste off. 

Texture 
Proper ripeness ensures desirable firmness or juiciness; underripe produce is hard, while 

overripe becomes mushy. 

Nutritional 

quality 

Ripeness often increases vitamin and antioxidant content, though excessive 

overripening may reduce nutritional value. 
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Aspect Influence of Ripeness 

Consumer 

preference 

Shoppers select produce based on visible ripeness indicators (color, firmness, aroma), 

which directly affect marketability. 

Shelf life 
Optimal ripeness balances consumer acceptability with storage potential; underripe 

produce may last longer but be less appealing, while overripe spoils quickly. 

Box 2.3 Ripeness as a determinant of consumer acceptability 

 

Pilot questions 2.3 

Distinguish between climacteric and non-climacteric fruits. 

State one physical change that occurs during ripening. 

Mention one chemical change that occurs during ripening. 

How does ripeness affect consumer acceptability? 

Give one example of a climacteric fruit. 

 
 
 
 
 
 

2.4 Senescence And Post-Harvest Deterioration 

2.4.1 Biological basis of senescence 

Senescence is the natural ageing process in harvested produce, marked by a decline in metabolic 

activity and eventual cell death. It is driven by genetic programming and influenced by 

environmental conditions such as temperature, humidity, and exposure to ethylene gas. During 

senescence, enzymes break down cell structures, leading to loss of firmness, colour changes, and 

reduced nutritional quality. Understanding the biological basis of senescence helps in designing 

strategies to delay deterioration. 

Fill in the blank: The natural ageing process in harvested produce that leads to cell death is called 

__________. 
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Figure 2.4 Biological basis of senescence 

 

2.4.2 Symptoms of senescence in different crop categories 

Symptoms of senescence vary across crop categories. In fruits, it manifests as softening, 

browning, and loss of flavour. Vegetables often show wilting, yellowing, and shrivelling. Seeds 

lose viability and fail to germinate, while flowers exhibit petal drop and fading colour. These 

symptoms reduce consumer acceptability and market value, making senescence a critical stage to 

manage in post-harvest systems. 

Fill in the blank: Wilting and yellowing are common symptoms of __________ in vegetables. 
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Plate 2.4 Symptoms of senescence in different crop categories 

 

2.4.3 Strategies to delay senescence and extend shelf life 

Several strategies are used to delay senescence and extend shelf life. Temperature 

management through refrigeration slows metabolic activity. Controlled atmosphere storage 

reduces oxygen and increases carbon dioxide to delay ageing. Ethylene management prevents 

premature ripening and senescence in sensitive crops. Chemical treatments such as 

preservatives can also slow deterioration. Combining these strategies ensures produce remains 

acceptable for longer periods, reducing losses and improving profitability. 

Fill in the blank: Reducing oxygen and increasing carbon dioxide in storage is a strategy known 

as __________ atmosphere storage. 

Strategy Description / Notes 

Refrigeration 
Low temperatures slow respiration and metabolic activity, extending 

shelf life. 

Controlled atmosphere storage 
Regulation of oxygen, carbon dioxide, and humidity levels reduces 

ripening and spoilage. 
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Strategy Description / Notes 

Ethylene management 
Removal or inhibition of ethylene gas delays ripening and senescence in 

climacteric fruits. 

Chemical treatments 
Application of safe preservatives (e.g., 1-MCP, calcium salts) slows 

deterioration and strengthens tissue. 

Modified atmosphere 

packaging (MAP) 

Packaging that alters gas composition around produce to reduce 

respiration and microbial growth. 

Careful handling 
Minimizing mechanical damage reduces stress and entry points for 

pathogens. 

Box 2.4 Strategies to delay senescence and extend shelf life 

 

Pilot questions 2.4 

Define senescence in harvested produce. 

State one symptom of senescence in fruits. 

Mention one symptom of senescence in vegetables. 

How does senescence affect seeds? 

Give one strategy used to delay senescence. 

 
 
 
 

Series Summary 

This Series has focused on the influence of tropical environments on harvested produce, highlighting how 

climatic factors such as temperature, humidity, and environmental stress accelerate deterioration. We then 

examined maturity and harvest stage, distinguishing between physiological and commercial maturity, 

identifying indicators across fruits, seeds, vegetables, and flowers, and considering the consequences of 

harvesting too early or too late. Following that, we explored ripeness, looking at climacteric and 

non-climacteric produce, the physical and chemical changes that occur during ripening, and how ripeness 

determines consumer acceptability. Finally, we analysed senescence, its biological basis, visible 

symptoms across crop categories, and strategies to delay deterioration and extend shelf life. 

By completing this Series, you should now be able to explain how tropical environments affect produce, 

analyse maturity stages and their indicators, describe ripening processes and associated changes, and 

evaluate senescence and methods to manage it. These abilities directly align with the Series Learning 

Outcomes, equipping you with practical knowledge to make informed decisions about harvesting, storage, 

and quality management in tropical contexts. 
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Glossary of Terms 

Climacteric fruits: Fruits that continue to ripen after harvest due to increased respiration and 

ethylene production, such as bananas and mangoes. 

Commercial maturity: The stage when produce is harvested to meet market demands, which may be 

before or after physiological maturity. 

Environmental stress: Unfavourable conditions such as heat waves, drought, or excessive rainfall 

that weaken produce and reduce storage life. 

Humidity: The amount of water vapour present in the air, which influences wilting, shrivelling, or 

microbial growth in harvested produce. 

Non-climacteric fruits: Fruits that do not ripen further after harvest, such as grapes and citrus, and 

must be picked at the eating stage. 

Physiological maturity: The stage when a crop has completed natural growth and development, and 

seeds or fruits are capable of germination or ripening. 

Ripening: The process by which harvested produce undergoes physical and chemical changes that 

improve flavour, texture, colour, and aroma. 

Senescence: The natural ageing process in harvested produce, marked by cellular breakdown, loss of 

firmness, and reduced nutritional quality. 

Temperature: The degree of heat present in the environment, which affects respiration, microbial 

activity, and storage life of produce. 

Transpiration: The loss of water vapour from harvested produce, often leading to wilting and 

shrivelling. 

 

 

 

 

 

Concept Check Questions [Series 2] 
Objective questions 

High temperature and humidity in tropical regions accelerate __________ processes in 
harvested produce. (Linked to SLO 2.1) 
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Excessive water loss due to low humidity results in __________ of fruits and vegetables. (Linked 
to SLO 2.2) 

Crops exposed to excessive rainfall are more prone to __________ infections during storage. 
(Linked to SLO 2.3) 

The stage when produce has completed natural growth and development is called __________ 
maturity. (Linked to SLO 2.4) 

Fruits such as bananas and mangoes are classified as __________ because they continue to 
ripen after harvest. (Linked to SLO 2.7) 

The natural ageing process in harvested produce is called __________. (Linked to SLO 2.10) 

 

Short-answer questions 

Explain one way tropical climatic factors influence harvested produce. (Linked to SLO 2.1) 

State one effect of high humidity on harvested produce. (Linked to SLO 2.2) 

Define environmental stress in relation to crop produce. (Linked to SLO 2.3) 

Distinguish between physiological maturity and commercial maturity. (Linked to SLOs 2.4, 2.5) 

State one indicator of maturity in seeds. (Linked to SLO 2.5) 

Evaluate one consequence of harvesting produce too early. (Linked to SLO 2.6) 

Mention one physical change that occurs during ripening. (Linked to SLO 2.8) 

Describe one chemical change that occurs during ripening. (Linked to SLO 2.8) 

How does ripeness affect consumer acceptability? (Linked to SLO 2.9) 

Identify one symptom of senescence in flowers. (Linked to SLO 2.11) 

Give one strategy used to delay senescence. (Linked to SLO 2.12) 

 

Long-answer questions 

Analyse how tropical climatic factors and environmental stress influence the storage life of 
harvested produce. (Linked to SLOs 2.1, 2.2, 2.3) 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Evaluate the importance of distinguishing between physiological and commercial maturity in 
crop production. (Linked to SLOs 2.4, 2.5, 2.6) 

Discuss the physical and chemical changes during ripening and explain their impact on 
consumer acceptability. (Linked to SLOs 2.7, 2.8, 2.9) 

Compare the symptoms of senescence across fruits, vegetables, seeds, and flowers, and 
propose strategies to delay deterioration. (Linked to SLOs 2.10, 2.11, 2.12) 

 

Answers to Concept Check Questions [Series 2] 
Objective questions 

Physiological 

Wilting 

Fungal 

Physiological 

Climacteric 

Senescence 

Short-answer questions 

High temperatures accelerate respiration, reducing storage life. 

It encourages microbial growth and rotting. 

Unfavourable conditions such as drought, heat waves, or excessive rainfall that weaken 
produce. 

Physiological maturity is when produce completes natural growth, while commercial maturity 
is when it is harvested for market needs. 

Maximum dry weight and reduced moisture content. 

Poor flavour and reduced nutritional value. 

Softening of texture. 

Conversion of starch into sugars. 
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It determines flavour, texture, and consumer preference. 

Petal drop. 

Refrigeration. 

Long-answer questions 

Basic response: Tropical climates with high temperature and humidity accelerate respiration 

and microbial growth, while stress such as drought or rainfall weakens produce. 

Value-added response: Learners may add that managing these factors through 

controlled environments, shading, and improved post-harvest handling reduces 

deterioration. 

Basic response: Physiological maturity ensures produce is fully developed, while 

commercial maturity ensures market demands are met. 

Value-added response: Learners may add that balancing both stages optimises storage 

life, transportability, and consumer satisfaction. 

Basic response: Physical changes include softening and colour development, while chemical 

changes include starch breakdown and reduced acidity. These make produce more 

appealing but shorten storage life. 

Value-added response: Learners may add that monitoring ripening stages allows 

producers to target specific markets and reduce waste. 

Basic response: Fruits show browning, vegetables wilt, seeds lose viability, and flowers 

drop petals. Strategies include refrigeration and controlled atmosphere storage. 

Value-added response: Learners may add that ethylene management, chemical 

treatments, and integrated post-harvest systems further extend shelf life. 

Answers to Pilot Questions [Series 2] 
Part 2.1: Influence of tropical environment on crop produce 

Temperature and humidity. 

It accelerates microbial growth and rapid deterioration. 

Wilting. 

Environmental stress refers to unfavourable conditions such as heat waves, drought, or 
excessive rainfall that weaken produce. 

Excessive rainfall increases susceptibility to fungal infections. 
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Part 2.2: Maturity and harvest stage 

Physiological maturity is when produce completes natural growth, while commercial maturity 
is when it is harvested to meet market demands. 

Colour change. 

Maximum dry weight and reduced moisture content. 

Poor flavour and reduced nutritional value. 

Over-ripeness and increased susceptibility to microbial spoilage. 

 

Part 2.3: Ripeness and quality attributes 

Climacteric fruits continue to ripen after harvest, while non-climacteric fruits do not. 

Softening of texture. 

Conversion of starch into sugars. 

Ripeness determines flavour, texture, and consumer acceptability. 

Mango. 

 

Part 2.4: Senescence and post-harvest deterioration 

Senescence is the natural ageing process in harvested produce. 

Browning. 

Wilting. 

Seeds lose viability and fail to germinate. 

Refrigeration. 
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Figures, Plates, and Boxes 

Figure 2.1 Climatic factors influencing harvested produce 

Attribution: AI-generated using prompt “Generate a diagram showing temperature, 
sunlight, and humidity effects on harvested produce in tropical environments.” 

Suggested OER search string: “tropical environment climatic factors harvested produce 
OER diagram” 

Plate 2.1 Effects of temperature and humidity interactions on produce 

Attribution: AI-generated using prompt “Generate an image showing fruits wilting under 
low humidity and rotting under high humidity in tropical storage conditions.” 

Suggested OER search string: “temperature humidity effects harvested produce 
tropical OER image” 

Box 2.1 Environmental stress factors affecting storage life 

Attribution: AI-generated using prompt “Generate a text box summarising 
environmental stress factors like heat waves, drought, and rainfall, and their impact 
on storage life.” 
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Suggested OER search string: “environmental stress harvested produce storage life 
OER box” 

Figure 2.2 Physiological versus commercial maturity 

Attribution: AI-generated using prompt “Generate a diagram comparing physiological 
maturity and commercial maturity stages in crops such as tomatoes and grains.” 

Suggested OER search string: “physiological vs commercial maturity crops OER 
diagram” 

Plate 2.2 Indicators of maturity in fruits, seeds, vegetables, and flowers 

Attribution: AI-generated using prompt “Generate an image showing maturity indicators 
in fruits, seeds, vegetables, and flowers, including colour change, dry weight, size, 
and bud stage.” 

Suggested OER search string: “maturity indicators fruits seeds vegetables flowers OER 
image” 

Box 2.2 Consequences of harvesting too early or too late 

Attribution: AI-generated using prompt “Generate a text box summarising 
consequences of harvesting produce too early or too late, including poor flavour, 
spoilage, and reduced value.” 

Suggested OER search string: “consequences early late harvesting produce OER box” 

Figure 2.3 Ripening processes in climacteric and non-climacteric produce 

Attribution: AI-generated using prompt “Generate a diagram comparing climacteric and 
non-climacteric fruits, showing respiration and ethylene activity during ripening.” 

Suggested OER search string: “climacteric vs non climacteric fruits ripening OER 
diagram” 

Plate 2.3 Physical and chemical changes during ripening 

Attribution: AI-generated using prompt “Generate an image showing bananas changing 
colour and texture as starch converts to sugar during ripening.” 

Suggested OER search string: “physical chemical changes fruit ripening bananas OER 
image” 

Box 2.3 Ripeness as a determinant of consumer acceptability 
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Attribution: AI-generated using prompt “Generate a text box summarising ripeness as a 
determinant of consumer acceptability, including flavour, texture, and nutritional 
quality.” 

Suggested OER search string: “ripeness consumer acceptability fruits vegetables OER 
box” 

Figure 2.4 Biological basis of senescence 

Attribution: AI-generated using prompt “Generate a diagram showing cellular 
breakdown during senescence in fruits and vegetables.” 

Suggested OER search string: “biological basis senescence harvested produce OER 
diagram” 

Plate 2.4 Symptoms of senescence in different crop categories 

Attribution: AI-generated using prompt “Generate an image showing senescence 
symptoms in fruits, vegetables, seeds, and flowers, including browning, wilting, loss 
of viability, and petal drop.” 

Suggested OER search string: “senescence symptoms fruits vegetables seeds flowers 
OER image” 

Box 2.4 Strategies to delay senescence and extend shelf life 

Attribution: AI-generated using prompt “Generate a text box summarising strategies to 
delay senescence and extend shelf life, including refrigeration, controlled 
atmosphere storage, ethylene management, and chemical treatments.” 

Suggested OER search string: “strategies delay senescence extend shelf life OER box” 
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Series 3: Physical and Chemical Indices of 

Quality in Crop Produce 
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Part 3.1: Physical indices of quality in crop produce 

Sub-Part 3.1.1: Size, shape, and weight as indicators 

Sub-Part 3.1.2: Colour, texture, and firmness assessment 

Sub-Part 3.1.3: Visual defects and mechanical damage 

Part 3.2: Chemical indices of quality in crop produce 

Sub-Part 3.2.1: Sugar content and acidity levels 

Sub-Part 3.2.2: Nutritional composition (vitamins, proteins, oils) 

Sub-Part 3.2.3: Aroma and flavour compounds 

Part 3.3: Methods of assessing quality indices 

Sub-Part 3.3.1: Traditional methods of quality assessment 

Sub-Part 3.3.2: Instrumental and laboratory techniques 

Sub-Part 3.3.3: Modern technologies for rapid quality evaluation 

Part 3.4: Application of quality indices in post-harvest management 

Sub-Part 3.4.1: Role of indices in grading and sorting 

Sub-Part 3.4.2: Influence on packaging and transportation decisions 

Sub-Part 3.4.3: Consumer perception and market value 

 

 

Introduction 

Quality in crop produce is not just about appearance; it is also about the internal composition that 

determines nutritional value, flavour, and consumer satisfaction. Farmers, traders, and consumers rely on 

both physical and chemical indices to judge whether produce is market-ready, safe, and desirable. These 

indices are central to post-harvest management, as they guide decisions on grading, packaging, and 

storage, ensuring that crops maintain their value from farm to table. 

The aim of this Series is to equip you with the knowledge and skills to identify, assess, and apply physical 

and chemical indices of quality in crop produce, enabling you to make informed decisions in post-harvest 

handling and marketing. 

We shall commence this Series by exploring physical indices such as size, shape, colour, texture, and 

firmness, as well as the identification of defects. Next, we will examine chemical indices including sugar 

content, acidity, nutritional composition, and flavour compounds. Following that, we will study methods 

of assessing these indices, ranging from traditional approaches to modern technologies. Finally, we will 

wrap up by considering how these indices are applied in post-harvest management, particularly in 

grading, packaging, transportation, and consumer perception. 
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Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 3.1 describe physical indices of quality such as size, shape, and weight in crop produce, 

SLO 3.2 explain how colour, texture, and firmness serve as indicators of quality, 

SLO 3.3 identify visual defects and mechanical damage that reduce market value, 

SLO 3.4 define chemical indices of quality including sugar content and acidity levels, 

SLO 3.5 analyse the nutritional composition of crop produce in terms of vitamins, proteins, and oils, 

SLO 3.6 evaluate the role of aroma and flavour compounds in consumer preference, 

SLO 3.7 distinguish between traditional and instrumental methods of assessing quality indices, 

SLO 3.8 demonstrate the use of modern technologies for rapid quality evaluation, 

SLO 3.9 apply quality indices in grading and sorting of produce, 

SLO 3.10 explain how quality indices influence packaging and transportation decisions, and 

SLO 3.11 assess the impact of quality indices on consumer perception and market value. 

 

 

 

3.1 Physical Indices Of Quality In Crop Produce 

3.1.1 Size, shape, and weight as indicators 

Size refers to the dimensions of produce such as length, diameter, or overall bulk. Shape 

describes the external form, which may be uniform or irregular. Weight is the mass of the 

produce, often linked to consumer preference and market grading. These indices are important 

because they provide quick, visible cues about quality. For example, larger fruits may be 

perceived as more mature, while uniform shape often indicates good cultivation practices. 
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Fill in the blank: Uniform __________ in crop produce is often associated with good cultivation 

practices. 

 
Figure 3.1 Size, shape, and weight as indicators of quality 

 

3.1.2 Colour, texture, and firmness assessment 

Colour is a key physical index that signals maturity and ripeness. For instance, green bananas 

turning yellow indicate ripening. Texture refers to the surface feel, whether smooth, rough, or 

waxy, and is often linked to freshness. Firmness measures resistance to pressure and is a reliable 

indicator of storage life. These attributes are routinely used by consumers and traders to judge 

quality quickly. 

Fill in the blank: The resistance of produce to pressure is referred to as __________. 
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Plate 3.1 Colour, texture, and firmness assessment 

 

3.1.3 Visual defects and mechanical damage 

Visual defects include blemishes, spots, and irregularities that reduce consumer appeal. 

Mechanical damage refers to injuries caused during harvesting, handling, or transportation, 

such as bruises, cuts, or cracks. These defects not only lower market value but also accelerate 

deterioration by providing entry points for pathogens. Minimising damage through careful 

handling is therefore essential for maintaining quality. 

Fill in the blank: Cuts and bruises on harvested produce are examples of __________ damage. 

Type of 

Defect/Damage 
Examples / Notes 

Visual defects 
Spots, blemishes, discoloration, uneven ripening, and surface scarring reduce 

consumer appeal. 

Cuts and cracks 
Caused by improper harvesting tools or handling; increase susceptibility to 

microbial infection. 

Bruises 
Result from rough handling, dropping, or compression; lead to tissue breakdown 

and faster spoilage. 

Abrasions 
Scratches or rubbing during transport/storage; compromise protective skin layers 

of produce. 
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Type of 

Defect/Damage 
Examples / Notes 

Deformities 
Irregular shapes due to growth stress or poor nutrient supply; lower market value 

despite edibility. 

Box 3.1 Common visual defects and mechanical damage in crop produce 

 

Pilot questions 3.1 

State two physical indices of quality in crop produce. 

Explain why uniform shape is considered a quality indicator. 

What does firmness indicate in harvested produce? 

Give one example of a visual defect in fruits. 

Mention one type of mechanical damage that reduces market value. 

 

 

 

 

3.2 Chemical Indices Of Quality In Crop Produce 

3.2.1 Sugar content and acidity levels 

Sugar content refers to the amount of natural sugars present in produce, often measured in 

degrees Brix. It is a key determinant of sweetness and consumer preference. Acidity levels 

indicate the concentration of organic acids such as citric or malic acid, which contribute to 

flavour balance. Together, sugar and acidity define the taste profile of fruits and vegetables, 

influencing both market value and consumer satisfaction. 

Fill in the blank: The measure of sugar concentration in fruits is commonly expressed in degrees 

__________. 
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Figure 3.2 Sugar content and acidity levels in crop produce 

 

3.2.2 Nutritional composition (vitamins, proteins, oils) 

Nutritional composition refers to the presence of essential nutrients in produce, including 

vitamins, proteins, and oils. Vitamins such as vitamin C in citrus fruits enhance immunity, while 

proteins in legumes contribute to dietary balance. Oils in crops like groundnuts and palm fruits 

provide energy and are valued for culinary uses. Assessing nutritional composition helps 

determine the health benefits of produce and guides consumer choices. 

Fill in the blank: Citrus fruits are valued for their high content of vitamin __________. 
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Plate 3.2 Nutritional composition of crop produce 

 

3.2.3 Aroma and flavour compounds 

Aroma compounds are volatile substances that give produce its distinctive smell, while flavour 

compounds combine taste and aroma to create overall palatability. For example, esters in apples 

provide a fruity aroma, while sulphur compounds in onions contribute to their pungent flavour. 

These chemical indices are critical for consumer acceptability and market demand, as they 

directly influence sensory appeal. 

Fill in the blank: Volatile substances that give produce its distinctive smell are called 

__________ compounds. 

Compound Type Examples / Notes 

Aroma 

compounds 

Esters in apples (e.g., ethyl butyrate) provide fruity notes; terpenes in citrus contribute 

fresh, floral scents. 
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Compound Type Examples / Notes 

Flavour 

compounds 

Sulphur compounds in onions and garlic give pungency; alkaloids in bitter gourd 

impart bitterness. 

Sweetness 
Sugars such as glucose and fructose enhance palatability in fruits like mango and 

grapes. 

Acidity 
Organic acids (citric acid in citrus, malic acid in apples) balance flavour and 

freshness. 

Volatile phenolics Contribute spicy and smoky notes in crops like peppers and cloves. 

Box 3.2 Aroma and flavour compounds in crop produce 

 

Pilot questions 3.2 

What is the common unit used to measure sugar content in fruits? 

State one organic acid that contributes to fruit acidity. 

Give one example of a crop rich in proteins. 

Mention one nutrient found in citrus fruits. 

Identify one aroma compound found in apples. 

 

 

 

 

3.3 Methods Of Assessing Quality Indices 

3.3.1 Traditional methods of quality assessment 

Traditional methods rely on human senses and simple tools to judge quality. Farmers and 

traders often use sight, touch, and taste to evaluate produce. For example, colour changes in 

fruits, firmness when pressed, or taste samples are used to determine ripeness and acceptability. 

While these methods are inexpensive and widely practised, they can be subjective and vary from 

one assessor to another. 

Fill in the blank: Evaluating produce by sight, touch, and taste are examples of __________ 

methods of quality assessment. 
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Figure 3.3 Traditional methods of quality assessment 

 

3.3.2 Instrumental and laboratory techniques 

Instrumental techniques involve the use of tools and equipment to measure quality indices 

more accurately. Examples include refractometers for sugar content, penetrometers for firmness, 

and pH meters for acidity. Laboratory techniques go further by analysing nutritional 

composition, aroma compounds, and microbial safety. These methods provide objective and 

reliable data, though they require specialised equipment and expertise. 

Fill in the blank: A __________ is commonly used to measure sugar content in fruits. 
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Plate 3.3 Instrumental and laboratory techniques for quality assessment 

 

3.3.3 Modern technologies for rapid quality evaluation 

Modern technologies such as near-infrared spectroscopy, digital imaging, and electronic noses 

allow rapid and non-destructive assessment of produce quality. These innovations provide 

real-time data on physical and chemical indices, making them valuable for large-scale 

operations. For instance, digital imaging can detect defects automatically, while spectroscopy 

can measure sugar and moisture content without damaging the produce. 

Fill in the blank: Near-infrared __________ is a modern technology used for rapid, 

non-destructive quality evaluation. 

Technology Description / Notes 

Near Infrared Spectroscopy 

(NIRS) 

Rapid, non-destructive analysis of moisture, protein, and sugar content in 

produce. 

Digital imaging 
High-resolution cameras and software detect visual defects, colour 

changes, and size variations. 

Electronic noses 
Sensor arrays mimic human olfaction to detect volatile compounds, 

assessing aroma and freshness. 

Hyperspectral imaging 
Combines imaging and spectroscopy to evaluate internal quality and detect 

hidden defects. 
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Technology Description / Notes 

Machine learning algorithms 
Data-driven models integrate sensor outputs to predict quality and shelf 

life with high accuracy. 

Box 3.3 Modern technologies for rapid quality evaluation 

 

Pilot questions 3.3 

State two traditional methods of assessing crop quality. 

Name one instrument used to measure firmness. 

What laboratory technique can be used to analyse nutritional composition? 

Mention one modern technology for rapid quality evaluation. 

Explain one advantage of modern technologies over traditional methods. 

 

 

 

3.4 Application Of Quality Indices In Post-Harvest Management 

3.4.1 Role of indices in grading and sorting 

Grading is the process of categorising produce based on physical and chemical indices such as 

size, colour, and sugar content. Sorting involves separating produce into groups that meet 

specific market standards. These practices ensure uniformity, improve consumer confidence, and 

allow producers to fetch better prices. For example, mangoes may be graded by size and 

sweetness before being packed for export. 

Fill in the blank: Categorising produce into groups based on quality indices is known as 

__________. 
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Figure 3.4 Grading and sorting of crop produce 

 

3.4.2 Influence on packaging and transportation decisions 

Packaging decisions are guided by physical indices such as firmness and shape, which 

determine the type of protective material required. Transportation choices depend on chemical 

indices like ripeness and sugar content, which influence shelf life. For instance, delicate fruits 

with high sugar content may require refrigerated transport to prevent spoilage. Applying quality 

indices in these decisions reduces losses and maintains consumer satisfaction. 

Fill in the blank: Produce with high sugar content often requires __________ transport to prevent 

spoilage. 
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Plate 3.4 Packaging and transportation guided by quality indices 

 

3.4.3 Consumer perception and market value 

Consumer perception is shaped by visible and sensory indices such as colour, aroma, and 

flavour. These qualities directly affect market value, as consumers are willing to pay more for 

produce that looks appealing and tastes good. For example, bright red tomatoes with firm texture 

are more attractive than blemished ones, even if both are nutritionally similar. Producers 

therefore rely on quality indices to meet consumer expectations and maximise returns. 

Fill in the blank: Bright colour and firm texture in tomatoes enhance consumer __________ and 

market value. 

Quality 

Attribute 
Influence on Consumer Perception and Market Value 

Colour 
Bright, uniform colour signals freshness and ripeness; poor or uneven colour reduces 

appeal and lowers market price. 

Aroma 
Pleasant aroma enhances consumer satisfaction; off-odours indicate spoilage and 

reduce acceptability. 

Flavour 
Balanced sweetness, acidity, and characteristic taste drive repeat purchases; poor 

flavour reduces consumer trust. 
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Quality 

Attribute 
Influence on Consumer Perception and Market Value 

Firmness 
Appropriate firmness indicates freshness and good handling; overly soft or hard 

produce is less desirable. 

Overall 

appearance 

Combination of visual, aroma, flavour, and texture qualities determines consumer 

choice and willingness to pay premium. 

Box 3.4 Consumer perception and market value 

 

Pilot questions 3.4 

Define grading in crop produce. 

State one physical index used in sorting. 

Explain how sugar content influences transportation decisions. 

Give one example of packaging guided by firmness. 

How do quality indices affect consumer perception and market value? 

 

 

 

 

Series Summary 

This Series has highlighted the importance of physical and chemical indices in determining the quality of 

crop produce, showing how these measures guide both producers and consumers in making informed 

decisions. We began by examining physical indices such as size, shape, colour, texture, firmness, and the 

impact of defects or mechanical damage. Then we moved on to chemical indices, including sugar content, 

acidity, nutritional composition, and the role of aroma and flavour compounds. Following that, we 

explored methods of assessing these indices, ranging from traditional sensory approaches to instrumental 

techniques and modern technologies. Finally, we considered how these indices are applied in post-harvest 

management, influencing grading, packaging, transportation, and consumer perception. 

By completing this Series, you should now be able to describe and explain physical and chemical indices 

of quality, identify appropriate methods of assessment, and apply these indices in practical post-harvest 

contexts. These abilities directly align with the Series Learning Outcomes, equipping you to evaluate 

produce quality objectively and to make decisions that enhance market value, consumer satisfaction, and 

overall efficiency in crop handling. 
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Glossary of Terms 

Acidity: The level of organic acids present in produce, such as citric or malic acid, which influences 

flavour balance. 

Aroma compounds: Volatile substances that give produce its distinctive smell, contributing to 

consumer appeal. 

Firmness: The resistance of produce to pressure, often used as an indicator of freshness and storage 

life. 

Grading: The process of categorising produce into groups based on quality indices such as size, 

colour, or sweetness. 

Mechanical damage: Injuries such as cuts, bruises, or cracks caused during harvesting, handling, or 

transportation. 

Nutritional composition: The presence of essential nutrients in produce, including vitamins, 

proteins, and oils. 

Packaging: Materials and methods used to protect produce during storage and transport, guided by 

physical and chemical indices. 

Shape: The external form of produce, which may be uniform or irregular, and often influences 

consumer preference. 

Size: The dimensions of produce, such as length, diameter, or overall bulk, used as a physical quality 

indicator. 

Sorting: The act of separating produce into groups that meet specific market standards. 

Sugar content: The amount of natural sugars in produce, usually measured in degrees Brix, which 

determines sweetness. 

Texture: The surface feel of produce, such as smooth, rough, or waxy, often linked to freshness. 

Visual defects: Blemishes, spots, or irregularities that reduce consumer appeal and market value. 

Weight: The mass of produce, often used in grading and market evaluation. 
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Concept Check Questions [Series 3] 
Objective questions 

Size, shape, and weight are examples of __________ indices of quality. (Linked to SLO 3.1) 

The resistance of produce to pressure is called __________. (Linked to SLO 3.2) 

Cuts and bruises on harvested produce are examples of __________ damage. (Linked to SLO 
3.3) 

Sugar concentration in fruits is commonly measured in degrees __________. (Linked to SLO 3.4) 

Citrus fruits are valued for their high content of vitamin __________. (Linked to SLO 3.5) 

Volatile substances that give produce its distinctive smell are called __________ compounds. 
(Linked to SLO 3.6) 

A refractometer is used to measure __________ content in fruits. (Linked to SLO 3.7) 

Near-infrared spectroscopy is a __________ technology for rapid quality evaluation. (Linked to 
SLO 3.8) 

Categorising produce into groups based on quality indices is known as __________. (Linked to 
SLO 3.9) 

Produce with high sugar content often requires __________ transport to prevent spoilage. 
(Linked to SLO 3.10) 

 

Short-answer questions 

Explain why uniform shape is considered a quality indicator. (Linked to SLO 3.1) 

State one physical index used to judge ripeness. (Linked to SLO 3.2) 

Give one example of a visual defect in fruits. (Linked to SLO 3.3) 

Mention one organic acid that contributes to fruit acidity. (Linked to SLO 3.4) 

Identify one crop rich in proteins. (Linked to SLO 3.5) 

State one aroma compound found in apples. (Linked to SLO 3.6) 

Name one instrument used to measure firmness. (Linked to SLO 3.7) 

Mention one modern technology for rapid quality evaluation. (Linked to SLO 3.8) 
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Explain how sugar content influences transportation decisions. (Linked to SLO 3.10) 

Give one example of packaging guided by firmness. (Linked to SLO 3.10) 

How do colour and aroma affect consumer perception? (Linked to SLO 3.11) 

 

Long-answer questions 

Analyse the importance of physical indices such as size, shape, colour, and firmness in 
determining produce quality. (Linked to SLOs 3.1, 3.2, 3.3) 

Evaluate the role of chemical indices including sugar content, acidity, nutritional composition, 
and flavour compounds in consumer preference. (Linked to SLOs 3.4, 3.5, 3.6) 

Compare traditional, instrumental, and modern methods of assessing quality indices, 
highlighting their strengths and limitations. (Linked to SLOs 3.7, 3.8) 

Discuss how quality indices are applied in grading, packaging, transportation, and consumer 
perception, and explain their impact on market value. (Linked to SLOs 3.9, 3.10, 3.11) 

 

Answers to Concept Check Questions [Series 3] 
Objective questions 

Physical 

Firmness 

Mechanical 

Brix 

C 

Aroma 

Sugar 

Modern 

Grading 

Refrigerated 
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Short-answer questions 

Uniform shape indicates good cultivation practices and enhances consumer appeal. 

Colour change. 

Spots or blemishes. 

Citric acid. 

Beans. 

Esters. 

Penetrometer. 

Near-infrared spectroscopy. 

High sugar content reduces shelf life, requiring refrigerated transport. 

Firm fruits may be packed in simple cartons, while delicate ones need cushioned packaging. 

Bright colour and pleasant aroma attract consumers and increase willingness to pay. 

 

Long-answer questions 

Basic response: Physical indices such as size, shape, colour, and firmness provide visible 

cues of quality and freshness. 

Value-added response: Learners may add that these indices also influence grading 

standards, consumer trust, and storage decisions, making them vital for market 

competitiveness. 

Basic response: Chemical indices like sugar and acidity determine taste, while nutritional 

composition and flavour compounds add health and sensory value. 

Value-added response: Learners may add that balancing sugar and acidity enhances 

flavour profiles, and nutritional composition supports marketing strategies for 

health-conscious consumers. 

Basic response: Traditional methods rely on senses, instrumental methods use tools, and 

modern technologies provide rapid, non-destructive evaluation. 

Value-added response: Learners may add that modern technologies improve efficiency 

in large-scale operations, while traditional methods remain useful for smallholders due to 

low cost. 
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Basic response: Quality indices guide grading, packaging, and transport, and shape 

consumer perception, thereby affecting market value. 

Value-added response: Learners may add that applying indices strategically reduces 

post-harvest losses, enhances export potential, and supports branding for premium 

markets. 
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Answers to Pilot Questions [Series 3] 
Part 3.1: Physical indices of quality in crop produce 

Size and shape. 

It shows good cultivation practices and enhances consumer appeal. 

Firmness indicates freshness and storage life. 

Spots or blemishes. 

Cuts and bruises. 

 

Part 3.2: Chemical indices of quality in crop produce 

Degrees Brix. 

Citric acid. 

Beans. 

Vitamin C. 

Esters. 

 

Part 3.3: Methods of assessing quality indices 

Sight and taste. 

Penetrometer. 

Laboratory nutritional analysis. 

Near-infrared spectroscopy. 

Modern technologies are faster, more accurate, and non-destructive compared to traditional 
methods. 

 

Part 3.4: Application of quality indices in post-harvest management 

Grading is categorising produce into groups based on quality indices. 
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Colour. 

High sugar content reduces shelf life, requiring refrigerated transport. 

Firm fruits packed in cartons. 

They shape consumer choices and determine market value. 
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Figures, Plates, and Boxes 

Figure 3.1 Size, shape, and weight as indicators of quality 

Attribution: AI-generated using prompt “Generate a diagram showing size, shape, and 
weight as physical quality indicators in fruits and vegetables.” 

Suggested OER search string: “size shape weight quality indicators crop produce OER 
diagram” 

Plate 3.1 Colour, texture, and firmness assessment 
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Attribution: AI-generated using prompt “Generate an image showing bananas changing 
colour, cucumbers with different textures, and firmness testing in tomatoes.” 

Suggested OER search string: “colour texture firmness crop produce quality OER 
image” 

Box 3.1 Common visual defects and mechanical damage in crop produce 

Attribution: AI-generated using prompt “Generate a text box summarising common 
visual defects and mechanical damage in crop produce, including spots, 
blemishes, cuts, and bruises.” 

Suggested OER search string: “visual defects mechanical damage crop produce OER 
box” 

Figure 3.2 Sugar content and acidity levels in crop produce 

Attribution: AI-generated using prompt “Generate a diagram showing sugar content and 
acidity levels in fruits such as oranges and grapes, with taste balance illustrated.” 

Suggested OER search string: “sugar content acidity fruits crop produce OER diagram” 

Plate 3.2 Nutritional composition of crop produce 

Attribution: AI-generated using prompt “Generate an image showing citrus fruits for 
vitamins, beans for proteins, and groundnuts for oils as examples of nutritional 
composition.” 

Suggested OER search string: “nutritional composition vitamins proteins oils crop 
produce OER image” 

Box 3.2 Aroma and flavour compounds in crop produce 

Attribution: AI-generated using prompt “Generate a text box summarising aroma and 
flavour compounds in crop produce, including esters in apples and sulphur 
compounds in onions.” 

Suggested OER search string: “aroma flavour compounds crop produce OER box” 

Figure 3.3 Traditional methods of quality assessment 

Attribution: AI-generated using prompt “Generate a diagram showing traditional 
methods of assessing produce quality using sight, touch, and taste.” 

Suggested OER search string: “traditional methods assessing crop quality OER 
diagram” 
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Plate 3.3 Instrumental and laboratory techniques for quality assessment 

Attribution: AI-generated using prompt “Generate an image showing refractometers, 
penetrometers, and pH meters used in assessing crop quality.” 

Suggested OER search string: “instrumental laboratory techniques crop quality OER 
image” 

Box 3.3 Modern technologies for rapid quality evaluation 

Attribution: AI-generated using prompt “Generate a text box summarising modern 
technologies for rapid quality evaluation, including near-infrared spectroscopy, 
digital imaging, and electronic noses.” 

Suggested OER search string: “modern technologies rapid quality evaluation crop 
produce OER box” 

Figure 3.4 Grading and sorting of crop produce 

Attribution: AI-generated using prompt “Generate a diagram showing grading and 
sorting of fruits by size, colour, and sweetness.” 

Suggested OER search string: “grading sorting crop produce quality indices OER 
diagram” 

Plate 3.4 Packaging and transportation guided by quality indices 

Attribution: AI-generated using prompt “Generate an image showing packaging types 
for firm and delicate fruits, and refrigerated transport for perishable produce.” 

Suggested OER search string: “packaging transportation crop produce quality indices 
OER image” 

Box 3.4 Consumer perception and market value 

Attribution: AI-generated using prompt “Generate a text box summarising how colour, 
aroma, flavour, and firmness influence consumer perception and market value.” 

Suggested OER search string: “consumer perception market value crop produce quality 
indices OER box” 
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Course code: CPS 408 

Course title: Post Harvest Physiology and Produce Storage 

Course credit load: 2 Units 

Series 4: Fundamentals and Principles of 

Crop Storage and Transportation 

Part 4.1: Fundamentals of crop storage 

Sub-Part 4.1.1: Objectives of storage and preservation 

Sub-Part 4.1.2: Factors influencing storage life (temperature, humidity, pests, and microbial 

activity) 

Sub-Part 4.1.3: Traditional and modern storage methods 

Part 4.2: Principles of crop storage 

Sub-Part 4.2.1: Scientific basis of storage (respiration, moisture control, and ethylene 

management) 

Sub-Part 4.2.2: Controlled atmosphere and refrigeration principles 

Sub-Part 4.2.3: Safety and hygiene considerations in storage facilities 

Part 4.3: Fundamentals of crop transportation 

Sub-Part 4.3.1: Objectives and importance of transportation in post-harvest systems 

Sub-Part 4.3.2: Modes of transportation (road, rail, air, and water) 

Sub-Part 4.3.3: Challenges in crop transportation (delays, damage, and cost implications) 

Part 4.4: Principles of crop transportation 

Sub-Part 4.4.1: Handling practices during loading and unloading 

Sub-Part 4.4.2: Temperature and ventilation control during transit 

Sub-Part 4.4.3: Packaging and cushioning principles for safe transport 

 

 

 

Introduction 

After harvest, crops face the challenge of maintaining their quality until they reach consumers. Without 

proper storage and transportation, even the best produce can quickly deteriorate, leading to losses for 

farmers, traders, and retailers. Understanding the fundamentals and principles of crop storage and 
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transportation is therefore essential for ensuring that food remains safe, nutritious, and marketable. This 

Series builds on the knowledge gained in earlier discussions of quality indices, moving into the practical 

aspects of preserving and moving produce efficiently. 

The aim of this Series is to provide you with a clear understanding of how crops are stored and 

transported, focusing on both the basic concepts and the scientific principles that underpin effective 

post-harvest management. 

We shall commence this Series by exploring the fundamentals of crop storage, including its objectives, 

influencing factors, and methods. Next, we will examine the principles of storage, looking at the scientific 

basis, controlled atmosphere, refrigeration, and hygiene considerations. Following that, we will move on 

to the fundamentals of crop transportation, covering its objectives, modes, and challenges. Finally, we 

will wrap up by studying the principles of transportation, with emphasis on handling practices, 

temperature and ventilation control, and packaging strategies for safe delivery. 

 

 

 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 4.1 define the objectives of crop storage and preservation, 

SLO 4.2 explain the factors influencing storage life such as temperature, humidity, pests, and 

microbial activity, 

SLO 4.3 describe traditional and modern methods of crop storage, 

SLO 4.4 analyse the scientific principles underlying crop storage including respiration, moisture 

control, and ethylene management, 

SLO 4.5 explain the principles of controlled atmosphere and refrigeration in crop storage, 

SLO 4.6 evaluate safety and hygiene considerations in storage facilities, 

SLO 4.7 define the objectives and importance of crop transportation in post-harvest systems, 

SLO 4.8 distinguish between different modes of transportation such as road, rail, air, and water, 

SLO 4.9 identify challenges in crop transportation including delays, damage, and cost implications, 

SLO 4.10 demonstrate appropriate handling practices during loading and unloading of produce, 

SLO 4.11 explain the role of temperature and ventilation control during transit, and 

SLO 4.12 apply packaging and cushioning principles to ensure safe crop transport. 
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4.1 Fundamentals Of Crop Storage 

4.1.1 Objectives of storage and preservation 

Storage refers to keeping harvested crops in suitable conditions to maintain their quality until 

they are consumed or processed. The main objectives of storage are to reduce post-harvest 

losses, extend shelf life, and ensure a steady supply of food throughout the year. Preservation 

means applying methods that slow down deterioration, such as controlling temperature or 

moisture. These practices are vital for food security and economic stability. 

Fill in the blank: The main objective of crop storage is to reduce __________ losses after 

harvest. 

 
Figure 4.1 Objectives of crop storage and preservation 
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4.1.2 Factors influencing storage life (temperature, humidity, pests, and 
microbial activity) 

Several factors determine how long crops can be stored without losing quality. Temperature 

affects respiration rates, with cooler conditions slowing deterioration. Humidity influences 

moisture content, where excess humidity encourages mould growth while low humidity causes 

shrivelling. Pests such as insects and rodents damage stored produce, while microbial activity 

leads to spoilage and food safety risks. Effective storage requires balancing these factors to 

maintain crop integrity. 

Fill in the blank: Excess humidity in storage often encourages the growth of __________. 

 
Plate 4.1 Factors influencing storage life 

 

4.1.3 Traditional and modern storage methods 

Traditional storage methods include structures such as cribs, silos, and underground pits, 

which rely on natural ventilation and local materials. These are cost-effective but may not 

provide full protection against pests or moisture. Modern storage methods use technologies 

such as cold rooms, controlled atmosphere storage, and hermetic bags. These approaches 

improve efficiency and reduce losses, though they require investment and technical knowledge. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Fill in the blank: Cold rooms and controlled atmosphere storage are examples of __________ 

storage methods. 

Method 

Type 
Examples Advantages Limitations 

Traditional 

methods 

Cribs, silos, 

underground pits, clay 

pots 

Low cost, locally available 

materials, simple to 

construct, culturally 

familiar 

Limited control of 

temperature/humidity, higher risk of 

pests, shorter storage life 

Modern 

methods 

Cold rooms, 

controlled atmosphere 

storage, hermetic bags 

Longer shelf life, better 

quality preservation, 

reduced losses, improved 

food safety 

High initial investment, requires 

energy and infrastructure, less 

accessible to smallholder farmers 

Box 4.1 Comparison of traditional and modern storage methods 

 

Pilot questions 4.1 

State two objectives of crop storage. 

Explain how temperature influences storage life. 

Mention one effect of excess humidity in storage. 

Give one example of a traditional storage method. 

Identify one modern storage method used to preserve crops. 

 
 
 
 
 
 

4.2 Principles Of Crop Storage 

4.2.1 Scientific basis of storage (respiration, moisture control, and ethylene 
management) 

The scientific principles of storage explain why crops deteriorate and how these processes can be 

slowed. Respiration is the process by which harvested crops continue to consume oxygen and 

release carbon dioxide, leading to gradual loss of freshness. Moisture control is essential 

because excess moisture encourages microbial growth, while too little causes shrivelling. 
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Ethylene management is also critical, as this natural plant hormone accelerates ripening and can 

shorten storage life if not controlled. 

Fill in the blank: The natural plant hormone that accelerates ripening in stored crops is called 

__________. 

 
Figure 4.2 Scientific basis of crop storage 

 

4.2.2 Controlled atmosphere and refrigeration principles 

Controlled atmosphere storage involves adjusting oxygen, carbon dioxide, and nitrogen levels 

to slow down respiration and extend shelf life. Refrigeration reduces temperature, thereby 

slowing microbial activity and preserving freshness. These principles are widely used in modern 

storage facilities to maintain quality for longer periods, especially for perishable crops such as 

fruits and vegetables. 

Fill in the blank: Reducing temperature in storage to slow microbial activity is known as 

__________. 
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Plate 4.2 Controlled atmosphere and refrigeration principles 

 

4.2.3 Safety and hygiene considerations in storage facilities 

Safety considerations include ensuring that storage structures are secure, well-ventilated, and 

free from hazards such as fire risks. Hygiene considerations involve maintaining cleanliness to 

prevent contamination, controlling pests, and monitoring microbial activity. Proper safety and 

hygiene practices protect both the produce and the people handling it, ensuring food remains safe 

for consumption. 

Fill in the blank: Maintaining cleanliness in storage facilities helps prevent __________ 

contamination. 

Aspect Measures / Notes 

Structural safety 
Secure storage structures with strong walls, roofs, and doors prevent theft, collapse, 

and contamination. 

Ventilation 
Adequate airflow reduces moisture buildup, prevents mold growth, and maintains 

grain quality. 

Fire prevention 
Proper electrical wiring, fire extinguishers, and safe storage of flammable materials 

reduce fire risks. 

Cleanliness 
Regular cleaning of storage facilities, containers, and equipment prevents dust, dirt, 

and microbial contamination. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Aspect Measures / Notes 

Pest control 
Use of traps, fumigation, and hermetic storage bags minimizes insect and rodent 

damage. 

Microbial 

monitoring 

Routine checks for fungal spores and bacterial contamination ensure food safety and 

reduce spoilage. 

Box 4.2 Safety and hygiene considerations in crop storage 

 

Pilot questions 4.2 

Explain the role of respiration in crop storage. 

State one reason why moisture control is important. 

What plant hormone accelerates ripening in storage? 

Define controlled atmosphere storage. 

Mention one hygiene practice necessary in storage facilities. 

 
 
 
 
 
 

4.3 Fundamentals Of Crop Transportation 

4.3.1 Objectives and importance of transportation in post-harvest systems 

Transportation refers to the movement of crops from farms to markets, storage facilities, or 

processing centres. Its main objectives are to ensure timely delivery, maintain quality, and 

reduce post-harvest losses. Transportation is important because it links production areas with 

consumers, supports food security, and enhances economic value by making crops available 

where they are needed. 

Fill in the blank: The movement of crops from farms to markets is referred to as __________. 
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Figure 4.3 Objectives and importance of crop transportation 

 

4.3.2 Modes of transportation (road, rail, air, and water) 

Crops can be transported using different modes of transportation. Road transport is the most 

common, using trucks and lorries for short and medium distances. Rail transport is suitable for 

bulk crops over long distances. Air transport is used for high-value and perishable crops that 

require rapid delivery. Water transport is effective for large shipments, especially in regions 

with navigable rivers or ports. Each mode has advantages and limitations depending on cost, 

speed, and accessibility. 

Fill in the blank: High-value perishable crops are often transported by __________. 
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Plate 4.3 Modes of crop transportation 

 

4.3.3 Challenges in crop transportation (delays, damage, and cost 
implications) 

Transportation of crops faces several challenges. Delays can occur due to poor infrastructure or 

traffic congestion, leading to spoilage. Damage may result from improper handling, inadequate 

packaging, or rough roads. Cost implications are significant, as high fuel prices or long 

distances increase expenses, which can reduce profit margins. Addressing these challenges 

requires planning, investment, and efficient logistics. 

Fill in the blank: Poor infrastructure and traffic congestion often cause transportation 

__________. 

Challenge Description / Notes 

Delays 
Poor road networks, traffic congestion, and logistical inefficiencies cause late 

deliveries, reducing freshness and market value. 

Mechanical damage 
Rough handling, poor packaging, and vibrations during transit lead to bruises, cuts, 

and cracks in produce. 

Environmental 

exposure 
Heat, humidity, and rain during transport accelerate spoilage and reduce shelf life. 

Pest and microbial 

attack 

Inadequate protection during transit exposes crops to insects, rodents, and 

microbial contamination. 
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Challenge Description / Notes 

Cost implications 
High fuel prices, maintenance costs, and inefficient logistics increase overall 

transportation expenses. 

Box 4.3 Challenges in crop transportation 

 

Pilot questions 4.3 

State two objectives of crop transportation. 

Mention one advantage of rail transport for crops. 

Which mode of transport is most suitable for perishable crops? 

Give one example of a challenge in crop transportation. 

Explain how cost implications affect crop transportation. 

 
 
 
 
 

4.4 Principles Of Crop Transportation 

4.4.1 Handling practices during loading and unloading 

Handling practices refer to the methods used when crops are moved onto or off transport 

vehicles. Proper handling reduces physical damage such as bruises, cuts, or crushing. Techniques 

include using padded containers, careful stacking, and mechanical aids like conveyors or 

forklifts. Training workers in safe handling practices is essential to maintain crop quality during 

transit. 

Fill in the blank: Using padded containers during loading helps reduce __________ damage to 

crops. 
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Figure 4.4 Handling practices during loading and unloading 

 

4.4.2 Temperature and ventilation control during transit 

Temperature control ensures that perishable crops remain fresh by slowing down microbial 

activity and respiration. Ventilation control prevents the build-up of heat, moisture, and gases 

such as ethylene, which can accelerate ripening. Transport vehicles may use refrigeration units or 

ventilated compartments to maintain optimal conditions. These measures are critical for 

long-distance transportation of fruits, vegetables, and other sensitive crops. 

Fill in the blank: Preventing the build-up of heat and gases during transit is achieved through 

proper __________ control. 
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Plate 4.4 Temperature and ventilation control during transit 

 

4.4.3 Packaging and cushioning principles for safe transport 

Packaging refers to the materials used to protect crops during transit, such as cartons, crates, or 

sacks. Cushioning principles involve adding protective layers like straw, foam, or paper to 

absorb shocks and vibrations. These practices prevent mechanical damage and ensure crops 

arrive in good condition. Packaging and cushioning must be chosen based on crop type, fragility, 

and mode of transport. 

Fill in the blank: Adding protective layers such as straw or foam during transport is an example 

of __________ principles. 

Packaging 

Material 
Description / Notes 

Cartons 
Lightweight, stackable, and suitable for fruits and vegetables; provide protection 

against dust and minor impacts. 

Crates 
Wooden or plastic crates allow ventilation and reduce compression damage during 

transport. 

Sacks 
Common for grains and tubers; economical but less protective against mechanical 

damage. 

Hermetic bags 
Airtight bags prevent moisture ingress and pest infestation, ideal for cereals and 

pulses. 
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Cushioning 

Method 
Description / Notes 

Straw Traditional cushioning material that absorbs shocks and prevents bruising. 

Foam Provides superior cushioning for delicate produce; lightweight and reusable. 

Paper Wrapping or layering with paper reduces friction and surface damage. 

Bubble wrap 
Modern cushioning option for high-value or fragile produce, offering strong impact 

resistance. 

Box 4.4 Packaging and cushioning principles for safe transport 

 

Pilot questions 4.4 

State one safe handling practice during loading. 

Explain why temperature control is important during transit. 

What is the role of ventilation in crop transportation? 

Give one example of a packaging material used in transport. 

Mention one cushioning method that protects crops during transit. 

 
 
 
 
 

Series Summary 

This Series has emphasised the vital role of storage and transportation in maintaining crop quality after 

harvest. We began with the fundamentals of crop storage, considering its objectives, the factors that 

influence storage life, and the range of traditional and modern methods available. We then examined the 

principles of storage, focusing on the scientific basis, controlled atmosphere and refrigeration, and the 

importance of safety and hygiene. Moving on, we explored the fundamentals of crop transportation, 

looking at its objectives, modes, and challenges. Finally, we studied the principles of transportation, 

including handling practices, temperature and ventilation control, and packaging and cushioning 

strategies. 

By completing this Series, you should now be able to define and explain the objectives of storage and 

transportation, describe the factors and principles that underpin effective crop preservation, and apply 

practical methods to ensure safe and efficient movement of produce. These abilities directly align with the 

Series Learning Outcomes, equipping you to evaluate storage and transportation systems, make informed 

decisions, and contribute to reducing post-harvest losses while maintaining food quality and market value. 
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Glossary of Terms 

Controlled atmosphere storage: A modern storage method where oxygen, carbon dioxide, and 

nitrogen levels are adjusted to slow respiration and extend shelf life. 

Cushioning principles: Protective measures such as using straw, foam, or paper layers to absorb 

shocks and vibrations during crop transport. 

Ethylene: A natural plant hormone that accelerates ripening and can shorten storage life if not 

managed. 

Handling practices: Methods used during loading and unloading of crops to reduce physical damage, 

including careful stacking and use of padded containers. 

Humidity: The amount of moisture in the air, which influences crop storage by either encouraging 

mould growth or causing shrivelling. 

Microbial activity: The growth of microorganisms such as bacteria and fungi that cause spoilage in 

stored crops. 

Moisture control: Regulation of water content in storage environments to prevent mould growth or 

excessive drying of crops. 

Packaging: Materials such as cartons, crates, or sacks used to protect crops during storage and 

transportation. 

Preservation: Methods applied to slow down deterioration of crops, such as cooling or moisture 

regulation. 

Refrigeration: The use of low temperatures to slow microbial activity and maintain crop freshness 

during storage or transit. 

Respiration: The process by which harvested crops consume oxygen and release carbon dioxide, 

leading to gradual loss of freshness. 

Storage: The practice of keeping harvested crops under suitable conditions to maintain quality until 

consumption or processing. 

Transportation: The movement of crops from farms to markets, storage facilities, or processing 

centres. 

Ventilation control: Regulation of airflow during transit to prevent heat, moisture, and gas build-up 

that can damage crops. 
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Concept Check Questions [Series 4] 
Objective questions 

The main objective of crop storage is to reduce __________ losses after harvest. (Linked to SLO 
4.1) 

Excess humidity in storage often encourages the growth of __________. (Linked to SLO 4.2) 

Cold rooms and controlled atmosphere storage are examples of __________ storage methods. 
(Linked to SLO 4.3) 

The natural plant hormone that accelerates ripening in stored crops is called __________. 
(Linked to SLO 4.4) 

Reducing temperature in storage to slow microbial activity is known as __________. (Linked to 
SLO 4.5) 

Maintaining cleanliness in storage facilities helps prevent __________ contamination. (Linked to 
SLO 4.6) 

The movement of crops from farms to markets is referred to as __________. (Linked to SLO 4.7) 

High-value perishable crops are often transported by __________. (Linked to SLO 4.8) 

Poor infrastructure and traffic congestion often cause transportation __________. (Linked to 
SLO 4.9) 

Using padded containers during loading helps reduce __________ damage to crops. (Linked to 
SLO 4.10) 

 

Short-answer questions 

State two objectives of crop storage. (Linked to SLO 4.1) 

Explain how temperature influences storage life. (Linked to SLO 4.2) 

Mention one traditional storage method. (Linked to SLO 4.3) 

Define respiration in the context of crop storage. (Linked to SLO 4.4) 
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What is controlled atmosphere storage? (Linked to SLO 4.5) 

State one hygiene practice necessary in storage facilities. (Linked to SLO 4.6) 

Mention one objective of crop transportation. (Linked to SLO 4.7) 

Give one advantage of rail transport for crops. (Linked to SLO 4.8) 

Identify one challenge in crop transportation. (Linked to SLO 4.9) 

Explain why temperature control is important during transit. (Linked to SLO 4.11) 

Give one example of a cushioning method used in crop transport. (Linked to SLO 4.12) 

 

Long-answer questions 

Analyse the objectives of crop storage and explain their importance for food security. (Linked to 
SLOs 4.1, 4.2) 

Evaluate traditional and modern storage methods, highlighting their strengths and limitations. 
(Linked to SLO 4.3) 

Discuss the scientific principles of crop storage, including respiration, moisture control, and 
ethylene management. (Linked to SLOs 4.4, 4.5) 

Compare the different modes of crop transportation and explain how they suit various types of 
produce. (Linked to SLOs 4.7, 4.8) 

Examine the challenges in crop transportation and suggest practical solutions to overcome 
them. (Linked to SLO 4.9) 

Explain how handling, temperature, ventilation, packaging, and cushioning principles ensure 
safe crop transport. (Linked to SLOs 4.10, 4.11, 4.12) 

 

Answers to Concept Check Questions [Series 4] 
Objective questions 

Post-harvest 

Mould 

Modern 
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Ethylene 

Refrigeration 

Microbial 

Transportation 

Air 

Delays 

Mechanical 

 

Short-answer questions 

To reduce post-harvest losses and extend shelf life. 

Cooler temperatures slow respiration and microbial activity, extending storage life. 

Cribs or silos. 

The process by which harvested crops consume oxygen and release carbon dioxide, leading to 
gradual loss of freshness. 

A method of storage where oxygen, carbon dioxide, and nitrogen levels are adjusted to slow 
respiration. 

Regular cleaning and pest control. 

To ensure timely delivery of crops. 

Suitable for bulk crops over long distances. 

Delays, damage, or high costs. 

It slows microbial activity and preserves freshness. 

Straw or foam layers. 

 

Long-answer questions 

Basic response: Crop storage aims to reduce losses, extend shelf life, and ensure steady food 

supply. 
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Value-added response: Learners may add that these objectives also stabilise market 

prices, improve farmer income, and support national food security strategies. 

Basic response: Traditional methods like cribs and pits are cost-effective but less protective, 

while modern methods like cold rooms and controlled atmosphere storage are more 

efficient but costly. 

Value-added response: Learners may add that combining traditional and modern 

methods can balance affordability and effectiveness, especially in developing regions. 

Basic response: Respiration, moisture control, and ethylene management are key scientific 

principles that influence storage life. 

Value-added response: Learners may add that advanced monitoring technologies can 

optimise these factors, reducing losses and improving storage efficiency. 

Basic response: Road transport is common, rail is suitable for bulk, air for perishables, and 

water for large shipments. 

Value-added response: Learners may add that integrating multimodal transport systems 

can improve efficiency and reduce costs. 

Basic response: Challenges include delays, damage, and high costs. 

Value-added response: Learners may add that solutions include better infrastructure, 

improved packaging, and investment in logistics systems. 

Basic response: Safe transport relies on careful handling, temperature and ventilation 

control, and protective packaging and cushioning. 

Value-added response: Learners may add that adopting modern refrigerated vehicles 

and sustainable packaging materials enhances both crop safety and environmental 

responsibility. 

 
 
 
 
 
 
 
 
 

Answers to Pilot Questions [Series 4] 
Part 4.1: Fundamentals of crop storage 

To reduce post-harvest losses and extend shelf life. 

Cooler temperatures slow respiration and microbial activity, extending storage life. 
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Mould growth. 

Cribs or silos. 

Cold rooms or controlled atmosphere storage. 

 

Part 4.2: Principles of crop storage 

Respiration consumes oxygen and releases carbon dioxide, leading to gradual loss of 
freshness. 

To prevent mould growth or excessive drying. 

Ethylene. 

A method of storage where oxygen, carbon dioxide, and nitrogen levels are adjusted to slow 
respiration. 

Regular cleaning and pest control. 

 

Part 4.3: Fundamentals of crop transportation 

To ensure timely delivery and maintain crop quality. 

Suitable for bulk crops over long distances. 

Air transport. 

Delays, damage, or high costs. 

High costs reduce profit margins and affect affordability. 

 

Part 4.4: Principles of crop transportation 

Using padded containers or careful stacking. 

It slows microbial activity and preserves freshness. 

It prevents heat, moisture, and gas build-up. 

Cartons, crates, or sacks. 

Straw, foam, or paper layers. 
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References and Attributions [Series 4] 

This section compiles references, suggested open educational resources (OERs), and AI prompts 

used for illustrations in Series 4: Fundamentals and Principles of Crop Storage and 

Transportation. 
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Kader, A. A. (2002). Postharvest technology of horticultural crops (3rd ed.). University of 
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Pantastico, E. R. B. (1975). Postharvest physiology, handling and utilisation of tropical and 
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Figures, Plates, and Boxes 

Figure 4.1 Objectives of crop storage and preservation 

Attribution: AI-generated using prompt “Generate a diagram showing objectives of crop 
storage including reducing losses, extending shelf life, and ensuring steady supply.” 

Suggested OER search string: “objectives crop storage preservation OER diagram” 

Plate 4.1 Factors influencing storage life 

Attribution: AI-generated using prompt “Generate an image showing crops affected by 
temperature, humidity, pests, and microbial activity in storage.” 

Suggested OER search string: “factors influencing crop storage life OER image” 

Box 4.1 Comparison of traditional and modern storage methods 
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Attribution: AI-generated using prompt “Generate a text box comparing traditional crop 
storage methods like cribs and silos with modern methods such as cold rooms and 
controlled atmosphere storage.” 

Suggested OER search string: “traditional modern crop storage methods OER box” 

Figure 4.2 Scientific basis of crop storage 

Attribution: AI-generated using prompt “Generate a diagram showing respiration, 
moisture control, and ethylene management in crop storage.” 

Suggested OER search string: “scientific basis crop storage respiration ethylene OER 
diagram” 

Plate 4.2 Controlled atmosphere and refrigeration principles 

Attribution: AI-generated using prompt “Generate an image showing controlled 
atmosphere storage chambers and refrigerated storage units for fruits and 
vegetables.” 

Suggested OER search string: “controlled atmosphere refrigeration crop storage OER 
image” 

Box 4.2 Safety and hygiene considerations in crop storage 

Attribution: AI-generated using prompt “Generate a text box summarising safety and 
hygiene considerations in crop storage facilities, including secure structures, 
ventilation, cleanliness, and pest control.” 

Suggested OER search string: “safety hygiene crop storage facilities OER box” 

Figure 4.3 Objectives and importance of crop transportation 

Attribution: AI-generated using prompt “Generate a diagram showing objectives of crop 
transportation including timely delivery, quality maintenance, and reduced losses.” 

Suggested OER search string: “objectives importance crop transportation OER 
diagram” 

Plate 4.3 Modes of crop transportation 

Attribution: AI-generated using prompt “Generate an image showing trucks for road 
transport, trains for rail, aeroplanes for air, and ships for water transport of crops.” 

Suggested OER search string: “modes crop transportation road rail air water OER 
image” 
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Box 4.3 Challenges in crop transportation 

Attribution: AI-generated using prompt “Generate a text box summarising challenges in 
crop transportation including delays, damage, and cost implications.” 

Suggested OER search string: “challenges crop transportation delays damage cost OER 
box” 

Figure 4.4 Handling practices during loading and unloading 

Attribution: AI-generated using prompt “Generate a diagram showing safe handling 
practices during loading and unloading of crops, including padded containers and 
careful stacking.” 

Suggested OER search string: “handling practices loading unloading crop 
transportation OER diagram” 

Plate 4.4 Temperature and ventilation control during transit 

Attribution: AI-generated using prompt “Generate an image showing refrigerated trucks 
and ventilated compartments used in transporting crops.” 

Suggested OER search string: “temperature ventilation control crop transportation OER 
image” 

Box 4.4 Packaging and cushioning principles for safe transport 

Attribution: AI-generated using prompt “Generate a text box summarising packaging 
and cushioning principles for safe transport of crops, including cartons, crates, 
straw, and foam.” 

Suggested OER search string: “packaging cushioning principles crop transportation 
OER box” 
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Series 5: Controlled Environments, Protective 

Treatments, and Equipment for Storage and Preservation 

Part 5.1: Controlled environments for crop storage 

Sub-Part 5.1.1: Principles of controlled atmosphere storage 

Sub-Part 5.1.2: Refrigeration and cold chain systems 

Sub-Part 5.1.3: Modified atmosphere packaging 

Part 5.2: Protective treatments for crop preservation 

Sub-Part 5.2.1: Chemical treatments (fumigation, preservatives) 

Sub-Part 5.2.2: Physical treatments (heat, irradiation, drying) 

Sub-Part 5.2.3: Biological and eco-friendly treatments 

Part 5.3: Equipment for storage and preservation 

Sub-Part 5.3.1: Traditional storage structures and their adaptations 

Sub-Part 5.3.2: Modern equipment (cold rooms, silos, hermetic bags) 

Sub-Part 5.3.3: Monitoring and control devices (sensors, data loggers) 

Part 5.4: Integration of controlled environments, treatments, and 

equipment 

Sub-Part 5.4.1: Designing integrated storage systems 

Sub-Part 5.4.2: Case studies of successful applications 

Sub-Part 5.4.3: Sustainability and cost considerations 

 

 

Introduction 

In the last Series, we explored the fundamentals and principles of crop storage and transportation, 

focusing on how to preserve produce and move it safely from farms to markets. Building on that 

foundation, this Series turns to the specialised environments, protective treatments, and equipment that 

make storage and preservation more effective. These approaches are increasingly important in modern 

agriculture, where reducing losses and maintaining quality are critical for both food security and 

economic sustainability. 

The aim of this Series is to introduce you to the controlled environments, protective treatments, and 

equipment used in crop storage and preservation, and to equip you with the knowledge needed to evaluate 

and apply these methods in practical contexts. 
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We shall commence this Series by examining controlled environments for crop storage, including 

principles of controlled atmosphere, refrigeration, and modified atmosphere packaging. Next, we will 

explore protective treatments, ranging from chemical and physical methods to biological and eco-friendly 

approaches. Following that, we will move on to equipment for storage and preservation, considering both 

traditional structures and modern technologies, as well as monitoring devices. Finally, we will wrap up by 

integrating controlled environments, treatments, and equipment, using case studies to highlight successful 

applications and discussing sustainability and cost considerations. 

 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 5.1 explain the principles of controlled atmosphere storage, 

SLO 5.2 describe the role of refrigeration and cold chain systems in crop preservation, 

SLO 5.3 define modified atmosphere packaging and its application in storage, 

SLO 5.4 identify chemical treatments used for crop preservation such as fumigation and 

preservatives, 

SLO 5.5 explain physical treatments including heat, irradiation, and drying, 

SLO 5.6 evaluate biological and eco-friendly treatments for crop preservation, 

SLO 5.7 describe traditional storage structures and their adaptations for preservation, 

SLO 5.8 explain the functions of modern equipment such as cold rooms, silos, and hermetic bags, 

SLO 5.9 demonstrate the use of monitoring and control devices such as sensors and data loggers, 

SLO 5.10 analyse how controlled environments, protective treatments, and equipment can be 

integrated into storage systems, 

SLO 5.11 evaluate case studies of successful applications of integrated storage systems, and 

SLO 5.12 assess sustainability and cost considerations in designing storage and preservation systems. 
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5.1 Controlled Environments For Crop Storage 

5.1.1 Principles of controlled atmosphere storage 

Controlled atmosphere storage refers to the practice of adjusting the levels of oxygen, carbon 

dioxide, and nitrogen in a storage environment to slow down crop respiration and extend shelf 

life. By lowering oxygen and increasing carbon dioxide, the metabolic activity of crops is 

reduced, which helps preserve freshness. This method is particularly useful for fruits and 

vegetables that are sensitive to rapid ripening. 

Fill in the blank: Reducing oxygen levels in storage slows down crop __________. 

 
Figure 5.1 Principles of controlled atmosphere storage 

 

5.1.2 Refrigeration and cold chain systems 

Refrigeration is the use of low temperatures to slow microbial activity and respiration, thereby 

preserving crop quality. A cold chain system is a continuous series of refrigerated production, 

storage, and distribution processes that maintain crops at optimal temperatures from farm to 

consumer. Breaks in the cold chain can lead to spoilage and significant losses, making proper 

management essential. 
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Fill in the blank: A continuous series of refrigerated processes from farm to consumer is called 

the __________ system. 

 
Plate 5.1 Refrigeration and cold chain systems 

 

5.1.3 Modified atmosphere packaging 

Modified atmosphere packaging (MAP) involves sealing crops in packaging where the 

composition of gases is altered to slow down deterioration. Unlike controlled atmosphere 

storage, which adjusts gases in large storage chambers, MAP works at the level of individual 

packages. It is widely used for fresh produce such as leafy greens, berries, and cut fruits, helping 

to extend shelf life during retail display. 

Fill in the blank: Sealing crops in packaging with altered gas composition is known as 

__________. 

Feature Description / Notes 

Altered gas composition 
Oxygen levels are reduced and carbon dioxide increased to slow respiration 

and microbial growth. 

Extended shelf life 
Slows ripening and senescence, allowing produce to remain fresh for longer 

periods. 
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Feature Description / Notes 

Suitability for retail 

produce 
Widely used for fruits, vegetables, and fresh-cut products in supermarkets. 

Non-destructive 

preservation 
Maintains natural flavour, aroma, and texture without chemical additives. 

Flexibility 
Can be applied to different packaging formats (bags, trays, films) depending 

on crop type. 

Box 5.1 Modified atmosphere packaging features 

 

Pilot questions 5.1 

Define controlled atmosphere storage. 

Explain how reducing oxygen levels affects crop respiration. 

What is a cold chain system? 

Mention one consequence of a break in the cold chain. 

Define modified atmosphere packaging and give one example of its application. 

 

 

 

5.2 Protective Treatments For Crop Preservation 

5.2.1 Chemical treatments (fumigation, preservatives) 

Chemical treatments involve using substances to protect crops against pests, moulds, and 

microbial spoilage during storage. Fumigation is the application of gaseous chemicals to 

eliminate insects and rodents in storage facilities. Preservatives are compounds applied to crops 

to slow down deterioration and extend shelf life. While effective, chemical treatments must be 

carefully regulated to ensure food safety and compliance with standards. 

Fill in the blank: The application of gaseous chemicals to eliminate pests in storage is called 

__________. 
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Figure 5.2 Chemical treatments for crop preservation 

 

5.2.2 Physical treatments (heat, irradiation, drying) 

Physical treatments rely on non-chemical methods to preserve crops. Heat treatment involves 

exposing crops to controlled heat to kill pests or pathogens. Irradiation uses ionising radiation 

to reduce microbial activity and extend shelf life. Drying removes moisture from crops, making 

them less susceptible to spoilage. These methods are widely used for grains, fruits, and 

vegetables, and are considered safer alternatives to chemical treatments. 

Fill in the blank: Removing moisture from crops to reduce spoilage is known as __________. 
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Plate 5.2 Physical treatments for crop preservation 

 

5.2.3 Biological and eco-friendly treatments 

Biological treatments use natural organisms or extracts to protect crops. Examples include 

applying beneficial microbes that outcompete spoilage organisms or using plant-based extracts 

with antimicrobial properties. Eco-friendly treatments focus on sustainable methods such as 

biodegradable coatings or natural fumigants. These approaches are gaining popularity as 

consumers demand safer and more environmentally responsible preservation techniques. 

Fill in the blank: Using beneficial microbes to protect crops is an example of __________ 

treatments. 

Treatment Type Examples / Notes 

Beneficial microbes 
Use of antagonistic fungi and bacteria (e.g., Trichoderma, Bacillus subtilis) to 

suppress pathogens and enhance crop resilience. 

Plant extracts 
Natural compounds from neem, garlic, or ginger act as antifungal and antibacterial 

agents. 

Biodegradable 

coatings 

Edible films from chitosan, starch, or aloe vera reduce moisture loss and microbial 

growth. 
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Treatment Type Examples / Notes 

Natural fumigants 
Essential oils (clove, thyme, eucalyptus) used as eco-friendly alternatives to 

chemical fumigation. 

Organic 

amendments 
Compost teas and biofertilizers improve postharvest quality and reduce spoilage. 

Box 5.2 Biological and eco-friendly treatments 

 

Pilot questions 5.2 

Define fumigation in the context of crop preservation. 

State one role of preservatives in storage. 

Mention one physical treatment used for crop preservation. 

Explain why drying helps reduce spoilage. 

Give one example of an eco-friendly treatment for crop preservation. 

 

 

 

 

5.3 Equipment For Storage And Preservation 

5.3.1 Traditional storage structures and their adaptations 

Traditional storage structures include cribs, silos, and underground pits, which have been used 

for centuries to preserve crops. These structures rely on natural ventilation and locally available 

materials. Over time, adaptations such as improved roofing, raised platforms, and lining with 

protective materials have been introduced to enhance their effectiveness. While traditional 

structures are cost-effective, they may not provide full protection against pests or moisture 

without these adaptations. 

Fill in the blank: Traditional storage structures such as cribs and silos rely mainly on 

__________ ventilation. 
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Plate 5.3 Traditional storage structures and adaptations 

 

5.3.2 Modern equipment (cold rooms, silos, hermetic bags) 

Modern equipment for storage includes cold rooms, which maintain low temperatures, and silos 

designed with advanced materials to prevent moisture and pest entry. Hermetic bags are airtight 

storage bags that protect grains from insects and mould without the need for chemical treatments. 

These technologies significantly reduce post-harvest losses and are increasingly adopted in both 

small-scale and commercial farming systems. 

Fill in the blank: Airtight storage bags that protect grains from insects and mould are called 

__________ bags. 
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Figure 5.3 Modern equipment for crop storage 

 

5.3.3 Monitoring and control devices (sensors, data loggers) 

Monitoring and control devices are tools used to track and regulate storage conditions. Sensors 

measure parameters such as temperature, humidity, and gas composition, while data loggers 

record these values over time for analysis. These devices help farmers and storage managers 

maintain optimal conditions, detect problems early, and make informed decisions to prevent 

losses. 

Fill in the blank: Devices that record storage conditions over time for analysis are called 

__________. 

Device Type Examples / Notes 

Temperature 

sensors 

Monitor heat levels in storage facilities to prevent spoilage and maintain optimal 

conditions. 

Humidity sensors Track moisture levels to reduce mold growth and maintain crop quality. 

Gas sensors 
Detect oxygen, carbon dioxide, and ethylene concentrations to control ripening and 

storage atmosphere. 

Data loggers 
Record environmental parameters (temperature, humidity, gas levels) over time for 

analysis and corrective action. 

Automated 

controllers 

Integrate sensor data to adjust ventilation, refrigeration, or gas composition in real 

time. 
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Box 5.3 Monitoring and control devices 

 

Pilot questions 5.3 

Mention one traditional storage structure used for crops. 

State one adaptation that improves traditional storage structures. 

Give one example of modern equipment used for crop storage. 

What are hermetic bags used for? 

Define data loggers in the context of crop storage. 

 

 

 

5.4 Integration Of Controlled Environments, Treatments, And Equipment 

5.4.1 Designing integrated storage systems 

Integrated storage systems combine controlled environments, protective treatments, and 

equipment to create a holistic approach to crop preservation. By aligning technologies such as 

refrigeration, modified atmosphere packaging, and hermetic storage with treatments like 

fumigation or eco-friendly coatings, managers can achieve optimal results. The design of such 

systems requires careful planning to balance cost, efficiency, and sustainability. 

Fill in the blank: Combining controlled environments, treatments, and equipment creates 

__________ storage systems. 
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Figure 5.4 Designing integrated storage systems 

 

5.4.2 Case studies of successful applications 

Case studies provide practical examples of how integrated systems work in real settings. For 

instance, cold chain systems combined with modified atmosphere packaging have successfully 

extended the shelf life of fresh produce in export markets. Similarly, hermetic bags paired with 

biological treatments have reduced grain losses in smallholder farming communities. These 

examples highlight the adaptability of integrated approaches across different scales of 

production. 

Fill in the blank: Combining hermetic bags with biological treatments has reduced __________ 

losses in smallholder farming. 

Integrated System Description / Notes 

Cold chain + MAP 

Used in export markets for fruits and vegetables; refrigeration slows metabolism 

while Modified Atmosphere Packaging (MAP) maintains freshness and extends 

shelf life. 

Hermetic bags + 

biological treatments 

Applied by smallholder farmers; airtight bags prevent pest infestation, while 

biological agents (e.g., beneficial microbes, plant extracts) reduce spoilage. 
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Integrated System Description / Notes 

Cold rooms + 

controlled atmosphere 

Large-scale storage facilities combine refrigeration with regulated oxygen and 

carbon dioxide levels to delay ripening and senescence. 

Eco-friendly coatings + 

retail packaging 

Biodegradable edible coatings paired with retail packaging maintain quality and 

reduce environmental impact. 

Box 5.4 Case studies of integrated storage applications 

 

5.4.3 Sustainability and cost considerations 

Sustainability in storage systems refers to practices that minimise environmental impact, such as 

using renewable energy for refrigeration or biodegradable packaging. Cost considerations 

involve balancing investment in modern technologies with affordability for farmers and storage 

managers. Sustainable and cost-effective solutions ensure that integrated systems are accessible, 

practical, and beneficial in the long term. 

Fill in the blank: Using renewable energy for refrigeration is an example of __________ in 

storage systems. 

 
Plate 5.4 Sustainability and cost considerations in storage systems 
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Pilot questions 5.4 

Define integrated storage systems. 

Mention one benefit of combining controlled environments with protective treatments. 

Give one example of a successful case study of integrated storage. 

State one sustainability practice in crop storage. 

Explain why cost considerations are important in designing storage systems. 

 

 

 

Series Summary 

This Series has highlighted the importance of controlled environments, protective treatments, and 

equipment in ensuring effective crop storage and preservation. We began by examining controlled 

atmosphere storage, refrigeration, and modified atmosphere packaging, which provide the scientific and 

technological basis for maintaining crop quality. We then explored protective treatments, including 

chemical, physical, and biological methods, with emphasis on eco-friendly approaches that meet modern 

sustainability demands. Moving forward, we studied equipment for storage and preservation, ranging 

from traditional structures and their adaptations to modern technologies such as cold rooms, silos, and 

hermetic bags, as well as monitoring devices. Finally, we considered how these elements can be 

integrated into holistic systems, supported by case studies and discussions on sustainability and cost. 

By completing this Series, you should now be able to explain controlled storage principles, describe 

protective treatments, evaluate equipment options, and analyse integrated systems. These abilities directly 

align with the Series Learning Outcomes, enabling you to design, assess, and apply practical solutions for 

crop preservation. In doing so, you are better equipped to reduce post-harvest losses, maintain food 

quality, and contribute to sustainable agricultural practices. 

 

 

Glossary of Terms 

Biological treatments: Methods that use natural organisms such as beneficial microbes or plant 

extracts to protect crops from spoilage. 

Cold chain system: A continuous series of refrigerated processes from production to consumer that 

maintains crops at optimal temperatures. 
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Controlled atmosphere storage: A storage method where oxygen, carbon dioxide, and nitrogen 

levels are adjusted to slow crop respiration and extend shelf life. 

Data loggers: Devices that record storage conditions such as temperature and humidity over time for 

monitoring and analysis. 

Drying: A physical treatment that removes moisture from crops to reduce microbial growth and 

spoilage. 

Eco-friendly treatments: Preservation methods that minimise environmental impact, such as 

biodegradable coatings or natural fumigants. 

Fumigation: The application of gaseous chemicals to eliminate pests such as insects and rodents in 

storage facilities. 

Hermetic bags: Airtight storage bags that protect grains from insects and mould without chemical 

treatments. 

Irradiation: A physical treatment using ionising radiation to reduce microbial activity and extend 

crop shelf life. 

Modified atmosphere packaging (MAP): Packaging where the gas composition is altered to slow 

deterioration and extend shelf life of crops. 

Monitoring devices: Tools such as sensors that measure storage parameters like temperature, 

humidity, and gas composition. 

Preservatives: Chemical substances applied to crops to slow deterioration and extend shelf life. 

Refrigeration: The use of low temperatures to slow microbial activity and respiration, preserving 

crop quality. 

Traditional storage structures: Locally built facilities such as cribs, silos, and pits that rely on 

natural ventilation for crop preservation. 

 

 

 

 

 

Concept Check Questions [Series 5] 
Objective questions 

Reducing oxygen and increasing carbon dioxide in storage is known as __________. (Linked to 
SLO 5.1) 
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A continuous series of refrigerated processes from farm to consumer is called the __________ 
system. (Linked to SLO 5.2) 

Packaging with altered gas composition is referred to as __________. (Linked to SLO 5.3) 

The application of gaseous chemicals to eliminate pests in storage is called __________. (Linked 
to SLO 5.4) 

Removing moisture from crops to reduce spoilage is known as __________. (Linked to SLO 5.5) 

Using beneficial microbes to protect crops is an example of __________ treatments. (Linked to 
SLO 5.6) 

Airtight storage bags that protect grains from insects and mould are called __________. (Linked 
to SLO 5.8) 

Devices that record storage conditions over time are called __________. (Linked to SLO 5.9) 

 

Short-answer questions 

Define controlled atmosphere storage. (Linked to SLO 5.1) 

State one role of refrigeration in crop preservation. (Linked to SLO 5.2) 

Give one example of a crop suitable for modified atmosphere packaging. (Linked to SLO 5.3) 

Mention one chemical preservative used in crop storage. (Linked to SLO 5.4) 

Explain why drying helps reduce spoilage. (Linked to SLO 5.5) 

State one eco-friendly treatment for crop preservation. (Linked to SLO 5.6) 

Mention one traditional storage structure. (Linked to SLO 5.7) 

Give one example of modern equipment used for crop storage. (Linked to SLO 5.8) 

What is the role of sensors in crop storage? (Linked to SLO 5.9) 

State one benefit of integrating controlled environments with protective treatments. (Linked to 
SLO 5.10) 

Mention one sustainability practice in crop storage. (Linked to SLO 5.12) 
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Long-answer questions 

Analyse the principles of controlled atmosphere storage and explain their importance for crop 
preservation. (Linked to SLO 5.1) 

Evaluate the role of refrigeration and cold chain systems in reducing post-harvest losses. 
(Linked to SLO 5.2) 

Discuss the features and applications of modified atmosphere packaging. (Linked to SLO 5.3) 

Compare chemical, physical, and biological treatments for crop preservation, highlighting their 
strengths and limitations. (Linked to SLOs 5.4, 5.5, 5.6) 

Describe traditional storage structures and modern equipment, and explain how they 
complement each other. (Linked to SLOs 5.7, 5.8) 

Explain the role of monitoring and control devices in maintaining storage conditions. (Linked to 
SLO 5.9) 

Analyse case studies of integrated storage systems and discuss their relevance to 
sustainability and cost considerations. (Linked to SLOs 5.10, 5.11, 5.12) 

 

Answers to Concept Check Questions [Series 5] 
Objective questions 

Controlled atmosphere storage 

Cold chain 

Modified atmosphere packaging (MAP) 

Fumigation 

Drying 

Biological 

Hermetic bags 

Data loggers 
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Short-answer questions 

A method of storage where oxygen, carbon dioxide, and nitrogen levels are adjusted to slow 
respiration. 

It slows microbial activity and preserves crop quality. 

Leafy greens or berries. 

Sulphur dioxide or other approved preservatives. 

It removes moisture, making crops less susceptible to microbial growth. 

Biodegradable coatings or natural fumigants. 

Cribs or silos. 

Cold rooms or hermetic bags. 

Sensors measure temperature, humidity, and gas composition to maintain optimal conditions. 

It improves crop preservation by combining complementary methods. 

Using renewable energy for refrigeration. 

 

Long-answer questions 

Basic response: Controlled atmosphere storage reduces oxygen and increases carbon dioxide 

to slow respiration and extend shelf life. 

Value-added response: Learners may add that it is particularly important for export 

crops and requires precise monitoring to avoid damage. 

Basic response: Refrigeration and cold chain systems maintain low temperatures to reduce 

microbial activity and losses. 

Value-added response: Learners may add that cold chains are critical for global trade 

and require strong infrastructure to remain effective. 

Basic response: MAP alters gas composition in packaging to slow deterioration, useful for 

fresh produce. 

Value-added response: Learners may add that MAP also improves retail presentation 

and reduces food waste in supermarkets. 

Basic response: Chemical treatments are effective but raise safety concerns, physical 

treatments are safer, and biological treatments are eco-friendly. 
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Value-added response: Learners may add that integrated use of these treatments can 

balance effectiveness, safety, and sustainability. 

Basic response: Traditional structures are cost-effective, while modern equipment offers 

better protection. 

Value-added response: Learners may add that combining both can provide affordable 

and efficient solutions for smallholder farmers. 

Basic response: Monitoring devices track storage conditions to prevent spoilage. 

Value-added response: Learners may add that advanced sensors and data loggers enable 

predictive management and smart storage systems. 

Basic response: Case studies show integrated systems improve preservation and reduce 

losses. 

Value-added response: Learners may add that sustainable practices like solar 

refrigeration and biodegradable packaging make these systems more accessible and 

environmentally responsible. 
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Answers to Pilot Questions [Series 5] 
Part 5.1: Controlled environments for crop storage 

Controlled atmosphere storage is a method where oxygen, carbon dioxide, and nitrogen levels 
are adjusted to slow respiration. 

Reducing oxygen levels slows down crop respiration. 

A cold chain system is a continuous series of refrigerated processes from farm to consumer. 

A break in the cold chain can lead to spoilage and losses. 

Modified atmosphere packaging involves sealing crops in packaging with altered gas 
composition, such as for leafy greens or berries. 

 

Part 5.2: Protective treatments for crop preservation 

Fumigation is the application of gaseous chemicals to eliminate pests in storage. 

Preservatives slow deterioration and extend shelf life. 

Heat treatment, irradiation, or drying. 

Drying removes moisture, making crops less susceptible to microbial growth. 

Eco-friendly treatments include biodegradable coatings or natural fumigants. 

 

Part 5.3: Equipment for storage and preservation 

Cribs, silos, or pits. 

Adaptations include raised platforms, improved roofing, or lining with protective materials. 

Cold rooms, silos, or hermetic bags. 

Hermetic bags protect grains from insects and mould without chemicals. 

Data loggers record storage conditions such as temperature and humidity over time. 

 

Part 5.4: Integration of controlled environments, treatments, and equipment 

Integrated storage systems combine controlled environments, treatments, and equipment. 
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They improve crop preservation by aligning complementary methods. 

Cold chain with MAP for exports, or hermetic bags with biological treatments for smallholders. 

Using renewable energy for refrigeration. 

Cost considerations ensure systems are affordable and practical for farmers and managers. 

 

References and Attributions [Series 5] 

This section compiles references, suggested open educational resources (OERs), and AI prompts 

used for illustrations in Series 5: Controlled Environments, Protective Treatments, and 

Equipment for Storage and Preservation. 
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Figures, Plates, and Boxes 

Figure 5.1 Principles of controlled atmosphere storage 

Attribution: AI-generated using prompt “Generate a diagram showing oxygen reduction 
and carbon dioxide increase in controlled atmosphere storage for crops.” 

Suggested OER search string: “controlled atmosphere storage crops OER diagram” 

Plate 5.1 Refrigeration and cold chain systems 

Attribution: AI-generated using prompt “Generate an image showing refrigerated trucks, 
cold rooms, and retail storage as part of a cold chain system for crops.” 

Suggested OER search string: “cold chain system crop storage OER image” 
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Box 5.1 Modified atmosphere packaging features 

Attribution: AI-generated using prompt “Generate a text box summarising features of 
modified atmosphere packaging for crops, including altered gas composition and 
extended shelf life.” 

Suggested OER search string: “modified atmosphere packaging crops OER box” 

Figure 5.2 Chemical treatments for crop preservation 

Attribution: AI-generated using prompt “Generate a diagram showing fumigation 
process in a crop storage facility.” 

Suggested OER search string: “fumigation crop storage OER diagram” 

Plate 5.2 Physical treatments for crop preservation 

Attribution: AI-generated using prompt “Generate an image showing heat treatment, 
irradiation, and drying methods used for crop preservation.” 

Suggested OER search string: “physical treatments crop preservation heat irradiation 
drying OER image” 

Box 5.2 Biological and eco-friendly treatments 

Attribution: AI-generated using prompt “Generate a text box summarising biological and 
eco-friendly treatments for crop preservation, including beneficial microbes and 
biodegradable coatings.” 

Suggested OER search string: “biological eco-friendly crop preservation OER box” 

Plate 5.3 Traditional storage structures and adaptations 

Attribution: AI-generated using prompt “Generate an image showing traditional crop 
storage structures such as cribs, silos, and pits, with adaptations like raised 
platforms and protective roofing.” 

Suggested OER search string: “traditional crop storage structures adaptations OER 
image” 

Figure 5.3 Modern equipment for crop storage 

Attribution: AI-generated using prompt “Generate a diagram showing modern crop 
storage equipment including cold rooms, silos, and hermetic bags.” 

Suggested OER search string: “modern crop storage equipment cold rooms silos 
hermetic bags OER diagram” 
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Box 5.3 Monitoring and control devices 

Attribution: AI-generated using prompt “Generate a text box summarising monitoring 
and control devices for crop storage, including sensors and data loggers.” 

Suggested OER search string: “monitoring control devices crop storage sensors data 
loggers OER box” 

Figure 5.4 Designing integrated storage systems 

Attribution: AI-generated using prompt “Generate a diagram showing integration of 
controlled environments, protective treatments, and equipment in crop storage 
systems.” 

Suggested OER search string: “integrated crop storage systems OER diagram” 

Box 5.4 Case studies of integrated storage applications 

Attribution: AI-generated using prompt “Generate a text box summarising case studies 
of integrated crop storage systems, including cold chain with MAP and hermetic 
bags with biological treatments.” 

Suggested OER search string: “case studies integrated crop storage systems OER box” 

Plate 5.4 Sustainability and cost considerations in storage systems 

Attribution: AI-generated using prompt “Generate an image showing sustainable crop 
storage practices such as solar-powered refrigeration and biodegradable 
packaging.” 

Suggested OER search string: “sustainable crop storage systems renewable energy 
biodegradable packaging OER image” 

 

 


