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Preface 

_________________________________________________________________ 

In the era of population boom and climate change in Sub Saharan Africa in general, in Ethiopian in 

particular, irrigation is becoming vital to produce acceptable quality and quantity of crops. However, 

irrigation agriculture requires a thorough understanding of the appropriate agronomic management of the 

crop and improved on farm water management practices by irrigation water users. With increasing 

competition for the limited amount of irrigation water, it requires an efficient and productive use and 

provides much closer control than ever before. The importance of irrigated crops is becoming extremely 

vital to the Ethiopian agriculture, particularly for producing high value, market-oriented crop and 

livestock products. Improved management of irrigation water requires using the best information and 

techniques that current technology and knowhow could provide in the planning, design, evaluation, and 

management of irrigation systems.  

This manual is to provide best-bet technologies and approaches to woreda experts and kebele agriculture 

development agents directly working with farmers in the Ethiopian rural setting. The manual is prepared 

with an easily and understandable way by users. The Agronomic practice of selected Irrigated crop 

production three parts. 

Unit one emphasis on nursery management, unit two on Agronomic practice of selected irrigated crop 

production and finally unit three focused on Post-harvest handling of selected irrigated crops. In addition, 

the gender box is included at the beginning of this participant book for the consideration of gender 

responsiveness in all the activities of the training program.  
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What are the issues of gender inequity in the Ethiopian context? 

Gender norms influence agricultural and natural resource management processes. Various gender groups 

could have different choices than others. Women are commonly interested in crops that they can use to feed 

their families and bring in high income.  This is why women farmers are engaged in irrigation agriculture, 

investing much of their time all year around on their farms, starting from land preparation and nursery 

management.  Nursery management, which involves having the knowledge and skills to ensure viable seed 

germination and seedling establishment, is the responsibility of women.  Several factors may make 

seedlings weak and prone to diseases and pests. Spending so much time on the farm allows women to easily 

recognize the changes affecting their crops though they not have the skills to decide whether they are 

harmful, and what to do about them.  Low literacy levels may prevent them from understanding the theory 

and concepts of irrigation agronomy.  Thus, they may not understand the implication of extension 

messages for their farm situation, family nutrition, and market value.     

How can the gender issues be addressed? 

Extension services should address the needs of both women and men, since both of them play active roles in 

irrigated agriculture.  Women should be trained in irrigation agronomy; including identification of nutrient 

deficiency symptoms and major crop diseases and pests, and know what to do to mitigate their effects.  

During training, the indigenous knowledge of both men and women should be taken into account within an 

experiential learning context that features demonstrations. The training content and messages should be easy 

to understand and apply.  Explain step by step how to carry out methods to keep seedlings and crops 

healthy.  Provide opportunities for women farmers to share and discuss further among themselves.   

What will be the benefits when gender issues are addressed? 

Both men‟s and women‟s needs are addressed by acknowledging women‟s contribution to irrigated 

agriculture.  If women know what to do, diseases and pests will be recognized early and controlled to 

minimize losses in production. If women and men select crops and invest together, household nutrition and 

income will improve.  
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1.  Introduction 
 

Modern and traditional Irrigation infrastructure development in Ethiopia is currently exponential 

increasing. Federal, Regional and also district governments are investing more and more on this sector. 

The ultimate goal of the irrigation development is to contribute to food security and beyond that to 

contribute raw material for the emerging industrialization and in foreign trade.  

Investing on physical structure is a means to attain the ultimate goal of the sector. Parallel to developing 

the infrastructure, supporting the agronomy and extension service in modern and scientific way is 

irreplaceable. To maximize the profit and contribution of the sector Small Scale Irrigation farmers have to 

be supported in modern, scientific Irrigated Agronomic skill and knowledge. 

To modernize the irrigation sector, developing capacity of Woreda experts and Development Agent is 

critical since they are nearby farmers and supporting and farmers are also expecting more from these. One 

of capacity development tool is providing recently supported reference material and facilitation guide. So 

Training manual of selected irrigated crops helps Federal, Regional and zones experts to train Woreda 

expert and development Agents.    
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2. Nursery Management of Vegetable Crops  

2.1. Definition and Advantages  

 

 A nursery is a place where seeds and cuttings are propagated and grown to usable size for supplying 

gardeners, horticulturists, agriculturists, foresters and conservation biologists. They include retail 

nurseries which sell to the general public, wholesale nurseries which sell only to businesses and private 

nurseries which supply to institutions or private estates. 

For high yield and quality products of transplanted crops, good plant nursery practices should be 

followed. For this it is important to select appropriate sites, identify fertile spots and arrange the required 

tools for seedling preparation. Crops such as pepper, onion, tomato, lettuce, Swiss chard, cabbage, and the 

like are grown using seedlings. 

Raising seedling in nursery has the following advantages: 

 Higher rates of seed germination, especially when using expensive hybrid seeds  

 Lower incidence of pests and diseases.  

 Easy to eliminate weak and diseased plants that are not appropriate for planting. 

 For economize use of seeds (to minimize excessive seed rate comparing broadcasting). 

 It avoids gap filling to replace the missed plants, due to poor germination.  

 Greater control over seedling densities in the nursery, allowing optional spacing, which 

helps to produce stronger plants with earlier and higher yields.  

 Relatively shorter interval from planting to first harvest in the field  

 Improved protection against pests and diseases during the early stages of propagation and 

possibility pre-treating of the soil.  

 

There are different factors affecting seed germination and seedling establishment. These are: 

 Seed size and quality 

 Seed and soil borne diseases 

 Improper seed bed types and sizes (too large, too small)  

 Environmental factors /light, heat, moisture, & aeration/and others. 

These factors affect many nurseries in Ethiopia. Poorly raised seedlings are weak and easily affected by 

diseases and insects even after transplanting. 
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2.2. Nursery site selection 

 The nursery site should be located as near as possible to water sources, or adjacent to irrigation 

water. 

 The nursery site should be separated from the main production field for avoiding contamination 

and livestock grazing.   

 Seedbeds site should be clean, leveled. 

 It should not be close to any type of trees because the shadow of the trees will shade the 

seedlings from getting adequate sunlight, the falling of leaves and barks from the trees 

release chemicals that negatively affect seed germination and seedling emergence. 

 Windbreak with about 10m distance is also important to protect nursery against strong 

wind.  

 

2.3. Raising Seedlings in a Nursery: Prior Considerations 

Before raising seedling in nurseries, the crop to grow must be carefully selected. Its cropping calendar and 

the cropping pattern should also be determined. These practices are important for experts and DAs to 

understand and use before they can promote good nursery management among farmers. In this unit, crop 

selection, cropping pattern, cropping calendars and nursery management are discussed. 

2.3.1. Crop Selection  

Before purchasing seeds and raising them in a nursery, crops and varieties to be cultivated for that 

particular season should be determined considering market opportunities and farmers preferences.  

Varietal selection should also consider water availability, prevailing climatic conditions, maturity periods, 

soils type and fertility, crop rotation, and pest and disease incidences. Market distances, information and 

needs, transport costs and reliability, and measures to combat pests and diseases must also be considered 

as they impact the scale and frequency of production. 

High Value Crop Selection 

As irrigation is a high investment business, selected cultivated crops should be “high value” crops. 

A high-value crop is one that generates more revenue per unit area. 

 High value crop selection is based on the following determinant and major factors: 

 Availability and price of inputs 

 Previous experiences with the crop,  

 Price volatility at harvest in the local market, 
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 Existence of demanded basic cooperatives/ unions and other potential buyers,  

 The possibility to link producers with agro-processors and other potential buyers and 

 The presence of partners‟ /research, universities, non-governmental organizations and 

programs/ to support improved management of the crop. 

 In crop selection, women have to participate as their criteria of choice for markets and may 

consider nutritional requirement and seasonality. 

2.3.2. Designing Appropriate Cropping Patterns  

The area to be planted for each crop has to be planned well in advance so that all the required materials 

and tools are in place. Cropping pattern indicate which crop will occupy what part of the available area 

during each season. For example, for crops such as cabbage, onion and tomato, successive cropping 

(planting of the same crop every 3-4 months for a continuous supply of a particular vegetable in the 

market) need to be considered. The time needed for planting or transplanting, the length of the period that 

the crop will be in the field, the time it will take to harvest, and the time it will take to prepare the land for 

the next crop and irrigation availability should be included on the cropping program diagram. Repeating 

this for the next season gives a clear picture of the yearly cropping pattern. This can be done as per the 

schemes or on individual farmers‟ base. 

An example of a cropping pattern: If one farmers has a total 0.5 ha irrigated land and if there is two dry 

cropping season, he/she can plan his/her cropping pattern and calendar as follow on the cropping program 

diagram.  

Table 1: Example of an Annual Cropping Pattern 

 

 

Months (Time) 

Crop Sept Oct Nov Dec Jan Feb Mar Apr May June July 

1st Season            

Cabbage (0.2 ha)        

Onion (0.12)        

Tomato (0.18)        

2nd Season            

Cabbage (.12 ha)        

Onion (0.18)        

Tomato (0.2)        
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2.3.3. Cropping Calendar  

A cropping calendar is a plan that shows the sequence of the whole crop production activity from planting 

to harvesting. It is the set of activities which includes preparation of inputs, bed and seedling preparation, 

transplanting, post transplanting management /watering, weeding, harrowing, disease and pest 

management, and harvesting other activities. The advantages of a cropping calendar include: 

 It enables the farmers to know which activities are done at a particular time, 

 It simplifies farming activities and enables better crop management, 

 It relates crop diversification and staggered cropping 

 It facilitates better involvement of family members in farming activities, 

 It enhances labor use efficiency and reduce pressure on families, 

 It enables to use land and water efficiently and to produce more, 

 It  reduces water-related conflicts between users, 

 Enables to increase irrigation participants 

 It facilitates better marketing 

 It increases yields and house hold family income 

 

Table 2: Example of Cropping Calendar of Onion and Pepper for Round 2 

Activities 

Time (Months) 

Sept Oct Nov Dec Jan Feb Mar April May 
Jun 

(Round 1) – Onion          
 

Seed bed preparation 

and sowing   
        

 

Seedling management  
 

 
       

 

Land preparation  
 

 
       

 

Transplanting     
 

        

Field management    
 

      

Harvesting       
 

    

(Round 2) – Pepper           

Seed bed preparation 

and sowing  
    

 
    

 

Seedling management  
    

 
    

 

Land preparation  
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Activities 

Time (Months) 

Sept Oct Nov Dec Jan Feb Mar April May 
Jun 

Transplanting  
     

 
    

 

Field management 
      

 
  

 

Harvesting           
 

 

2.3.4. Raising seedling practice on seed beds 

Seedlings can be raised by different methods. These methods are using pots, trays or seed beds. The 

common and practiced method of raising seedling in farmer‟s field is to make a “seed bed”. There are 

three types of seed beds. They are: 

 Raised seed bed: The bed is raised above the ground at 15-20 cm height. It is more 

applicable during rainy seasons in order to facilitate drainage and in areas with poorly 

drained soils (clay soil).  

 Sunken seed beds: Made like basin with depth of about 15-20cm. Applicable to areas with 

extended dry seasons and light drained sandy soils, particularly in drought prone areas. 

 Flat seed bed: Applicable to areas where the land is leveled, and with adequate drainage 

system. It is applicable in areas where there is limited risk of water logging.  

 

Factors determining the type of seed bed: 

a) Soil characteristics፡ Heavy clays are generally difficult to work particularly during the wet 

season; therefore raised beds are prepared. On the other hand, sandy soils have less water holding 

capacity and hence sunken beds are preferred.  

b) Water availability፡ Use raised beds in heavy rainfall areas whereas sunken beds will be suitable 

for low rainfall areas.  

      c. Types of plants to be cultivated፡ Raised seedbed is the most preferred by the common horticultural    

crops though flat beds are suitable for leafy vegetables and cucurbits 

2.3.5.  Steps Required to Prepare a Seed Bed 

Step 1. Lay out the seed bed 

The prepared seedbed should be set from north to south direction to expose seedling that planted from 

east to west to have enough sunlight in the morning and afternoon. Though the size of the seedbed may 

vary depending on the production objectives, the seed bed should be laid out either 1m x 5m or 1m X 
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10m and 15 – 20cm high beds in 3, 4 and 5 quadratics by using tape, spade, tracing line (Fig.1). There is a 

need to keep 40cm-50cm space between two adjacent beds and they may be arranged in staggered manner 

to check erosion as much as possible. Plough or dig soil 20 -30cm depth until it reaches to fine tilth.  

 

                            Figure 1. Layout and Leveling of Raised Seed Bed 
 

Step 2. Soil and seed treatment 

 Soil treatment 

“Seedling media sterilization” - Sterilize the beds to kill weed seeds, insect and pathogen such as those 

that cause damping off. Some of these pathogens are soil borne and could survive seasons to attack the 

next crop. Sterilization can be accomplished by one of the following three ways: 

1. Cover the seedbed with plastic sheet cover – It works best in areas and seasons where the 

temperature is very high. The beds should be covered by plastic for a week (preferably using a black 

plastic sheet).  

2. Chemical sterilization- Treating the soil with a granular formulation of chemicals, such as Dozamet 

and Nemacuir, can provide effective control of nematodes, soil fungi, pests and weeds. After 

chemical treatment, turn over the soil in the bed and leave it exposed for four to five days to remove 

residual chemicals. 

3. Heating method: This can be done by burning straw over beds to control pathogens and notorious 

weeds. After soil is treated by the above methods: 

 Prepare the bed again for sowing. 
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 Incorporate well -decomposed compost or farm yard manure with soil to replace the destroyed 

useful organisms during burning and plastic cover. 

 

 Seed treatment 

Some vegetables (example peppers) are relatively slow to emerge and need protection from seed and soil-

borne diseases. In order to produce any crop, first, it is advisable to use certified seeds. However, certified 

seeds are not always readily available. Farmers, particularly vegetable growers, obtain seeds either from 

the local market or they extract their own seeds from their own vegetables. Both purchased seeds from the 

local market and traditionally extracted seeds are unreliable and could be easily attacked by seed borne 

pathogens. These infected seeds may transmit disease in the nursery.  

In order to avoid disease and insect pest problems, treating the seeds with chemicals prior to sowing is 

advisable, because it protects the seeds both from seed and soil born infections. Most seed treatment 

products are fungicides or insecticides that are applied to seed before planting. Fungicides are used to 

control diseases of seeds and seedlings; insecticides are used to control insect pests. Some seed treatment 

products are sold as combinations of fungicide and insecticide. Fungicidal seed treatments are used for 

three reasons. 

1. To control soil-borne fungal disease organisms (pathogens) that cause seed rots, damping-off, 

seedling blights and root rot. 

2. To control fungal pathogens surface-borne on the seed. 

3. To control internally seed-borne fungal pathogens.  

 Currently the most commonly used chemical for treating vegetable seeds is Apron Star. It helps to 

control disease-causing organisms during seed germination and seedling emergence.  

Procedure of seed treatment with chemical such as Apron Star 

Determine the amount of the seed to be treated. Calculate the amount of chemical required as shown in 

the example below on a flat plastic sheet and using gloves. However, given the very small amount of 

Apron star required for seed treatment, which could be difficult to measure with the locally available 

balances, it is advised to encourage the water user association or cooperatives to estimate the seed 

demand and facilitate treatment at scheme scales. 
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Figure 2. Seed Treatment.  

Step 3. Fertilizer application and row making 

 Estimate the fertilizer requirement per area bases 

 Mix the fertilizer well with the soil in the bed  

 Make furrows (row) 10 – 15cm apart at recommended spacing and 0.1cm-2cm depth 

depends upon size of seed. Sow larger seeds at 2cm depth and small seeds at 0.1 to 1cm 

depth 

Step 4. Sowing, covering and mulching 

Example: The amount of pepper seeds required for one seedbed is 20 gram. The company 

recommendation of Apron star for 1 kilogram seed of pepper is 2.5 gram. Then, the amount of 

Apron star required to treat 20 gram of pepper seed can mathematically be calculated as below 

though it could be more practically to treat at least half a kg of seed by forming farmer groups: 

Required amount of Apron star product= 20g x 2.5g/1000g= 0.05g 

To rinse the seed with water, it is necessary to calculate the required amount of water as shown 

below: 

The company recommendation to mix 1 kg of any vegetable seeds is equal to 10 ml water, thus the 

amount of water for 20g pepper can mathematically be calculated as below: 

Required amount of water= 20 x 10/1000=0.02ml.  
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After determining the amount of seed required for a given plot of land, it should be sown using 

appropriate spacing and depth. After sowing, cover the seed with fine soil and the surface of the drill 

should then be lightly firm. Seed rate of some vegetables are listed in Table 3. 

Figure 3. Seed Rate of Some Vegetable Crops 

 

 

 

 

 

 

 

 

Figure 4. Sowing seedling 

No 
Seed rate and related 
conditions 

Pepper Tomato Onion Cabbage 

1 Seed rate for 1 hector  600 - 750g 250-300g For hybrid 3-4 kg 
For Non hybrid 6.5-
7.5kg 

400 gm 

2 Seed rate for 1 bed (5m2 
area)  

 

20-25g 4.2-5g For hybrid 27 - 36gm 
For Non hybrid 46 - 
53.5gm 

40 gm 

3 Convenient seed bed size 1m x 5m 1m x 5m 1m x 5m 1m x 5m 

4 Distance between beds  40-50cm 40-50cm 40-50cm 40-50cm 

5 Depth of the planting rows  1- 1.5cm 0.5- 1cm 1- 1.5 cm 0.5- 1cm 

6 Spacing between rows  15cm 15 cm 15 cm 15 cm 

7 Fertilizer rate for a bed of 
5m2 

    

8 NPS 
Urea  

121gm 
50gm 

121gm 
50gm 

121gm 
50gm 

121gm 
50gm 

 

 

20 
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                                                             Figure 5. Covering Sown Seedling with 

 

For the germination of seeds adequate moisture, oxygen and moderate temperature are the most important 

factors to be considered. Therefore, to get good stocky seedlings, care must be given to the following 

factors፡ 

a) Mulch immediately after sowing the seeds until germination (7 – 10 days) and avoid mulching 

after germination. Mulching is important to: 

 Regulate temperature  

 Maintain moisture  

 Protect seed from birds and moving away 

 Suppress weeds 

 Can be used as fertilizer after being decomposed  

b) Watering the seedlings in morning or afternoon using water cane. 

c) Weed control and shallow cultivation should be practiced in a timely way. 

d) Thinning out of seedlings to reduce competition and diseases effect (2-5 cm apart between 

seedlings). 

e) Urea fertilizer is needed 15 – 20 days after sowing. 
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Figure 6. Irrigate Using Water Can 

 

The seedbed should be irrigated immediately and uniformly with the correct amount of water using 

watering can after sowing. An excess amount of water and the incorrect method of watering will harm 

seedlings. An excessively wet soil creates a favorable environment for disease development and affects 

seedlings root growth development. 

 After germination is secured and seedlings are starting to develop the mulched grass should 

be removed carefully, just to avoid any leggy and etiolating of the plantlets.  

 Construct shades in order to protect seedlings from strong sunlight, wind and hail damage  

 Thinning out excessive plants at 2 cm apart within the row is important to avoid 

competition 

 This is usually done within two to three days after the first true leaves have appeared.  

 Keep irrigating frequently, at least twice a week  

 Weeding should be done regularly  

 The nursery should be kept clean at all times 

 

 

 

 

 

 



Agronomic Practice of Selected Irrigated Crops Participant Book 
 

13 
 

 

                Figure 7. Removed Mulch from Seedling 

Harrowing should be done regularly to loosen the soil and to allow better aeration and percolation of 

water in the soil (figure 8). 

 

                                                              Figure 8. Harrowing 

 

Often farmers use a high seed rate /seed bed to secure maximum number of seedlings that can be used for 

gap filling in case transplanted seedlings failed to establish in the fields. Using a high seed rate has the 

following drawbacks:  

1. Creates overcrowding and suffocation, and restricts aeration. 
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2. Creates competition for nutrients and sun light and can lead to stunted growth of the seedlings 

due to lack of enough nutrients. 

3. Seedlings tend to be weak with less number of leaves, and lack stem strength, thickness and root 

development is poor. 

4. Create favorable conditions for the growth and development of the pathogens. 

5. Diseases can easily be transmitted from affected seedlings to the healthy ones. 

6. In most cases, infected seedlings will die either while they are in the seed bed or after 

transplanting and become source for diseases transmission. 

Using the recommended seed rate per unit area of land and sowing in rows is important. Planning for 

contingency seedling of 10-15% on separate beds is needed.  

The main precautions in the nursery are፡ 

a) Avoid high soil and air moisture  

b) Water the seed bed early in the morning  

c) Avoid over frequent or over heavy watering  

d) Avoid heavy shading  

e) Avoid excess seedlings 

f) Protect from livestock grazing and  trampling  

               Days to germination of some vegetable crops: 

 Pepper    = After 9-17days  

 Tomato   = After 8 days  

 Onion   = After 15 days  

2.4. Techniques for minimizing transplanting shock  

It is important to ensure that healthy seedling is transplanted at the required plant density and time. To 

minimize transplant shock the following activities should be done: 

 Hardening-off the plants from five days to one week prior to transplanting by reducing the amount 

of water and widening of irrigation frequency. This helps the seedling to slow down the growth 

process and allow the young plant build up carbohydrate reserves and root, which would minimize 

transplanting shock.  

 Water the seed bed one day prior to transplanting (the night before lifting) to facilitate the removal 

of the seedling from the bed  

 Lift the seedlings at the proper stage of development  
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 Lift the seedlings, using a digging fork, either early in the morning or alternatively in the evening 

after the worst heat of the day has passed 

 Place the uprooted seedlings in trays with soil as much root and soil are together  

 Immediately cover the seedlings with a damp sack, and prevent exposure to full sun or drying 

winds; under arid conditions frequently rewet the cover 

 Transport the seedlings to a shaded area  

 Plant the seedlings as soon as possible after lifting, preferably in the evening after the worst heat of 

the day is over, and irrigate immediately  

 Most vegetables are ready for transplanting when they have 2-6 true leaves 

 

                                Table 3. : Days of Transplanting 

 

 

 

 

 

 

 

Figure 9. Transplanting Stage for Onion. 

Tomato 28 – 35 days 

Pepper 40 – 55 days 

Cabbage 25 – 30 days 

Onion 40 – 45 days 

Kale After one month 
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                                                    Figure 10. Transplanting Stage of pepper. 

 

 

                                 Figure 11. Careful uprooting of Seedlings 
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3. Field Management of Selected Irrigated Crops  
   

3.1. Potato  

3.1.1. Importance    

Potato became a very important non-cereal staple crop in Ethiopia and increasingly gaining importance as 

a food security crop owing to its ability to produce more edible energy and protein per unit area and time 

than most cereal crops. It is an important food and cash crop in the cool highlands of Ethiopia. It is 

preferable from other crops, because it gives high production from a piece of land, early maturing, and 

suitable for crop rotation & intercropping.  

However, the national average yield of potato is quite low being about 8 t/ha which is far below worlds‟ 

average yield of about 13.9 t/ha. It has been reported that the progressive farmers however, regularly 

harvest over 25 t/ha.  

Potato is a major source of energy but also moderate source of iron, and vitamin C. It is a good source of 

vitamins B1, B3 and B6 and minerals such as potassium, phosphorus and magnesium, and contains 

foliate, pantothenic acid and riboflavin.  

3.1.2. Production constraints:  

• Lack of sufficient quantity of good quality seed tubers 

• Lack of sufficient institutions in Ethiopia that multiplies and distributes potato seed tubers.  

• Lack of high yielding adapted cultivars:  

• Poor agronomic techniques: Inadequate land preparation, plant population, method and depth of 

planting and inputs, care during harvesting, and crop rotation.   

• Poor technology transfer:-  

• Limited post-harvest storage facilities for ware and seed tubers: Low-cost diffused light stores 

designed by International Potato Center (CIP) are found very advantageous for seed tuber storage 

although not widely used currently.  

• Inefficient marketing and transportation system:  

• Poor Linkage between partners:  

3.1.3. Adaptation/growth requirement  

For healthy tuber production, potato should strictly be cultivated in cool high altitude areas, where the 

incidence of diseases is low. Potato is susceptible to frost damage at its early stages and it should be 

grown at frost free periods.  A slop of 1500- 3200m and temperature 15-180c is convenient.  For good 

production it requires 500-700mm water and sandy loam or loamy sand soil that has pH 4.5-7.5.  
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3.1.4. Recommended agronomic practice   

 

Site selection  

The site we select should not have been planted with any Solanaceous crop for the last three seasons. 

Potatoes must be rotated with other crops to reduce the accumulation of diseases and the impact of 

insects‟ pests.   The soil for potato has to have good drainage. The selected area should be with low aphid 

pressure, no soil-borne disease, no host weeds, no nematodes, and that have low air-borne pathogens. 

Land preparation, planting  

The land should be cleaned from any debris and residual material and it should be ploughed properly from 

2-3 times before onset of rains. Seed rate for ware production is 18-20 qt/ha and spacing of 30cm X 70 cm 

is recommended whereas for seed production 20-22 qt/ha and spacing of 60 X 20 is recommended.  The 

sprout tube should not be too young or old. The properly sprout tube which has 3-4 sprout of size 35-

45mm and 1.2-1.5cm length should be selected and planted at depth of 10-15cm to protect it from sun 

light.   

Table 4. Difference between young and old tubers  

Young tuber seed leads to  Old tuber seed leads to  

• Late emergence  

• Late tuberization  

• High foliage production  

• High tuber number  

• Late maturity  

• High yield  

• Early emergence  

• Early tuberization  

• Reduced foliage production  

• Reduced tuber number  

• Early maturity  

• Reduced yield  

 

 



Agronomic Practice of Selected Irrigated Crops Participant Book 
 

19 
 

 

                                                                    Figure 12. Land preparation  

 

 

                                               Figure 13. Planting in furrow  
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                                     Figure 14. Planting techniques and spacing ware (A) and seed (B) potato  

 

Fertilizer application: Given the fact that most potato growing areas are degraded, with low soil fertility 

status, it is recommended to apply a higher rate of manure (about 20 t/ha) when available. The 

recommended amount of manure has to be applied at least a month prior to planting and incorporated 

with the soil thoroughly in order to give time for decomposition and make available the nutrients required 

by the crop. If chemical fertilizers are used, apply phosphorus containing fertilizers such as DAP or TSP 

at the time of planting, by placing the fertilizers under the seed or on the sides of the seed. The fertilizer 

should not come in contact with the seed and should be cover the with soil. Nitrogen containing single 

fertilizers such as Urea should be split applied at planting, two weeks after germination and the third 

flowering or earthling up. 

 

Figure 15. Fertilizer application techniques 

A 
B 
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Table 5. Recommended fertilizer rates for potato production in different regions   

 

 

Region 

Type of fertilizer and amount (kg/ha) 

(please apply urea and add either ADP or NPS) 

ADP  NPS Urea 

Central and south Tigray and high land of Arsi  195  236  165  

Western and Eastern Gojam, North Gonder and 

Awi zone  

150  180  117  

Southern Gonder  150  180  176  

North and south Wollo  196  237  163  

Debre brhan  150  180  210  

Eastern Harerge High lands  100  121  150  

Bako and Western Oromia   150  180  50-60  

  

                 Weeding, cultivation and earthing- up 

✓ Potato field should be free of weeds, then cultivation and weeding is important;  

✓ Starting from two weeks after immerging seedlings, potato should be cultivated or hoed 2- 3 

times and simultaneously earthing up is important till the canopy is well established;  

 Shallow cultivation and earthing up is also important to perform when the crop is at 15 to 30 

cm height, particularly to avoid greening of tubers when exposed to sunshine. It will help to 

maintain its food value, kill weeds and control potato tuber moth. 

 

                                             Figure 16. Weeding, cultivation and earthing up  
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Irrigation   

To optimize yields, the total available soil water should not be depleted by more than 30- 50 %. Water 

deficit during the period of stolonization and tuber initiation and yield formation have the greatest adverse 

effect on yield, whereas ripening and the early vegetative periods are less sensitive. Irrigation intervals 

range from 7- 12 days based on soil type and agro-ecology. The field may be pre- irrigated before 

planting with aim of enhancing rapid germination and uniform crop development. Irrigation should be 

discontinued 2 to 3 weeks before harvesting in order to enforce uniform maturity and to develop stronger 

skin of tubers and minimize damages of tubers. Irrigation scheduling should be based on avoiding water 

deficits during the critical periods, namely stolonization, tuber initiation and yield formation (critical 

stage for water deficient). Reducing irrigation interval should to 7 days give more tuber production 

 

 

                                                              

 

 

 

                                                     Figure 17. Irrigation practice 

                                              

Dehaulming    

  

 It is about removal of above ground biomass after the crop completes its physiological maturity. At the 

end of the growing season, the leaves and stems die down to the soil level and its new tubers detach from 

their stolons.  The crop will be ready for harvesting when 95 % of the leaves have died off.  Dehaulming 

has three functions  

• To control disease transmission from leaf to tuber and to the proceeding crop 

• To limit tuber size and hold enough moisture for long time of storage  

• To prevent pilling of seed potato or to harvest clean and net tuber  
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 Harvesting  

Potato from planting to full maturity will take about 90 to 120 days on average depending on the specific 

environmental conditions and the variety. When the potatoes leaves are just turning to yellowish in color, 

it is then the typical sign of maturity. During harvesting, in order for the skin of tubers to become 

hardened and to harvest easily, it is recommended to cut down the shoot or vegetative parts above the 

ground and leave for about 10- 15 days before harvest, particularly in hot climates (this is dehaulming).  

After it is hardened it is then possible to dig out tubers using appropriate tools. Afterwards it will be 

important to separate the tubers for seed, marketing or consumption purposes. It should be kept safely in 

appropriate areas not exposed to insect pests attack. Moreover, tubers isolated for seed purpose should be 

kept in diffused light store.  

 

Figure 18. Tuber harvesting 

3.1.5. Potato seed production  

Agro-ecology requirement and agronomic practice are the some with food or ware potato production. The 

only difference are spacing and seed rate which is 20-22qt/ha rate and 60 X 20 cm spacing is required for 

seed potato. The other consideration in potato seed production is isolation and potato seed should be 

isolated from other potato filed. This can be physical isolation and time isolation.   

     Basic principles in clean seed production  

• Think of quality first, then quantity  

• Help seed growers to understand potato seed storage and management processes 

• Have quality control mechanisms in place   
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• Should be considered as a sensitive business  

• Should respond to demand  

       Factors that determine quality seed  

1. Right variety:  The variety must have market demand by producers and consumers.   

2. It should be pure (no mixtures of other varieties or mutants)  

3. Health: seed must be free from seed-borne diseases  

4. Physiological age: optimal stage for planting, which is a stage of multiple and vigorous 

sprout.  

5. Physical defects: free from internal and external damage  

6. Size: homogeneous/uniformity  in tuber size  

7. Affordable price  

 

                            Table 6. Major potato varieties recommended for cultivation 

 

 

No 

 

Variety 

 

Altitude 

 

Rainfall 

Days to maturity 

 

Productivity qt/ha 

Research 

center 

On farmers 

field 

1  Tolcha   1600-3000  750-1000  100-115  238  202  

2  Wochecha  1600-3000  750-1000  100-115  275  175  

3  Digemilgn  1600-2800  750-1000  100-110  305-366  257  

4  Jalene  1600-2800  750-1000  100-110  403  291  

5  Mengesha  >2400  750-1000  -  270  -  

6  Zengena  2000-3100  1000-1500  110-115  300-350  225-250  

7  Guasa  2240-2800  1000-1500  134-159  244-330  220-250  

8  Gorbela  2700-3200  800-925  134-199  300-520  260-300  

9  Gera  2200-3200  800-925  -  259  -  

10  Mechara  1700-2700  980-1398  120  333  234  

11  Shonkola  1700-2700  980-1398  120  315  291  

12  Bule  1700-2700  980-1398  120  393  343  

13  Zemen  1700-2000  700-800  76-101  371  -  

14  Bedhasa  1700-2000  700-800  96-117  405.9  -  

15  Chiro  1600-2000  700-800  75-110  320-400  250-350  

16  Gabila  1700-2000  700-800  15-110  400  310  

17  Chala  1700-2000  700-800  15-100  420  350  

18  Local variety  1600-3100  980-1398  100  50-80  40-60  

 

 

 



Agronomic Practice of Selected Irrigated Crops Participant Book 
 

25 
 

 

3.2. Tomato  

 

3.2.1.  Economic and nutritional value of tomato 

In Ethiopia, tomato is the second most consumed vegetable per capital basis following potato. Besides 

being eaten fresh, tomatoes can be boiled, stewed, fried, juiced or pickled and used in soups, salads 

and sauces. It is a good source of Vitamin E, Thiamin, Niacin, Vitamin B6, Folate, Magnesium, 

Phosphorus and Copper, and a very good source of Dietary Fiber, Vitamin A, Vitamin C, Vitamin K, 

Potassium and Manganese. 

3.2.2. Adaptation/growth requirement  

Tomato requires warm, clear, dry conditions at daytime and cold temperature at night.  For good 

production it is better to grow at altitude of 700-2000m and 24 to 28 during day and 14 to 17 during night 

temperature. It requires 600-650mm water and sandy loam soil of pH 5.8-6.8. 

 For good production it is preferable to raise seedlings in nursery. The plants vary in growth habits as 

determinate and indeterminate types. The indeterminate are high in stature produce fruits for extended 

period whereas determinate ones are bush types and early maturing types. The plants also differ in fruit 

characteristics (size, shape, color, and flesh thickness, number of locules, blossom end shape, quality 

(TSS% (total soluble solution), pH, acidity, juice viscosity, and juice volume). The fruits may be globe-

shaped almost round, oval or flattened and pear shaped. They differ in skin and flesh cooler in that the red 

ones are the most preferred in the local market. High TSS% (4.5-6.0), intensive red color of both skin and 

flesh, low acid, resistant to cracking are some of the attributes important for processing industry. The 

sugar and acid ratio makes an important contribution to the flavor of tomatoes.  

Tomato Varieties  

From the research system about 14 tomato cultivars were released or recommended. There are two 

differing types (Fig 19.), namely   

• Indeterminate: It is tall, erect and bushy types with fairly thin or thick 

stem.  Indeterminate varieties continue to grow and produce tomatoes all along the stems 

throughout the growing season, and produce higher yield for long time   

• Determinate: Determinate tomatoes are varieties that grow to a compact height and stop growing 

when fruit sets on the top bud. The determinate types produce more flowers within a given length 

of vine within short period than indeterminate ones.  
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Table 7. Different between determinate and indeterminate tomato   

  

Determinate  Indeterminate  

➢ Usually determinate cultivars have dwarf in 

growth  

➢ Early maturating (in 60 days from planting)  

➢ Do not require staking or supporting  

➢ Can be suitable for processing as a result of low 

water content  

➢ Have uniform maturity time  

➢ Low yield  

➢ Can be harvested by machines  

Example: Roma VF, Napoli, Serio, Read pear, 

Melka  

                  shola, Melka salsa etc.  

❖ Usually vigorous and more branched  

 Late maturing (70-100days) 

❖ Required staking and supporting.   

o Staking  increased the cost 

of production.   

o In same area staking cost reach up 

to 50% of the cost of production               

❖ Yields  are usually higher than determinates  

Examples: Marglobe, moneymaker, marglove      

                     improved, etc.   

 

           

 

 

 

 

 

 

Indeterminate tomatoes (continue growth)  

 

Determinate tomatoes (Terminate in flower 

development) 

                    Figure 19. Determinate and indeterminate tomato vegetation 
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3.2.3. Recommended Agronomic Practice 

Land preparation   

The root system of a tomato plant is deep, which might extend to as much as 60 cm deep, but the lateral 

root system lie in the first 30 cm under the soil. Therefore, it needs a deep soil and must be tilled fairly 

deep. Transplants are removed carefully with soil which allows keeping more roots & avoiding stem 

injuries. The permanent field where tomato seedlings are going to be transplanted should be ploughed at 

25- 30 cm depth and cultivated with optimum frequency, till the soil is finely prepared. It is important to 

dig carefully around tomato plants so you don't damage the roots. 

Planting and spacing   

 Furrow should be made at 70cm interval for determinant and 100 cm interval for indeterminate ones. 

Furrow width should be 30-40cm, while the furrow depth should be 15-20cm.  It is recommended for the 

furrow length to 10 to 15cm. Furrows should be irrigated one day before transplanting.  Planting spacing 

should be 100cm X 30cm for indeterminate and 70 X 30cm for determinant.  It is better if transplanting is 

carried out the morning or in the evening. The seedling should be planted on 2/3 of furrow height by 

keeping spacing of 30cm (Fig. 20). 

 

                                    Figure 20.  Furrow layout and planting techniques of tomato. 

 

Weeding and cultivation  

Tomatoes are very weak competitors particular at the early stages, which calls for early weeding. Critical 

time for weed competition is 26 to 60 days after transplanting. In addition to weeding 2 to 3 times 

cultivation in its growing season is necessary.  
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Fertilization  

200kg/ha DAP or 242kg/ha NPS should be applied once during transplanting. Regarding Urea 100kg /ha, 

half of it is applied 30 days after transplanting and the remaining at 55 days after transplanting.   

Mulching 

Mulching is important in tomato production. Mulching can be done with grass, which is free of pests and 

that can be decomposed. Mulch reduces unmarketable fruits by protecting fruit direct contact to the soil.  

Pruning and Training  

More lateral branches reduce the amount of tomatoes produced.  Removal of axillaries' leaves of shoots 

(pruning) is important.  

       Advantages of pruning and training  

• Increase quality of fruit  

• Early yield  

• Large size fruit  

• Less diseased fruit  

• Convenient for harvesting and spraying  

Staking and supporting   

Staking is important for tall set varieties to facilitate management practices and to produce high quality 

fruits.    

      Advantages of staking  

• Protect direct contact of fruit with soil  

• Make easy fruit harvesting  

• Less disease incident  

• Easy cultivation and chemical application  

• Early yield  

• Less fruit and plant damage by wind and other hazards  
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Irrigation   

 Irrigation interval depends on soil type, rainfall patterns and variety.  But irrigation interval should be 

every three to four days for the first three weeks and weekly then after.  It is better if irrigation is carried 

out either in the morning or in evening.  

Harvesting  

The fruits could be harvested at different ripening stages with wooden or plastic boxes:   

 Mature green: When the fruits are fully green, the seed cavity filled with jelly substance, and the 

seeds are well developed  

 Turning/breaker: When the surface of the fruit, at the blossom end, turns to pink    

 Pink; when most of the surface of the fruit is turned to pink  

 Red/hard ripe: When the fruit is fully colored, but firm flesh   

 

 

                                                        Figure 21. : Ripe tomato fruits 

 

3.2.4. Tomato seed production   

All the agronomic practices are similar to tomato fruit production. However, here are some additional tips 

related to tomato   seed production. 

Isolation, rotation and rouging: Because of high self-pollination, a minimum distance of 3m is required 

between different varieties such that mechanical mixtures at harvesting time are prevents. It is very 

crucial to rotate tomato with non-related crop species for 2-3 years as a disease control measure. 

Roughing the tomato plants is important after they have developed a few true leaves to stimulate the 
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tomato plants to develop stronger and thicker stems that can hold up when exposed to breezes, wind, and 

other weather conditions that the tomato seedlings will experience when placed in the fields.   

Fruit harvesting and seed extraction: Good fruits selected from healthy and true to type plants should be 

collected for seed extraction. The fruits should be free from diseases, any physical damage and must be 

typical to the variety in color, size, shape etc. (Fig. 21). Seed extraction is done by hand from ripe fruits. 

Since tomato seeds are embodied in jelly like substance their extraction requires special care.  

 

Different extraction methods can be used depending on availability of facility, technology and amount of 

seed extracted. Under small scale, mass of ripe fruits are cut with knife and seeds with the gelatinous 

material surrounding them are squeezed into containers such as bucket (Fig. 22). During this process the 

main fruit walls, pulp, and other debris are excluded. The seeds then are separated by fermentation, with 

sodium carbonate, hydrochloric acid. Separation by fermentation is the most applicable one.  

 

                   Figure 22 . Selection of best tomato fruits for seed extraction 

 

Fermentation, washing and drying: Seeds and gelatinous material are left to ferment for up to three days 

at room temperature of 24- 27
0
C (Figure 23). The mixture must be stirred several times (at least three 

times a day) to maintain uniform rate of fermentation in the container, avoiding discoloration of seed and 

fungus development. The fermentation time must not be extended beyond the time required for breaking 

down the mucilage or else seed quality will be affected by premature germination. There are claims that 

fermentation process controls seed born-bacterial canker of tomato, but the measure of successes will 

depend on the time of fermentation and temperature reached. When cottony growth covering the pulp is 

observed fermentation is completed and needs to be thoroughly washed i.e. 2-3 times. Seed will sink to 

the bottom and clean seed should be collected after the pulp is drained off. The seed has to be dried 
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immediately after washing is completed. In warm dry climates, the seed can be sun dried in appropriate 

material such as tray/nylon net/cloth bags for about two days till the moisture content get down to 79%. 

 

                       Figure 23. Fermentation process and seed drying. 

 

Seed yield: seed yield in tomato is dependent on cultivar and other factors of production. The number of 

seeds per fruit typically ranges from about 150 to 300 seeds per fruit. Averagely seed yield of up to 

400kg/ha is obtained in USA while 90-125kg/ha of seed is obtained in Ethiopia. 1000 seed weight is 

about 2.3 - 2.7gm with above 90 germination percentage.  
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Seed storage: Seed can be stored in paper bags, cloth bags, or other non-airtight containers. Porous 

containers are not recommended for storing seed for long term unless the surrounding air remains cool 

and dry. The seed can retain full viability for about 3 to 4 years if stored at room temperature, low 

moisture content of about 7 to 9% and relative humidity up to 70%.  

 

Table 8: Released tomato Varieties  

 

No Variety Maturity 

days 

Average 

fruit 

weight(g) 

 Average 

yield 

(q/ha) 

Purpose 

1  Melkashola  100 -120  80 – 70    430  Processing and 

fresh market  

2  Melkasalsa  100 -110  40 – 50    450    

3   Oval Red  85-100  80-92     495    

4  Chali  85-100  80-90    430    

5  Cochoro  85-90  70-80    463    

6  Eshet  75 – 80  130 -140    394  Fresh market  

7  Metadel  75 – 90  90 - 140    345    

8  Fetan  75 – 80  110 -120    454    

9  Bishola  85 – 90  140 -150    340    

10  Miya  90-100  75-80    471  Fresh market  

11  Woyeno  85-90  40-50    249  Fresh market  

12  Sirenka-1  95-100  60-70    382  Fresh market  

13  Mersa  100-120  42-50    276  Fresh market  

14  Lekku  75-80  55-60    337  Fresh market  

15   ARP Tomato d2 75-80      395  Fresh market  

 

Hybrid Varieties  

Unless not available, it is advised to use seeds of hybrid variety. Hybrid seeds have the advantages of high 

vigor, good uniformity, high production, high quality and better resistance to different diseases over open 

pollinated cultivars.   
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Table 9. Registered hybrid tomato varieties  

 

No  Variety  Yield (q/ha)  Imported through  

1   Shanty   650     

Axum Green Line Plc  
2   Irma   815   

3   Galilea   659   

4   Briget 40   543   

5   Anna   501   Makubou PLC  

6   Eden   599   

7   Barnum   345   Markos PLC   

8   Topspin   701   CropGrow   

9   Rainbow   436   ERA Agri-link   

10   STH 808   456   ViBHA seed  

11   STH 805   308   ViBHA seed  

 

 Mareko Fana under improved production system can yield up 15- 20 qt/ha; (hot pepper)  

 Bako Local under research condition- 20- 25 qt/ha and under farmers condition- 10 qt/ha, (hot 

pepper) whereas in the form of fresh product it can be obtained about 200 qt/ha. 

 

3.3. Pepper Production   

3.3.1. Economic and nutrition importance of pepper 

Pepper is a high value crop in both domestic and export markets in Ethiopia. It is a very important 

ingredient in the local dishes (karia, berbre) and processing industries (coloring agent) and export in the 

form of oleoresin (red pigment) and ground powder in different forms. It is used both as a vegetables and 

a spice in Ethiopia. It is produced in many parts of the country and serves as cash crop for small scale 

farmers. Different pepper types are produced such as bell pepper (sweet), which is non-pungent, chili 

(mitimita) and hot pepper (berbere). Hot pepper is dominantly produced in the country. The pungency is 

due to high capsaicin content in the fruit.  

3.3.2.  Constraints of pepper production  

• Lack of improved and disease resistance varieties 

• Low soil fertility  
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• Pests and disease  

• Poor agronomic practice  

• Poor level use of inputs  

• Poor technology transfer and others. 

 

3.3.3. Adaptation/growth requirement   

Peppers are generally low land crops and it can‟t withstand frost. It needs warm temperature. It grows 

best at altitude of 1400-1900m, day temperature of 25-28 and night temperature 15-20. It requires 600-

900mm water and a soil of loam or silty loam that has well drainage and pH of  5.5-7 is conducive for 

pepper production.  

3.3.4. Recommended Agronomic Practice 

Land preparation:  

The field selected must not be covered with the same crop or related species for the previous 3- 4 years. 

The permanent field should be ploughed frequently and leveled, then make furrows or ridges by 

maintaining 70 cm distance between rows. In irrigable land Spacing is 70 cm between rows and 30 cm 

between plants; then irrigates the field a day before transplanting. While planting pepper in rainy season, 

spacing of 60 cm between rows and 40 cm between plants is recommended. 

Transplanting  

Seedlings of length reaching 15 to 20 cm are transplanted in the field; this is coinciding with 25 to 35 

days after sowing at nursery beds.  Prior to transplanting, seedlings need to be hardened. Seedlings can be 

placed in holes filled with well cured manure to cover the root system of the plants. Care should be taken 

to avoid damage to the roots. The transplanted seedlings can be drenched with a soil insecticide. 

Transplanting should be carried out in the morning hours or late in the afternoon hours.   Furrow spacing 

should be made by keeping appropriate slope and spacing of 70cm. The plant is planted at the top of the 

ridge by keeping spacing of 30cm between plants and 70cm between rows.   

Fertilizer application  

Apply 100 kg/ha of DAP or 121kg/ha NPS during land preparation and 100 kg/ha Urea in split, 50% at 

time of planting and 50% at flowering and incorporate with the soil and irrigate immediately. 

Irrigation 

The total water requirement of pepper is 600 to 900 mm, which may increase up to 1200 mm for long 

growing varieties and for several pickings. For high yields, an adequate water supply and relatively moist 
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soils are required during the total growing period. Irrigation water shortage during the growing period has 

an adverse effect on yield, with the greatest reduction being when there is a continuous water shortage 

until the time of first picking. The recommended irrigation method for pepper is furrow method.  

Water shortage just prior and during early flowering reduces the number of fruits. The effect of water 

deficit on yield during this period is greater under conditions of high temperature and low humidity. 

Irrigation can be done early in the morning or late afternoon. For optimum yield levels, the soil water 

depletion in most climates should not exceed 30 to 40 % of the total available soil water. Irrigation 

frequencies of 5 to 7 days interval are common, particularly in the early growth stages, while at latter 

growth stages it might extend up to 7 to 10 days interval.  

Harvesting  

• For using as a fresh green pepper, it can be harvested when the fruit is fully developed but  still 

green;  

• For dry or hot pepper it is important to harvest fully matured and reddish pepper;  

• Pepper as a fresh food is not possible to store for long time, therefore, recommended to process it 

or use it immediately for home consumption or marketing;  

• Fully matured and picked pepper can be kept in the field on well-prepared, dry and clean area for  

sometimes in order to dry it completely;  

 

3.3.5.  Pepper Seed Production   

Adaptation/growth requirement and other agronomic practice (Season of production, nursery 

management, fertilizer application, and weeding, spacing, diseases control practices) are similar to pepper 

fruit production. The unique activities during pepper seed production are discussed below.  

Pollination: capsicum is self-pollinating crop but cross-pollination up to 68% can occur between and 

within the cultivars. Usually pollination favored by insects such as bees, ants and thrips. Therefore, to 

prevent cross-pollination between two cross compatible varieties a distance of about 400m is 

recommended. If a number of varieties are needed to be maintained in small area, the seed can be 

obtained by enclosing a group of plants in insect proof nets.   

Rotation: Pepper is also susceptible to many soil borne diseases and a period of 2 to 3 years between 

successive pepper crops and other solanaceous crops is recommended.   
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Rouging: In pepper rouging can be done before flowering, early flowering and at maturity. However, 

rouging before flowering is more beneficial. Plants should be rogued based on the plant and fruit 

characters as a whole. Off-types should be removed as soon as they are observed. When the fruits begin to 

show their final color of red, occasional plants with off-color fruits have to be removed. In addition to off-

types, diseased plants are also to be removed.  

Harvesting, drying and seed extraction: red-ripe fruit at leathery stage (Fig. 24) is picked by hand several 

times. Two methods of seed extraction are common in pepper, wet and dry. It is not possible to dry 

completely the large fleshy fruited sweet peppers and they are therefore wet extracted without 

fermentation. The small fruited, pungent types can be successfully dried before seed is extracted in the 

sun for 10-15 days, depending on weather condition. The dried fruit are hand flailed to extract seeds. 

Further separation is done by winnowing. Seeds are cleaned to free pulp and skins and dried in the partial 

sun to below 8% percent moisture content before storage. 

 

                                                         Figure 24. Pepper pod harvesting stage,  

 

Seed yield: seed yield in pepper depends on cultivar and growing condition. At Semiarid Rift Valley 

condition, on average 100-160kg/ha can be obtained with over 90% germination. 1000 seed weight is 

about 6-7g.   

Seed storage: Under small scale condition, seed can be stored in bags in vapor proof containers. 
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Table 10. Released pepper variety 

  

No. Variety 

Maturity 

(Days) 

Yield on research 

plot (q/ha) 

Unique 

 characters/important 

features 

Source 

of 

Seed 

1  Mareko Fana  110-130  15-20  
 High acceptance for local use for 

its brown pod color  
MAR  

2  Melka Awaze  100-110  25-28  
Tolerant to soil-born diseases, 

early maturing    

3  Melka Shote  110-120  20-30  Tolerant to soil-born diseases     

4  Melka Zala  130-150  15-25  Tolerant to soil borne diseases    

5  Melka Dima  120-140  13-20  
Processing type, high oleo resin 

content    

6  Melka Eshet  100-120  15-20  
Processing type, high oleo resin 

content    

7  Oda Haro   139  11-12.5  

Resistance to bacterial leaf spot, 

fungal leaf disease, Phytophtora  

(root disease), virus    

BARC/O

R 

ARI  

   

Table 11.  Registered commercial hybrid hot pepper varieties, 2007 E.C 

 

No.   Cultivars   Yield (t/ha)   Company/Source of seed   

1   Serenade   15-20   Axum Green line PLC.   

2   Saidah   52.9   Syngenta trading PLC   

3   Capsi   6-6.5   ViBHA seed  

4   Spicy   5-5.5   ViBHA seed  

5   SCH 925   6-6.5   ViBHA seed  

6   SCH 942   

Seranno   

6-6.5   ViBHA seed  

7  19.63   MEKAMBA PLC   

8  Harbad   19.22   MARKOS PLC   
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3.4. Onion  

 

3.4.1. Economic and nutritional importance of Onion 

Onion has considerable importance in the daily Ethiopian diet and has the potential for domestic use and 

local processing industries as well. Previously shallot was dominating but onion is substituting it. It is the 

most popular and accepted crop among growers due to its high yielding potential, availability of desirable 

cultivars for various uses, ease of propagation by seed, good domestic (bulb and seed) and export (bulb, 

cut flowers) markets. It also withstands the hazards of rough handling and could be kept for 

comparatively longer periods, and consequently results in reduced risk of over-production.  

The edible onion bulb averages 85 to 87 % water, 1.4 % protein, 10 % carbohydrates, 0.2 % fat, and about 

0.6 % ash. It is rich in calcium and with moderate phosphate and iron contents. It is classed as an energy 

food, because the calories are supplied largely from carbohydrates /mostly sugars/. In Ethiopia, it is 

recognized as a flavoring vegetable of the local foods.   

3.4.2.  Production Constraints   

 Farmers‟ skills and knowledge of production methods are seldom backed by scientific 

recommendations.  

 Inadequate technology transfer systems   

 Occurrence of pests and diseases.  

 Limited access to pesticides for appropriate pest and disease control and seeds   

 Absence of responsible organization to multiply seed/planting material of improved varieties   

 Quality inputs such as seed, fertilizers and pesticides are not always available from reliable 

sources.  

 Poor packaging, sorting and processing which do not add value to the products  

 Lack of post-harvest technologies that would increase shelf-life and / or add value.   

 Storage facilities are rudimentary with no cooling or preservation systems.   

 Absence of nutrition intervention program on vegetable crops and their processed products  

 Market related problems  

3.4.3. Adaptation/growth requirement   

Onion grows well in altitude of 700-2200m and temperature of 15-18oc. It requires 350-550mm water 

and also grows on wide range of soil that has pH of 6-7. In most cases, onion is widely grown in the 

mid and high altitude areas. It requires cool condition during the early part of its development and 

warm condition during bulb forming, bulb maturity, harvesting and curing stages. Onion is moderately 
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resistant to frost. Cool weather in higher altitudes slows down the normal bulb development t and 

instead it encourages the plant to initiate flowering. If onion is grown beyond its preferred agro 

ecology, it exhibits accelerated maturity leading to small, split, and low quality bulbs. In warmer 

temperature growers may observe delayed bulbing and maturity, at least by 2-3 week. Yield will also 

be low at low temperatures   

3.4.4. Recommended Agronomic practice   

Land preparation   

The bulb grows quickly and becomes large under optimum land management situation, particularly if the 

soil is light, not too moist, rich in humus and free from weeds. If the soil is very moist, the bulb may rot. 

In a well- tilled soil, the water drains fast creating well aerated rhizosphere, which calls for deep tillage.  

Depending on the specific environmental conditions the land should be well prepared; ploughed 2-3 times 

at depth of 20-30cm.  After the field is well leveled furrows should be prepared at a spacing of 40cm for 

irrigation. This should be followed by pre- irrigation one or two days before transplanting.  

Transplanting  

• Seedlings will be ready for transplanting to the permanent field after 40 - 50 days of stay in the 

nursery site, or when the seedlings develop 2 to 3 true leaves /at 12 to 15cm height/;  

• Transplanting of seedlings preferably be done in the morning and late in the afternoon in order to 

avoid wilting of seedlings;  

• It is necessary to irrigate the seedbed two days before transplanting for ease of uprooting 

seedlings and to minimize damage to roots;  

• Uprooting of seedlings should be done very carefully in order not to damage the roots;  

• The recommended planting system for hand cultivation is by making flat top ridges with furrows 

between the ridges;  

• Plant double rows on the flat ridges 20 cm apart and the spacing between double rows is 30 to 40 

cm and spacing within the row is 10 to 15 cm;  

• Leaves and roots of seedlings should not be trimmed;  

• Seedlings must be planted in the soil below the surface but the base of   the seedlings should not 

be more than 2 to 3 cm deep in the soil;  

• Irrigate the newly planted seedlings immediately after transplanting;  

• After 7 days of transplanting it is necessary to carry out replanting in places of missed seedlings; 

Do not earth up the onion plants when you cultivate; if you uncover the bulb, it won‟t grow well.  
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Fertilizer application  

Onions prefer light but fertile soils. It is best to grow onions after leafy vegetables such as lettuce and the 

like. Leafy vegetables commonly add more organic matter to the soil but they also do not use all the 

nutrients in the soil. 200 kg/ha DAP or 242kg/ha NPS is applied fully as a basal application in the form of 

band placement in order to avoid loss through fixation. 100kg/ha Urea fertilizer is applied in a split form, 

with half of it applied 15-20 days after transplanting, while the rest 45-60 days after transplanting. It is 

recommended to covering the fertilizer with soil, but also application of irrigation water immediately after 

fertilizers are applied is essential.  

Irrigation  

The most common irrigation methods for onion crop are furrow. Onion, as most vegetable crops, is 

sensitive to water stress. Onion is shallow rooted crop, not more than 30cm deep and it needs frequent but 

light irrigations. For optimum yields, the soil water depletion should not exceed 25% of the available soil 

water. When the soil is kept relatively wet, root growth is reduced and this favors bulb enlargement. 

Irrigation should be discontinued as the crop approaches maturity to allow the tops to dry out, to prevent a 

second flush of root growth and avoid problems of curing. 

The crop is very sensitive to water deficit during the yield formation period, particularly during the period 

of rapid bulb growth, which occurs about 60 days after transplanting. In order to achieve large bulb size 

and high bulb weight, water deficit during the yield formation period /bulb enlargement/ should be 

avoided. Irrigation should be scheduled by observing soil moisture level, beyond observation of the crop. 

In the initial growth stages, up to four weeks after transplanting, it will be necessary to irrigate  every 4- 5 

days interval, which could be prolonged to every 5 to 7 days interval then after. Over irrigation sometimes 

causes spreading of disease such as downy mildew and white root rot. Irrigation should be discontinued 

15 to 25 days before harvest.  

Harvesting  

• Onion can be harvested within 80 to 100 days after transplanting;  

• Bulbs are ready for harvesting when 75 % of the tops are dry and falls on the ground, but before 

the foliage has dried down completely.   

• When the crop is matured for harvesting it is advisable to harvest using appropriate hand tools 

such as forks and care should be taken not to damage the skin;  

• Bulbs should be harvested before the tops are completely dried up, otherwise the bulb will decay 

on the root;  
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• It is best to lift onion bulbs, when it is not raining, so that they will not rot;  

• In the dry season, it is possible to leave the fresh harvest bulbs on the field for at least a week 

period so as to dry them well.  

• It is advisable covering them with a little grass or straw or with its own leaves in order to protect 

them from strong sunlight and cold weather. This is technically called curing.  

• Once it is dried, detach the bulbs from the tops leaving at least 1- 2 cm of top.  

 

3.4.5. Onion seed production 

Onion is a biennial crop that takes two seasons to produce seeds. In the first year, bulbs are formed and in 

the second year stalks develop and seeds are produced. It requires cool weather during its early 

development and early growth of the seed stalk. Most varieties bolt readily between 10 to 15°C.  The 

ideal temperature for mother bulb production is 18 -24°C day and 10-12°C night temperature.  

Dry conditions are required for seed maturity, harvesting and processing. The number of stalks per plant 

may vary from 1 to 20, depending on the variety, size of mother bulb and time of plating. The number of 

flowers per umbel varies considerably from 50 to over 2000. Opening of flowers usually continues for a 

period of about two weeks and onion plant may be in bloom for over 30 days.   

Pollination: Onion is cross pollinating crop and efficient pollination depends largely on presence of 

insects such as honey bee, flies in the area and their activity at flowering time. It is essential to ensure that 

there is sufficient number of pollinating insect including honeybees to achieve the full potential of onion 

seed and consequent higher seed yield. 

Isolation: the minimum isolation distance between different cultivars is 1000m. Shorter distance may be 

used if the cultivars have the same bulb color.  

Roguing: rouging can be made before bulb maturity and during sorting of bulbs for replanting. Removing 

plants with off-type foliage, bulb color, early bolting, late maturing, non-typical bulb shape, color, size, 

early bolters, bull neck, bottle-shaped, split, damaged and diseased ones is important.  

Method of seed production: among the two methods of seed production in onion the most commonly 

used method is the bulb-to-seed method. This method has the advantage of maintaining seed quality, 

allowing selection of bulbs of appropriate size, uniform, typical color, shape, easily decaying, free from 

diseases and physical damages. It helps to produce several stalks per bulbs and hence gives higher seed 

yield. This method takes 10-12 months to produce seed. Under Semiarid Rift Valley conditions, the bulb 

is grown from February to June and typical mother bulbs will be selected and stored for one to two 

months and the bulb will be planted in the cooler period (early September to October). The seed to seed 
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method lacks the above mentioned merits. It also produces less flower stalk per bulb and takes 7-8 months 

to produce seed.  

Table 12. Seed Production Scheduling under semiarid Rift Valley conditions   

 

Period  Activity/suitable conditions  

March - 2
nd

 week of June   • Bulb production   

• Harvest before onset of rain   

3
rd

 week June - 2
nd

 week August   • Bulb storage    

• Selection for bulb quality   

2
nd 

week August - October   • Bulb planting    

• Decreasing rainfall   

October - December   • Cold temperature   

• Flower induction   

• Flower stalk development   

January - March   • Flowering    

• Seed set and development   

March/April   • Seed maturity   

• Seed harvest   

 

Harvesting and curing of bulbs: Well-matured bulbs should be harvested. After harvesting, the bulbs 

should be trampled leaving a half inch neck. Before storage a thorough selection and curing of bulbs 

should be done. The time required for curing depends largely on weather conditions and may take three to 

four weeks.   

Storage of bulbs: The place where bulbs need to be stored should be cool or have ventilation. Before 

storage, bulbs need to be well dried and cured. The storage temperature influences seed yield; an optimum 

temperature of about 12°C is best for storage of mother bulbs. Plants from such bulbs produce early and 

heavy yield than those grown from the bulbs which have been stored at higher or lower temperature.  

Bulb selection: bulbs with typical color and shape of the variety in question are selected. Medium size 

bulbs (5-6cm) are then selected and stored until planting. Bulbs which are white, damaged, twins/ split 

and very small, infected by disease, doubles and long thick-necked bulbs are discarded and only true-to-
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type bulbs are selected. The seed yield is affected by the size of the bulb, the bigger is the bulb size the 

higher is the seed yield.  

Mother bulb planting: the optimum mother bulb planting time is between August and October. August, 

September and October bulb planting can give higher number of flower stalks and seed yield. Double row 

planting of 50x30x20cm with 125,000 bulb per hectare (80 to 90q/ha) should be used for Semiarid Rift 

Valley climatic condition. Onion can also be planted in single row in ridge with a similar spacing 50cm 

between rows and 20cm between plants for ease of weeding and pesticides applications but there could be 

yield reduction. Bulbs are planted 2 to 3 cm deep.  

Harvesting and threshing:  The seed is harvested when the fruit opens and exposes the black seed. A 

field is considered ready to harvest when about 10 percent of the heads have black seeds exposed 

however, it is better to harvest mature umbels when about 50% black seed is exposed on an umbel. At this 

stage, practically all the seed is well matured to give a good germination. Two to three pickings may be 

necessary to harvest the heads. The seed heads with a small portion of the stalk attached are cut with sharp 

knife. When cutting the umbel are supported in the palm of the hand and held between fingers to avoid 

seed loss. Seed heads/umbels after harvest are thoroughly dried on canvas and putting under shade or in 

the morning or late afternoon sun for few days. While seed extraction there should not be any damage to 

seed. Seeds can be threshed by mowing or rubbing of dried umbels and then cleaning the seeds by 

winnowing followed by pure seed separation by floatation (Figure 19). The winnowed and unclean seed 

be put in a bucket and soaked with clean water and left for 3-5 minutes in the water. Then pure seed 

separated from light seeds and other trashes based on their weight after 3-5 minutes soaking; heavy seeds 

sinks and poor quality seeds and chaffs floats.  
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Figure 25. Onion umbel drying, threshing and separating seed from chaffs 

 

Seed yield: Seed yield is greatly affected by variation with cultivar and growing conditions. In average 8-

12q/ha is obtained at Semiarid Rift Valley condition.  

Seed Storage: Seed should be stored in porous materials such as cloth or paper bags or similar materials 

in dry and aerated conditions at 7-9 % moisture. The seed moisture could significantly affect seed quality. 

If seed moisture content is high, normally it loses its viability at faster rate.  
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Table 13. Released onion varieties   

 

Character.   Adama Red   Melkam   Red Creole   Bombay Red   Nasik Red   Nafis   

Leaf color   Medium green   Dark green   Light green   Dark green   Deep green   Deep green   

Leaf 

arrangement   

Erect   Erect   Medium   Medium   Erect   Erect   

Bulb size(g)   60-80   70-90   80-100   85-100   85-100   100-130   

Bulb shape   Flat globe   High globe   Thick flat   Flat globe   Globe   Globe   

Bulb  skin  

color   

Dark red   Medium  

Red   

Medium red   Light red   Medium red   Medium red   

Bulb  flesh  

color   

Reddish white   Reddish 

white   

Reddish 

white   

Reddish 

white   

Reddish 

white   

Reddish 

white   

Maturity  

(days)   

110-130   110-130   130-145   <120   90-110   90-100   

TSS%   10-13   10-12   11-14   9-11   10-18   10-18   

Dry bulb q/ha   350   400   300   300   300   400   

Seed set   High   High   Resistant   High   High   High   

 

Table 14. Hybrid onion cultivars registered by different companies 

Character.   Adama Red   Melkam   Red Creole   Bombay Red   Nasik Red   Nafis   

Leaf color   Medium  

green   

Dark green   Light green   Dark green   Deep green   Deep green   

Leaf 

arrangement   

Erect   Erect   Medium   Medium   Erect   Erect   

Bulb size(g)   60-80   70-90   80-100   85-100   85-100   100-130   

Bulb shape   Flat globe   High globe   Thick flat   Flat globe   Globe   Globe   

Bulb  skin  

color   

Dark red   Medium Red   Medium red   Light red   Medium red   Medium red   

Bulb  flesh  

color   

Reddish 

white   

Reddish 

white   

Reddish 

white   

Reddish 

white   

Reddish 

white   

Reddish 

white   

Maturity  

(days)   

110-130   110-130   130-145   <120   90-110   90-100   

TSS%   10-13   10-12   11-14   9-11   10-18   10-18   

Dry bulb q/ha   350   400   300   300   300   400   

Seed set   High   High   Resistant   High   High   High   
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3.5. Cabbage Production 

3.5.1. Economic and nutritional importance of cabbage   

Cabbage is a cool season crop. It is considered as one of the most popular vegetables grown successfully 

in high and mid altitude of Ethiopia, in most cases under subsistence farmers. 100 g edible portion of 

cabbage contains 1.8g protein, 0.1g fat, 4.6g carbohydrate, 0.6g mineral, 29 mg calcium, 0.8 g iron and 

14.1 mg sodium. Moreover, it is a rich source of vitamin A and C. It may be served in salads and cooked 

dishes and can be served with other traditional dishes.  

3.5.2. Adaptation/growth requirement   

Cabbage grow well at altitude of 800-200m and temperature of 15-20oc. It requires 300-500mm and 

grows on wide range of soil that has pH of 6-6.5.  

3.5.3. Recommended Agronomic Practice   

Soil preparation   

The soil should be prepared thoroughly and deeply before planting. The soil should first be ripped and 

then ploughed.  

 Planting period   

Depending on the variety and region, cabbages can be grown throughout the year. Cabbages are generally 

transplanted as seedlings. Healthy one month old seedlings are recommended for transplanting purposes.   

Transplanting   

Seedlings are ready for transplanting at 25 - 30 days. Furrow spacing of 60cm should be made by keeping 

proper slopes. The field to be transplanted should be irrigated one day before transplanting. Open a hole 

with hoe or peg and plant the seedlings at spacing of 40cm. The seedlings should be carefully lifted late in 

the afternoon or during cloudy days and kept under shade. Higher plant populations raise the average 

yield per hectare, but the heads are smaller. However, it must be noted that the population of a cabbage 

field per hectare for a commercial grower can vary. Planting is dependent on the specific market needs 

and available resources. Cabbages are transplanted with row spacing of 60cm and plants are 40cm apart. 

Direct seeding is not successful for tropical areas. For baby cabbage, varieties have a smaller head size 

and the population could be increased.   
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Fertilizer Application  

Well decomposed manure should be applied and incorporated into the soil. The blanket recommendations 

of 200 kg DAP and 100 kg urea can be used. DAP is applied at transplanting while urea can be applied in 

two splits; half at first cultivation and the remaining half one month later.   

Irrigation:  

Young seedlings should be irrigated every three days until they are well established. Then, irrigation can 

be done every 5-7 days depending on the weather and soil conditions. Irrigation should cease at maturity. 

Irrigation with excess nitrogen, leads to splitting of the head.  

Cultivation  

Cultivation may start two weeks after transplanting and continues every two weeks depending on weed 

infestation. Deep cultivation may lead to uprooting of seedlings and should be avoided. Once heads are 

formed, hand weeding is sufficient to reduce the weeds that may interfere with harvesting.  

Harvesting 

Cabbage heads become ready for harvesting when the heads get firm. Holding the head with both hands 

and pressing it with thumbs can indicate the level of firmness. Puffy head is an indication of a head that is 

not fully packed with leaves. Mature heads should be harvested immediately; otherwise the leaves split 

progressively from the outer into the core. Cut the stem from underneath the leaves and remove the lower 

old leaves, leaving one circle of leaves to protect the head from dirt and damage.   

The heads should be collected in plastic crates to avoid damage during transportation. Depending on 

variety and management, about 300-400 q/ha yield can be obtained. Cabbage heads can keep well for 

several days under optimal storage and it has to be consumed when it is still fresh. After harvesting, it is 

recommended to not expose it to direct sun light because it wilts quickly.  
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4. Post-Harvest Handling of Selected Irrigated Crop 

4.1. Introduction 

Irrigation even in small-scale levels is more intensive and expensive than rain-fed agriculture and requires 

more effort, planning and management from the farmers. If the farmers are continuously investing in 

irrigation then he or she must be helped to produce high value and quality products and obtain the full 

benefit from the investment. This will be achieved when the product is properly handled and marketed. 

Most of the irrigated crops are horticultural crops which are perishable. This perishability is due to the 

nature of these horticultural crops that are continue their living processes after harvest their high water 

content (65-90%) nature and also less hardiness of their body.  

 Unless proper harvesting and handling is implemented, these crops will deteriorate and loss its quality. 

Generally we cannot improve quality after harvest, but we can maintain (preserve) the quality. Harvested 

produce of horticultural crops is continually deteriorating. Recognizing proper handling practices and 

storage conditions is essential since decrease in quality would lead to waste and unmarketable fresh 

produce, which would be unacceptable to the consumer. On a household scale, the reduction of 

postharvest losses could increase food availability and income due to improved marketability. Therefore, 

proper post-harvest handling is an important intervention to reduce losses due to different factors.  

 

4.2. Post-harvest losses 

Post-harvest loss or deterioration is defined as „‟ the weight of wholesome edible product that is normally 

consumed by human but which for any reason fails to be consumed‟‟. Loss means any change in the 

Availability, Edibility, Wholesomeness or Quality of the food that prevents it   from    being consumed by 

people in between harvest and consumption.  The period of time between when a vegetable is harvested in 

the field and when it is either processed or consumed is the postharvest stage.  Postharvest loss can be the 

measurable loss both quantitatively and qualitatively within the postharvest system. It is difficult to 

estimate an average postharvest loss because the loss is a result of many factors. The range of postharvest 

loss can be from zero to complete loss. Activities in a postharvest system include harvest, grading, 

inspection, treatments, packaging, cooling, storage, transport, handlings and agro-processing (LaGra 

1990). 

 

As study conducted around Dire Dewa, Ethiopia by Mohammed Kasso and, Afework Bekele (2016) 

indicated that severe post-harvest loss and quality deterioration of horticultural crops mainly occurred 

during harvesting followed by marketing, transporting and storage. Poor quality equipment and materials 

usage caused tremendous mechanical, physiological and pathological damages on horticultural crops.  
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Table 15. Type of loss and estimated loss of some crops   

 

Crops Type of major losses Estimated % loss 

Tomato  Abrasion, bruise, rapture, softening, shrivel, sore, bleach 

squash, brash, crash, over ripening. 

45.32 

Potato  Scratch, flaccid, decay, bleach, spot, compression, wound, 

wilting, crashed, sprouting 

37.15 

Onion Wilt, decay, shrink, flaccid, sprout,  25.21 

Green pepper Flaccid, decay, wilting, color change  22.54 

 

Source: Mohammed Kasso and, Afework Bekele (2016)  

4.3. Challenges of Post-harvest loss in Ethiopia 

 Lack of awareness and skill on post-harvest handling by the growers, transporters and 

processors  

 Less attention given to Post harvest loss (Policy) 

 Limited or no institutional capacity in support of post-harvest activities 

 Uncoordinated and Fragmented efforts in research, education and extension 

 Limited infrastructure for production & postharvest  

 Poorly developed value chain 

 Little or no value addition  

 Use of less efficient processing technologies 

 Traditional harvesting, transportation, storage, etc. practices 

 Lack of availability of improved technologies (availability, affordability,  awareness) 

 High incidence of pre & post-harvest diseases 

 

4.4. Respiration and Postharvest deterioration  

The following are some of produce deterioration  

 Lack of appropriate storage facilities, temperature management, 

 Rough handling, 

 Poor packaging material, and 

  Lack of education about the need to maintain quality.  
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In developing countries, the largest postharvest losses occur at or around the farm as a result of the variety 

choice, harvesting methods, and packaging methods (World Bank, 2010). Generally the causes of post-

harvest losses are physical handling of the produce and physiological (loss due to respiration) that leads to 

produce deterioration. 

All living things respire to generate energy for continued metabolism. Respiration is highly temperature 

dependent. Postharvest life of a product is inversely related to the respiration rate. Respiration rate of 

horticultural products varies, but as a general rule perishability is a function of respiration rate.  The 

greater the respiration rate the more perishable the product and the shorter the time it can be stored (Fig. 

26) maintaining acceptable quality. The lower the storage temperature of harvested fruit and vegetables is 

the lower the respiration rate.  

 

 

                                    Figure 26. Storage lives as affected by temperature 

 

The interactions of metabolic and environmental factors are responsible for many types of post-harvest 

deteriorations. The main causes of wastage are the following:  

 General senescence;  

 Water loss;  

 Diseases and pests;  

 Physical damages (mechanical injury);  

 Injuries  from temperature effects (chilling injuries); and  

4.5. Concepts of quality 

Quality has been defined as „fitness for purpose‟. It is the product status that meets the expectation of the 

customer/consumer. Quality has the following definition by the following parties.  
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 Farmers‟ definition of quality is high yields and high returns;  

 Wholesalers and retailers want products with a good appearance and long shelf life; and  

 Consumers refer to quality products with a good appearance, flavor and shelf life 

 

4.5.1. Components of Quality 

Quality is also defined as "any of the features that make something what it is" or ‟‟the degree of 

excellence or superiority”.  The  word  quality  is  used  in  various ways in reference to fresh fruits and 

vegetables such as  market  quality,  edible  quality,  dessert  quality, shipping  quality,  nutritional  

quality,  internal  quality, and visual quality. 

Quality, which could vary depending on the status of the consumers, could also be described as: 

• Low quality - not meeting consumer expectations 

• Acceptable quality – satisfying consumer expectations 

• High quality – exceeding consumer expectations  

4.5.2. Factors influencing quality 

Many pre and post-harvest factors influence the composition and quality of fresh horticultural crops. 

Some of them are: 

 Genetic factors: cultivar selection and rootstocks;  

 Pre-harvest environmental factors: climatic conditions, cultural conditions and time and 

method of harvesting;  

 Harvesting: maturity, ripeness, physiological age;  

 Post-harvest   treatments:   handling   methods, packaging methods; 

 Storage factors: quality of cold rooms,  storage   time   between harvesting and consumptions 

 Interaction among the above detailed factors.  

Some  form  of  grading  and  quality  control  is  always  carried  out  whenever  fruits, vegetables and 

root crops are traded. The most basic quality standard is that the produce must be edible.  Diseased or 

badly damaged produce is not accepted even in the simplest market. Other quality requirements vary 

depending on  the  stage  of  development  of  the  market  and  personal  preferences  of  the consumers 

and become more and more complex as the economic prosperity of the community where the produce is 

traded increases.  

Factors which detract or reduce commodity from its   desirability are,  

 Wilting of leafy vegetables;  

 Shriveling of fruits;  
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 Skin blemishes such as bruises, scratch marks and cuts;  

 Surface  contamination  by  soil,  birds  or  insects  secretions,  plant secretions such as latex 

straining; and  

 Residues from chemicals applied during the growing season.  

4.5.3. Important quality components 

Attributes of produce, which are important to consumers and therefore could be incorporated into grading 

or quality standards, can be grouped under:  

 Appearance  characteristics   

The most important quality attributes of fresh fruits and vegetables appearance are:  

 Size  

For most commodities, consumers have a definite preference as to the desirable size, which is the most 

widely used quality parameter. This preference must be expressed as weight, diameter, circumference, 

length or width. Whenever  produce  is  graded  according  to  size,  it  is  a normal  practice  to  package  

those  of  similar  size  together. The uniformity  of  size  allows  produce  to  be  placed  into  a  container  

in  a regular packing array, with the result firstly to have a more efficient use of packing space so that 

either more produce can be placed in the container  or  the  size  of  the  container  reduced. It also implies 

a reduction of the cost of packaging per unit of produce.  

 Shape 

Whenever produces lack the expected characteristic shape, the market demand and price will be affected. 

Shape is considered as one  of the  major  recognition  factors  used  by  consumers  who  will  place  a 

lower  value  on  a  commodity.  .  

 Color  

Many   produces   show   distinctive   color   changes   during maturation  which  have  been  correlated  

by  the  consumers  with  the development  of  other  desirable  quality  attribute. The  correct color  of  

the  skin  is  often  the  basis  for  a  decision  to  purchase  the commodity displayed on the shelves of the 

supermarkets.  

 Conditions  

It is a quality attribute usually referring to freshness and stage of senescence or ripeness of a commodity.  

 Flavor comprises two factors:  

 Taste characterized by sweetness and sourness of the produce and  
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 Aroma characterized by volatile organic compound detected by the nose.   

4.6. Causes of Post-harvest losses 

Postharvest losses can begin from using low quality seeds and planting materials. When there is lack of 

quality material, farmers utilized whatever materials are available which could be the wrong variety or 

poor quality source. Some principal causes of poor quality of root and vegetable crops are discussed 

below.  

Table 16. Causes of poor quality produce 

Crops  Principal causes of post-harvest loss and poor quality (in order of 

importance) 

 

 

Root crops  

Mechanical injury  

Improper curing  

Sprouting and rooting 

Water loss (shriveling) 

Decay 

Chilling injury (subtropical and tropical root crops) 

 

 

Leafy vegetables  

Water loss (wilting) 

Loss of green color (yellowing) 

Mechanical injuries 

Relatively high respiration rates 

Decay 

Source;www.fao.org/docrep/009/ae075e/ae075e24.htm 

There are different causes for the above principal poor qualities or post-harvest losses. 

 

4.6.1. Primary causes 

Biological:- The consumption of the food by birds, small and large animals can cause post-harvest loss. 

Some times the level of contamination of food by excreta, hair and feathers of animals and birds so high 

that food is judged to be unfit for human consumption. Insects cause both weight losses through 

consumption of the food and quality of losses because of their webbing, heating, excreta and unpleasant 

odor that they can impart to food. 

Microbiology:- Damage to stored food by fungi and bacteria: Microorganisms usually directly consume 

small amounts of the food, but they damage the food to the point that it becomes unacceptable because of 

http://www.fao.org/docrep/009/ae075e/ae075e24.htm
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rotting or other defects (e.g. Fig.27). Toxic substances elaborated by molds (micotoxins) cause some food 

to be condemned and hence lost. 

 

                                  Figure 27. Decaying due to inappropriate storage 

Chemical 

Many of the chemical constituents naturally present in stored food spontaneously react causing loss of 

color, flavor, texture and nutritional value. An example is the Maillard relation' that causes browning and 

discoloration in dried fruits and other products. 

There can be also be accidental or deliberate contamination of food with harmful chemicals such as 

pesticides or obnoxious chemicals such as lubricating oil. 

Biochemical reactions: A number of enzyme activated reactions can occur in foods in storage giving rise 

to off flavor, discolourization and softening.  

Mechanical: Bruising, Cutting, Excessive peeling or trimming of horticultural products are causes off 

loss. 
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                        Figure 28. Pressure damage and its implications on product quality 

 

Physical: Excessive or insufficient heat or cold can spoil food. Improper environment in closely confined 

storage at times causes losses.  

As mentioned above, microbiological, mechanical, and physiological factors are the cause for losses in 

perishable crops.  

Physiological: Natural respiratory losses which occur in all living organisms account for a significant 

level of weight loss as the process itself generates heat. Changes which occur during ripening, senescence, 

including wilting, and termination of dormancy (e.g. sprouting) may increase the susceptibility of the 

commodity to mechanical damage or infection by pathogens. A reduction in nutritional level and 

consumer acceptance may also arise with these changes. Production of ethylene results in premature 

ripening of certain crops.  

Psychological: Human aversion such as "I don't fancy eating that today". In some cases food will not be 

eaten because of religious taboos. Microbiological, mechanical and physiological factors cause most of 

the losses in perishable crops. 

4.6.2. Secondary Causes 

Secondary causes of losses are those that lead to conditions that encourage a primary cause of loss. They 

are usually the result of inadequate capital expenditures, technology and quality control. The major 

reasons behind post-harvest losses are: 
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a. Improper harvesting (premature harvesting, fruit bruising, scratching, damage to the peduncle, 

improper placement of fruit in the container).  

b. Improper handling of produce in the field after harvest (Hauling uncovered, retaining for long time in 

the field). 

c. Improper packaging (unsuitable container selection in respect to size, kind and ventilation, 

overfilling, packing produce of various   maturity and ripening stages in the same container).  

d. Failure of pre - cooling treatments to remove field heat. 

e. Improper loading and transportation (over load, uncovered produce, vibration damage due to bad 

shape of farm roads). 

f. Lack of post-harvest treatments to control physiological disorders and to reduce losses caused by 

pathogens.  

g. Keeping produce exposed to direct sunlight (roadside marketing and retail buyers).  

h. Consumer squeeze produce by hand to check if it is ripe or not (peaches, rapes etc.) 

The most common causes of post-harvest losses in developing countries include rough handling and 

inadequate cooling and temperature maintenance. The lack of sorting to eliminate defects before storage 

and the use of inadequate packaging materials further add to the problem. In general minimizing rough 

handling, sorting to remove damaged diseased produce and effective temperature management will help 

considerably towards maintaining a quality product and reducing storage losses.  

4.7. Management of post-harvest losses 

Produce is often handled, transported and stored by different people at different time, from harvesting to 

consumption.  In this transaction, there are losses that need to be managed. The main objectives of 

applying postharvest handling technology to harvested fruits and vegetables are: 

1. to maintain quality (appearance, texture, flavor and nutritive value  

2. to protect food safety, and  

3. to reduce losses between harvest and consumption 

Lowering the storage temperature is the major weapon that the post-harvest operator has to maintain 

quality and extend life of harvested products. To reduce respiration rate, it is essential to harvest at the 

ideal maturity so that producers are beginning with the high possible quality. The produce should be 

harvested at cooler times during the day. Lowering temperature leads lowering respiration. Lowering 

respiration rate will cause:- 

 Reduction in carbohydrate loss 

 Decreased rate of deterioration 

 Increased storage and shelf life 
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         Low temperatures not only reduce respiration rate, but also reduce 

 Water loss through transpiration 

 Nutritional loss  

 Decay 

 Ethylene production  

The followings are some of the mechanisms that help to reduce post-harvest losses. 

4.7.1. Proper maturity, harvesting time and techniques 

In fresh fruits and vegetables, size and external color are common indicators of maturity. For example 

tomato maturity can be recognized by the gel formation and color inside the fruit. 

 Criteria for judging maturity includes: 

 Time from flowering or planting (calendar date) 

 Accumulated heat units   

 Size and shape 

 Skin or flesh color 

 Light transmission or reflection 

 Flesh firmness 

 Electrical conductance or resistance  

 Chemical composition (e.g. Starch, sugar, acid) 

 Respiratory behavior & ethylene production and 

 Time to ripen 

 A shortened postharvest storage life can result from improper harvesting techniques, improper harvesting 

tools, and untimely maturity stage that means too early or too late. Post-harvest lose in Ethiopia at 

harvest is very high. Post-harvest of perishable crops has a cumulative effect. Poor harvesting practice 

results in high post-harvest lose. So, good harvesting practice is very critical.  

The following practices are recommended to reduce post-harvest loss during harvesting.  

 Train harvest labor about maturity indices and  how to handle produce gently 

 Harvest at   coolest  part  of  the  day, usually  in  the  early  morning  or  late  afternoon.  

This is particularly so for leafy vegetables.  

 The  selected  time  should  be  that  which  minimize  the  time  between  harvest  and 

transport to a packing shade. For example, if night transportation is used it is not advisable 

to harvest early morning unless produce can be placed under cover and a well-ventilated 

place during the daytime.  
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 It is not desirable to harvest   produce when it is wet from dew or rain as this greatly 

increases the risk of post-harvest spoilage and the tissue is more prone to physical damage.  

 It  is  also  not  advisable  to  harvest  during  a  hot  and  sunny  day  if  the produce is left 

in the field and cannot be protected by the sunrays and the heat.  

 Harvested product needs to be kept in the shade until the time of transportation 

 Avoid product bruising and other damages during harvest 

 Use appropriate harvesting tools  

4.7.2. Implement proper Harvesting technique and operations 

    In   developing   countries,   most   of   the produce for internal rural and urban markets is harvested by 

hand.  If harvesting is done properly by hand, and by trained and experienced workers, it will result in less 

damage (Fig. ) than if produce is machine harvested. Hand harvesting is usually preferred when fruits, 

such as peaches, green vegetables, are at different stages of maturity and there is need on repeated visits 

to harvest the crop over a period of time. When the crop is ready for harvesting, labor and transport  

available  and harvesting  operations organized,  the  decision  as  to  when  to  start harvesting will 

depend largely on:  

 the weather conditions; and  

 the state of the market  

 

                                  Figure 29. Natural break point at stem and stalk junction in tomato 

 

Vegetables; - Either the whole or a part of vegetative growth can be harvested by hand only or sharp 

knife. Knives may be kept sharp and clean at all times to avoid spreading of virus diseases from plant to 

plant. Harvesting methods varies in accordance with the plant part harvested: 
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 Leaves only (spinach, rape, etc.) and lateral buds (Brussels sprouts, etc):  the stem is 

snapped off by hand;  

 Above–ground  part  of  the  plant  (cabbage,  lettuce,  etc.):  the  main  stem  is  cut  

through  with  a  heavy  knife,  and  trimming  (roots  and  external  unsuitable  leafs  are  

discarded)  is  done  in  the  field.    Do  not  forget that the cut stem must not be placed in 

the soil;  

 Immature  green  onions  can  usually  be  pulled  from  the soil  by hand;  leek, garlic and 

mature bulb onions are loosened by using a digging  fork as for root crops such as carrots 

and lifted by hand  

 trimming;  

 cleaning;  

 washing;  

 sorting;  

 grading;        

 sizing;  

 packing in field crates;  

 transport  to  a  cover  shade  which  may  protect  from  rain  or  sun  and  may  permit 

packing in the final container for the market; and  

 Transport to the packinghouse and packing in the final container for the market.  

All operations should be carried out to minimize any damage or loss of quality. Key elements in the 

maintenance of quality are to:  

 Keep  the  handling  operations  to  a  minimum,  but  ensure  that  each  operation is 

carried out with maximum care;  

 Minimize  the  time  between  harvest  and  transport  from  the  harvesting  place to the 

packing place; and  
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 The detrimental effects of poor harvesting practices are often not evident at harvest but 

will be greatly magnified during storage and marketing.  

4.7.3. Curing 

One of the simplest and most effective ways to reduce water loss and decay during postharvest storage of 

root, tuber, and bulb crops is curing after harvest. In root and tuber crops, curing refers to the process of 

wound healing with the development and suberization of new epidermal tissue called wound periderm. In 

bulb crops, curing refers to the process of drying of the neck tissues and of the outer leaves to form dry 

scales. Some water loss takes place during curing. Removing decayed bulbs before curing and storage 

ensures a greater percentage of usable products after storage. 

4.7.4. Removal of unmarketable material and cleaning 

 Handling of plant material that can‟t be sold is costly,  

 Removal of over matured, too small or too large, severely damaged, deformed, diseased, 

rotting etc. is important.  

 Soil should be removed by brushing. 

 In area where water dipping is possible, differential floatation could be used to separate the 

rejected product. 

 Water dipping through washing help to remove most dirt from the field 

 Clean fruits can be dried with sponge or hot air 

4.7.5. Packaging operations 

Packaging is also one of the most important aspects to consider in addressing postharvest losses in fruits 

and vegetables. It is enclosing food produce or product to protect it from mechanical injuries and 

contamination from physical, chemical, and biological sources. 

 After the field, post-harvest processing is usually continued in a packing house. 

 After harvest, fresh produces need to be prepared for sale 

 Preparation for market can be undertaken 

   on the farm 

   at the level of retail 

  at the level of wholesales or super market chain 
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                             Figure 30.  Preparation of different produced for market   

 

4.7.6. Use appropriate storage and facilities 

Natural or field storage:  It is about leaving the crop on bare ground until it is prepared for market, 

eg root and tuber crops such as carrot, sweet potato, and cassava. But there may be contaminated or 

are affected by pest and disease. 

Natural ventilation:  This natural ventilation helps to remove heat and humidity by allowing air 

flow around the product. 

Forced air ventilation/cooling: Forced-air cooling pulls or pushes air through the storage containers 

themselves, greatly speeding the cooling rate of any type of produce. 
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4.8. Post-harvest Handling of Selected Irrigated Crops 

 

4.8.1. Tomatoes 

 

 
    Figure 31. Good appearance of matured tomato 

Tomato is the most perishable vegetable due to its softness and high water content. Therefore, proper post 

handling practice is an important activity in tomato production. Here under, there are some technical 

recommendations that could reduce post-harvest losses.   

Proper harvesting practice 

Most tomatoes are harvested at the early ripening or pink stage, depending on market preference and   the   

time   they   take   to   reach   the   retailer.   Tomatoes   to be consumed immediately can be harvested 

when fully ripe.  

 Do not squeeze or bruise the tomatoes or allow finger nails to penetrate the skin.  

 Never drop or throw tomatoes into the picking container.  

 Harvested fruits should be kept in shade, cool place. 

 The matured fruits should be harvested with plastic buckets (pails) or wooden or plastic boxes 

(Fig. 33) and can be transferred if necessary to plastic field crates holding not more than 20 to 25 

kg weight.  
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Figure 32. Poor harvesting time and harvesting material 

 

 

                         Figure 33. Wooden and plastic harvesting and transporting material 

 

Proper post-harvest practice 

Selection and grading 

All decaying, damaged, undersized and sunburned tomatoes should be discarded. Size-grading for the 

local market is normally done by retailers. Internal urban markets, including supermarkets, may have 

differential prices for size grades as against ungraded fruit. Catering and institutional buyers do not 

normally demand size-graded fruit. Sorting should be under shadow. High fruit temperature will 

drastically reduce their shelf life. Grading can be in a machine or manual (washing and sizing). Sorting 

machine is mostly human eye (Fig. 34). 
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                                 Figure 34. Sorting by size and maturity 

 

Post-harvest treatments 

Only those tomatoes which are in good condition are marketed,  there  should  be  no  need  for  any  post-

harvest  treatments.  Tomatoes produced on a large commercial scale may be subjected to artificial 

ripening; but in countries  where  production  is   small  scale,  this  is  not  necessary  since tomatoes are 

normally harvested at maturity and ripen naturally.  

 Packaging 

For  local  markets  tomatoes  can  be  packed  in  baskets  or  other traditional  containers  assuring  

careful  handling,  i.e. rigid enough to protect the contents from being crushed.  For  urban  markets  

wooden and plastic crates, wooden  or  plastic  trays  with  capacities  of  not  more  than  10  kg,  should  

be  used. Size-graded tomatoes can be pattern-packed in 2 layers, one layer for green produce and layer 

for ripe red produce to make best use of the box.  

Storage 

Tomato has very high moisture content and therefore is very difficult to store at ambient temperatures for 

a long time. Green mature fruit can be held for up to two weeks at 18-20 
O
C and 90-95% Relative 

Humidity, if there is enough ventilation.  Fully ripe tomatoes have only 4 to 7 days‟ storage life, at 13-15 

O
C and 90-95% Relative Humidity. 
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                                                    Figure 35. Tomato stored at cold room 

 

4.8.2. Onion  

Proper harvesting 

Harvesting should be conducted when the leafy green tops begin to yellow and eventually collapse at a 

point a little above the top of the bulb (Fig. 36). Therefore, knowing the appropriate time of harvesting is 

important as maturity of product determines the duration or storage time 

 

                                               Figure 36. Matured onion 
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Proper Post-harvest handling 

 Selection and grading 

All damaged or decaying onion bulbs should be discarded.  Onions  with  thick  necks  should  be  put  

aside  for  immediate  use because  they  will  not  store  well.  Market requirements will determine 

whether onions need to be size graded or not. Retailers in local markets will normally do their own 

grading when making up lots for sale. If the onions are to be made up into strings for storage or sale, it is 

an advantage to separate them into sizes so that the bulbs will be more or less uniform in size in any 

string. This makes the stringing operation easier and gives a better appearance to the finished product.  

 Post-harvest treatment 

The only post-harvest treatment required for the long storage of bulb onions is a thorough curing of the 

bulbs (Fig. 37). Curing is a drying process under shade from 3-5 days intended to dry off the necks and 

outer scale leaves of the bulbs to prevent the loss of moisture and the attack by decay during storage. The 

curing of dry bulb onions is carried out immediately after harvest. Under dry warm conditions, harvested 

onions are left in the field for a few days until: 

The green tops 

Outer skins and  

Roots are fully dried 

The outermost layer, which may be contaminated  with  soil,  usually  falls  away  easily  when  the  bulbs  

are  cured.  This results   in   exposing   the   dry   under-layer,   which   should   have   an   attractive 

appearance. If onions cannot be dried in the field, they can be collected in trays, which  are  then  stacked  

in  a  warm,  covered  area  with  good  ventilation. 
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                                          Figure 37. Properly Curd Onion 

 

The necks of onions are very sensitive to decay if they remain wet, especially if the green tops cut off 

before harvest 

The nutrients from the leaves move into the bulb until the foliage are dead and the neck gets soft 

Curing prevent disease infection and improve its storage life 

It improves yield and quality in terms of skin color and its retention 

Root and leaves are properly trimmed and graded it can be transported to markets or kept in storage  

Drying the outer skins of bulbs reduces decay and water loss 

Roots damaged during harvesting are a common entry points for decay and water loss unless they are 

dried quickly. 

Packaging 

 For  bulk  marketing,  the  tops  of  onions  are  removed  when  they  are thoroughly cured and the necks 

are quite dry. Onions may be made up into strings.  This can be 5 kg to 10 kg for onions (Fig. 38).   This   

is,   however,   a   labor-intensive   operation   suited   to   small-scale production using family labor.  
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Figure 38. Packaging materials for market. 

 

Storage 

The first requirement for successful storage of dry bulb onions is that the cultivar chosen should have the 

right characteristics for long-term storage.  The principal needs are:  

the cultivar should have a long dormant period;   

it  should  be  a  cultivar  which  forms  a  strong  outer  skin  when  fully  cured; brown- and red-skinned 

cultivars tend to be better in this respect;   

the  bulbs  put  into  storage  should  be  disease-free;  the  most  important storage  disease  is  neck  rot,  

which  is  controlled  by  dusting  the  onion  seed before  planting  with  binomial  fungicide  at  the  rate  

of  one  gram  active material per kilogram of seed.   

The storage environment must be dry and well-ventilated.  Optimum storage temperatures must be the 

lowest available under ambient tropical conditions. At higher temperatures, onions will sprout in storage 

(Fig. 39).  Onions stored in a damp atmosphere will develop roots.   
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                                     Figure 39. Onion sprouting due to high temperature,  

 

Onions can be stored in bulk in insulated stores, with fans for cooling the onions using cold night air. This 

method is used where large tonnages are to be stored.  Small-scale growers can use naturally ventilated 

stores made from local materials. The onions can be stacked in trays or in layers on slatted shelves. Where 

small amounts are to be stored, the stringing of onions in 5 kg to 10 kg lots and the hanging of the strings 

in a well-ventilated dry location is a very effective storage method (Fig. 40).  Dried  onions  can  be  

stored  in  cold  storage  at  0-5 
o
C,  65-70% Relative Humidity,  up to 8 months. Storage of Onion 

consumption is the same as to potato storage for seed (DLS). 

  

                                   Figure 40. Ventilated onion storage structures 
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4.8.3.  Potatoes  

 

Post-harvest handling for seed  

 Sorting  

Before storage, seed potatoes should be sorted to eliminate damaged, diseased and off-type tubers. Seed 

tubers need to be sorted at harvest time, during storage and before planting. The objectives of sorting are 

to:  

Remove sources of pests and diseases that can damage the seed potatoes in store.  

Stop pests and diseases spreading from one seed tuber to others.  

Avoid tuber rotting in store  

Get healthy seed.  

Sorting according to sizes is also useful to plant smaller seed tubers at closer spacing and larger ones at 

wider spacing. 

Sorting can be accomplished at different stages 

Sorting at harvest time  

Sorting at harvest time is usually done in the storage area before seed tubers are stored. Seed tubers are 

taken from healthy plants chosen either by positive or negative selection. When sorting, choose seed 

tubers with smaller sizes, for example less than 55 g/tuber. 

Sorting in storage  

Sorting is done at least twice at one and two months after storage. Some farmers sort as many as three or 

four times. This depends on the condition of the seed tubers at sorting and, the storage condition and the 

amount of time available. If you come across with high levels of pests and diseases, then you must sort 

more frequently. 

Sorting before planting  
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Sorting before planting is done twice; once in the storage area and again in the field before the seed 

potatoes are planted. Sort in the storage area is done by removing those seeds damaged by pests and 

disease. You should not plant damaged seed potatoes. Another important characteristic to pay attention to 

when sorting is the uniform length of the sprouts. In the field, seed potatoes that have been damaged in 

transport should also be rejected, especially if they do not have sprouts. 

 Post-Harvest treatment 

If possible, storage potatoes should have a short drying or "curing" period of one to two weeks after the 

harvest. Curing allows any slight cuts or bruises on the potatoes to heal rapidly. Seed Potatoes need to be 

cured to repair any skin damage which may be present. To promote curing reducing ventilation to allow a 

building of the temperature and humidity needed. 

The store should be well insulated in order to prevent the condensation of free water on potatoes. The 

storage conditions suitable for curing seed potatoes are: 

Temperature 13-30 degree Celsius 

Relative humidity 85 % & or more 

Curing time 7-15 days  

The highest temperature require the shortest time 

At the end of the curing time it should be stored at fully ventilation storage. 

 

 Storage of Seed and Ware Potato 

Seed storage  

Currently potato seeds are stored by different techniques such as in sacks, in baskets or on shelves spread 

out on top of each other. Using sacks or baskets can save space, but can cause uneven sprouting as tubers. 

Furthermore, storing sacks or baskets on top of each other can damage seed tubers making them more 

vulnerable to pests and diseases. 

Storing on shelves provides the best option, as the storage area needed is vertical with good aeration and 

good access to remove damaged tubers on a regular basis. This method of storage results in quality and 

sturdy sprouts that do not break off and tubers will sprout uniformly. 



Agronomic Practice of Selected Irrigated Crops Participant Book 
 

72 
 

 

 

                                                       Figure 41. Potato ready for storage 

 

Diffused light stores  

It has been shown that seed potatoes stored under diffused light conditions gives quality seed that has 

several green, short, and sturdy sprouts. Such seed is safe to transport, easy to handle during planting, 

produces several stems per plant, and eventually high yield. DLS can be built by farmers themselves from 

locally available materials (Fig. 42) with technical backstopping by researchers or extension people. 

Advantages of diffused light stores:  

 They consist of a simple and cheap infrastructure.  

 Stored seed develop strong sprouts, comparable to cold stored.  

 They do not use energy.  

 They are cost efficient. 

Using such storage tubers can be stored 7-9 months without much loss. It can also produce 3-4 sprouts, 

which are green, and strong consequently yield will be high. 
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                           Figure 42. DLS and well sprout tubers. 

 

Cares during storing in diffused light potato store: 

 On farm storage can be carried out using low-cost structures employing local skills and 

materials 

 The store should  allow penetration of enough light  

 The shelf width shouldn‟t be longer than hands length 

 Take care not to mix different varieties 

 Take care of pest and disease 

 Just after taking out tubers before substituting another sanitation is a must; if possible spray 

chemicals 

 Store only sound seed (tuber) 

 On  shelf don‟t make more than three layers to prevent suffocations and avoid  slimy suckers 

 Visit frequently & sanitation the store is required. 

 Discard infected or diseased ones. 

 Whatever the type of store, it is necessary to keep the potatoes dry and as cool as possible by 

having good ventilations. 

 During taking out tubers for planting, take care of the suckers/tillers/ not being cut dawn. 

 DLPS (for seed purpose) storage could be stored 8-9 months in high & mid altitude 

WPS (Ware potato store) 

 Potatoes for consumption (ware potatoes) must be kept in dark to prevent greening of tubers. 
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  The high water content and rich carbohydrate is conducive for spoilage through respiration   

and pathogen attack 

  The temperature inside stores must be maintained at low level 

 

Naturally Ventilated Ware Potato Storage (Fig. 24) 

 It  is  a simple potato storage structure which is constructed from locally available materials 

 The floor must be raised 50 cm from the natural ground level 

 The wall is made up of mud/soil/ having a thickness not less than 10 cm 

 The roof must be straw and slope only in one direction 

 Must have in let opening at the bottom and out let opening at the top in the rear side 

 

Ware Potato Storage  

 It  is  a simple potato storage structure which is constructed from locally available materials 

 The floor must be raised 50 cm from the natural ground level 

 The wall is made up of mud/soil/ having a thickness not less than 10 cm 

 The roof must be straw and slope only in one direction 

 Must have in let opening at the bottom and out let opening at the top in the rear side 

 No  entrance of light 

 To protect from pest and insects use mesh wire 

 The ventilation should be open during day time and closed at night. 

 Store only sound seed, keep always clean inside and outside of the store. 

 WPS (for food purpose) you can store at least up to 3-4 months. 
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       Figure 43. Storage for ware potato constructed from local material 

 

Packing 

 Sacks are cheaper and more commonly used 

 The sacks have adequate ventilation 

 Use 50 kg capacity  for good ventilation 

 The potato store should be covered with straw. 

 

4.8.4.  Head cabbage 

 

               

                                  Figure 44. Matured head cabbage. 
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Harvesting  

 Harvesting maturity  

All  are  harvested  in  the  immature  state  before  the  plant has  developed  to  the  point  of  seed  

production.  The older parts of these commodities become fibrous or woody.  

Post-harvest  

Selection, grading and handling:  All produce which is damaged, decaying, wilted or infested by insects 

or other pests must be discarded. Size-grading is not normally necessary for local and internal marketing. 

Size-grading may be needed to supply supermarkets.  

 Field assembly  

All these commodities are damaged easily if subjected to pressure. They  should  be  packed  loosely  in  

field  containers,  which  must  not  be  overfilled  or  the  produce  will  be  damaged  when  the  

containers  are  stacked.  The harvested produce must be kept free from contamination by soil. Leafy 

vegetables and immature flower heads deteriorate very quickly after harvest because they lose water  fast  

and  produce  a  great  deal  of  heat (Fig. 27).   

The following care is necessary to keep losses to a minimum:  

They  must  be  packed  loosely  in  well-ventilated  plastic  field  containers;  if they are piled in a tight 

mass, the heat they generate cannot escape.   

They must be kept in the shade and not exposed to direct sunlight.   

They  must  not  be  exposed  to  drying  winds  or  they  will  lose  water quickly and  become  wilted  

and  soft;  at  the  same  time  there  must  be  enough ventilation to disperse the natural build-up of heat.   

There  must  be  the  shortest  possible  delay  between  harvest  and  sale  or consumption  because  leafy  

commodities  have  a  very  short  post-harvest  life under ambient conditions.   
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Figure 45. Improper storage.  

 

Post-harvest treatment 

 It  is  essential  to  keep  these  commodities  free  from contamination  by  soil  or  decaying  plant  

material.  Do not wash them. Washing them  may  remove  gross  soil  contamination,  but  it  will  also  

spread  any  decay through  the  whole  bulk  and  result  in  heavy  losses.  Shading  the  produce  and 

keeping  it  in  a  moist  atmosphere  helps  to  keep  it  cool,  reduces  water  loss,  and delays wilting and 

yellowing of leaves. Chemical treatments to control decay are not acceptable because they are not very 

effective  and  they  leave  high  residue  levels  because  of  the  characteristic high surface area of these 

products in relation to their volume.  

Packaging 

For  local  rural  markets  traditional  containers  are  likely  to  remain  in use. It is important, however, 

that containers should not be too large to be carried by one person. Rough handling of heavy packages 

results in damage to produce. Packaging of leafy vegetables and immature flower heads for urban markets 

will vary with the type of commodity. For cabbages packaging; woven  sacks,  net  bags  or  field  crates  

of  20-25  kg  capacity  are suitable.    

 Storage 

Leafy vegetables and immature flower heads have a very short post-harvest shelf life, especially under 

ambient conditions. Even under refrigeration most remain in good condition only up to two weeks.  

Ideally, they should reach the consumer within two days of harvest.  

After harvesting, it is recommended to not expose to direct sun light because it wilts quickly.  
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The optimum temperature for storage of cabbage is from 0 
o
C  - 2 

o
C with RH of 90-98%.. 

Under optimum condition cabbage can be stored for about 5 months. 

 

 

                                                Figure 46. Cabbage stored at cold room properly 

. 

4.8.5.  Peppers 

 

 

Figure 47. Pepper ready for harvest. 
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Harvesting  

For fresh use harvest at the green stage (Fig. 29). Stored in a cool, shaded, dry place until they are sold.  

For dry or powder use at leathery stage. Pepper is commonly dried after harvest and sold as dried fruits or 

ground into powder. For dry pepper, the most important consideration is to preserve the red color of the 

mature fruits.  

Post-harvest handling 

Harvested  peppers  should  be  placed  in  the  shade  immediately  after  harvest  and cooled. If 

refrigeration is available put it in as soon as possible to lower the field-heat. The use of perforated film 

carton liners or perforated plastic bags increase storage life, although it may inhibit proper cooling and 

may encourage diseases.  Before  final packing for market peppers should be selected for uniform 

maturity, color, shape, size  and  for  freedom  from  defects  (sunscald,  mechanical  or  insect  damage  

or decay).  

Cooling and storage 

Immediately after harvesting, peppers should be cooled to 7 
0
C. If they are allowed to remain at high 

temperature for more than 1 to 3 hours they will begin to show signs of shriveling, shrinkage, softening, 

accelerated ripening and color changes.  

Peppers are also sensitive to chilling injuries.  If kept at temperatures below 4 
o
C, they may show signs of 

softening, pitting and a predisposition to decay.  Peppers are  sensitive  to  ethylene  gas  produced  as  a  

natural  by-product  of  ripening,  by some  fruits  and  vegetables  (such  as  tomatoes,  apples  bananas  

and  avocadoes) which should never be stored and shipped together with peppers.   

 

Figure 48. Harvested and ready for market 
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Figure 49. Pepper prepared for dry or powder 
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