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UNIT ONE:  

MEASUREMENT OF IRRIGATION WATER 
AND SOLVING WATER SHORTAGE FOR 

IRRIGATION 
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1. Measurement of Irrigation Water and Solving Water Shortage for 
Irrigation 

1.1 Measurement of Irrigation Water quantity 

1.1.1 Purpose of Water Measurement  
Measuring water in surface irrigation systems is critical for efficient irrigation water management. 

Without knowing the amount of water being applied, it is difficult to make decisions on when to stop 

irrigating or when to irrigate next. A good irrigation manager should know the flow rate of the irrigation 

water, the total time of the irrigation event and the area irrigated. Irrigation management decisions 

should be made based on the amount of water applied and how this relates to the consumptive use 

demands of the plants and the soil water holding capacity. The amount of water applied to a field can be 

estimated using the following equation:  

 

Q is the flow rate, in cubic meter per second (m3/s); t is the set time or total time of irrigation (hours); d 

is the depth of water applied (mm) and A is the area irrigated (ha).   

1.1.2 Methods/Types of flow measurement    
Irrigation water management begins with knowing how much water is available for irrigation.  In this 

module, methods of measuring irrigation flow rate can be grouped into two basic categories: 

o direct measurement methods,  

o velocity-area methods,   

Choice of method to use will be determined by the volume of water to be measured, the degree of 

accuracy desired and the financial investment required. 

1.1.3 Techniques of flow measurement 
a) Direct Measurement Methods 

 Measuring the period of time required to fill a container of a known volume can be used to measure 

small rates of flow such as from individual siphon tubes, sprinkler nozzles, or from individual outlets in 

gated pipe. 
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Figure1.1 A flow-rate of one liter per second 

Question  

The water supplied by a pump fills a container of 200 liters in 20 seconds. What is the flow rate of this 
pump? 

The formula used is: 

 

Given:  

Volume of water: 200 liter       

Time: 20 second 

b) Velocity-area methods 
The most practical method of measuring stream discharge is through the velocity-area method. 

Discharge is determined as the product of the cross-sectional area of the water times velocity. 

Discharge, or the volume of water flowing in a stream over a set interval of time, can be determined 

with the equation:  

Where; Q is discharge (volume/unit time (m3/second), A is the cross-sectional area of the stream ( m2), 
and V is the average velocity ( m/s). 

This method comprises measuring the mean velocity V and the flow area 'A' and computing the 

discharge Q from the continuity equation. The site which satisfies the requirements such as straightness, 
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stability, uniformity of cross-section is chosen for discharge measurement. The discharge measurement 

site is then marked by aligning the observation cross-section normal to the flow direction. The cross-

section is demarcated by means of masonry or concrete pillars on both the banks, two on each side 30 

m apart. 

Procedures of Water Measurement in an Open Channel 

I. Measuring of width or average width of an open channel 
In order to measure the width of a channel the following procedures are used: 

 Select straight canal view and stretch a string from one side of the channel to the other side;  

 Put marks on the string to indicate the exact water surface on both sides of the channel;  

 measure the distance between the two marks and this is the width of the channel. If the field 

channel does not have equal width along the straight line selected it is better to take 

measurements at more places and take the average width of the channel.  

 
Figure1.2 Schematic illustration how to measure width of a canal 

II. Measuring the average depth of water 
In order to measure the average depth of water it is possible to use bamboo or a piece of wood circular 

at the base. The wooden piece should have a thickness of 3- 8 cm in order to resist the pressure of the 

water and delineated on it in meter and centimeter. The height preferably is more than one meter. On 

the measuring stick numeration should be written starting from 0 following bottom to up approach and 

zero should be marked at the flat bottom of the stick. The measuring can be done on the same area 

where the width is measured and measurements are taken at 30 cm interval. The average depth can be 

determined by dividing the sum of all the measured depths by the number of measurements taken. 
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Table1.1 Sample data for measuring depth 
# of tests 1 2 3 4 5 6 7 average 
Depth, m 0.30 0.40 0.51 0.52 0.51 0.50 0.35 3.09/7= 0.44 

 

Number of trials for measuring depth are 7 and an average depth of an open channel is therefore, equal 

to 0.44 m (Total depths measured divided by the number of trials; 3.09/7 = 0.44 m). 

III. Measuring the cross- sectional area 
The cross- sectional area is calculated by multiplying the width by the average depth of the canal. To do 

this first it is recommended summing up of all the partitions subdivided to measure the depths at 

certain intervals and then multiply the result with the average depth. 

 

 

IV. Measuring of the water velocity in an open channel 
For the float method: measure out some convenient distance along the stream bank (try at least 30 

meters). Station one person at the upstream end of your selected reach and one at the downstream 

end.  The person at the upstream end has the stop-watch and the oranges.  The person at the top 

releases an orange and starts the clock when the orange floats over the top boundary of your reach.  

When the orange passes the bottom boundary of your reach, the person at the bottom signals to the 

top person to stop the clock.  Someone records the time and notes the distance traveled.  Do this at 

least three times. 

Calculations:  

 
 

Finally, knowing the cross- sectional area of the channel and the average velocity of the water in the 

channel, the discharge of the water in the open channel could be calculated by multiplying the cross- 

sectional area by the velocity of the water. 

Table1.2 Estimated average velocity from different data set  
Test # Time in second distance in m Velocity of water in m/s 
1 20 10 0.50 
2 21 10 0.48 
3 22 10 0.45 
average 21 10 0.48 
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At the end of the test the results should be added and divided by the total number of tests. Therefore, 

an average velocity is 10/20.6 = 0.48 m/s.  

 

 

 

 

 

1.2 Solving water shortage in the command area 

1.2.1 Introduction  
Irrigators need to know the availability of water (in terms of amount, timing, and rate) into their 

irrigation management decisions. Both surface water and ground water can be used to supply irrigation 

water. An assessment of the total amount of water available during an irrigation season is essential to 

determining the types and amounts of irrigated crops that can be grown on the farm. 

 1.2.2 Managing irrigation according to growth stages  
The amount of water needed for adequate irrigation depends upon climate and crop growth stage. A 

certain crop grown in a sunny and hot climate needs more water than the same crop grown in a cloudy 

and cooler climate. Humidity and wind speed are climate parameters affecting crop water needs.  When 

it is dry, the crop water needs are higher than when it is humid. In windy climates, the crops will use 

more water than in calm climates. The highest crop water needs are found in areas where the climate is 

hot, dry, windy and sunny. The lowest values  found when it is cool, humid and cloudy with little or no 

wind. 

Different crops require different amounts of water, and the water demand for any particular crop varies 

throughout the growing season. The crop water need or crop evapotranspiration consists of 

transpiration by the plant and evaporation from the soil and plant surface. When the plants are very 

small the evaporation will be more important than the transpiration. When the plants are fully grown 

the transpiration is more important than the evaporation. 
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 Figure1.3 Growth stages of a crop 

At planting and during the initial stage, the evaporation is more important than the transpiration and 

the evapotranspiration or crop water need during the initial stage is estimated at 50 percent of the crop 

water need during the mid - season stage (the crop is fully developed). 

During crop development stage the crop water need gradually increases from 50 percent of the 

maximum crop water need to the maximum crop water need. The maximum crop water need is reached 

at the end of the crop development stage which is the beginning of the mid-season stage. With respect 

to the late season stage, which is the period during which the crop ripens and is harvested, a distinction 

can be made between two groups of crops: 

o Fresh harvested crops: such as lettuce, cabbage, etc. With these crops, the crop water need 

remains the same during the late season stage as it was during the mid-season stage. The crops 

harvested fresh and thus need water up to the last moment. 

o Dry harvested crops: such as wheat, maize (for grain production), sorghum, etc. During the late 

season stage, these crops allowed to dry out and sometimes even die. Thus, their water needs 
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during the late season stage are minimal. If the crop indeed allowed dying, the water needs are 

only some 25 percent of the crop water need during the mid-season or peak period.  

1.2.3 Scheme irrigation need and water supply  
Matching scheme irrigation need with scheme water supply is intended as a guide to solve the practical 

problems of water shortage in the scheme.  If the command area of a water source is larger than the 

actual area irrigated, there should be no problem of water shortage. When the supply of a water source 

in a certain month is known, e.g. 250 liters per second, and the gross irrigation need per hectare for the 

same month is estimated, for instance at 1.8 l/s/ ha, then the command area can be calculated. With a 

water supply of 250 l/s and a need of 1.8l/s/ha, one can irrigate 250/1.8 or 139 ha. The formula used to 

calculate the command area is scheme water supply (SWS) divided by gross irrigation need (INgross) or  

 
When the supply of a water source is not constant over the months and seasons of the year, then the 

command area will also vary.  As the amount of water supply varies over the years, the irrigation need 

also varies. Assume the following values of net irrigation need and size of command area for each month 

in table2.1 

 

Table1.3 Scheme water supply, value of gross irrigation need and monthly command area 
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
SWS (l/s) 290 420 510 560 650 400 320 280 250 230 200 220 
INgross(l/s) 1.0 1.0 1.4 2.0 2.2 2.4 2.2 2.0 1.4 1.2 1.0 1.0 
CA(ha) 290 420 364 280 295 167 145 140 179 192 200 220 
 

The month during which the smallest area can be irrigated, i.e. the one with smallest CA, is August, with 

140 ha. The month with the largest CA is February with 420 ha. If planting were confined to an area of 

not more than 140 ha, the crop could be supplied with sufficient water throughout the year. Irrigation in 

this case is reliable. According to table2.1, the area of 140 ha is the smallest area for irrigation. This area 

is called the critical command area. 

In this section, four possible means or methods discussed for matching the Scheme irrigation need with 

the Scheme water supply, when the irrigation supply is less than the amount required.  

 Method1: Enlarge the SWS if the gross scheme irrigation water need is too large. 
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 Enlarging the SWS is only possible when the water source is not fully exploited. This may be the result of 

a pumping system that does not have enough power to lift the required water flow, or an intake 

structure or supply canal that is too small or placed too high above the water level in the river or 

reservoir. These situations can be improved and the supply increased. 

 Method2: Matching by advancing or postponing the growing season. 
In the case of a variable river flow, the SWS might be too low at the beginning or at the end of the 

growing season. If a water shortage occurs at the beginning of the season, one may consider postponing 

the growing season by a month or so. If water problems are more likely to occur at the end of the 

season, it may help to plant the crop earlier. 

 Method3: Stagger the growing season. 
Method2 consisted of either advancing or postponing the growing period for the entire irrigation 

scheme. By doing so, it is sometimes possible to avoid the risk of water shortages at the beginning or at 

the end of the irrigation season. With method 3, the growing season shifted, but only for a part of 

scheme. In planning this operation carefully, the scheme irrigation need can be fine-tuned to an even 

greater extent to the scheme water supply. 

 Method4: Diminish the gross scheme irrigation water need  
If all other methods of coping with water shortage fail, the only remaining solution is to diminish the 

gross scheme irrigation water need. The first step in decreasing the gross scheme irrigation water need 

is to try to increase irrigation efficiency. If irrigation efficiency is still not sufficiently improved to match 

need with supply, or SIN gross and SWS, three alternatives remain: 

o grow a crop with a lower irrigation water need 
o decrease the irrigated area 
o Accept water shortages and lower production. 

In existing schemes, farmers will not easily accept growing other crops or diminishing the irrigated area. 

When the water shortage is less than 10-20% of the monthly requirement, production losses are not 

very heavy, and farmers will accept this solution first. When an extension of the scheme is considered, 

and farmers want to expand beyond the limits of the available water, one has sometimes to convince 

them to adjust their plans, by cutting a part of the new area, or by growing a crop with a lower irrigation 

need. 
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1.2.4 Agricultural water saving practices and technologies 
Irrigation water management encourages the application of water in an amount that meets the need of 

the growing plant in a manner that avoids extended soil saturation and runoff. By increasing application 

precision and reducing unneeded applications, water can be conserved. It is important to acknowledge 

that many water saving technologies have already been developed and applied to various areas. Some 

of the water saving practices and technologies are discussed below. 

 

 

I. Irrigation methods 
Efficient application of irrigation water is an important way to mitigate loss of water resources. There 

are several irrigation techniques that reduce the amount of water applied per unit of biomass produced, 

thus improving irrigation efficiency regardless of crop type. For example, drip irrigation systems 

minimize the amount of water lost due to evaporation and runoff by being applying water directly to the 

root zone, thus keeping the soil surface dry. Rainfall harvesting, efficient irrigation water transport, and 

use of reclaimed water can also lead to more efficient agricultural water use.  

II. irrigation scheduling 
Optimization of irrigation amounts in time and space requires scientific irrigation scheduling practices. 

Scientific irrigation scheduling is a systematic procedure that calculates an estimated future water 

requirement over relatively short periods of time to meet all crop needs and avoid water over 

application or under application.  

III. Deficit irrigation 
Deficit irrigation strategies can potentially reduce agricultural water use and conserve water, but they 

require excellent control of the timing and amounts of the applied water. Optimal deficit irrigation 

strategies still must be developed for most crops with the most pressing need being strategies for low-

value field crops. Some deficit irrigation strategies are now being developed for high-value vegetable 

and fruit crops. The research must include ways to match crop/plant needs with inputs over time, 

adjusting plant populations for various drought levels, figuring out when stress is most easily tolerated 

with the least yield loss. 

IV. Field levelling 



 

 

Irrigation Agronomy Module 3 Participant Book Page 11 

 

Field leveling involves grading and earthmoving to eliminate variation in field gradient. Smoothing the 

field surface and often reducing field slope. Field leveling helps to control water advance and improve 

uniformity of soil saturation under gravity-flow systems. Precision leveling is generally undertaken with 

a laser-guided system. 

V. Shortened water runs 
Shortened water runs reduce the length of furrow (or basin) to increase uniformity of applied water 

across the field. Reduced water runs are most effective on coarse soils with high soil-water infiltration 

rates. Water runs of 50 to 100 meter in length may be reduced to 25 meter or less for farmers’ fields.  

VI. Alternative furrow irrigation 
Alternate furrow irrigation involves wetting every second furrow only. This technique limits deep 

percolation losses by encouraging lateral moisture movement. Applied water and time required per 

irrigation may be significantly less than under full furrow systems, but more number of irrigation may be 

required to supply crop needs.  

1.2.5 Improving irrigation efficiency 
Irrigation efficiency refers to the percentage of water pumped or diverted which actually enters and 

remains in the soil root zone during irrigation. Irrigation efficiency is determined by many factors, some 

of which are wind losses, ditch seepage, runoff, and deep percolation. Efficiency can be increased by 

improved water management and by system maintenance and improvements. 

A well designed and managed irrigation system reduces water loss to evaporation, deep percolation, 

and runoff and minimizes erosion from applied water. Application of this management measure will 

reduce the waste of irrigation water, improve water use efficiency, and reduce the total pollutant 

discharge from an irrigation system. It focuses on components to manage the timing, amount and 

location of water applied to match crop water needs. 
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2. Organic Fertilizers and Acid Soil Reclamation  

2.1 COMPOST and ITS IMPORTANCE 

Compost refers to biologically processed decomposed organic matter, usually through speeded up 

natural biological process by piling, aerating, and moistening. It contains balanced plant nutrients 

including trace elements, and is rich in organic matter as source of energy for beneficial microbes that 

further improve the soil’s ability to nourish plants.  

Soil physicochemical and biological properties can be improved through application of compost. It 

contains a good balance of essential plant nutrients in a stable form that will not easily leach away in the 

rain (slowly released throughout the growing season through microbial effect) and can be applied 

without danger of burning plants. It also increases the availability of existing soil nutrients besides 

supplying additional amounts contained in the compost.  

Compost also improves soil structure that eases soil workability and plant root growth to explore more 

soil volume. In sandy soil the organic matter (humus) provide binding effect between sand particles. As a 

result, the size of pore spaces will be reduced and hence water can stays longer in the soil. In clay soils, 

the humus surrounds the clay particles making more spaces (pores) in the soil that provide 

adequate/balanced space for air and water. 

It improves the Water Holding Capacity (WHC) of soil. The humus is a dark brown or black soft spongy or 

jellylike substance that holds water and plant nutrients. Soils rich with humus hold water for longer time 

than soil with little humus. It has been observed in the field that crops grown on soil with compost can 

go on growing for two weeks longer after the rain stopped than crops grown on soils with low organic 

matter but applied with chemical fertilizer. It hence contributes to adaptation to climate change effect 

mainly moisture stress or short dry spell conditions under rain fed agriculture. In areas with low rainfall 

where chemical fertilizers recovery is very low, compost is preferably used by most farmers and it also 

improve the chemical fertilizer recovery. 

Composts with high C/N ratio can be applied to soil as mulch on soil surface that reduces splash and 

sheet erosion. It also improves infiltration and reduce run on/off that contributes towards erosion 

control. This in turn aid recharging water to the water table and springs do not dry up in the dry season. 
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Using compost can be considered as potential means to control weeds and pests. When weeds are used 

to make compost, the high temperature of the compost-making process kills many, but not all, of the 

weed seeds. Even the noxious weed, Parthenium, seeds can killed when it is made into compost 

following the instructions given in this manual. When crop residues are used to make compost, many 

pests such as stem bore cannot survive to infect the next season’s crops.  

Compost helps farmers improve the productivity of their land and their income with reduced cost for 

fertilizer. But, to make and use compost properly farmers, either individually or working in groups, have 

to work hard. 

2.1.1 Compost Pit design  
 

2.1.1.1 Suitable place for compost pit 

Suitable place for compost pits should assure the following conditions:-  

1. Sunny place in very cold high RF areas and under shade place for areas with low RF in order to 

enhance decomposition process.  

2. Should be at least some 20 meters away from living accommodation or house.  

3. Soil should be with good drainage condition;  

4. Should not be extremely exposed to wind or it should have wind break 

5. Should be situated at acceptable distance to source of compost materials such as organic 

materials and water; OR to compost application field 

2.1.1.2 Dimensions of compost pit and work space 

There are two layout types for compost pit: digging two pits or three pits. For those farmers who do not 

have enough composting materials to start in two pits at a time, two pits type can be used. Otherwise 

three pits type should be prepared. It is recommended to keep a sufficient working area in all sides of 

each compost pits. In case of three pits type, the recommended dimension is about 3-4m in width and 

10m in length. For two pits type, about 3-4m in width and 7m in length is satisfactorily used. 
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For the measurement of compost pit setting, measuring instruments like flexible ruler, hammer, strings 

and wooden-made pegs are required (see Figure 2.1). Since pit making is an important process, technical 

advisors such as development agents (DA’s) or an experienced farmer should accompany on site. 

 

 

 

 

Figure 2.1 Compost pit setting 

2.1.1.3 Dimension of compost pit 

Three or two pits with dimension of 2.5 m (length) * 1.2 m (width) * 1.0 m (depth) will be dug in a row. 

The volume of the soil removed will be (2.5 * 1.2 * 1.0) = 3 m3. 

Removal of soil from the pit and turning over of the compost will be done by man power. Hence, these 

processes will be very difficult in case of larger sized pit. On the other hand, the volume of compost will 

be very small compared to its requirement in the field for smaller sized pits.  

Cost of production for compost will also be higher (expensive) per unit of compost produced for smaller 

pits. Therefore, the preferable dimension of a pit should be as indicated above however it is still flexible 

according to farmers’ preference and amount of composting material accumulated. But the width of the 

compost pile should not be greater than 1.2 m as it is not allowed to step on the compost during turning.  

Pegs will be driven and strings will be stretched to mark the pit positions so as to indicate the location of 

pit before digging. 
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2.1.1.4 Pit digging 

Top 10 -15 cm surface soils will be separately piled up from other part of the soil. This top soil will used 

as compost material. Top soils of homestead garden or forest soils are usually fertile, rich in humus and 

microorganisms that plays important role in decomposing process. Hence we have to pile it separately to 

use it as a component of compost materials to introduce important microorganisms in to compost pile. 

One can distinguish top soil by its brown to black color from its underlying soil layer. If it is hard to 

distinguish it with color, approximately the top 15 cm depth soil can be treated as top soil. The sub 

surface soil must be removed away from the edge of the pit and can be used for other conservation 

purposes. 

While digging the compost pit, the depth should be carefully measured not to excavate too deep. When 

the depth reaches 1m, digging should be stopped. It is not recommended to excavate deeper than 

1meter because of manpower for excavation and turning over of compost. Furthermore, 1 m depth of pit 

is suitable due to the thickness of compost heap (see Building compost heap below). 

2.1.2 Instruments for compost preparation 

The following instruments required for compost preparation can be locally prepared and/or procured in 

neighboring shops of large town.  

(1) Instruments for compost pit layout and measurement of dimensions of compost pit (refer the layout 

in Figure 2.1) 

Flexible Tape: it can be procured in common shop. However, 1cm graduation is necessary. A total of 30 - 

50 m length in case of vinyl plastic tape while over 1m length is required in case of steel tape. 

Graduated stick: this would be used for checking the depth of the pit. Graduated stick can be procured 

from carpenter shop. It can be substituted by the stick attached to measurement tape. 

Peg: it is short wooden stick and is used for showing the digging points of pit. Required number will be 

prepared by cutting trees. 

Hammer: it is used for driving a peg. Hammers can be procured in carpenter shop or locally available 

materials can be used for this purpose.  

String: nylon string can be procured in carpenter shop. Long and sturdy string is recommended.  
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(2) Instruments for digging pit and required in compost preparation (refer Figure 2.2) 

Machet: it is used for clearing and cutting twigs and leaves that can be used as a component in compost 

preparation as well as for compost cover. 

Axe: it is used for cutting compost materials in to pieces and brunches that cover the compost. 

Rake: it is used for flattening compost materials 

Mensch: it is used for turning over of the dug compost. 

Pickaxe: it is used for digging compost pit. 

Shovel: it is used for digging compost pit and turning over compost. 

Dibble: it is used for digging and shaping of compost pit. Its wooden handle may be used for checking 

the temperature of the compost during composting process 

Instrument s for watering 

Temporary water reservoir (barrel): it is used for storing water to be sprinkled during compost material 

piling and turning as required.  

Watering Can: it is used for uniformly watering of compost. 

For encouraging microbial activity, it is advisable to sprinkle water to compost pits. Water can be fetched 

from any sufficient water sources such as deep well water; community pond (if water is available in 

appropriate period of compost preparation); farm pond and water-harvesting tank.  Then the water can 

be carried to the side of compost pits by any means. Water fetched will be saved in water reservoirs. 

Water taken from the barrel will be sprinkled to the surface of the pits and after every layer of compost 

materials as required using watering can. 
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Figure 2.2 Instruments for compost preparation 
 

2.1.3 Material preparation 
Materials for compost making will be prepared and brought at the side of the compost pits. Using local 

axe, organic materials like maize and sorghum straws collected from farmland will be chopped into small 

pieces to ease the decomposition process by enhancing surface (contact) area for both biotic and abiotic 

agents directly or indirectly involved in decomposition process. 

Besides, the straw of sorghum without chopping should be collected for lying on the lowest portion in 

compost pit (see Building a compost heap page above) for better aeration and hence inhibit unnecessary 

odors formation.   

A leftover of animal feeds are among the materials for compost making. The leftovers will be collected 

from livestock feeding place in homestead garden and carried to the side of compost pits using locally 

available transportation means.  

Some materials are not appropriate or recommended to be included in compost preparation. For 

instance: 

• Meat, bones, fish scraps  

- attracts dogs, cats, insects & rodents 

- takes a long time to break down 

• Oil, fatty material, and dairy products  

- Oils and greases take a long time to break down  

- affect the breakdown of other materials  

- attracts insects 
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• Pet litter 

- may contain disease organisms harmful to humans 

• Diseased plants  

- the heat of a compost pile may not kill some disease organisms or any insects or eggs infecting a 

plant. 

• Material that don’t decompose:  

- Plastic materials, metals, Tid (Junipres procera) twigs are also not recommended (good) for 

compost preparation  

• Materials that contaminate soil: 

- Battery (dry cell), dishwater (most dishwashing soaps contain perfumes and greases), barbeque 

ashes/coals (highly resistant to decomposition  and may contains excessive amounts of sulphur)  

-   

 Animal dung is also good material for compost making. Dung can be collected from cattle-shed 

and/or surrounding area where large number of animals stay around their water source.  Dung 

could be packed in sacks to ease the transportation. 

Be sure that the dung to be used is completely dried out and has no smell. Adding immature dung 

as compost material would become a cause of making specific germs proliferate. 

 Besides animal dung, ash is important material for compost. Ash could be accumulated in to heap 

at backside of homestead after cooking to use it latter for compost preparation. Sack will be the 

most convenient material to collect and carry ash to the side of the compost pits.  

If the volume of top soil, one of the compost materials, is not enough, it could be collected from a 

nearby place and carried with sacks. One of the best places to collect soil is underneath forest trees 

where soil has sufficient amount of humus and active proliferation of bio-degraders is expected. 

Materials required for making compost will be gathered at the side of compost pits. Recommendable 

materials are: 

 (1) Leftover of the crop residues already fed to cattle i.e. barley, wheat, and teff straw;  

 (2) Farm yard manure  

 (3) Chicken manure 
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 (4) Kitchen ash (especially wood ash)  

 (5) Sorghum, maize and bean straws 

 (6) Top organic matter rich soil 

 (7) Green leaves or especially twigs of multipurpose tree species (such as Sesbania sesban,, 

mostly established as life fence for animal feed or specially for this purpose) 

 (8) Water. 

 All the materials mentioned here are locally available. 

2.1.4 Building a compost heap and procedure of piling 
There are two types of compost making: Above ground pile (or heap) composting and underground or 

pit composting. Above ground pile composting system saves labor unlike pit composting. Pit 

composting system requires relatively less water due to minimized losses through evaporation. Rate 

and level of decomposition is also faster and uniform for pit composting compared to above ground 

heap. In case of pit composting system, sticks will be placed vertically into the compost pit to allow air 

circulation through various layers. Actually, the sticks will be placed at the center of the pit before 

piling up materials. After piling up all the layers, joggle the sticks to expand the space between sticks 

and materials to create ventilation holes to keep the layers properly aerated. In general, keeping the 

pile well-aerated is one of the important requirements to make good compost. The collected materials 

are spread and piled layer by layer (Figure 2.3). Detail procedure is as indicated below: The thickness 

of each layer is not strictly restricted but each layer is approximately piled according to each thickness 

to get better compost with appropriate C/N ratio.  
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Figure 2.3 building a compost heap 

 
Green plant materials and twigs of multipurpose trees can be included as available as possible to 
improve the nutrient content and quality of compost.   

 Procedure of piling 

1. Lay sorghum straw at the bottom of the heap in about 5 cm thicknesses. This is important 
for keeping good ventilation; 

2. Immediately on the sorghum straws, spread chopped straws (left over of animal feed) to a 
thickness of 20cm; 

3. Put on the next layer, a farm yard manure and chicken manure in 15cm thickness; 

4. Then add thin layer (5 cm) of kitchen ash; 

5. Top this with a thin layer (5 cm) of garden soil; 

Water will be sprinkled after each layer (even twice in a layer) as required to make the layers 
moist but not wet or soggy; 

6. Repeat the step 2-5 above until your pile reaches the height of 130cm; 

7. Cover the pit with broad leaves (like banana, enset, … ) and grasses (Figure 2.4) 
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Figure 2.4 Digging the compost pit and Building compost heap 

2.1.5 Management for good composting 

2.1.5.1 Simple temperature check 
Put a stick diagonally across the compost pile in its longer side about 3 days after. If state of the compost 

pit as a whole is fine, decomposing process starts in 24 to 48 hours of compost materials pile 

preparation. The condition of this process can be confirmed by checking the temperature status of 

compost heap. Diagonal insertion is to cover if not all, at least more parts of the piled materials at 

different depth. Leave the stick there for about 5 to 10 minutes. After taking it out, feel it immediately. It 

should be considerably warmer (40—70) 0C than body temperature. If not, then this is an indication that 

microorganisms are not at normal functioning to produce heat perhaps due to the material used or 

aeration. Smell of ammonia is a sign of too much nitrogen; hence high carbon contacting materials have 

Covering compost materials  
After completing the pile 
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to be added to correct it.  

2.1.5.2 Simple moisture check 
Moisture management is another important technique to make good compost. Once compost has 

become too wet with excess water and get decayed, it is very difficult to restore it. Moisture content of 

compost material pile should be in the range of 40 – 65 % by weight which roughly means: 

 It feels moist to touch: when handful of the blended stock is squeezed. The material will hold 

together but not exude excess water. 

 It feels clammy: bundle of straw put in the compost pile and stayed for 5 minutes. 

If it is still dry, it indicates low moisture status of the compost pile. Water alone can be added or with 

urine if we feel microbes are starving nitrogen.   

Smell of foul, rotten egg is an indication of inappropriate aeration that require turning of compost to well 

aerate it. Too much moisture cools the pile and can cause it to go anaerobic. 

2.1.5.3 Turning over 
The pile should be turned so that material which is on the margins will come in to the center. In this all 

the materials will reach optimum temperatures at various times. Compost material in the pit will be 

turned over and mixed every 21 days (3 weeks). This procedure will be implemented two times at every 

3 weeks interval, which means 63 days is required until the completion of compost making. The longer 

the interval between turnings, the longer it will take for composting to finish. 

When pile decomposition temperature is cooled down to some extent, the compost in a pit will be 

moved to the next pit to speed up decaying process by improving aeration in the pit and to correct 

under/over moisture condition (Figure 23). This process is also called as turning over. If necessary, water 

will be sprinkled (Figure 24).If the decomposition of compost is not well completed after 63 days, it 

should be further kept in the pit. If in the preparation of the compost, the materials were not chopped in 

small pieces, screening the materials through 2-3 cm chicken wire will hold back such pieces. These can 

be added to the next pile and eventually they will decompose. 

For short period of time, it is also possible to store compost in the pit until application time, provided 

that rain fall flood is well protected not inter in to the pit. But care has to be taken not to lose many 

valuable nutrients through vaporized gases and leaching during further storage of compost in the pit. 

Good decomposition can be detected by a pleasant odor, the heat produced (this is even visible in the 
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form of water vapor given off during the turning of the pile), the growth of white fungi on the 

decomposing organic material, a reduction of volume and by the change in color of the materials to 

brown. 

2.1.5.4 Putting compost in to use 
The compost will be dug out of the pit after completely decomposed. Good compost is mostly dark 

brown to almost black in color, soft as breaking up readily. If the compost material pile turned dark 

brown which is an indication of humus rich, and have “earthy smell” like forest floor, the compost 

produced is of good quality. Other quality indicators of compost include pH (6-8), C/N (10-15:1) and do 

not have phyto- toxic compounds (i.e support good seed germination).   

Final product of compost after air drying under shade will be packed in sacks, similar as the sack of 

chemical fertilizer, and will be carried by donkey or other possible means to the farmlands. Application of 

compost in the field will be at least some 10-30 days before planting (sowing) date to compensate for 

slow release of nutrient in compost. However, there are different recommendations rates of compost in 

the country, ~3t/ha and ~5.0 t/ha is mostly used for Tef and Maize. But availability of materials for 

compost preparation is limiting its adoption. There is still possibility to reduce the amount of compost 

per unit area by supplementing with chemical fertilizers. Reference table between farmland area and 

recommended dose is shown below. 

 

  

 
 

 
 

 
 

 
 

In general, compost applied fields normally continue to be productive (have residual effect) for about 

three years. It is also suggested that integrating lower compost rate with chemical fertilizers would give 

Table 2.1  Farmland area and recommended dose of compost 

Size of farm land Recommend dose of compost plus half the 

recommended chemical fertilizer for each crop 

Tef Maize 

0.25 ha 5 - 7.5 quintals 7.5 – 10 quintals  

0.50 ha 1.0 -1.5 tones 1.5 -2.0 tones 

1.00 ha 2.0 -3.0 tones 3.0 -4.0 tones 
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comparable crop yields. 

2.2 Guide to manure preparation  

2.2.1 Manure and its constituent 
Manure is composed of all or some of animal excrement, urine, refused fodder, vegetation added to trap 

urine, cooking waste and ash from cooking fire. The proportions of each vary according to material 

available and the methods by which manure is collected and stored. The amount and quality of the 

excrement depends on the animals’ type and their feed. Feeding browse to sheep can improve the faecal 

nitrogen, whereas a diet of leaves of cowpea (Vigna unguiculata) results in large amounts of urine N. The 

latter was reported to be more prone to losses through volatilization of ammonia. Use of bedding straw 

is reported to reduce losses of ammonia by up to 80%.  

 

Table 2.2 Nutrient content of different dry manures 
Manures N P2O5 K2O 

---------- % (dry weight basis) ------- 
Dairy manure 2.1 3.2 3.0 
Beef manure 1.2 2.0 2.1 
Poultry manure 3.0 5.0 2.0 
Composted yard waste 1.3 0.4 0.4 
 

Good manure should contain more than just excrement and urine. Storage of manure may encourage 

loss of nitrogen, mainly by volatilization. Research findings elsewhere have shown up to 59% of nitrogen 

loss after a storage period of three months. The best quality manure comes from farms where 

considerable care has been taken in collecting and storing it. Feeding concentrates and stabling livestock 

on a concrete rather than a soil floor increased the nitrogen, phosphorus and organic carbon contents of 

manure. Shading also increased the organic carbon content of manure. Different study results pointed 

out the importance of urine as a source of nitrogen (around 10 g per lit) and potassium, suggesting that 

its collection should be a priority for smallholder farmers. 

Adding straw and leaves and then ageing is necessary to retain the nutrients. Using aged manure is an 

ideal method to retain and increase soil fertility. 

The goals of applying manure are to:  
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 increase the level of organic matter, 

 increase the available nutrients, 

  improve the structure (aggregate formation) and water retention capacity of the soil. 

For freely grazing system, where animals are allowed to graze during the day, their excrement is thus 

spread randomly over the grazing field. In such system, a great deal of nitrogen is leached or volatilized. 

Potassium is also partially leached. However, it is possible to collect manure at barn during night. To use 

the excrement as manure, the nutrients in the manure have to be protected from being leached or lost 

by applying safe management. The manure can be kept in a manure cone to keep it from drying 

out too fast. 

In areas with less rain and a dry season (sub-humid areas), conditions relatively less manure is needed 

for a substantial improvement of the soil fertility, because the organic matter decomposes slower. 

2.2.2 Advantages of keeping and ageing manure  
Fresh stable manure is not very suitable for immediate use. The C:N ratio of fresh manure is high, which 

can cause nitrogen immobilization. If the organic matter is very rough i.e. it contains a lot of fiber and 

few fresh, juicy leaves then the C:N ratio is high. Microorganisms then have to work hard to digest it and 

allow nutrients to become available to the crops.  

Moreover, the micro-organisms use nutrients to build up their own bodies which may exceed 

temporarily the amount they can generate. Also, in the initial stage of decomposition, substances are 

freed that can inhibit plant growth or scorch the leaves. If the manure is spread on a field empty of 

crops, many nutrients will be leached.  

Keeping and ageing the manure has a number of advantages:  

 the C:N ratio decreases during ageing 

 harmful substances that are released in the first stage of decomposition are eliminated 

 weed seeds are decomposed or lose their viability power 

 few nutrients are lost through run-off or volatilization 

 aged manure is relatively easier to transport 

Despite the fact that aged manure is an ideal fertilizer with soil-improving characteristics, there is 

competing demand for it. In areas with limited fuel sources, dried manure is used as a cooking fuel. 

Alternative fuel sources have to be created by planting trees for firewood as living fences or along paths 
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and use energy saving technologies. Working with manure can also be seen as dirty and inferior, and 

manure piles as too unhygienic to have near the farmyard.  

The manure can be brought to the field at a time when labour is relatively free before sowing. However, 

it is better to keep the manure in a pile at the field and to mix it with the soil just few days before 

sowing. This way we can protect nutrients leaching or loss through volatilization.  

2.2.3 Methods of Preparation 
Keeping the animals in a stable can make high quality manure. The roofs of the stable can serve as 

protection from rain and sun. 

There are a number of different ways to keep manure and to allow it to age.  

1. Manure pile  

Manure will be piled on the surface with straw or leaves every time the stable is cleaned as shown in 

(figure 1). The size of the manure pile can be approximately 2 metres wide and 1.5 to 2 meters height. 

The pile is built in stages. One piece is piled up as quickly as possible to its final height. It is then covered 

with earth to prevent it from drying out. Each time one piece is completed, a new piece is started, and 

the pile continues to grow longer. Since a new piece is added on each time, aged manure from one end 

can be used at the same time while new manure is added at the other end. 

The manure must be fairly compacted, especially if it is very loose, and it must be kept moist. If the pile 

is too dry, white mould will appear; if it is too wet it takes on a yellowish-green colour. A good manure 

pile has a consistent brown or black colour. A manure pile should be situated under a shed so that it is 

protected from rain and from drying out. Ideally it should be on sloping ground so that excess moisture 

can drain off. Manure piles are especially suitable during rainy seasons.  

2. Manure cone  

Manure in semi-arid and arid areas contains less straw, where animals are not provided with feed at their 

barn that potentially hinders the ageing process. An alternative to such situation is the manure cone. The 

manure cone begins as a circle with a diameter of 1.5 to 2 metres. Every day a layer of manure is added 

that is preferably 30 cm thick. Each layer has a smaller diameter. At a height of 1.5 metres the point is 

rounded off. The side surface is covered with a layer of clay, and the top is covered with a layer of straw 

or rough leaves to protect the cone from rain and drying out. After 4 or 5 months the manure in the cone 

is ready to use (Figure 2.5). 
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Figure 2.5 Manure cone (Barbera Oranje). 

2.2.4 Application method 
The effectiveness of manure is also dependent on the manner in which farmers apply it to the soil. It 
needs to be well covered or mixed with the soil at application. When manure is in short supply, farmers 
have to be more cautious with its use and, instead of broadcasting the manure; it may be placed by hand 
in planting pockets or at the base of emerging crop plants. Local knowledge of soil micro-variability is 
important in determining exactly where limited supplies of manure should be used. Recommendations 
for manure application often suggest about 3 to 5 t/ha/year. The rates of return on such application rates 
have been estimated several times.  

In most cases manure affects soil physical and chemical properties for more than the season in which it is 
applied depending on the quality of manure. Hence, application can usually be rotated around fields 

2.3 Acid Soil 

2.3.1 Formation of Acid Soils 
Soil reaction is the condition of soil acidity (low pH) or alkalinity (high pH). Although there are plants that 

thrive in acid or alkaline media, most crops perform best in a very slightly acid soil (pH 6.5 to 6.8). Table 

14 shows the interpretation of soil pH in relation to the hydrogen concentration. As pH is defined the 

negative logarithms of the hydrogen concentration (pH = -log (H+), pH decreases as the hydrogen 

concentration increases. Values of pH less than 5.5 may lead to aluminum toxicity, unavailability of 

phosphorus (due to fixation) and some of the soil micronutrients such as molybdenum, and reduced 

biological activity. There are many factors responsible for formation of acidic soils. These can be 

discussed as under.  
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Each crop species requires certain optimum pH ranges (Table 2.3). Problem soils are not economical to 

cultivate crops unless the problems are rectified. These soils are acid soils, saline soils and sodic soils. As 

the name indicated saline sodic soils have the characteristics of both saline and sodic soils. 

 

Table 2.3 Optimal PH ranges for common crops 

Crops PH range Crop PH range 

Maize 5.5-7.0 Potato 4.8-6.5 

Soybean 6.5-7.0 Tomato 5.5-7.5 

Cabbage 6-7 Lettuce 6.0-7.0 

Carrot 5.5-7.0 Onion 6-7 

Cauliflower 6.0-7.5   

 

Soil acidity occurs in heavy rainfall areas due to leaching of the soluble salts. Frequent use of large 

quantities of acid forming fertilizers like ammonium sulfate and ammonium chloride; decomposition of 

SOM, oxidation of N and S, cation uptake by plants or excessive leaching by rain water and acid rain are 

also reasons for the formation of acid soils. What factor governs formation of acid Soil? 

Climate  

Acid soils are mostly found in the areas of high rainfall. In these regions, evaporation of water from the 

soil surface is less than precipitation. Excess amount of water moves downward in the soil and meets 

with the ground water table. This downward moving water carries a large amount of soluble salts from 

the soil surface. A reasonable amount of these salts is a must for maintaining neutral reaction of surface 

soil in absence of these salts. Surface soil is, therefore, rendered acidic in reaction. Some compounds of 

iron and aluminum are resistant to leaching and, therefore, left on the surface. These compounds are 

acidic in nature and impart acidity to the surface soil (eg. lateritic soils). 

In acid prone areas India, it is believed that the regions with acid soils must not receive more than 750 

mm annual rainfall. The regions with annual rainfall of 1350 mm have acid soils with pH value 5 or even 

lower. In hilly regions where the loss of water through evaporation is very low due to low temperature, 

the conditions for the development of acid soils are very favorable although the rainfall is not so heavy. 
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Vegetation 

In the regions of very low temperature the acid soils can develop easily. The foliage of coniferous trees 

which are most likely to grow in these regions is devoid of alkali elements. When the leaf litter of 

coniferous trees on ground is degraded, organic acids are released which gradually make the soil acidic. 

Vegetation of coastal zones and marshy places facilitates development of acidity. The places where 

excessive vegetation is accompanied by heavy rainfall and water pounding, soils are very acidic in 

reaction. In these places, plant residues are constantly submerged in water and they do not get enough 

air to decompose completely. This under-decomposed   organic material keeps on piling up and soil 

becomes very acidic but at the same time very rich in organic matter. 

 Parent material 

Some young soils exhibit acidic nature even in the areas of medium rainfall and vegetation. These soils 

still reflect the nature of rocks from-which they have developed. Some rocks (parent material) are acidic 

in nature (e.g. igneous rocks). After weathering of these rocks, acidic constituents dominate the 

composition of soil. The rocks of soft and simple composition are especially suitable for development of 

acidic soils as they allow quick percolation of water through them and have fewer amounts of alkaline 

elements and salts. 

Topography 

Sloppy places with good drainage conditions are often acidic in nature. On hill slopes, development of 

acid soils is easier. Acid soils do not develop generally in river basins. The plains with good drainage may 

also develop slight acidity in due course of time. 

Human interference 

Excessive use of water or keeping the field submerged for a long time accompanied by improper 

drainage may lead to the development of acidity in the soil. Continuous use of acid forming fertilizers 

(e.g. ammonium sulfate, ammonium chloride, etc) for years may also lead to considerable reduction in 

soil pH. 

2.3.2 Effect of Soil Acidity on Plants 
Except for a few crops like tea, coffee and potato, most of the crops do not find optimum conditions for 

their growth and its development. The effects are more pronounced when the soil pH is below 6. Acidity 

affects the plants both directly and indirectly.  
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Direct effects 

1. Extremely high concentration of hydrogen ions just outside the plant roots has a toxic effect on roots.  

2. The permeability of the plasma membrane surrounding root hair is reduced. Consequently, the 

activity of root hair that absorbs water and nutrients from the soil is highly slackened.  

3. Excessive presence of hydrogen ions in soil solution also results in increased absorption of H+ ions by 

the plant roots. This phenomenon disturbs acid-base balance inside the plant which virtually inhibits 

plant growth. 

4. Numerous essential chemical reactions are carried out by the enzymes secreted by soil organisms as 

well as the plant itself. These enzymes lose their effectiveness if hydrogen ion concentration goes too 

high. 

 Indirect effects 

1. Excess amount of hydrogen ions in the soil suppresses the availability of some essential elements such 

as calcium, magnesium and phosphorus, even if they are present in the soil in adequate amounts. 

2. Some essential micronutrients such as iron, manganese, copper, etc. are required by the plants in 

very little amounts. They become highly soluble in acid soils and their availability to the plant roots goes 

so high that they become toxic to the plants. 

3. In most of the acid soils plants show deficiency symptoms of calcium and magnesium. This is because 

of the fact that acid soils are mostly deficient in these elements. 

4. Some disease causing agents (especially fungi) flourish well in acid soils. Incidence of disease is, 

therefore, increased. 

5. At the same time a large population of beneficial microorganisms suffers badly due to high 

concentration of hydrogen ions. This results in decreased soil fertility. 

2.3.3 Liming 
The most common and in most cases, the most effective way to correct soil acidity is by applying lime. 

Liming is the practice of adding liming materials to acid soils for the purpose of increasing soil pH and 

maintaining a favorable soil environment for plant growth. A more favorable root environment may be a 

consequence of:   
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i) Desirable pH; 

ii) Decreasing the toxicity of Al and Mn; 

iii) Increasing Ca and Mg supplies; 

Iv) Enhancing the availability of P and Mo; 

v) Improving mineralization of organic compounds, thereby improving N, S and P uptake; 

Vi) Improving soil biological activity, such as nitrogen fixation.  

The quantity of lime added depends on type of soil, liming material, crop species, cultivar (within 

species) and economic considerations. The formula to compute lime requirement by this method, which 

is based on soil exchangeable Al, Ca and Mg is calculated using the following formula: 

2.3.4 How to apply lime 
Once the materials for lime application have been chosen and the Lime requirement and fineness factor 

(LRFF) has been estimated the lime should be applied. Studies have shown that if lime is applied to the 

surface and not incorporated in the soil, it can take as long as 10 years to raise the soil pH at a depth of 

15 cm The reactivity of the lime with soil acidity is greatly increased once it has been homogenously 

incorporated in the soil, the greater the volume of soil will be that has an increase in pH. Root growth 

will be greater in larger volume of soil treated with lime. One must realize however, that the proposed 

formula and the estimated LRs concern the first15 cm of top soil only. Treating the soil to the depth of 

30 cm, for example, implies that pH, Al toxicity, etc, must be measured for the first30 cm and that the LR 

may become twice as high. 

2.3.5 Time and depth of application 
Preferably lime should be spread evenly at the prescribed rate on the soil and incorporated to a depth of 

at least 15 cm as long as possible before planting. In particular, caustic forms of lime- CaO and Ca (OH)2 

should be applied and incorporated in the soil well before planting to avoid injury to seed. Incorporating 

lime can be done by using annual labor, animal traction, or machinery with internal combustion engine. 

If manual labor is used as in our country, it is recommended that lime be incorporated to the depth of 

15cm.If animal traction or plowing with the aid of a tractor is done, the lime should be incorporated to 

the depth of 30 cm. correcting Al toxicity or pH in the first 15 cm of top soil implies only that crop 

rooting will be superficial for (relatively) sensitive crops.; The sub soil will be poorly accessible by roots. 

If profitable, the first 30 cm should be treated. This gives a lime a chance to neutralize soil acidity before 
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planting. Crop calendars for multi-location recommendations are very useful in executing alleviation of 

soil acidity problems. 

2.3.6 Frequency of lime application 
Acidification of soils is a natural process that can be increased or decreased by human activities. 

Assuming that enough quality lime is used, it is suggested that liming should be done every 3 years in 

the humid tropics. However, farmers will ultimately consider the economics of liming and for example 

the sensitivity of next season crop. Also the frequency of application depends up on several factors, 

which vary across landscapes and production systems. A key factor is leaching of basic cation.; soil 

acidification occurs where rainfall significantly higher than the evaporation and its effect increases 

proportionally with the water and nutrient storage capacity of soils. Therefore, the frequency of liming 

depends up on the texture and the buffer capacity of the soil. Liming frequency will have to increase 

going from fine textured clays and loams to coarse, sandy soils, and soils from with high to low soil 

organic matter. However, the amount of lime required inversely proportional with the frequency. Hence 

if the lime application rates are low and soil pH is increased to 5.2 or less then lime application may be 

more frequent (once a year). Also if the switch is made from a more tolerant crop to a less acid tolerant 

crop (e.g. from potato to wheat), then the liming may be necessary. Banding or application of liming in 

planning holes or mounds may require lime applications on even seasonal or annual bases. The low lime 

rate thus increases the frequency of liming and labor cost. But also spread the costs and risks. 

2.3.7 The question of lime requirement: 
 It has been repeatedly stressed that the pH as an expression of the hydrogen ion activity does not take 

into account the activities of other ions such as aluminum, iron and manganese. Since these influence 

soils acidity, the soil solution will consequently exhibit a greater degree of acidity than would be inferred 

from soil pH measurement alone. Even then, soil pH, which is easily determined, can be a good indicator 

of general soil condition. However, as a measure of active acidity in a medium that behaves as a weak 

acid, pH gives no indication about the amount of lime to be applied. Therefore, pH alone is no criterion 

for the amount of lime that should be added to a soil. For a more precise determination of soil acidity, 

buffer curves are prepared that relate a change in soil pH to the addition of a known amount of base. 

This measurement of potential acidity is the ‘lime-requirement’ in its loose sense. It is accomplished by 

the titration of the soil suspension with alkali while simultaneously measuring change in pH. 
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In spite of that, the optimum degree of soil acidity or the ‘lime-requirement' will vary considerably for 

different crops on different soils. The lime requirement is also related not only to the soil pH but also to 

the buffer capacity of a soil or its resistance to changes in pH. This is directly correlated with its cation 

exchange capacity. The larger the clay and organic matter content, the higher the cation exchange 

capacity and the greater the buffer capacity. And, if the soil is acidic i.e. base unsaturated, it will have a 

high lime requirement as elaborated below. 

The law of minimum, developed by the agricultural chemist, Justus Von Liebig in the early 1800s, states 

that essential element that is most limiting to plant growth will determine the rate at which the plant 

grows. For example, some acid soils are deficient in molybdenum, a plant nutrient needed in very small 

quantities. This deficiency can be just as limiting to plant growth as a deficiency in N, Which is the 

mineral nutrient that plants need in the greatest amount after H and O. 

In acid soils, deficiencies in phosphorus, calcium, magnesium, and molybdenum are common. Nitrogen 

deficiency may also occur if mineralization and nitrification processes are hindered due to low pH 

(pH<4.5). Toxicities of aluminum and hydrogen ions are common for plants growing in acid soils.  These 

deficiencies and toxicities decrease the uptake of other essential plant nutrients, such as nitrogen and 

potassium 

2.3.8 Fertilizing soils corrected for soil acidity 
As indicated above, some plant nutrients are added to the soils through liming. However, liming should 

not replace soil fertilization. The risk, because through the increase pH biological processes are again 

intensified, and through mineralization of SOM nutrients such as N and P become available at the cost of 

degrading of SOM status. This is at the basis of the Dutch expression derived from soil liming without 

soil fertilization as “Rich parent’s poor children”.  

Because P was lost from solution by adsorption with al in acid soils, it is important to add P with fertilizer 

when acid soils are remediated by raising pH. Increasing the soil pH will not rapidly bring P into solution, 

because aluminum phosphate compounds are very insoluble.  N is normally in short supply in all 

cultivated soils and thus should be added; because K will probably be in very short supply in the acid soil, 

there will likely not be adequate K for crop growth. Therefore, it is important to fertilize with N, P and K. 

Addition of organic matter counteracts the increased SOM turnover provoked by the increase in pH. In 
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the meantime, they can provoke relatively small, but important, amounts of all the essential plant 

nutrients. 

2.3.9 Choice of inorganic fertilizers 
Nitrogen and sulfur from fertilizers are oxidized by microorganisms hydrogen ions are produced during 

the oxidation. Therefore, soil pH decreases as a result of using fertilizers that provide these two essential 

plant nutrients with put which plants cannot grow and produce usable food, feed and fiber. Nitrogen 

and sulfur fertilizers should be chosen to minimize the acidification of soils. A useful index of the 

acidification that will result from the use of various fertilizers containing N or S is listed in the table 

below. Which indicate the number of kilograms of calcite, Ca CO3 needed to neutralize the acidity 

produced by the oxidation of a kilogram of N or S from a fertilizer compound? 

 Without alternate fertilizer choices, one has to accept that intensification goes hand in hand with a 

degree of acidification increasing the required lime frequency. However, besides the acidifying N- 

fertilizer urea, CAN is available; CAN is a source of nitrogen that has a limited liming effect. Short and 

long term benefits will determine farmers’ choice.  

Table 2.4 Amount of CaCO3 in kilograms needed to neutralize the acidity produced by the oxidation of a 

kilogram of N or S Supplied from fertilizer compounds 

Fertilizer Source CaCO3 applied to neutralize acidify 

per kg N or S 

Remarks 

Anhydrous ammonia 3.6  

Urea 3.6  

Ammonium nitrate 3.6  

Diammonium phosphate 5.4  

Ammonium thiosulfate 5.4  

Ammonium sulphate 7.2  

Monoammonium phodphate 7.2  

Elemental sulfur 7.2  

 

Fertilization 
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 Liming never substitute fertilization therefore the rate of fertilizer usually applied should be 

practiced after liming. 

 Nitrogen fertilizers have a greater acidifying effect on soils than other fertilizers.  

 Calcium and magnesium-and their removal in this manner has the same acidifying effect on soils 

as removal by a crop.  

 DAP, It does have also ammonium Fertilizers and Decrease the number of micro organisms  

Weeds in acidic soils Comprises: Broad Leaved Weeds and Grass weeds  

Gardeners and farmers constantly battle with the weeds, but weeds can have a useful purpose.  Weeds 

can be used as a soil indicator 

Both saline and sodic soils are found in arid or semi-arid climatic conditions where there is an excessive 

evaporation of water. 

Saline and/or sodic soil is caused by four separate conditions: 

 high salt in the parent material and low rainfall (low leaching) 

 high rainfall with poor internal drainage 

 high water table that carries salt to the soil surface, and 

 high amount of salt being applied (e.g., manure, poor quality irrigation water). 
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UNIT THREE:  

POST-HARVEST HANDLING OF 
SELECTED IRRIGATED CROP 
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3. Post-Harvest Handling of Selected Irrigated Crop 

3.1 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 continuous 

investing effort in irrigation on sustainable bases then he or she must be helped to obtain the full 

benefit from the investment. This will 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 is continually deteriorating. Recognizing proper handling practices and storage 

conditions is essential since decreases in quality lead to waste and unacceptability of fresh produce to 

the consumer. On a household scale, the reduction of postharvest losses could increase food availability 

and income due to improved marketability. So proper post-harvest handling is important intervention to 

reduce losses due to different factors.  

3.2 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 a total and complete loss. Activities in a postharvest 

system include harvest, grading, inspection, treatments, packaging, cooling, storage, transport, 

handlings and agro-processing (LaGra 1990). 
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As study conducted around Dire Dewa, Ethiopia by Mohammed Kasso and, Afework Bekele (2016) 

indicates 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 were caused tremendous mechanical, physiological and pathological damages on 

horticultural crops.  

 
Table 3.1 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) 

3.3 Challenges of Post-harvest los in Ethiopia 
 Lack of awareness and skill on post-harvest handling (mostly focused on  

          Pre-harvest). 

 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 
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3.4 Respiration and Postharvest Deteriorations 

 The causes of postharvest deterioration include; 

 Lack of temperature management, 

 Rough handling, 

 Poor packaging material, and 

  Lack of education about the need to maintain quality.  

In developing countries, the largest postharvest loss occurs at or around the farm as a result of the 

variety choose, 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 the 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 

and still maintain acceptable quality. The lower the temperature of harvested fruit and vegetables the 

lower the respiration rate.  

 
 

Figure 3.1 Storage lives Vs. 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:  
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 General senescence;  

 Water loss;  

 Diseases and pests;  

 Physical damages (mechanical injury);  

 Injuries  from temperature effects (chilling injuries); and  

3.5 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.  

• 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 

3.5.1 Components of Quality  
Quality is 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 can also be described as: 

• Low quality - not meeting consumer expectations 

• Acceptable quality – satisfying consumer expectations 

• High quality – exceeding consumer expectations  

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

Some of them are: 

o Genetic factors: cultivar selection and rootstocks;  

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

method of harvesting;  
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o Harvesting: maturity, ripeness, physiological age;  

o Post-harvest   treatments:   handling   methods,   storage   time   between harvesting and 

consumption; and  

o 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;  

 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.  

3.5.3 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. Where  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 
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either more produce can be placed in the container  or  the  size  of  the  container  reduced  which  

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

 Shape 

While  shape  differs  greatly  between  commodities,  it  one  of the  major  recognition  factors  used  by  

consumers  who  will  place  a lower  value  on  a  commodity,  which  lacks  the  expected  characteristic 

shape.  

 Color  

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

by  the  consumers  with  the development  of  other  desirable  quality  attribute  so  that  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 provoked by sweetness and sourness of the produce and  

 Aroma provoked by volatile organic compound detected by the nose.   

3.6 Causes of Post-harvest losses 
Postharvest losses can begin from using low quality seeds and materials. When there is a lack of quality 

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

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

 

Table 3.2. Cause poor quality 
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) 
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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.  

3.6.1 Primary causes 
a. 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 

condemned 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. 

b.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 rotting or 

other defects. Toxic substances elaborated by molds (micotoxins), cause some food to be condemned 

and hence lost. 

 

Figure 3.2 Decay 



 

 

Irrigation Agronomy Module 3 Participant Book Page 45 

 

c. 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 deliberately contamination of food with harmful 

chemicals such as pesticides or obnoxious chemicals such as lubricating oil. 

d.Biochemical reactions 

A number of enzyme activated reactions can occur in foods in storage giving rise to off flavor, 

discolourization and softening.  

e. Mechanical 

Bruising, Cutting, Excessive peeling or trimming of horticultural products are causes off loss. 

 

Figure 3.3 Pressure damage 

f. Physical 

Excessive or insufficient heat or cold can spoil food improper atmosphere in closely confined storage at 

times causes losses.  

From the above; Microbiological, Mechanical, and physiological factors are the cause for losses in 

perishable crops.  

g. Physiological   
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Natural respiratory losses which occur in all living organisms account for a significant level of weight loss 

and' moreover, the process 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.  

h. 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. 

3.6.2 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: 

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 



 

 

Irrigation Agronomy Module 3 Participant Book Page 47 

 

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.  

3.7 Management of post-harvest losses 
Produce is often handled by many different people, transported and stored repeatedly between harvest 

and consumption.  In this transaction there are losses that need management. 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:- 

o Reduction in carbohydrate loss 

o Decreased rate of deterioration 

o Increased storage and shelf life 

         Low temperatures not only reduce respiration rate, but also reduce 

o Water loss through transpiration 

o Nutritional loss  

o Decay 

o Ethylene production  

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

 3.7.1. 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. 
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 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 the maturity stage that means too early or too late. Post-harvest lose 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.  

• 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  
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3.7.2 Harvesting technique and operations  
    In   developing   countries   most   of   the produce for internal rural and urban markets is harvested by 

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

damage 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 3.4 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: 

 Leaves only (spinach, rape, etc.) and lateral buds (Brussels sprouts, etc):  the stem is snapped off 

by hand;  
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 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  

 The detrimental effects of poor harvesting practices are often not evident at harvest but will be 

greatly magnified during storage and marketing.  

3.7.3 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 
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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 product after storage. 

3.7.4 Removal of unmarketable material and cleaning 
• Handling of plant material that can’t be sold is cost,  

• So 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 

reject product. 

• Water dipping through washing help to remove most dirt from the field 

• Clean fruits can be dried with sponge or hot air 

3.7.5 Packaging operations 
Packaging is also one of the 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 

•   level of wholesales or super market chain 
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                        Figure 3.5 Preparation for market  

3.7.6 Appropriate storage and facilities 

1. Natural or field storage 

 It leaving the crop in the soil until prepared for market, eg root and tuber crops such as carrot, sweet 

potato, and cassava. But there may be affected by pest and disease. 
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2. Natural ventilation:  

This natural ventilation helps to remove heat and humidity by allowing air flow around the product. 

3. 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. 

3.8 Post-harvest Handling of Selected Irrigated Crops 

3.8.1 Tomatoes 
 

 

Figure 3.6 Good appearance of matured tomato 

Tomato is the most perishable vegetable due to its softness and high water content. So, proper post 

handling practice is the important activity in tomato production. Here under there are some technical 

recommendations that 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, 
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cool place. The matured fruits should be harvested with plastic buckets (pails) or wooden or plastic 

boxes and can be transferred if necessary to plastic field crates holding not more than 20 to 25 kg 

weight.  

 

       Figure 3.7 Poor harvesting time and harvesting material 

 

Figure 3.8 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.  
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Sorting should be under shadow. High fruit temperature will drastic reduce their shelf life. Grading can 

be in a machine or manual (washing and sizing). Sorting machine is mostly human eye. 

 

Figure 3.9 Grading problem with size and maturity  

 

Figure 3.10 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  mostly  on  a  small  scale,  this  is  not  necessary  since 

tomatoes are normally harvested at maturity and ripen naturally.  
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 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 for green produce and one 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 OC and 90-95% Relative 

Humidity, if there is enough ventilation.  Fully ripe tomatoes have only 4 to 7 days’ storage life, at 13-15 

OC and 90-95% Relative Humidity. 

 

Figure 3.11 Pot-in-pot cooling 
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Figure 3.12 Tomato stored at cold room 

3. 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. So knowing the appropriate time of harvesting is important as 

maturity of product determine the duration or storage time. 

 

Figure 3.13 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. 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, carried out immediately after harvest. Curing is a drying out processes. 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 3.14 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. 

• Prevent disease infection and improve its storage life. 

• 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 

 

Figure 3.15 Selecting and grading 



 

 

Irrigation Agronomy Module 3 Participant Book Page 60 

 

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.   This   is,   

however,   a   labor-intensive   operation   suited   to   small-scale production using family labor.  

 

Figure 3.16 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 temperatures between these, onions will sprout 

in storage.  Onions stored in a damp atmosphere will develop roots.   
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             Figure 3.17 Onion sprouting due to high tem. Storage or luck of management 

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.  Dried  onions  can  be  

stored  in  cold  storage  at  0-5 oC,  65-70% Relative Humidity,  up to 8 months. Storage of Onion 

consumption is the same as to potato storage for seed (DLPS). 

  

Figure 3.18 Ventilated onion storage structures 
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3.8.3. 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 amount of time 

available. If you find high levels of pests and diseases, then you must sort more frequently. 

 Sorting before planting  

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 by removing those seeds damaged by pests and disease. 

You should not plant damaged seed potatoes. Another important characteristic to pay attention to 
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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. Potatoes which are to 

be stored 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 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 

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. 
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Figure 3.19 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 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 3.20 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 be  allow penetration of enough light  

 The shelf length 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 
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WPS (Wear potato store) 

 Potatoes for consumption (ware potatoes) must be kept in dark to prevent greening of tubers. 

  The high water content and rich carbohydrate is conducive for spoilage through respiration   

and pathogen attack 

  The inside temperature must be maintained    at low level 

 

Naturally Ventilated 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 

 

 

 
 

Figure 3.21 Storage for ware potato constructed from local material 

 No  entrance of light 

 To protect from pest and insects use mesh wire 



 

 

Irrigation Agronomy Module 3 Participant Book Page 67 

 

 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. 

 

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. 

 
Figure 3.22 Potatoes prepared for local market 

3.8.4 Head cabbage 

 

Figure 3.23 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.   

The following care is necessary to keep losses to a minimum:  

o 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.   

o They must be kept in the shade and not exposed to direct sunlight.   

o 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.   

o 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 3.24 Improper store or field assembly of the produce 

 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.    
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 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.  

 The optimum temperature for storage of cabbage is from 0 oC  - 2 o
C with RH of 90-98%.  

 Under optimum condition cabbage can be stored for about 5 months. 

 

Figure 3.25 cabbage stored at cold room properly 

3.8.5. Peppers 

 

Figure 3.26 Pepper ready for harvest  
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Harvesting  

• For fresh use harvest at the green stage. 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 in it, 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 0C. 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, 

accelerates ripening and color changes.  

Peppers are also sensitive to chilling injuries.  If kept at temperatures below 4 oC, 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 never should be stored and shipped together with peppers.   
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.  

Figure 3.27 Harvested and ready for market  

 

             Figure 3.28   Pepper prepared for dry or powder 
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4. Application Strategies of IPM, Pesticides and Pesticide 

Management 

4.1. Introduction  
The protection of plants by combatting the negative effects of pests and diseases on crop production is 

of major importance for food security in developing countries. This is particularly true for regions where 

increased productivity and production is needed to reach the goal of food security. However, the aim of 

plant protection is not to ensure maximum production but to ensure optimum production in an 

economical and sustainable sense (IAC, 2000). Pesticides form an important means to control pests and 

diseases. However, despite their widespread use, pest damage still causes significant yield loss in 

agricultural systems. According to FAO, pre-harvest crop losses caused by pests and diseases are in the 

order of 30-35% worldwide. With the rapid growth of pesticide resistance in insects, pathogens and 

weeds, these losses are likely to increase. Thus, it is important to integrate various control measures and 

not rely on chemical controls alone. A judicious use of pesticides is moreover justified by the increasing 

awareness of the environment, the need to implement sustainable agricultural production methods and 

the occurrence of accidents with pesticides.  A range of techniques that may be used by farmers is 

already available. These include the use of various cultural practices such as crop rotation, multiple 

cropping, timing of planting, further habitat management that enhances natural enemy populations, 

biological control agents, direct trapping of insects, use of thresholds and, finally, the careful and timed 

use of pesticides. The whole concept, utilizing all possible pest control measures in an environmentally 

sound and, for the farmer, economically viable program, is called Integrated Pest Management (IPM). 

4. 2. Key steps in the Implementation of IPM 
Though the expressions of key Components or Steps in the Implementation of IPM are described in 

module one, the lists are presented in this module for memorization. 

1. Correct pest Identification -The first step in any IPM program is to correctly identify the pest.  

2. Understanding of pest and crop dynamics  

3. Planning Preventive Strategies as the preferred management strategy in IPM;  
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4. Monitoring 

5. Decision making  

6. Selection of Optimal Pest Control Tactics to manage the problem while minimizing economic, 

health and environmental risks. 

7. Implementation  

8. Evaluation  

4.3 Control Strategies of IPM 
While growing a crop, the IPM decision making procedure a choice has to be made whether or not to 

control pests1. If the answer is affirmative the next questions will arise: when and how to control. The 

farmer has to take a decision from a complexity of multiple choices. There are many different methods 

for controlling pests; often these methods interact with each other. Effects of various cultural practices 

such as crop sequence, tillage, soil amendments, fertilisation, and rate and date of sowing have often 

effects on each other, while they have an influence on chemical and genetic methods of control as well. 

Some control methods are applicable to a wide range of pests, but most methods are effective only 

against a small range of pests, of ten determined by similar methods of survival or dispersal between 

host plants.  

 

Obviously practising of pest control is as old as agriculture. For many millennia human beings have 

incorporated, consciously or unconsciously, pest control measures into their production system. These 

traditional control methods were developed empirically by trial and error through centuries, natural 

selection and close crop observation. Through the influence of 'modern' agriculture indigenous 

knowledge of control methods tends to disappear fast.  

 

In different handbooks classifications on control methods may be made according to the following lines:  

 non-chemical methods versus chemical methods, or  

 preventive versus curative control methods, or  

                                                             
1 In the following the word 'pest' will be used in its widest sense as a word indicating any harmful agent of biotic nature, 
including weeds, viruses, bacteria, fungi, nematodes, insects and other arthropods, and so on. 
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 preventive versus intervention versus regulation, or 

 reduction of initial amounts of inoculum / number of pest individuals versus reducing rates of 

pest development, or  

 direct control methods versus measures reducing the probability of damage 

 

In the following the last mentioned classification is used, following partly the general textbook of 

Heitefuss, R. (1989) Crop and plant protection: the practical foundations. This classification follows 

roughly the following lines: 

 Control measures to reduce the risk of damage; 

 Direct control measures; and 

 Other control measures. 

4.3.1 Control measures to reduce the risk of damage 
Crop protection measures are discussed as an aspect of good crop husbandry, leading to avoidance and 

risk reduction or prevention of pests. Basically, preventing the occurrence of pest problems before they 

can cause economic damage is by far the most preferred approach in IPM. The starting point to 

prevention is crop health. The first rule of IPM is often cited as "grow a healthy crop". Pest problems in 

agricultural crops are often linked to inadequate plant health and can be avoided through good farming 

practices. Pests prefer sick, weak, or injured plants, and good crop health is therefore related to a lower 

incidence of pest problems. Preventative measures in IPM often address pest problems indirectly by 

improving crop health.  

 

Some preventative measures directly inhibit pest problems. They are proactive and are implemented 

before there are any pest problems. Some of these direct preventative measures target specific pests 

while others reduce the chance of pest outbreaks generally. Many preventative measures act by 

strengthening the natural control capacity of the agro-ecosystem for a particular pest, resulting in 

increased natural enemy populations. A key and very effective preventative method is to increase the 

bio-diversity of the agro-ecosystem. 
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4.3.1.1. Bio-diversity 

Increasing the bio-diversity of the agro-ecosystem will increase system stability and reduce pest 

outbreaks. By encouraging many different species to co-exist in an agro-ecosystem, the farmer can 

reduce the risk that any one of them will become a major pest problem, although in some specific cases 

it may increase the risk of a pest outbreak. 

 

Bio-diversity can be encouraged in many different ways. Increasing soil organic matter, mulching 

exposed soils, and reducing unnecessary cultivation can increase soil bio-diversity. Encouraging 

hedgerows, inter-planting crops, using living mulches, and planting trees can increase plant bio-diversity. 

Integrating livestock into the agro-ecosystem, protecting natural enemy habitat, adding ponds, and 

increasing plant species diversity can increase animal bio-diversity. Finally, crop genetic diversity can be 

increased by (i) planting different varieties of a single crop, or (ii) multiline varieties, or (iii) using older 

varieties and landraces. See further the chapter on “Genetic diversity of the crop”. 

4.3.1.2. Cultural methods  

The various cultural practices of crop production can prevent pest problems because they encourage 

good crop health and bolster crop resistance to pests. Crops should be grown in the appropriate climate 

and in the appropriate season. Crops grown out of season, outside their ideal range or planted too close 

together are often stressed and therefore more prone to pests. Practices such as soil preparation, 

sowing date, fertilisation, cultivation methods of the growing crop, etc. can have a large influence on the 

incidence and severity of pest injury and damage. Cultural controls can affect pest populations in various 

ways. They can make:-  

 the crop plant or agro-ecosystem unacceptable to the pest and the pest will avoid the crop, or 

hinder spread of pests through the crop; 

 the crop plant in time or space, causing it to be unavailable to the pest during the period when it 

normally feeds;  

 the agro-ecosystem a dangerous place for the pest by increasing beneficial populations; and 

 an increased resistance of the plants to pests.  

 

However, cultural control aimed against one pest may well improve the conditions for another, thus 

enhancing other pests.  
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4.3.1.2.1. Location  

The choice of location for the cultivation of a specific crop may influence the damage caused by pests, as 

e.g. the topographic conditions modify the microclimate of a crop. The choice of location for a crop may 

be considered at farm level, but also at a national or international level, where unfavourable climatic 

conditions for the pest or the absence of the pest are mostly the major reasons for such choice. The 

latter is the case under the heading disease avoidance, which means that the crop is deliberately grown 

in areas known to be tree of the pests. This applies in particular for the production of disease tree seed 

in relation to seed-borne pathogens.  

4.3.1.2.2. Spatial methods 

The way that crops are arranged on a farm can affect their susceptibility to pest outbreaks. Several 

methods that can prevent pest problems are listed in the following.  

 Cropping Pattern 

 Plant Spacing  

 Intercropping  

 Strip cropping 

 Crop isolation  

 Border crops  

 Trap crops.  

 Demolition of Secondary hosts   

4.3.1.2.3. Sequence methods 

Previous crops can have an effect on pest problems in the present crop. Planting crops in a particular 

sequence can reduce pest problems in general and soil-borne pest problems in particular. Several 

sequence-related planting methods that can prevent pest problems are listed in the following. 

 Crop rotation  

 Multiple Cropping  

 Over seeding and under sowing: Over seeding and under sowing are farming techniques where 

one crop is sown into another. Other terms for this operation include relay intercropping, and 
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inter-planting. Planting or seeding a second crop into an established crop can reduce pest 

problems. 

4.3.1.2.4. Soil tillage  

The purpose of soil tillage is to keep the soil in an optimum condition for the crops and to maintain the 

soil's long term production capacity. The physical characteristics of the soil, such as soil temperature, 

structure and humidity influence survival rate of soil inhabiting organisms, including pests. The timing 

and the method of soil tillage influence the physical characteristics of the soil.  

 

Minimum or no-tillage systems may have positive as well as negative effects on survival rates of pests. It 

is obvious that weeds increase under such systems. In such cases an additional shallow tillage may 

overcome a problem. Ploughing and deep ploughing mostly lowers the damage of pests. However, 

pathogens with a great saprophytic competitiveness and a higher survival potential are buried with the 

first ploughing but can be brought to the surf ace by next year's ploughing while they are still infective.  

4.3.1.2.5. Organic manuring  

Manuring with organic matter affects the yield of crops mainly through its effect on soil fertility. Rapid, 

healthy plant growth can reduce pest damage in four ways:  

 quick growth shortens any susceptible stage;  

 it may lead to the maximum expression of same resistance factors;  

 it allows maximum compensation for damage by the plant; and 

 it can promote uniformity and density of crop stand, which can discourage same pests.  

 

In the latter case other pests may be promoted as the nutritious plants may favour them. Excessive 

manured crops may receive a good nitrogen fertilisation often resulting in an increased susceptibility to 

pests. On the other hand manuring with potassium and phosphate tends to reduce the incidence of 

same pests and are often associated with greater resistance to root and vascular pathogens.  

 

Further, the effect organic manuring bas on the increase of microbial activity of the soil is crucial for its 

effect on the probability of damage. The effects of soil amendments may have reducing or increasing 

effects on diseases. As regards nematodes, addition of organic matter to the soil increases the 
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population of fungi antagonistic to nematodes and apparently also that of predacious nematodes and of 

internal parasites of nematodes. In some instances negative effects on nematodes were observed.  

4.3.1.2.6. Mineral fertiliser  

The most well-known effect of mineral fertilisers is the above mentioned effect of nitrogen on the 

stimulation of various pests. Excessive nitrogen may result in luxuriant growth and succulent tissues 

predisposing plants to mildews and other foliar diseases. A well-balanced application of mineral 

fertilisers may have a positive effect on the plant growth and therefore reduce the damage of pests as 

described under the previous paragraph.  

 

The following rules of the thumb may be given for the most important mineral fertilisers:  

 Excessive nitrogen applications increase the plant's susceptibility to pests;  

 the susceptibility of the plants is reduced by a correct dosage of potassium in combination with 

other elements; 

 to a lesser extent the same applies for phosphate; and 

 several pest problems have been managed using a disproportion of specific trace elements, such as 

silicon or zinc. 

4.3.1.2.7. Pasturage 

Grazing animals in a crop field before, during or after harvest can reduce pest problems. Grazing animals 

can be thought of as another 'crop' in crop rotation or multi-cropping scheme. Domestic cattle, buffalo, 

pigs, ducks, poultry, and fish can drastically change the nature of a crop field through their grazing 

activities. 

 

Grazers can reduce pest populations in a crop field. Poultry dig and scratch soil with their feet, 

overturning and consuming insects and weed seeds. Ducks consume small weeds and mollusks, and are 

particularly useful for controlling rice-field pests. Larger animals crop weeds, till the soil with their 

hooves, and leave behind manure. 

4.3.1.2.8. Sowing and transplanting date  

Among the agricultural reasons for choice of sowing date, probability of damage caused by pests is 

considered as well. By early or late sowing it may be possible to avoid the egg-laying period of an insect 
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pest. Timing can also be used so that the vulnerable stage in plant growth has passed by the time the 

insect pest reaches the damage threshold for the normal sowing date. The sowing or transplanting date 

may as well coincide with favourable or unfavourable climatic conditions for the development of the 

pest.  

 

Synchronised sowing or transplanting dates prevent the continuous pest development on the otherwise 

consecutive growing crops.  

4.3.1.2.9. Efficient harvest and storage 

An efficient harvest can break pest cycles and result in clean product. Properly managing storage pests 

maintains value of the stored crop and prevents it from becoming a pest vector for future crops. The 

harvesting date of a crop is often determined by the state of maturity or moisture content of the crop. 

The weather can be a crucial factor for the optimal harvest date. A clean, well-timed harvest can prevent 

pest problems in the harvested and future crops. Proper sanitation measures should be followed, and 

crop materials that can harbour pests until the next season should be removed. Crops should be 

harvested at the proper growth stage. Harvesting early or late can cause pest problems in storage. 

However, early harvesting, sometimes even before the maximum yield is reached, may prevent 

considerable yield loss by same pests as the crop escapes attack. Harvesting during dry conditions helps 

to avoid grain damage by mould and fruit rots. Early maturing cultivars may escape the damage 

threshold, as the pest does not have the time to reach that level.  

 

Crops should be properly handled before storage. Drying, curing, and other primary processing activities 

should be planned and carried out with IPM in mind. If a crop is going to be machine dried, for example, 

part of the drying cycle could be at a high enough temperature to kill any potential storage pests. In 

most crops it is not possible to affect ripening by special measures. In potato growing, however, the 

premature defoliation or haulm killing by mechanical or chemical means represents an important tool to 

reduce the occurrence of viruses and late blight rot in the tubers. These methods accelerate the ripening 

of the tubers and eliminate leaves as a source of inoculum.  
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Managing pests in stored crops is a challenge for most IPM practitioners. Pests can rapidly multiply and 

damage large portions of a stored crop but they are often hard to detect. Stored crop is often neglected 

until it is time to eat or sell it - this is too late to apply appropriate interventions! 

Stored crop IPM follows the same procedures as field IPM. First, store the crop in a way that prevents 

pest problems in the first place. Second, monitor for pests, identify any found, determine whether they 

will cause economic damage, and intervene if necessary. 

4.3.1.2.10. Closed season  

The enforcement of a closed season helps to break the food cycle of especially monophagous insect 

pests and specialised pathogens. When combined with sanitation method of the destruction as old 

plants and crop debris at a certain date it reduces even further the pest organism population.  

4.3.1.2.11. Water and humidity management  

Irrigation 

Over watering and drought can stress crop plants. Water management in agro-ecosystems can also have 

large effects on pest habitat and populations. Carefully managed irrigation can be an excellent way to 

manage pests.  

 

First: applying an optimum amount of water to a crop results in quick-growing, healthy, and pest-

resistant plants. Over watering can cause plants to become lush and prone to fungal diseases and insect 

such as thirds and aphids. Plants stressed from under watering will be less able to withstand pest 

attacks.  

 

Second: water can be used directly on pests. Strong jets of water can physically knock pests off of plants, 

while Small insect pests are easily washed off plants by overhead irrigation and flooding a field can 

drown non-aquatic pests, eliminates mainly soil-borne insect pests that occur normally in non-flooded 

fields. Newly-irrigated soil particles may swell enough to crush soil-dwelling pests.  

 

Third: water can be used indirectly to control pests. Flooded rice-paddies attract fish, frogs, and other 

aquatic predators to prey on pests. Raising and lowering water levels in a flooded field can augment 

predation of above-water pests by aquatic predators. Adjusting irrigation can speed or slow crop 
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maturity, preventing a crop from ripening at the same time as a pest population peak. 

 

On the other hand pathogens which can be spread by water, and which need moisture for infection, are 

promoted by overhead irrigation.  

 

In arid and semi-arid regions, where irrigation is essential for crop growth, irrigated crops may act as a 

magnet for certain actively moving pests while it may promote damage caused by termites. It has been 

shown that irrigation may as well enable a pest/natural enemy complex to persist and reduce 

consequently the pest damage.  

 

To retain moisture in the soil and to avoid erosion mulching can be practised (see as well under the 

paragraph on mulching). Mostly plant debris is used, while increasingly relatively cheap plastic foils are 

utilised for mulching valuable crops. Again mulching may have beneficial and negative effects on pest 

problems. The mulch may harbour potential pests for the crop while on the other hand it may enhance 

the development of the natural control components of the pest. Mostly it reduces the weeds.  

 

Improved drainage decreases the risks of diseases caused by water logging, e.g. damping offs or 

Phytophthora diseases.  

Humidity management 

Pruning in tree crops may influence the humidity in the crop, therefore influencing outbreaks of foliar 

diseases. The humidity and other microclimatological factors are influenced by the spacing between the 

plants, thus affecting the development of pests. The silhouette of the plant against the soil often 

influences migrating insects. Densely planted crops prevent the forming of such silhouettes, causing 

them to be less attractive for e.g. flying aphids. On the other hand such densely planted crop may have 

weaker plants, being prone to pest attack.  

4.3.1.2.12. Sanitation  

Sanitation aims to prevent the introduction of pests into field, farm or community and it aims to reduce 

or eliminate inoculum from infected fields. Phytosanitary methods that destroy sources of inoculum or 

reduce numbers of harmful insects are considered effective agricultural methods.  
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To prevent the introduction of pests, an attempt must be made to identify all the means by which a 

given pest causing organism can be carried from one field to another field or one region to another 

region. This includes seeds and other propagating material, water, animals, plant debris, compost, farm 

yard manure, poles for supporting plants, implements, wheeled farm equipment and vehicles, packing 

material in recurrent use and last but not least man. The prevailing direction of winds may also have to 

be taken into account. Once the potential means of introduction have been identified, its prevention 

becomes a matter of common sense, experience, and economic considerations.  

 

Sanitation can take several forms, such as:  

 Removal and destruction of plant debris reduces hiding and breeding sites and the quantity of 

inoculum; 

 Removal and destruction of diseased plants or plant parts may control adequately many slowly 

spreading pests. It is often practised for root diseases of perennial and fruits infested by fruit flies; 

and  

 Removal of fruits to break the development cycle is practised by the actual removal of the fruits or 

by bagging the fruits for the protection from e.g. oviposition.  

 

Although the mechanical removal of the actual pest is mostly considered a direct control method, it is 

sometimes mentioned under phytosanitary control methods. Most phytosanitary measures are rather 

simple to apply; they are labour intensive and thus may he expensive. Therefore it is necessary to find 

out whether these efforts are worthwhile to promote the health of the present and/or furore crop.  

4.3.1.3. Genetic diversity of the crop 
Crop varieties with different host-plant resistances can be intercropped in ways that augment these 

characters. High crop genetic diversity is a traditional way of ensuring an adequate harvest. Historically, 

farmers altered the genetic makeup of crop plants by selecting propagating plants with desirable 

characteristics. As scientists began to understand how crop genetics worked and became more adept at 

manipulating the genetics of a crop, the genetic diversity of major crop varieties were reduced in order 

to produce uniform high yields. This trend towards reduced crop genetic diversity has continued with 

the advent of biotechnology techniques such as marker-aided selection and genetic engineering. 
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Reducing crop genetic diversity may lead to a uniform crop with desirable characteristics, but it also 

leaves crops vulnerable to pests and adverse environmental conditions. Often, as in the case of hybrids, 

the crop is restricted to a single genome. The consequences of massive plantings of single-genome 

hybrids can be severe, as was the case in the United States in 1970-71 when southern corn leaf blight 

destroyed 15% of the US corn crop due to broad plantings of a susceptible hybrid. Similarly, massive 

plantings of pest-resistant rice varieties in Asia have led to widely-distributed resistant pests after a few 

seasons, and subsequent pest problems as pests develop 'resistance to the resistance'. 

 

There are several ways in which crop genetic diversity can be increased and genetic vulnerability 

decreased.  

 Promotion of traditional varieties. Traditional varieties that are mass selected tend to have high 

degrees of genetic diversity. Although these varieties tend to be lower-yielding than modern, 

high-yielding varieties, they are more dependable and stable under fluctuating pest regimes.  

 Intercropping multiple varieties. Intercropping multiple varieties of a single crop can increase 

crop resistance to pests, especially when the varieties are resistant to different pests. For 

example, the intercropping of a blight-resistant rice cultivar with a blight-susceptible cultivar of 

rice allowed the blight-susceptible cultivar to be grown successfully in an infested area.  

 On-site selection and seed saving. By selecting and propagating crop varieties on farm, farmers 

can adapt a variety to their local conditions while maintaining crop genetic diversity. 

4.3.1.4. Plant Appropriate Crops and Cultivars  
Most crops and cultivars are adapted or bred to perform best under particular environmental 

conditions. Crops grown outside of this optimum location are often subject to increased stress and 

reduced health, and are prone to pest problems. Growing the right crop in the right location and season 

is a sensible pest prevention method. For example, the grape (Vitis vinifera) is a temperate to sub-

tropical crop that is also cultivated in the tropics. In Thailand, commercial grape vines may be treated 2 

or 3 times per week with copper and sulphur fungicides in order to control various fungal diseases. 

While temperate grape crops are also often heavily sprayed, this excessive requirement for fungicides 

can be considered the result of growing a crop well outside of its optimum range. 
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Wheat is another example of a crop that is limited to certain environmental conditions. While it can 

physiologically survive in hot, humid conditions, diseases and pests are encouraged by such conditions 

and effectively limit its cultivation in the tropics. Wheat consumption is increasing rapidly in many 

tropical countries, but breeders have been unable to develop wheat strains which are suitable for 

tropical conditions. Growing wheat in the tropics therefore requires heavy use of pesticides, and an IPM-

oriented farmer is probably better off choosing another crop. 

 

Tomatoes are a widely grown cash-crop throughout the world. In the tropics, they are grown mainly in 

the dry season, partially because tomato plants need temperatures below 30 degrees Celsius in order to 

set fruit, and partially because of pest pressure. Fresh tomatoes can be sold at a premium in the wet 

season, however, and many farmers attempt to grow them during this more difficult 'off-season'. 

Special cultivars have been developed for this purpose, and these should be chosen over the 'regular' 

varieties for wet season growing. By growing cultivars adapted to each season, an IPM farmer can 

effectively reduce potential pest problems. Tomatoes are a good example of a crop where different 

cultivars are more appropriate for different seasons in the tropics. 

4.3.1.5. Host plant resistance  

4.3.1.5.1. Introduction  

Host plant resistance is attractive to IPM workers because it is perceived as being highly specific, 

precisely controllable, and limited only by the imagination and creativity of scientists. Genetic 

interventions can be packaged, propagated and delivered in a form that is readily acceptable and easy to 

use - seeds or other planting materials. They are self-perpetuating, do not pollute the environment 

through spray drift or run-off, and are affordable. The technical success of the Green Revolution was 

dependent on host-plant resistance bred into key crops, and many advocates of genetic engineering 

envision a second Green Revolution based on the latest molecular advances.  

 

The following criteria are usually considered when choosing a cultivar of a certain crop:  

 adapted to the environmental conditions of the region;  

 a good potential for yield and quality; and  

 resistant against abiotic and biotic damage causing factors.  
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The latter point will be partly discussed in the following paragraphs.  

4.3.1.5.2. Classification of host plant resistance  

There are many ways in which pest resistance can be classified as it varies considerably in the way it 

operates, the method of its inheritance and how it behaves under field conditions. A differentiation can 

be made between morphological and biochemical resistance mechanisms. Classification according to 

inheritance of the resistance: major gene resistance and polygenic resistance. The behaviour of 

resistance can be differentiated into vertical and horizontal resistance.  

4.3.1.5.3. Terminology  

The terminology in relation to host plant resistance against pests may result into confusion when these 

terms are incorrectly used. The terms refer to the characteristics of the host plant or to the 

characteristics of the pest. Within these two categories the terms may be ascribed to the way the pests 

colonize a crop, multiply, or develop symptoms of injury.  

 

Resistance  

The capacity of a plant to avoid or repel attack by pests  

 

Susceptibility  

The plant is not able to resist infection by a pest, resulting in visible or non-visible symptoms. These 

terms are complements to each of the other and they are on a sliding scale, meaning that a plant can be 

more or less susceptible and less or more resistant. A plant with a high level of resistance to a specific 

pest is less susceptible to that pest. Resistance hinders often the development and the activity of the 

pest, resulting in a reduced multiplication and or dispersal of the pest.  

 

Immunity  

This term can be explained in two ways. The first is an absolute or extreme form of resistance, based on 

the same active interaction mechanism between pest and host plant, effective at its maximum. The 

second constitutes a complete different phenomenon. The immunity is a result of the non-existing 

interaction between pest and host plant, being a passive form of resistance.  
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Tolerance  

The plant is able to endure infestation or infection by a particular pest without showing severe 

symptoms or damage. In the above terminology it means that tolerance refers to an interaction 

between the pest and plant host. The pest has also an influence on the development of symptoms of 

injury in the host: aggressiveness and virulence.  

 

Aggressiveness  

The pathogen is able to attack many genotypes of host plants. It expresses itself best in host- pest 

relation systems based on the gene-for-gene system.  

 

Virulence  

This term refers to the ability of a pest to cause injury in a host plant.  

 

Non-preference 

The crop plants are avoided by the pest because they do not ‘like’ the plants. 

 

Antibiosis 

Plants cause a reduction in the biological performance of the pest. 

4.3.1.5.4. Morphological and apparent resistance  

Apparent resistance is based on the fact that the plant's susceptible stage does not coincide with the 

pest or its injury causing stage. Another term is pest (or disease) escape. The pest escape is depending 

for a large degree on the environmental conditions, especially the weather, and, of course, by the 

sowing date. It may be caused by a toughened stem of an early maturing cultivar, not allowing a pest to 

penetrate in time into the sterns. This is a morphological characteristic.  

 

Other morphological resistance characteristics are e.g. the waxiness of the cuticle, the silica content of 

the epidermis, the presence of hairs on the epidermis, tightness of floral bracts, and thickness of cell 

walls.  
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These resistance mechanisms are not induced by the pest; they are always present and operational in 

the plant. The induced or true resistance mechanisms are made operational by the presence of the pest. 

Thus, induced resistance is a reaction to the presence of the pest.  

4.3.1.5.5. Induced resistance  

As explained above this resistance based on the plant's specific defence mechanisms that operate as a 

result of an infection. This mechanism is in most instances very specific, i.e. it is only activated by certain 

races of pests on certain host plants.  

4.3.1.6. Biological control  

4.3.1.6.1. Introduction  

The term biological control was applied to include virtually all pest control measures except the 

application of chemical pesticides. Nowadays it is generally agreed that the term should be reserved to 

the use of living organisms as pest control agents. Heitefuss (1989) gives the following definition in 

which a broad view is expressed:  

 

Biological plant protection is the man-directed utilization of organisms (including viruses) and their 

performance or products to protect plants against stresses caused by biotic and abiotic factors.  

 

It is implied as for all other discussed control methods, that biological control does not strive for 

complete eradication of pests, but aims for the reduction or limitation of their population density in 

order to keep it below the damage threshold.  

 

Modem biological control depends upon the use of specific natural enemies of the target pest carefully 

selected and screened to eliminate species that could pose a threat to other useful organisms. Further it 

includes the conservation and enhancement of indigenous natural enemies by cultural measures that 

manipulate the populations of natural enemies.  

4.3.1.6.2. Advantages and disadvantages of biological control  

The general advantages and disadvantages of biological control are described shortly below. 
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Disadvantages of biological control are that it:  

 acts slowly;  

 works not as an exterminator, which applies to control systems intended to keep itself going, as 

low levels of pest have to remain present to keep the biological control agent alive;  

 may be unpredictable as in most instances the farmer has relatively little influence over the 

control system; and 

 limits the subsequent use of pesticides (this one may considered to be an advantage as well) 

 

Advantages of biological control are that it is:  

 rather selective, hardly with side effects;  

 relatively cheap, provided that in the comparison with pesticides all the development and 

environmental / health costs are taken into account;  

 often self-propagating and self-perpetuating, except in the (seasonal) inundation system; and 

 unlikely that resistance of pests to this type of control will develop.  

4.3.1.7. Healthy seed and propagation material  

Many pests are transmitted along with seeds and other planting materials. Seed or vegetative 

propagation materials such as tubers, cuttings, etc. are of basic importance in the production of healthy 

crops. It is the quality of the planting material that determines the potential of the crop; the realisation 

of the potential depends largely on cultural practices and environmental conditions. Bad planting 

material cannot be improved by good field husbandry techniques.  

 

In order to guarantee the quality of seed and plant propagation material, a series of measures have 

been laid down by the legislators in a number of countries. Certification of propagation material can he 

organized at a national level. Certified seed is often more expensive than locally available seed but the 

extra cost should be balanced against the potential risks of using uncertified seed. Vegetatively 

propagated crops are often grown in tissue culture to obtain disease-free strains. 

 

Some planting materials can be sterilized by the farmer himself. INIBAP has outlined a method for 

preventing banana disease by using a hot water bath on planting stock. Insect pests can be removed 
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from seed stock by dry heating in an oven. Sunlight, carbon dioxide, steam, and bleach solutions are 

other low-tech ways to reduce transmission of pest problems through planting stock.  

 

At an international level the prevention of spread of pests over the world resulted in an International 

collaboration which led to the 'International Plant Protection Convention' of 1953.  

4.3.1.8. International (and domestic) regulatory control measures  

4.3.1.8.1  lntroduction  

Pests have evolved to their fullest extent in the centres of origin of specific crop plants. Many pests are, 

therefore, localised in specific areas. It is in the interest of agriculture generally that their distribution 

should not be extended. Often crop species have been extended to new areas, initially without 

spreading many of their pests. Under the absence of pests these crops produce well in the new areas. 

Much of this advantage is slowly lost as pests tend to follow the crop sooner or later. 

 

Regulatory and legislative approaches to IPM operate at an organizational level that is larger than a field 

or farm. They manage pests on a regional or national level. Many types of pests, such as migratory pests 

or those that have been accidentally introduced, can be controlled effectively through regulatory 

interventions. Many cropping regions enjoy comparative advantages over other regions due to 

successful quarantine and eradication programmes against major crop pests.  

 

Regional or national programs to manage pests rely on cooperation by (and enforcement of) individual 

farmers, and in many countries effective regulatory interventions are difficult or impossible to achieve. 

As international trade of crops and crop products increases, so does the potential that new pests will be 

introduced into previously pest-free areas. Sometimes, regulatory interventions have little to do with 

practical pest management, but are used to protect domestic producers from competition with cheaper 

imports. Some regulatory interventions are listed below.  

 Quarantine. Preventing the introduction of known or unknown crop pests by excluding infected 

materials and vectors from a particular region.  

 Eradication. Regional campaigns that aim to completely eliminate a particular pest.  

 Control districts. Areas where particular plants or other organisms are prohibited due to their 

status as alternate hosts for major crops.  
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 Crop-free periods. Attempts to eliminate pests that move from old crops to younger crops by 

cutting off their food supply for a designated period.  

 Planting time restrictions. By enforcing a planting time for a particular crop, pests that emerge 

on predictable environmental cues can be managed.  

 Enforced growing of particular cultivars. In areas where pest problems are endemic, enforced 

growing of resistant cultivars can reduce populations permanently.  

 Compulsory sanitation measures. Strict sanitation measures, such as burning of residues or 

burying diseased animals can prevent the spread of persistent pests.  

 Regional diversification. By promoting and coordinating crop diversification on a regional scale, 

area managers can reduce the pest problems that are associated with a dominant monocrop.  

 Isolation. Growing valuable crops in an area that is physically isolated from important pests can, 

along with quarantine, result in sustainable, efficient production.  

 

Legislation can be a very effective tool in the promotion of IPM on a large scale. Perhaps one of the most 

famous IPM programmes in the world, the Indonesian Rice IPM Programme, was based on legislation, in 

the sense that after IPM-friendly legislation was implemented, the programme started to move. 

4.3.1.8.2. International phytosanitary measures and plant quarantine  

Most countries have compiled a list of important pests which are supposedly absent from the crops. The 

countries may have legislation forbidding or restricting the importation of particular plants from 

infected areas. Generally these laws only permit the importation of plants carrying pest causing agents. 

Some plants, especially those likely to carry dangerous pests, are completely prohibited. Other plants 

are permitted entry in a country only after rigorous inspection to ensure that they are pest free.  

 

Many countries are grouped according to common interests, enforcing common phytosanitary 

regulations. Phytosanitation is practised in geographical zones, each having a regional organization that 

coordinates phytosanitation. A unified system of fundamental rules for plant import and export was set 

up under the FAO's Plant Protection Convention of 1953. An international Phytosanitary Certificate is 

usually required for the import of plant material. The exporting country is requested to certify the 

freedom from certain pests and/ or to specify that certain treatments, such as fumigation or seed 
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dressing have been carried out. It is obvious that the receiving country judges the validity of the issued 

certificate on the basis of previous experiences with the certificate issuing organization.  

 

Plant quarantine starts to play its role on occasions when plant material that cannot be certified as 

healthy must be imported. Sometimes material certified disease free by a I suspicious or doubtful' 

quarantine organization must he checked on the presence of pests before the material can be released.  

4.3.2. Direct control measures  

4.3.2.1 Physical measures  
Direct control methods by physical means have limited importance nowadays. Exceptions to this are soil 

sterilization by steaming and hot water treatments for the elimination of viruses in sugar cane.  

4.3.2.1.1. Mechanical measures  

These measures are aimed at the direct destruction of the pest, as well as its removal from cultivated 

plants. The latter method is applied in a couple of cases in the tropics, often by children. The mechanical 

eradication of soil pest is practised by the use of rotating equipment, heavy rolling, ploughing or other 

means of soil tillage. Mechanical weeding is still an effective way of weed control, although it is often 

replaced by chemical weed control. The mechanical elimination of infection foci, although it is as well as 

sanitation method, plays an important role as a sanitation method in potatoes and fruit crops.  

4.3.2.1.2. Heat treatments  

The use of heat to manage pests includes soil sterilization, burning, flaming of weeds, and for example 

hot water treatments of planting material. For example soil-borne pests can he eliminated with the help 

of steaming the soil. Burning of plant residues can also be considered under this category.  

 

Selective use of high temperatures on plants is possible if the cultivated plants, or their parts that need 

treatment, react to these temperatures less sensitively than the pests do. The technique is limited as the 

thermal death point of many pests is close to the temperatures which damage the plant organ. 

Temperatures used are usually about 50°C with duration of approximately one hour. Temperature/time 

regimes have been worked out for some host/ pathogen combinations.  
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4.3.2.2. Biological control, (seasonal) inundation  
Seasonal inundation is the use of biological control as a biological pesticide. Large numbers of the 

natural enemy are reared in the laboratory and released in the crop. The aim is to create an 

outrageously high ratio of biological control agents to the pests, so that the pest is exterminated in a 

short period of time. Consequently the biological control agent itself dies out due to lack of food, and 

pesticides can then safely be applied. Classical biological control is described under the various methods 

of biological control. 

 

Inundation is effective against pests that only experience a single generation per season or that occur in 

rare outbreaks. For example, Trichogramma (a parasitoid) is mass-released against cotton bollworm in 

parts of the United States where only a single generation of bollworm threatens the cotton crop. 

Inundation is most often used with pathogens. Pathogens are generally small or micro-organisms, and 

therefore raising millions or billions of them to release at the same time is logistically feasible. 

4.3.2.3. Chemical control measures 
Chemical interventions introduce organic and inorganic substances into the agro-ecosystem to manage 

pest problems. They can be man-made (synthetic), collected and derived from organisms (bio-

pesticides, pheromones, allele-chemicals, and insect growth regulators) or collected from other natural 

sources (inorganics). Chemical interventions can be applied in a variety of ways. They may be diluted in 

water or oil for spraying, left dry for application as dusts or granules, or added to baits or traps. 

Spraying, dusting, fogging, smoking, and other techniques can be used to apply chemical interventions 

to crops. The details are described under the chapter of pesticides and pesticide management below.  

4.3.3. Other control methods  
The problems of the continued widespread use of pesticides, and particularly the common 

understanding of the environmental pollution, have caused scientists to look seriously at any ideas for 

pest control that do not involve traditional insecticides. In this short overview of pest control methods it 

is not possible to go into details of all the other possible pest control methods and the details of above 

pest control approaches. One should read the available handbooks. A number of these measures are 

characterized by Heitefuss (1989) under 'biotechnical measures', which are defined as: procedures of 

pest control in which the natural reactions of pests to specific physical and chemical stimuli are used, 

diverted from their natural significance for the organism.  
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Chapter 8 of van Emden's Pest Control (1989) provides a short overview. Such control measures include 

the following: repellents, attractants, antifeedants, radiation sterilization, chemosterilants, hybrid 

sterility, competitive displacement, and others.  

4.4. IPM Application on Selected Major Vegetable Crops  
The detailed description, signs and symptoms of major pests of selected vegetable crops are presented 

in the participant book of module one with the representations of images. Here the pest management 

of selected vegetable crops will be dealt and for further details module one can be referred.  

4.4.1. IPM application on major pests of Tomato 

Tomato crop is highly affected by several insect pests and diseases. Commonly occurring important 

diseases of tomato in Ethiopia include dampingoff, late blight, early blight, powdery mildew, septoria 

leaf spot, viruses and nematode. Similarly regularly occurring important insect and mite pests of tomato 

in Ethiopia include fruit worms [(African bollworm (Helicoverpa armigera), potato tuber moth 

(Phthorimaea operculella) and tomato leaf miner/fruit borer (Tuta absoluta)], whiteflies and spider 

mites. Tuta absoluta and Phthorimaea operculella are closely related and their damage symptoms and 

management options are similar. Hence only description for T. absoluta is presented in this manual. The 

management of some of the key insect pests, diseases and nematodes are described below.  

i) Management measures of Fruit borer (African bollworm), Helicoverpa armigera, 

PREVENTION  

 Tilling and plowing old tomato fields expose pupae which are killed through exposure to the sun 

and natural enemies.  

 Using trap crops; Maize and sorghum have been recommended as trap crops to divert the 

African bollworm from cotton elsewhere and pepper in Ethiopia.  

  Destruction of weeds which may harbour developing larvae is important for preventing fruit 

worm infestations.  

 Use of ABW resistant varieties of tomato such as "Melka salsa' and 'Melka shola'  
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NON-CHEMICAL DIRECT CONTROL MEASURES  

 Early detection of the eggs or the caterpillars before they bore into the fruits is important.  

 Hand picking and destruction of eggs is feasible at low infestations.  

 Use of aqueous extracts of neem seed (30 kg per ha) at flowering and fruiting periods  

 the microbial insecticide (Bacillus thuringiensis) at 1 kg per ha applied at flowering and fruiting 

periods  

 

CHEMICAL CONTROL  

Applications of insecticides for the control of African bollworm on tomato should be made at flowering 

and fruiting stages  

 Agro-Lambacin Super 315 EC (Profenofos 30% + Lambda cyhalothrin 1.5% EC) registered for 

ABW control on other plants.  

 Dimethoate 40% EC (Agro-Thoate 40% EC) registered for ABW control on other plants.  

 Highway 50 EC (Lambda-cyhalothrin) registered for ABW control on other plants  

 Check for other registered insecticides from list of registered pesticides in Ethiopia (Available 

from Animal and Plant health regulatory directorate of the Ministry of agriculture).  

 

ii) Tomato leaf miner, Tuta absoluta, M 

IPM options of T. absoluta 

a. Cultural practices 

Good Agricultural Practices includes rotation with non-solanaceous crops, ploughing, adequate 

fertilization, irrigation, destruction of infested plants & post-harvest plant debris. At any time of the 

growing cycle is detected or fruit stalks damaged by larvae of Tuta, there will be an overhaul of the 

whole plot, the process of withdrawal and destroyed securely to prevent the pest completes its cycle 

and continue to spread. 

b. Pheromone traps 

The use of pheromone traps is a reliable method to detect the presence of Tuta absoluta. Pheromone 

trap data give early warning of the infestation and also will alert the user to low level of populations 
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before they become serious. Lure and Kill is a very promising approach to control the male adults of 

Tuta absoluta with minimum amount of insecticide application. This will reduce the mating incidence 

and therefore reducing the number of viable eggs. Based on sustained release matrix, Lure and kill 

product can release the pheromone over a long period normally over 6-8 weeks. Lure and Kill technique 

normally is a single application provides safe yet constant control over a long period of time. 

c. Natural enemies 

The following bio-agents have reported to control Tuta absoluta through parasitization such as 

Trichogramma pertiosum, Trichogramma achaeae, Macrolophus pygmaeus, Nesidiocoris tenuis and 

Nabis pseudoferus. 

d. Microbial control 

Bacillus thuringiensis var. kurstaki have exhibited satisfactory efficacy against Tuta absoluta larval 

infestations in Spanish outbreaks. Delayed application of Bacillus thuringiensis may cause higher insect 

mortality if the insects become more susceptible to the pathogen after a longer period of feeding on the 

resistant crop. It is reported that in a combine application of mass release of Trichogramma pertiosum 

and Bacillus thuringiensis resulted fruit damage only 2 % in South America (Medeiros, et al., 2006). 

Entomopathogenic fungus Metarhizium anisopliae could be caused female’s mortality up to 37.14%. 

Laboratory studies indicated Beauveria bassiana could cause 68% larval mortality. 

e. Botanical Insecticides 

Neem seed extract, Azadirachtin acts as contact and systemic insecticide against Tuta absoluta. A soil 

application 48.9-100% larval mortality was recorded. Application of neem oil in adaxial surface of the 

foliage causes 57-100% larval mortality. However, it reported that application directly on larvae caused 

52.4-95% mortality (Goncalves- Gervasio and Vendramin, 2008). 

f. Chemical control 

Chemical control has been the main control measure used against Tuta absoluta since it was reported in 

South America. In Brazil tomato glowers carried out up to 36 insecticide applications to control Tuta 

absoluta within one cropping season. Frequent intense application of insecticide leads to develop 
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insecticide resistance. Reduce efficiency and control failure of the insecticides used against Tuta 

absoluta have been reported in South America. Deltamethrin, lambda-cyhalothrin, Imidacloprid, 

Indoxacarb and spinosad, etc… 

g. IPM strategy of T.absuluta 

IPM strategies are being developed in South America to control T. absoluta. Various active substances 

can be applied in combination with bio-rational control tactics. The integrated control method 

recommended employs, in order,  

(1) Massive trapping before planting,  

(2) Clearing the soil of crop residues,  

(3) Application of imidacloprid in the irrigation water 8-10 days after planting,  

(4) Application of either spinosad or Indoxacarb if occasional individuals of T. absoluta are observed, and 

(5) Elimination of the remnants of the crop immediately after the last fruits has been harvested. 

iii) Management measures of White fly, Bemesia tebaci 

PREVENTION  

 Time of sowing and transplanting can be an effective cultural approach for disease 

management. Avoid the season when whiteflies are more likely to occur.  

 Weeds play an important role in harboring whiteflies between crop plantings. They also often 

harbour whitefly-transmitted viruses. Therefore, attention should be paid to removing weeds in 

advance of planting tomatoes. Tomato fields should also be kept weed-free.  

NON-CHEMICAL DIRECT CONTROL MEASURES  

 Use of aqueous extracts of neem seed (30 kg per ha) at flowering and fruiting periods  

CHEMICAL CONTROL  

 Actara 25 WG (Thiamethoxam 250 g/kg) registered for other plants\  

 Confidor SL 200 (Imidacloprid 200 g/L) registered for other plants  

 Cybolt 2.5 ULV (Flucythrinate 2.5% ULV registered for other plants  
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 Fastac 100 g/L EC (Alphacypermethrin) registered for other plants  

 Effective insecticides elsewhere include amitraz (e.g. Mitac®), burpofezin (e.g. Applaud®), 

imidacloprid (e.g. Confidor® Gaucho®) and pymetrozine (e.g. Endeavour®, Fulfill®).  

 

iV) Control measures of Damping off 

 Use of raised seedbed (this practice will not allow excess water to remain on the seedbed)  

 Use of disease free or certified seeds  

 Soil solarization using polythene sheets  

 Burning of fire wood or stalks of sorghum/maize on the seedbed  

 Seed treatment using seed dressing fungicides (Apron star, Thiram)  

  Fungicide spray (Ridomil Gold, Agrolaxyl)  

 

V) Control measure of Powdery mildew  

All commercial varieties of tomato are susceptible to powdery mildew. This disease is more 

problematic during the off season on irrigated tomatoes. Application of locally registered fungicide 

is recommended. Bayleton is one of the locally registered and widely used fungicide against 

powdery mildews. 

Vi) Control measures of Early blight 

 Crop rotation using non solanaceous crop species  

 Use of tolerant/resistant varieties  

 Use of pathogen free seed  

 Seed treatment using seed dressing fungicides (Apron star)  

 Application of registered fungicides (such as Ridomil Gold, Agrolaxyl)  

Vii) Control measures of Late blight 

 Transplanting of healthy seedlings  

  Crop rotation with non solanaceous crops  
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 Avoidance of alternate hosts such as solanaceous weeds  

 Use of resistant/tolerant varieties  

  Application of registered fungicides (Ridomil Gold, Agrolaxyl, Mancozeb). Research result in 

centeral rift valley shows that Metalaxyl 4% +Mancozeb 64%(Ridomil Gold 68 WP) 

350g/100liter, fungomil 250 gm/100 liter and Mancozeb+Metalaxyl (mancozeb72 %) 

250g/100 liter were found effective in controlling late blight on tomato.  

 

Viii) Control measures of Viruses attacking tomato 

No chemical treatment is available for the control of plant viruses. The pest management options are:-  

 Use of healthy seedlings  

 Discourage tobacco smokers during seedling raising and cultivation  

 Rouging of virus infected plants  

 Crop rotation  

 Avoidance of volunteer solanaceous crops and weeds  

  Application of insecticide against insect vectors (virus transmitters)  

iX) Control measure of Root-knot nematode  

Since root-knot nematode is soil invader pathogen it is recommended to use crop rotation with non-

host plant such as cereals and other grass species. Fallowing is also play a role in reducing nematode 

population. Soil fumigants or non-volatile registered nematicides are also proved to reduce nematode 

population. 

IPM in Tomato 

1. Use of resistance varieties: tomato varieties tolerance to various insects and diseases damage varies. 

For instance, studies reported in India, Roma AC and Punjab Keasri are the relatively tolerant varieties to 

fruit borer. 

 

2. Cultural control: 
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i) Deep ploughing during dry season helps in exposing resting stages of the insect pest, diseases and 

nematodes. 

ii) Adopting raising nursery beds for good drainage thereby avoid damping off in nurseries by preventing 

Pythium, etc.  

iii) Soil solarization using transparent polythene sheets on nursery beds for 2 -3 weeks, which helps in 

killing nematodes, weeds seeds and resting stages of insect pests and diseases. 

iv) Use of nylon nets in nursery beds to avoid entry of white fly etc. as diseased seedlings or other pests 

may be carried to main crop. 

3. Mechanical control: 

i) Regular destruction of damaged fruits 

ii) Setup Yellow sticky traps for white fly@10/ha. Locally available empty tins can be painted yellow on 

outer surface and may be used as yellow sticky traps. 

iii) Pheromones traps@5/ha can be installed in the field for monitoring and trapping of adults. Trapped 

moths should be collected daily and killed. ETL for fruit borer is 8 to 10 moths/day/ trap. Lures should be 

changed after every 15 days. 

iv) Sowing a row of marigold after every 14 rows of tomato. Marigold nursery should be 15 days older 

than tomato plants. Maximum egg laying is observed on marigold flowers and movement of larvae from 

marigold to tomato is not significant. Flowers can be removed (Srinivasan, 1993). 

v) Rouging of leaf curl disease affected plants. 

4. Biological control: 

i) Conservation of natural enemies by avoiding unnecessary sprays 

ii) Seed treatments with Trichodermaviridi @2gm/100gm of seed in nursery to prevent soil borne 

infection of fungal diseases. 

iii) Release of Trichogramachilonis @1000/ha six times from flower initiation stage at weekly intervals 

brings about significant reduction in fruit borer damage (Krishanamoorty, 1993). 

iv) Spray of @1.5 kg BT/Ha has been found to be effective against H. armigera 

5. Chemical control: 

i) Spray of 5% NSKE has been found to be effective against fruit borer and leaf miner. 

ii) Spray of endosulfan @650gm a.i./ha against H. armigera has been found to be effective 
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iii) If nematode is sevee in the area, apply carbofuran3G@1.0kga.i./ha 

iv) Seed treatment with carbendazin@2gm/100gm, seed against Pythium etc. 

v) Spray of 0.02% mancozeb/captan@1.25 - 1.5kga.i./ha in 700 liters of water for the control of early 

and late blight. 

4.2.2. IPM application on major pests of Potato  
Potato crop is affected highly on several insect pests and diseases. Some of the key insect pests, 

diseases and nematodes are listed below; 

i) Aphids, Myzus persicae 

ii) Potato tuber moth, Phthorimea operculella 

iii) Late blight 

iv) Potato leaf roll virus 

v) Common scab 

vi) Potato cyst nematode 

Vii) Potato bacterial wilt 

 

Management strategies of potato bacterial blight 

Obtained disease free seed tubers from disease free areas should be used for planting. Application of 

stable bleaching powder (12kg/ha) mixed with fertilizer in furrows while planting reduces wilt incidence 

by 80%. Practicing crop rotation for 2-3 years with crops like maize, finger millet, cereals, garlic, lupin, 

and onion cabbage can reduce the disease inoculum. 

 

IPM in Potato 

1. Host plant resistance 

Growing of resistance varieties for late blight, potato leaf roll and others are very important. Currently, 

the recently released varieties like guassa tolerate late blight. 

2. Cultural control 

i) Deep ploughing during dry season exposes the resting insect pests and diseases 

ii) Use of disease free seeds 

iii) Adjustment of planting and harvesting time for avoidance of insect pests and diseases. 
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iv) Recommended use of fertilizers and irrigations 

v) Maintaining of crops weed free 

vi) Covering of exposed tubers 

3. Mechanical control 

i) Rouging of diseased plants 

ii) Use of sticky traps@10/ha for attracting aphids etc. 

iii) Use of sex pheromone traps for PTM helps in reduction of pest population and monitoring there 

population. Apply 20 traps/ ha for mass rearing. 

iv) Apply forewarning system to warn the farmers 2-3 weeks in advance for aphids and late blight 

4. Biological control 

i) Conservation of natural enemies like ladybird beetle 

5. Chemical control 

i) To control late blight copper oxy chloride 50%WP or Mancozeb 75%WP @ 2.5kg/ha is used  

ii) Two sprays of monocrotophos @ 1.2l/ha or dimethoate @ 1.5l/ha in 1000 liters of water for PTM and 

aphids may be sprayed. 

4.2.3 IPM application on Major pests of bulb vegetables (Onion, shallot & Garlic) 
Bulb crops are affected highly on several insect pests and diseases. Some of the key insect pests and 

diseasescausing damage on bulb crops are thrips, Thrips tebaci and Purple blotch/ leaf blight, Alternaria 

porii. Thrips lacerate the leaves and suck the sap. In case of severe infestation plant wilts. Eggs are laid in 

notches in epidermis of leaves. Several generations are completed in one year. Purple blotch sometimes 

cause loss to the extent of 80 – 90% and poor bulb is recorded. 

i) Management measures of Onion Thrips 

PREVENTION  

 Destruction of crop residues and Plowing fields after harvesting to eliminate resting sites for the pest.  

 Avoid planting onion crops in succession  

 Prepare the soil well before transplanting onion  

 Intercropping onion with carrot or cabbage  

 Removal of weeds that may harbour thrips  
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NON-CHEMICAL DIRECT CONTROL MEASURES 32  

 Mulching with straw may provide shelter for thrips predators, thereby reducing thrips 

populations.  

 Use sprinkler irrigation to reduce thrips population if possible  

 Use yellow sticky traps  

 Use neem seed preparations (30 kg per ha)  

 

CHEMICAL DIRECT CONTROL MEASURES  

 Nimbicidine (Neem); apply at one ml per L of water  

 Radiant (Tracer); apply at 130 ml per ha  

 Check for other insecticides registered for use against Tuta absoluta in Ethiopia (List is available 

from the animal and plant health regulatory directorate of the Ministry of Agriculture)  

ii) Purple blotch Control measures  

 Use of disease free seeds  

  Crop rotation  

 Seed treatment (Apron star)  

 Application of registered fungicide (Ridomil Gold, Mancozeb). Research result at Melkassa 

indicate Mancozeb 50% WP at 3 kg/ha as protective and Ridomil Gold MZ 68 % WP at 2.5 kg/ha 

as curative reduced severity of Purple blotch.  

iii) Downy mildew Control measures  

 Crop rotation  

 Use of disease free seedlings  

 Application of registered fungicides (Ridomil Gold, Agrolaxyl, Dithane, Stamina)  

 i. Grow resistant varieties. ii. Spray Zineb, about 6-10 application at an interval of 6 to 8 days. iii. 

Remove diseased plants and burn them.  

 

 

 



 

 

Irrigation Agronomy Module 3 Participant Book Page 105 

 

iv)  Bulb rot Control measures  

Chemical Control  

Fungicides are among the more effective short-term solutions to Allium white rot, but cannot be relied 

upon in the long term due to problems such as development of resistance by the pathogen, build-up in 

the soil of fungicide-degrading microorganisms, and withdrawal of chemicals from the market on safety 

grounds. Chemically treated produce may contain residues and is less marketable in many parts of the 

world.  

Host resistance  

Use of resistant/tolerant varieties of onion is the most effective and economical way of controlling onion 

bulb rot.  

Crop rotation  

The pathogen causing bulb rot (Sclerotium cepivorum) is a soil borne fungi that can survive in the soil for 

a long time. Hence, rotation of non-allium crops for 2-3 years is important to reduce pathogen build up. 

 

Summary of IPM measures of bulbs 

1. Mechanical control 

i) The sprinkling of water through jet nozzles to prevent thrips multiplication 

ii) Crops should be maintained weed free by timely hoeing etc. 

iii) Yellow sticky traps for thrips etc. 

2. Biological control 

i) Conservation of Natural enemies 

3. Chemical control 

i) Spray of NSKE 0.5%during vegetative growth 

ii) Spray endosulfan @650gm a.i./ ha to control thrips 

iii) Spray mancozeb @ 2 – 1.5kg a.i./ha for leaf blight 
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4.2.4. IPM application on major pests of Pepper  

All major diseases of tomato (damping off, late blight and powdery mildew) are also attack pepper (hot 

Pepper) (Capsicum annum). Therefore, the type of symptoms they cause and all the management 

practices mentioned on tomato are also applied for hot pepper too.  

i) Fusarium wilt Control measures  

1. Since the pathogen is soil borne, crop rotation for 2-3 years using non solanaceous crops is important  

2. Proper cultural practice (drainage of excessive water, leveling of fields, optimum irrigation water, 

timely weeding, avoidance of alternate solanaceous weeds) are important practices to reduce 

pathogen build up.  

3. Use of resistant/tolerant varieties 

ii)  Pest management of African bollworm  

PREVENTION  

 Removal of crop residues and Plowing fields after harvesting to eliminate resting sites for the pest. 

 Deep plowing immediately after the last harvest in off-season to expose pupae for sun light or Post-

harvest cultivation to reduce diapausing population in the dry season  

 Use Trap crops like lupin, pigeonpea, bean, and sunflower attract and divert significantly high 

African bollworm populations  

  Use pest free seedlings  

 Destroy cultivated hosts (eg., Tomato, eggplant) and wild hosts (eg. Datura and solanum)  

 

NON-CHEMICAL DIRECT CONTROL MEASURES  

 Selective removal and destruction of infested plant material  

 Removal and destruction of infested fruit. Infested fruit sorted out as unmarketable should not 

be left around the farm.  

 

CHEMICAL CONTROL  

 Thionex 25 % ULV, Thionex 35 % ULV, Thionex 25 % EC/ULV(endosulfan) Apply at 1-2 lit per ha  

 Helerat 5%Ec(Lambda Cyhlothrin) Apply at 1-2 lit per ha  

 Highway 50% EC (Lambda Cyhlothrin) Apply at 1-2 lit per ha  
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4.2.5. IPM application on major pests of Cruciferous vegetables (Cabbage and 

cauliflower)  

Insects cause serious damage on early, late or off season cabbage and cauliflower when temperature 

and humidity is generally high i.e. in rainy season. Though, there is no in depth studies the major insect 

pests and diseases are insect pests such as Diamond back moth (Plutella xylostella), Aphids and Cabbage 

Semi – looper; diseases such as black rot and soft rot; and root knot nematode. 

i) Black rot Control measures  

 Crop rotation with non-host  

 Use of resistant varieties  

 Seed treatment  

 Application of registered fungicides (Copper fungicides)  

ii)  Pest management of Diamondback moth  

PREVENTION  

 Intercropping brassicas with repellent plants such as tomato (Plant cabbage 30 days after 

tomato)  

 Use of sprinkler irrigation (application at dusk interferes with adult activities and oviposition)  

 remove and burn or compost crop residues immediately after harvest,  

NON-CHEMICAL DIRECT CONTROL MEASURES  

 Use of aqueous extracts of neem seed (30 kg per ha)  

 the microbial insecticide (Bacillus thuingiensis) at 1 kg per ha.  

 Use of parasitoids such as Diadegma semiclausum in highland cabbage production  

 

CHEMICAL CONTROL  

 Rimon 10% EC (Novaluron) registered for the control of other pests on other plants (Apply at 0.5 

L per ha)  
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iii) Management of Cabbage aphids  

PREVENTION  

 Destruction and removal of crop residues immediately after harvesting minimizes the spread of 

aphids to adjacent crops.  

 Intercropping brassicas with other crops such as beans  

NON-CHEMICAL DIRECT CONTROL MEASURES  

 Neem seed extracts (15 to 30 kg /ha) have given effective control of the pest with minimal effect  

 Aphids are naturally controlled by parasitic wasps such as the braconid Diaeretiella rapae; and 

predators (ladybird beetles, hoverflies, lacewings etc.).  

CHEMICAL CONTROL  

 Ethiodemethrin 2.5% EC (Deltamethrin 25 g/L)  

 Other insecticides registered for control of aphids on other plants in Ethiopia include Agrothoate 

40% EC (Dimethoate), Gain 20 SL (Imidacloprid), Profit 72% EC (Profenofos).  

 Check for other registered for the control of aphids on cabbage and other plants in Ethiopia.  

Summary of IPM measures on Cabbage and cauliflower 

1. Cultural control 

i) Deep ploughing during dry season helps in exposing resting stages of insect pests, diseases and 

Nematodes 

ii) Adopt raised nursery beds for good drainage thereby avoid black rot in nurseries by preventing 

pythium, etc 

iii) Soil Solarization using transparent polythene sheets in nursery beds for 2- 3 weeks, which helps in 

killing weed seeds and resting stages of insect pests, diseases and nematodes 

iv) Use of nylon net in nursery beds to avoid entry of white fly, aphids etc. as diseased seedlings or other 

pests may be carried to main crop. 
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2. Mechanical control 

i) Growing two rows of mustard after every 25 rows of cabbage traps DMB, leaf webber, aphids etc. 

These can be removed or sprayed with dichlorovos .1%. One row of mustard is sown 15 days before 

cabbage planting and second 25 days after planting of cabbage. 

3. Biological control 

i) Conservation of natural enemies by avoiding unnecessary sprays 

ii) Seed treatment with Trichoderma viridi @2g/100gof seed in nursery to prevent infection of soil 

borne/seed fungal diseases 

iii) Inundative releases of Trichogramma chilonis@1 -1.5 thousand eggs/ha at weekly interval 

iv) Cotesia plutella has been found to parasites larvae of DMB up to 50%. So this holds promise and can 

be mass multiplied and released in the filed 

4. Chemical control 

i) Seed treatment with carbendazin @2g/100g of seed in nursery to control soil borne disease  

ii) Spray of NSKE 1% at 10 -15 days interval starting at head initiation stage (Srinivasan, 1993) 

 

4.5 Pesticides and pesticide management 

4.5.1 Pesticides  

4.5.1.1 Introduction 

Chemicals are important inputs in agriculture, health, mining, energy production, manufacture, services 

& home. But harmful to workers, consumers, environment & society; accidental release may 

permanently damage soil, water and air. Ethiopia imports chemicals and their products. But there has 

been limited ability to assess/monitor risks associated with trade in chemicals. . Hence, the concern is 

that chemicals no longer allowed in industrialized countries might be imported. There is also possibility 

of importing none registered pesticides. Examples of these conditions are described in the following 

graph. The registered lists of pesticides in Ethiopia as of August 2016 are indicated in annex 6.1.  
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 Figure 4.1 Examples pesticide use as compared with EU approval and registration 

The increase in volume of chemical use in agriculture & industry (fertilizers & pesticides) and vector 

control would have been associated with population increasing. 

4.5.1.2 Pesticide groups 

Chemical insecticides could be grouped as follows based on their sources of ingredients.  

 Organochlorines: Under this group insecticides such as DDT, aldrin, dieldrin, endosulfan and 

gamma-HCH or gamma-BHC are included. 

 Organophosphates: Malathion, Parathion, diazinon, fenthion, dichlorvos, chlorpyrifos are 

included in this group. 

 Carbamates: they are short to medium persistence; includes aldicarb, carbaryl, carbofuran, 

methomyl, pirimicarp and propoxur. 

 Pyrethroids: the pyrethroids are synthetic analogues of pyrethrine and include cypermethrin, 

permethrin, fenvalerate and deltamethrin. 

Chemical pesticides could also be grouped based on their mode of action and type of products as 

systemic products (Eradicative methods, Eradicative methods, Protective measures, and Curative 

methods), inorganic products, Botanical pesticides Semio-chemicals and Hormone. 
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Synthetic products  

It is difficult to imagine highly specialized farming systems with mono-crops without the use of synthetic 

pesticides. These include some of the most notorious and also useful plant protection products. 

Synthetic pesticides are made from carbon-containing compounds and are widely used and available 

throughout most of the world. Synthetic pesticides are often classified according to their chemical 

makeup, their intended target pests (insecticides, fungicides, etc.), or their mode of action. Synthetic 

pesticides have advantages and disadvantages that must be considered before they are used in an IPM 

program. Synthetic pesticides can be very effective in the short term, but often cause problems such as 

pesticide resistance, pest resurgence, or pest replacement in the long term. In addition, social, health, 

economic, and political costs must always be considered. 

 

Many IPM programs are based largely on the use of synthetic pesticides. IPM practitioners need to 

calculate economic injury levels and make recommendations, and using synthetic pesticides is often 

simpler and more predictable than other IPM interventions. However, every effort should be made to 

integrate other interventions into IPM programs in order to reduce potential harmful effects from 

synthetic pesticide use. A program which makes limited, intelligent use of synthetic pesticides is often 

more effective than one that relies entirely on synthetic pesticides for crop protection, or abandons 

synthetic pesticides suddenly and completely. 

 

Synthetic pesticides can be used effectively to complement other IPM methods, such as biological 

control. Using a synthetic pesticide that selectively kills pests will increase the proportion of beneficial 

organisms to pests, possibly increasing the efficiency of biological control. Understanding the biology 

and lifecycles of both pests and beneficial organisms is crucial to using synthetic pesticides effectively in 

IPM. 

 

Eradicative, protective and curative methods represent the differentiation according to the effect, 

although an exact delineation cannot always be made.  
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Eradicative methods: Pesticides are applied to destroy pests, either at the host plants or outside them. 

Treatments of seed stock to eliminate pathogens adhering to the seed surf ace or the application of 

herbicides for weed control or the control of swarming insects.  

 

Protective measures: The plant is protected by a surface covered with pesticide, which prevents the 

attack by the pest causing organism. Systemic pesticides may have the same effect, causing a rapid kill 

of the pest after penetration in the plant.  

 

Curative methods: The applied pesticides cure the plants affected by pests. The active ingredients of 

such agents must be capable of penetrating into the plant. This can be either limited to certain depth of 

action, or systemic sub stances can he distributed within the entire plant. Agents with a curative action 

are still successful even if protective treatments were neglected or not effective.  

Inorganic products 

Inorganic pesticides are substances derived or refined from non-living natural sources. They are termed 

'inorganic' because they do not contain carbon compounds. Chemicals such as sulphur, chemical 

mixtures such as Bordeaux mixture, and mineral products such as diatomaceous earth are included in 

this category. Many of them contain heavy metals which are persistent and toxic to humans. Inorganic 

pesticides that were used in the past but are seldom used today contain arsenic, cyanide, and mercury. 

In general, inorganic compounds are little used in modern agriculture. The exceptions to this rule are 

copper and sulphur-based compounds which are used as fungicides. Sulphur is a widely used and safe 

way to control fungal diseases and mites. Bordeaux mixture, a combination of sulphur, copper, and lime, 

is an important fungicide used in orchards. 

Botanical pesticides  

The use of synthetic pesticides as plant protection measures has been rather wide spread during the last 

half century, which led to a number of well-known problems. Some of these are contamination of food 

with toxic residues, side effects on non-target insects and other organisms, increase of the number of 

pests species resistant to pesticides, pest resurgence, and general contamination of the environment. 

Due to the undesirable side effects of a number of the synthetic pesticides awareness was created that 

led to a steadily increasing movement towards a more environment-oriented, sustainable agriculture 
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with low or no input of toxic synthetic pesticides in an attempt to preserve and protect the 

environment.  

 

The above described negative effects of synthetic pesticides led to a move to try to control pests 

through integrated pest management approaches. Further a search was encouraged for products from 

the plant kingdom that could act as pest control agents. These plant products with pesticide properties 

are the botanical pesticides, often called botanicals. Approximately 700 plant species have reportedly 

been used in different parts of the world for pest control, regardless of efficacy. Some of the botanicals 

have highly sophisticated modes of action. It should be realised that numerous plant ingredients are 

highly toxic to a wide spectrum of organisms, including man, but others are less toxic or non-toxic to 

mammals, and other members of the animal kingdom.  

 

Pesticides of plant origin is nothing new, as pyrethrum, obtained from the flower heads of 

Chrysanthemum cinerariaefolium, was already known around 500 B. C., while the last centuries nicotine 

and derris were used as weIl. Neem (Azadirchta indica) has been used traditionally by farmers for pest 

control in the Indian sub-continent for centuries.  

 

The most well-known botanical pesticides are extracts or products derived from the following plants: 

chilli, derris, neem, papaya, pyrethrum, quassia, and tobacco. The active ingredients of derris and 

tobacco, respectively rotenone and nicotine are toxic to fish, while nicotine is one of the most toxic 

organic poisons. On the other hand it is reported that in general neem extracts and products have a very 

low toxicity to non-target organisms (e.g. mammals, fish, pollinators and parasitoids), while these are 

effective against a wide range of pests. The compounds isolated from the neem plant manifest their 

effects on the target organisms in many ways, e.g. as anti-feedants, growth regulators, repellents, 

toxicants and chemosterilants.  

  

A major problem associated with large-scale adoption of botanical pesticides is the lack of confidence in 

such products due to inconsistency of results. Botanicals require some degree of standardisation for 

biological efficacy. The content of the active substances can vary with location and season, while some 

of them are photodegradable, e.g. neem. Another problem relates to farmers' perceptions. Although 
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many farmers in Asia are aware of the beneficial effects of neem, amongst the more affluent and 

'enlighted' farmers, the use of neem is still seen as a 'backward practice'.  

Semio-chemicals 

Semio-chemicals are chemicals produced by organisms that modify the behaviour of animals. The most 

important types of semio-chemicals for IPM are pheromones and allomones. Pheromones are emitted 

by members of a species to modify the behaviour of other members of that species. Allomones are like 

pheromones, except they are emitted by one species in order to modify the behaviour of another 

species. 

 

The most commonly used pheromones in agriculture are sex attractants. These chemicals are produced 

by females to attract males for mating and are used by IPM practitioners to attract males into traps. 

Pheromone traps are often used to determine population density by sampling the number of males 

caught in a trap in a certain amount of time. Alarm pheromones can be used to repel certain species 

from crops. A traditional practice in Mexico takes advantage of the alarm pheromones released by 

burning beetles. Placing burned beetle pests in bean fields overnight effectively repels living beetle pests 

by the next morning. 

 

Allomones are produced by many plants to repel herbivores and prevent them from feeding. Many 

secondary-products of plants, such as tannins, cyaninis, etc. - are in fact anti-herbivore allomones. Some 

act by repelling, others directly effecting the growth and development of the pest organism. Allomones 

have not been used very much as an applied intervention, but they are often the basis for companion 

planting and other cultural interventions. 

Hormone 

Hormones are chemicals produced in one part of a pest's body that effect the growth and behaviour of 

other parts of the body. The most successful hormones used in IPM are insect growth regulators. These 

hormones affect the development of juvenile insects, either causing death or abnormality in newly 

hatched insects, or preventing sexual maturity. Insect growth regulators are usually synthetic versions of 

naturally-occurring hormones. They are highly selective and have extremely low toxicity to other 
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organisms (including humans). However they are expensive, difficult to apply and use; and their extreme 

specificity limit their distribution and usefulness, especially in the developing world. 

4.5.2 Pesticide management  
Pesticides have great impact in environmental pollution including harmful effect on human health and 

biodiversity. Poor usage (under dose and frequent application) could also develop pest resistance. 

Therefore pesticides should be properly managed starting from its import or production up to 

monitoring of residual effect after use.  

     

Figure 4.2 Environmental and human health costs of pesticides 

When using pesticides the following point should be recognized.  

 Safe handling of pesticides  

 Safe storage  

 Safety during application including calibrating a sprayer and spray volume 

 Use & availability of protective equipment  

 Safe disposal of pesticides  

 Safe disposal of containers  

 

However the existing conditions in our working area are by far different from the above mentioned safty 

measures. Some of the problems are shown below. 

 

Poor handling 

Exposure of workers to be poison is high as limited use of PPEs (PPEs = Pesticide Protection Equipment) 
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Figure 4.3 Poor handling 

 

Storage conditions 

 Accumulation of obsolete pesticides 

 Inappropriate storage conditions (in office, home, kitchen) 

 Absence of decontamination of old stores 

 Several contaminated sites 

   
Figure 4.4 Poor storage 

 

Use of empty pesticide containers 

 Inappropriate disposal and reuse 

o For storage of different products (flour) 

o Storing water 

o Sold without decontamination (endup at Merkato) 
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Figure 4.5 improper uses of empty pesticide containers 

How to Reduce Insect Resistance to Insecticides? 

The recommended management options include:-  

1. Seek advice on spray recommendations 

2. minimize insecticide use by using early-maturing or pest-tolerant crops 

3. use non-chemical techniques first (eg. Biological sprays, crop rotation, etc.) 

4. select insecticides and management tools which preserve natural enemies 

5. use products at their full, recommended doses 

6. use well-maintained equipment to achieve full and proper coverage 

7. target younger, more susceptible insect stages 

Calibrating a sprayer and spray volume 

Calibrating a sprayer and spray volume is very important while preparing for a pesticide application. The 

consideration and calculation during calibration are described as follows. 

 first determine the flow rate of application equipment; flow rate can be affected by a number of 

factors such as nozzle aperture size and hydraulic pressure; 

 Volume of liquid applied per unit area will depend on flow rate of the sprayer, on the swath 

width and speed of allocation. E.g. the faster the speed of application the lower the volume 

applied per unit area. 



 

 

Irrigation Agronomy Module 3 Participant Book Page 118 

 

 The volume output from a knapsack sprayer can be determined by collecting the spray liquid in 

a measuring cylinder over a period of one minute, to give the output in l min-1. The rate of 

application per unit area can then be calculated knowing the walking speed of the operator and 

the swath width of the sprayer. An operator needs to practice walking at a constant speed 

whilst pumping a hydraulic sprayer, the speed at which he walks will influence the coverage of 

the crop. For instance, with a swath width of 1 m and a flow rate of 0.5 l min -1, then for a 

walking speed of 0.4 m s-1 the application rate will be: 

  

Whereas if the walking speed is 1 m s-1 

 
The calibration of tractor or bullock mounted sprayers follows the same principle as that of knapsack 

sprayers. Here, the number of nozzles and the width of the boom must be taken into account. If 15 

nozzles are spaced at 60cm intervals and the swath of each nozzle is 1m then the total swath width 

would be:   

  

The time taken to spray one hectare can be calculated by : 

 

                            1                                                               =   time (min) 

    Swath width (m) x speed (m min-1) 

15 x 0.6m            =   9.0 m                                       

        1                      

                           0.5 l min –1                          =   0.0083 l m-2   =   83 l ha-1 

                      1 m x 60 m min -1 

0.5 l min -1 

1 m x 24 m min -1 

 = 0.02 l m-2 x 10,000 = 200 l ha-1 
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With tractor the volume applied per hectare can then be determined by keeping the tractor stationary 

and operating the pump for the time needed to spray a hectare. If the level of water in the tank is 

marked at the start, the volume applied can then be calculated by measuring the amount of water 

required to refill the tank to the original mark. 

Now the application rate is known, the amount of commercial insecticide required to spray the whole 

area can be calculated. This is done in one or two ways depending on the form in which the 

recommended rate is presented on the instructions. 

Recommended rate as active ingredient (a.i.): 

  

For example:  

Recommended application rate   =  0.7 kg a.i. ha -1 

% a.i. in commercial formulation  =  35 

Area to be covered    =  0.5 ha 

 

Then:   

 

Recommended rate in terms of commercial formulation: 

Amount required to spray area = recommended rate as formulation  x  area covered  

For example:  

Recommended rate e.g. emulsifiable concentrate formulation (EC) = 2.0 l of 35 EC ha-1 

Area to be covered = 0.5 ha. 

The amount of commercial                   0.7 x 0.5 x 100 

 formulation required      =                                 35 

Amount required to spray area   =                        recommended rate x area x 100  

                                                                                     %  a.i. in the formulation 
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Then: 

 Amount of commercial formulation required = 2.0 x 0.5 = 1.0 k.g. 

The next step is to determine the number of sprayer loads for the area to be covered. 

 

 

For example :  

 Application rate  =  200 l ha -1 

 Area to be covered =  0.5 ha 

 Capacity of sprayer  =  15 l 

Then:  

  

Following on from this quantity of commercial formulation that must be added to each sprayer load has 

to be calculated: 

 

 For example 

 Total amount of formulation  =  1.0 kg 

 Total number of spray   =  7 

Then:  

amount of commercial formulation per spray load  = 1/7 = 0.14 kg 

The farmer then only has to weigh out the required amount of commercial formulation and add it to 

each spray load. 

Amount of commercial                           amount required for total area 

formulation per spray load     =                  total number of spray loads 

Number of sprayer loads                  200 x 0.5  

                                            =              15                                   =              6.66 or 7 loads               

Number of sprayer loads    application rate/ha x area to be covered  

    =                              Capacity of sprayer (l) 
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Annexure  

Annex 6.1 Lists of Registered Pesticides as of August, 2016 
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List of Registered Pesticides (Insecticides) 
No Trade Name Common Name Approved uses Regist

rant 
1 ACE 750 SP acephate For the control of aphids, thrips and caterpillars on flowers. 27 
2 Actara 25 WG thiamethoxam 250g/kg For the control of  aphids, white fly & caterpillar on flowers & termites on Sugar cane. 6 
3 Actellic 2% dust* pirimiphos-methyl For the control of  storage pests on cereals and pulses. 6 
4 Actellic 50% EC* pirimiphos – methyl For the control of aphids in cotton. 6 
5 Adonis 12.5 UL* fipronil 12.5% ULV For the control of locusts. 3 
6 Agro-Lambacin Super 315 

EC 
profenfos 30% + lambda-
cyhalothrin 1.5% 

For the control of African Bollworm (Helicoverpa armigera) cotton.  9 

7 Agro-Thoate 40% EC* dimethoate 40%  1. For the control of beanfly (Ophiomiya phaseoli); Bean aphid (Aphis fabae);  Thrips                 
(Taenothrips spp.)  ABW (Helicoverpa armigera) on french beans. 

2. For the control of aphids (Myzus persicae) and ABW (Helicoverpa armigera)  
       on tomato. 
3. For the control of cabbage Aphid and various aphids on cabbage and potato, respectively.  

 
9 

8 Aim 10% EC alpha-cypermethrin For the control of potato tuber moth (PTM) and African boll worm (ABW) on tomatoes. 44 
9 Akito 2.5% EC beta cypermethrin For the control of stalk borer on Maize 5 
10 Alpha-cyproid 10% EC alpha-cypermethrin For the control of African Boll Worm in cotton. 22 
11 Alphahock 7.5% ULV alpha-cypermethrin 7.5%  For the control of sweet potato butterfly on sweet potato. 5 
12 Alphos 56% Tab. aluminium phosphide 560 gm/kg Insecticide (Fumigant) for the control of maize weevil on maize.  33 
13 Ampligo 150 ZC chlorantrniliprole + lambda-

cyhalothrin 
For the control of tomato leaf miner & fruit borer (Tuta-absoluta). 6 

14 Apron Star 42 WS thiamethoxam 20% + metalaxyl - 
20% 
+ difenoconazole 2% 

For the control of Russian wheat aphid on barley (To be used as seed treatment pesticide) 6 

15 Avaunt 150 SC indoxacarb For the control of stalk borer on maize, sweet potato butter fly on sweet potato, caterpillars on flowers & 
African boll worm on cotton. 

5 

16 Bandit 20 SL imidacloprid For the control of aphids (Aphis gossipii) on cotton. 5 
17 Basudin 600 EW**** diazinon For the control of armyworm and other pests on cereals. 6 
18 Baythroid 050 EC* cyfluthrin For the control of shoot fly, aphids, fleas and stock borer on sorghum. 11 
19 Bestox 7.5 ULV* alphacypermethrin For the control of African bollworm on cotton. 3 
20 Belt SC 480 flubendiamide For the control of leaf minor (Tuta absoluta) on tomato. 45 
21 Carba 85% WP carbaryl  For the control of stem borer on maize. 28 
22 Celphos aluminium phosphide 56% tablet for the control of maize weevil (sitophillus spp) and flour beetle (Tribolium spp) on stored maize.  24 
23 Chlortak 480 EC chloropyryfosethyl For the control of termites on hot pepper. 48 

 * Re-registered pesticide  
 **    Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that this specific formulation has been that phased  
          out from their  production line. 
       *** Canceled from registration upon receipt of a notificat ion, in writing, from the registrant of the pesticide,  it has been with drawn from sale. .      **** Registration expire 
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List of Registered Pesticides (Insecticides) 

No. Trade Name Common Name Approved uses Registrant 
24 Closer 240 SC Sulfoxaflor For the control of cabbage aphids on cabbage. 2 
25 Confidor SL 200 imidacloprid  For the control of Aphids, thrips whitefly & termites on flowers. 45 
26 Con-fidence 350 SC Imidacloprid For the control of Aphids on cotton. 15 
27 Coragen 200 SC Chlorantraniliprole For the control of African bollworm (Helicoverpa armigera) on cotton and tomato leaf 

miner (Tuta absoluta) on tomatoes. 
2 

28 Cruiser 350 FS  thiamethoxam 35% FS For the control of Russian wheat aphid on barley (To be used as seed treatment pesticide). 6 
29 Cruiser 70 WS**** thiamethoxam 70% WS For the control of Russian wheat aphid on barley (To be used as seed treatment pesticide).  6 
30 Cybolt 2.5 ULV* flucythrinate 2.5% ULV For the control of whitefly in cotton. 8 
31 Curacron 250 EC/ULV****    Profenofos For the control of white fly on cotton. 6 
32 Cymbush 1% Granule**** Cypermethrin For the control of stalk borer in maize and sorghum. 6 
33 Cymbush 25% EC*** Cypermethrin For the control of cotton pests on large scale farms. 6 
34 Danadim 40% EC dimethoate 400 gm/lt For the control of cotton Russian wheat aphids (Diuraphis Noxia)on barley.  5 
35 Danitol 10% EC**** Fenopropathrin For the control of African bollworm on cotton. 1 
36 Decis 0.5 EC/ULV* Deltamethrin For the control of African bollworm and leafhoppers on cotton. 4 
37 Decis 0.6 ULV* Deltamethrin For the control of African bollworm and leafhoppers on cotton. 45 
38 Decis 2.5 EC* Deltamethrin For the control of African bollworm and leafhoppers on cotton. 45 
39 Decis EC 025 deltamethrin 25 gm/lt For the control of aphids, thrips & caterpillar on flowers. 4 
40 Degesch Plates/Strips magnesium Phosphide 56% For the control of maize weevil on maize grain/seeds. 2 
41 Delicia * aluminium phosphide 56.7% For the control of storage pests on cereals and pulses. 15 
42 Delros 2.5 EC Deltamethrin For the control of  African boll worm  on tomato. 5 
43 Deltacal 0.2DP* deltamethrin 0.2%DP For the control of maize weevil on stored maize. 12 
44 Deltahock 0.6% ULV deltamethrin 0.6% ULV For the control of sweet potato butterfly on sweet potato. 5 
45 Deltanet 200 EC**** Furathiocarb For the control of aphids on cotton. 6 
46 Deltarin 25 EC Deltamethrin For the control of  African bollworm on chickpea. 15 
47 Detia Gas-Ex-T* aluminium phosphide 56.7% For the control of storage weevils and beetles on cereals and pulses.  16 
48 Devicyprin 25 cypermetrin  For the control of stalk borer on maize. 4 
49 Diamog 40% EC Dimethoate For the control offruit worm (Helicoverpa Spp. on tomato. 48 
50 Diazinon 10% G Diazinon For the control of stalk borers on maize and sorghum. 7 
51 Diazinon 60% EC Diazinon For the control of armyworm on cereals. 7 
52 Diazol 10G* Diazinon For the control of stalk borer on maize and sorghum 5 
53 Diazol 60 EC* diazinon 60% EC For the control of pests of cereals, vegetables and oil crop & aphids, caterpillars, whiteflies, 5 
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nematodes, termites & cutworms on flowers. 
* Re-registered pesticide    ** Canceled from registration upon receipt of a notification, in writing, from the registr ant of the pesticide that this specific formulation   has been phased out from 
their production line. *** Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that     it has been with drawn from sale.    **** Registration expire  
                                                                                        
                                                                                  List of Registered Pesticides (Insecticides) 

No. Trade Name Common Name Approved uses Registrant 
54 Dimeto 40% EC dimethoate For the control of cow pea aphids on cow pea. 28 
55 Diptrex SP 95**** trichlorofon 95% For the control of shoot fly on cereals. 2 
56 Dursban 240 ULV* chlorpyrifos-ethyl For the control of armyworm, locusts and grasshoppers on cereals and pastures.  2 
57 Dursban 48% EC* chlorpyrifos-ethyl For the control of armyworm, locusts and grasshoppers on cereals and pastures & to control termites.  6 
58 Dynamec 1.8 EC abamectin 18 gm/lt For the control of aphides, spider mites on flowers.  6 
59 Dynamic 400 FS thiram + Carbofuran For the control of snout beetle on maize. 15 
60 Ethiodemethrin 2.5% EC deltamethrin 25 gm/lt For the control of mealy cabbage aphids on cabbage & African boll worm on tomato. 18 
61 Ethiodemethrin 2.5% WDP deltamethrin 25 gm/lt For the control of maize stock borer (Buseolla fusca) on maize. 18 
62 Ethiolathion 5% Dust malathion For the control of maize Weevil (Sitophilus zeamays) on stored maize. 18 
63 Ethiolathion 50% EC malathion For the control of sweet potato butterfly (Acraea acerata) on sweet potato. 18 
64 Ethiopyrifos 48% EC chlorpyrifos For the control of termite in Maize. 18 
65 Ethiosulfan 25% ULV endosulfan For the control of African bollworm (Helicoverpa armigera) on cotton. 18 
66 Ethiothoate 40% E.C dimethoate 1. For the control of Aphids on field pea. 

2. For the control of Russian Wheat Aphid (Diuraphis Noxia) on  
    Barley. 

18 

67 Ethiotrothion 50% EC fenitrothion For the control of sweet potato butterfly (Acraea acerata) on sweet potato. 18 
68 Ethiozinon 60% EC**** diazinon -For the control of termite damage in hot pepper. 18 

69 Ethiozinon 60% EC diazinon For the control of maize stalk borer (Busseola fusca) and sweet potato butterfly (Acraea acerate) on 
maize and sweet potato respectively & black beetle (Heteroychus Licas) & termite on sugar cane.  

18 

70 Fastac®  100 G/L EC alphacypermetrin For the control of caterpillar, aphids, thrips & whitefly on flowers. 29 
71 Fastac 7.5 g/l ULV* alphacypermethrin For the control of African bollworm in cotton. 29 
72 Fullongphos aluminium phosphide For the control of maize weevil and other storage pests on stored maize. 26 

73 Fyfanon 50% EC* malathion For the control of armyworm, locusts and grasshoppers on cereals. 5 
74 Gain 20 SL imidacloprid For the control of aphids (Macrosiphum euphorbiae) on potatoes. 9 
75 Gastoxin aluminium phosphide 57% 

tablet 
For the control of maize weevil and other storage pests on stored maize. 22 

76 Gaucho 70 WS**** imidacloprid For the control of Russian wheat aphid (diuraphis noxia) on barley. 4 
77 Girgit-Plus profenofos 72% EC For the control thrips on onion. 41 
78 Golan 20% SL acetamiprid For the control of aphids, thrips, leaf minor & flea beetle on flowers. 39 
79 Hanclopa 48% EC chlorpyrifos For the control of termites on hot pepper. 28 
80 Helerat  5% EC lamda cyhlothrin For the control of bollworm on cotton. 15 
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* Re-registered pesticide **    Canceled from registration upon receipt of a notification, in writing, from the re gistrant of the pesticide that this specific formulation has been phased out from 
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List of Registered Pesticides (Insecticides) 
No. Trade Name Common Name Approved uses Registrant 

 
81 Helmathion 50 Ec malathion 50% EC 1. For the control of Aphids and leaf hoppers on maize.  

2. For the control of storage insect pests in storage structures. 
 

15 
82 Highway 50 EC lambda-cyhalothrin For the control of African boll worm on chick pea 15 
83 Hondize 60% EC Diazinon For the control of African boll worm on tomato. 28 
84 Karate 0.8 ULV**** lambda-cyhalothrin For the control of cotton pests on large scale farms. 6 
85 Karate 5% EC* lambda-cyhalotrin For the control of cotton pests on large scale farms. 6 
86 Kill-phose aluminium phosphide For the control of storage insect pests specially Sitophilus spp. & Tribolium spp. In stored maize grain. 41 
87 Lambdahock 5% EC lambda-cyhalotrin For the control of maize stock borer on maize. 5 
88 Lamdex 5% EC lambda-cyhalothrin 5% EC For the control of maize stalk borer (Busseola fusca Fuller) on maize and aphids, thrips,  

Leafhoppers, caterpillars & leaf minors on flowers.  
5 

89 Lifothoate 40 EC dimethoat For the control of aphids on cotton. 15 
90 Lipron 50 SC Fipronil For the control of termites on rice. 15 
91 Litphos 56 TB aluminium Phosphide 56%  For the control of maize weevil in maize store. 15 
92 Locslay 5% EC lambda-cyhalothrin For the control of  thrips on onion. 44 
93 Malathion 50% EC**** malathion For the control of armyworm, locusts and grasshoppers on cereals and pastures.  1 
94 Malmog malathion For the control ofAphids on cabbage. 48 
95 Malt 50% EC malathion 500 gm/lt Insecticide for the control of sweet potato butterfly on sweet potato.  33 
96 Marshal 20 UL Carbosulfan For the control of locust and grasshoppers. 3 
97 Marshal 25% EC* Carbosulfan For the control of aphids on cotton. 3 
98 Marshal 25% ULV* Carbosulfan For the control of aphids on cotton.  3 
99 Marshal/Suscon Carbosulfan For the control of termites of Eucalyptus trees (Eucalyptus camaldulensis; E. citriodora and E. saligna) and 

Leucena trees (Laucena leucocephala). 
3 

100 Medopaz* white oil for the control of red scale (Aonidiella aurantii); Orange scale (Chrysomphalus dictyospermi); 
 Purple scale (chrysomphalus aonidum) and Black scale (Parlatoria zizyphus) on citrus alone or in 
combination with some organophosphate insecticides. 

5 

101 Megaban Plus chlorpyriphos-ethyl 48% w/v For the control of termites on pepper.        26 
102 Metasystox R 250 EC* oxydemethon-methyl For the control of shoot fly, aphids, fleas, and stalk borer on sorghum.           5 
103 Mogphos 56% Tablet aluminium phosphide For the control of maize weevil in stored maize.        48 
104 Modan  5% EC lambda –cyhalothrin 5% EC For the control of maize stalk borer in maize.        28 
105 Neoron 500 EC **** Bromopropylate For the control of spider mite on cotton.          6 
106 Netpyrifos 48 EC Chlorpyrifos For the control of termite on hot pepper.         28 
107 Nimbicidine Neem For the control of thrips on onion.         34 

* Re-registered pesticide. ** Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that this specific formulation has been phased out from their 
production line. *** Canceled from registration upon receipt of a notification, in writing, from the registra nt of the pesticide that it has been with drawn from sale.  **** Registration expired 
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List of Registered Pesticides (Insecticides) 
No. Trade Name Common Name Approved uses Registrant 
108 Nuvacron 40 SCW **** Monocrotofos For the control of spider mite on cotton. 6 
109 Oscar 20% EC Tebufenpyrad For the control of Spider mites on flowers. 29 
110 Oxymatrin 2.4 SL oxymatrin 2.4%  For the control of spider mites, aphids, thrips, caterpillar and leafhoppers on flowers.  37 
111 Perfecto 175 SC imidacloprid + lambda-

cyhalothrin 
For the control of aphids on cotton. 15 

112 Phonix 5% EC lambda-cyhalothrin For the control of aphids on cabbage. 52 
113 Phostoxin * aluminium phosphide  For the control of storage pests in warehouses. 2 
114 Polo 500 SC diafenthiuron  500 gm/lt  For the control of Aphids (Aphis gossypii) on cotton. 6 
115 Polytrin C 220 ULV*** profenofos + cypermethrin For the control of  locust and grasshoppers. 6 
116 Polytrin Ka 315 EC/ULV*** profenofos 300 gm/lt + 

lambdacyhalothrin 15 gm/lt 
For the control of African bollworm on cotton.  6 

117 Pritacet 10 EC acetamiprid For the control of Aphids and Mealy bug on cotton. 15 
118 Profit 72% EC profenofos For the control of pea aphids (Acyrtosiphon pisum) on field pea. 15 
119 Proven 44 EC Profenofos  + cypermethrin For the control of maize stalk borer on maize 28 
120 Pyriban 48% EC chlorpyrifos For the control of African boll worm in cotton. 22 
121 Pyrinex 24 ULV* chlorphyrifos-ethyl For the control of armyworm on cereal and pasture. 5 
122 Pyrinex 48% EC chlorpyrifos-ethyl  For the control of armyworm on cereals and pasture. 5 
123 Pyrinex chlorpyrifos 48% w/v For the control of Termites on hot pepper. 5 
124 Quickphos* aluminium phosphide For the control of storage pests. 5 
125 Radiant 120 SC Spinetoram For the control of onion thrips (Thrips tabacia) on onion and tomato leaf minor 

(Fruit borer/Tuta absoluta) on tomato. 
2 

126 Rider 5 EC Lambdacyhalothrin For the control of African bollworm (Helicoverpa armigera)  in tomato. 5 
127 Rimon 10% EC Novaluron Insect Growth Regulator (IGR)  to control stalk borer on maize 5 
128 Rimon Star ULV novaluron + bifenthrin For the control of African boll worm on cotton. 5 
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129 Ripcord 5% ULV**** cypermethrin For the control of African bollworm, leaf worm and thrips in cotton 8 
130 Rufast 75% EW Acrinathrin For the control of spider mites, aphids & thrips on flowers. 5 
131 Runner 240 SC Methoxyfenozide For the control of false codling moth on citrus. 2 

132 Sarikas dimethoate 40% w/v For the control of  cabbage aphids on cabbage. 41 

133 SD-Toxin Tablet aluminium Phosphide 56.8% For the control of  storage insect pests on maize. 30 

134 Secure 24% SC Chlorfenapyr For the control of  leaf miner (Tuta absoluta) on tomatoes. 29 

135 Secure 36% SC Chlorfenapyr For the control of red spider mites & caterpillars on flowers.  29 

136 Selecron 720 EC**** profenofos "Q" 720g/l For the control of maize stalk borer on maize. 6 

137 Sevin 85% WP* Carbaryl For the control of armyworm, grasshoppers Wellobush cricket on cereals & pasture. 4 
* Re-registered pesticide 
** Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that this spec ific formulation has been phased out from their production line.  
*** Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that it has been with drawn from sale.   **** Registration expired 
                                                                              
                                                                                    
                                                                                                   List of Registered Pesticides (Insecticides) 

No. Trade Name Common Name Approved uses Registrant 

138 Shenphos 57% Tablet aluminium Phosphide   For the control of maize weevil (Sitophilus spp.) & flour beetle (Tribolium spp.) on stored 
maize. 

36 

139 Success Bait Spinosad For the control of Fruit fly on guava. 2 
140 Sumithion 50% EC**** Fenitrothion For the control of armyworm & locusts on cereals & pastures, Grasshoppers under the 

supervision of extension agents 
1 

141 Sumithion 96% ULV**** Fenitrothion For the control of armyworm and locusts on cereals and pastures. 1 
142 Sumithion 95% ULV**** Fenitrothion For the control of armyworm and locusts on cereals and pastures. 1 
143 Suprathion 40 EC* methidathion 400 g/l For the control of scale insects on citrus. 5 
144 Talic 2% Dust pirimiphos-methyl For the control of storage pests (Sitophilus spp.) on stored maize. 9 
145 Talstar 20 ULV* Bifenthrin For the control of whitefly and red spider mite on cotton. 3 
146 Tanphos 56% TAB aluminium-phosphide For the control of weevils (Sitophilus Spp. And Tribolium Spp.) on stored maize grain. 28 
147 Thiodan 25% ULV* Endosulfan For the control of bollworm on cotton, maize and sorghum. 4 
148 Thiodan 35% EC* Endosulfan For the control of African bollworm on cotton, maize and sorghum. 4 
149 Thionex 25% EC/ULV* endosulfan  For the control of African bollworm on cotton, maize, sorghum & tobacco. 5 
150 Thionex 25% ULV* Endosulfan For the control of African bollworm on cotton, maize and sorghum. 5 
151 Thionex 35% EC* Endosulfan For the control of African bollworm on cotton, maize, sorghum and tobacco.  5 
152 Torque 550 SC Fenbutatin For the control of Spider mites on flowers. 29 
153 Tracer 480 SC spinosad (a mixture of 

spinosyn A & spinosyn B) 
480 gm/lt 

For the control of thrips and leaf miners on flowers & African bollworm on cotton and 
tomato leaf miner (Tuta absoluta) on tomatoes.  

2 

154 Tricel 48% EC Chlorpyrifos For the control of termite in pepper. 24 
155 Ultracide 40 EC **** Methidathion For the control of scale insects on citrus. 6 
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156 Winner 0.8 ULV lambda cyhalothrin For the control of African boll worm on cotton. 5 
157 Zerofly storage Bag Deltamethrin insecticide/Deltamethrin/ incorporated polypropylene sack is for the control of grain & 

seeds from post harvest storage insect pests . 
50 

* Re-registered pesticide 
**    Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that this specific formulation has been  
       phased out from their production line. *** Canceled from registration upon receipt of a notifica tion, in writing, from the registrant of  
       the pesticide that it has been with drawn from sale. **** Registration expired. 
 
 
                                                                                                  
 
 
 
 
 
 
 
 
                                                                                             List of Registered pesticides (Herbicides) 

No. Trade Name Common name Approved Uses Registrant 
1 Agriherba 2,4-damine salt 720 gm/lt For the control of broad leaf weeds on wheat. 37 
2 Agrocide 72 SL 2,4-D dimethyl- amine Salt 720g/lt For the control of post emergency annual and perennial broad leaf 

weeds on wheat. 
35 

3 Agro-sate 48 SC* glyphosate 360 g/l A.E For the control of broad spectrum of weeds in coffee and citrus. 9 
4 Agro- 2,4-D amine 720g/l 

A.E* 
2,4-D 720 g/l A.E For the control of broadleaf weeds in wheat, barley, teff, maize and 

sorghum 
9 

5 Alanex 48% EC* alachlor 480 g/l For the control of annual grass and some broadleaf weeds in maize 
and soybeans. 

5 

6 Alazine 350/200 SE* alachlor 350 + alazine 200 For the control of grass and some broadleaf weeds in maize 5 
7 Ametrazine 500 SC atrazine 250 gm/lt + ametryne  250 

gm/lt 
Herbicide for the control of annual and perennial grasses and broad 
leaf weeds in sugar cane.  

2 

8 Apic clodinafop-propargyl For the control of grass weeds in wheat. 41 
9 Asta fenoxaprop-P-ethyl For the control of grass weeds in wheat. 9 

10 Atlantis OD 37.5 iodosulfuron-methyl-sodium 7.5 g/l + 
mesosulfuron-methyl 7.5 g/l 

For the control of grass & broad leaf weeds in wheat. 45 

11 Atops 240 EC clodinafop-propargyl For the control of grass weeds in wheat. 5 
12 Atramet combi 50 SC* atrazine 25% + ametryne 25% For the control of grass weeds in sugarcane 5 
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13 Aura 72 SL 2,4- D Amine Salt For the control of broad leaved weeds in Teff. 28 
14 Auxo EC 337 tembotrion 50 g/l + bromoxynil 

octanoate 262 g/l                          
For the control of broad leaf  & grass weeds in wheat and maize 45 

15 Axial® 045 EC Pinoxaden For the control of grass weeds in wheat and barley. 6 
16 Banvel P dicamba + mecoprop For the control of  broad leaf  weeds in wheat and barley 10 
17 Basagran® 480 SL Bentazone For the control of  broadleaf weeds in soya bean 29 
18 Brittox 52.5 EC **** bromoxynil + ioxynil + mecoprop For the control of broadleaf weeds in wheat and barley 8 
19 Butrazine 48 SC butachlor + Atrazine For the control of annual and perennial broadleaf & grasses weeds 

in maize. 
15 

20 Calliherbe Super* 2,4-D 720 g/l A.E For the control of broadleaf weeds in cereal crops and sugarcane 12 
21 Chivad 2,4-D amine 720 gm/lt SL For the control of broad leaf weeds on wheat. 28 
22 Chob Amine 720 SL 2,4-D For the control of broad leaf weeds in wheat and Sugar cane. 38 
23 Codal Gold 412.5 DC s-metolachlor 162.5 gm/lt + prometryn 

250 gm/lt 
For the control of annual grass & broad leaf weeds on cotton. 6 

24 Codal 400 EC** prometryn + metolachlor For the control of broadleaf weeds and grass weeds in cotton 6 
25 Coneo glyphosate 41%  SL For the control of grass and broad leafed  weeds in coffee. 26 

*Re-registered pesticide**  Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticid e that this specific formulation has been  phased out from their  
production line. *** Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that it has been with drawn  from sale. **** Registration expi red 

 
List of Registered pesticides (Herbicides) 

No. Trade Name Common name Approved Uses Registrant 
26 Clodinamex 8% EC clodinafop-propargyl 8% + 

cloquintocet-methyl 2% 
For the control of grass weeds in wheat. 28 

27 Cropphosate 48% SL Glyphosate For the control of grass and broad leaf weeds in maize 51 
28 Current 8 EC clodinafop-propargyl For the control of grass weeds in wheat. 5 
29 Dat-Phosate 41% SL glyphosate  For the control of  annual & perennial weeds in coffee 53 
30 Delphi 720 SL 2,4-D For the control of  broad leaf weeds in sugar cane. 12 
31 Desormone liquid 720 A.E.* 2,4-D 720 g/l A.E For the control of broadleaf weeds in cereals (wheat, barley, teff, maize & sorghum) 5 
32 Derby 175 SC flurasulam 75 G/L + 

flumetsulam 100 G/L  
For the control of broadleaf weeds in cereals  2 

33 Dical 2,4-D 720 gm/lt SL For the control of broad leaf weeds on wheat. 32 
34 Dicopur 720 SL* 2,4-D 720 g/l A.E For the control of broadleaf weeds in cereal crops 5 
35 Dicopur pp 600 SL mecoprop 600 G/L aqueous 

concentrate 
For the control of broad leaf weeds in cereals (wheat, barely and teff).  5 

36 Dual Gold 960 EC S-metolachlor  For the control of broad leaf weeds in haricot bean. 6 
37 Ethio 2,4-D 720 SL 2,4-D dimethylamine salt  For the control of broad leaved weeds in Tef, wheat. And Sugar Cane. 18 
38 Fenopax 69 EW fenoxaprop-P-Ethyl For the control of grass weeds in wheat. 15 
39 Folar 525 FW** terbuthylazine + glyphostate For the control of broad leaf weeds in coffee. 6 
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40 Foxtrot fenoxaprop-P-Ethyl For the control of grass weeds /Avena Spp./ in wheat. 5 
41 Fuca 75 EW phenoxaprop-p-ethyl For the control of Avena Spp. And Phalaris paradoxa in wheat. 15 
42 Fusilade Forte 150 EC fluaxifop-P-butyl  For the control of grass weeds in cotton. 6 
43 “Fusilade” Super 12.5% EC**** fluzifop-p-butyl For the control of grass weeds in cotton and faba bean. 6 
44 Gallant Super haloxyfop-R-methyl ester For the control of annual & perennial grass in rape seed /Brassica napus/ 2 
45 Gesapax combi 500 FW* ametryne + atrazine For the control of various weed spp. In sugarcane. 6 
46 Gesaprim 500 FW**** atrazine 500g/l  For the control of complex weeds in maize and sorghum. 6 
47 Glycel 41% SL glyphosate 360 G/L  For the control of broad leaf weeds on coffee and wasteland. 24 
48 Gly Kill Glyphosate For the control of sedges, grass & broad leaf weeds in coffee fields & on waste land 

(Not-cropped land).  
41 

49 Glyphos 48% SL glyphosate 480G/L  For the control of grass and broad leaf weeds in coffee. 33 
50 Glyphos 360 SL glyphosate 36%   For the control of sedges and perennial grass weeds in coffee. 5 
51 Glyphogan  glyphosate 480 G/L For the control of coffee weeds such as Cyprus spp, cynodon spp, Digitaria spp, 

Hydrocotyle American, Echnocloa spp, Bidens pilosa, Ageratum conyzoides, Galinsoga 
parviflora and conyza albida 

5 

52 Glyphogan T glyphosate + terbuthylazine For the control of broad-leaved weeds in coffee. 5 
53 Glyweed 48% SL Glyphosate For the control of grass and broad leaf weeds in coffee. 28 
54 Gramaxone 20% EC* Paraquate For the control of complex weeds in coffee plantation.  6 
55 Granstar 75 DF * tribenuron methyl For the control of broadleaf weeds in wheat. 5 
56 Helosate 48 SL glyphosate 48%  For the control of annual and perennial weeds in citrus plantations. 15 
57 Herb-Kill 2,4-D 720 gm/lt  For the control of broad leaf weeds in wheat. 5 

* Re-registered pesticide**    Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that this specific formulation has bee n phased out from  
    their production line. *** Canceled from registration upon receipt of a notification, in writing, from the r egistrant of the pesticide that it has been with drawn from   sale.   **** Registration expired 
    
                                                                                                                         
                                                                                                          List of Registered pesticides (Herbicides) 

No. Trade Name Common name Approved Uses Registrant 
58 Herbknock 2,4-D amine Salt 720 G/L For the control of annual & perennial broad leaf weeds on wheat. 47 
59 Hond 72% SL 2,4-D amine 720 gm/lt For the control of broad leaf weeds in wheat. 28 
60 Illoxan 28% EC* diclofop-methyl For the control of wild oat and grass weeds in wheat and barley. 45 
61 IntegrityTM saflufenacil + dimethenamid-P For the control of grass and broad leaf weeds in maize 29 
62 Kalach 360 SL* Glyphosate 36% SL For the control of perennial grasses, sedges and broad leaf weeds in coffee.  12 
63 Ken-amine 720  SL 2,4-D Amine 72% W/V SL For the control of post emergence broad leaved weeds in wheat. 40 
64 Lancelot 450 WG aminopyralid 30% + florasulem 15% For the control of broad leaf weeds in wheat. 2 
65 Lasso 480 EC alachlor 480 G/L  For the control of broad leaf weeds in haricot bean.  8 
66 Lasso/Atrazine 55% SC* alachlor 35% + atrazine  20% For the control of annual weeds in maize, soybean and sugarcane. 8 

 
67 Linkosate 75.7 SG glyphosate ammonium For the control of annual & perennial grass & broad leaf weeds under coffee 15 

68 Linkosate 48 SL glyphosate-isopropyl ammonium For the control of annual & perennial weeds in Tef. 15 
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69 Litamine 72 SL 2,4-D For the control of broad leaf weeds in wheat. 15 
70 Lumax 537.5 SE mesotrione + s-metolachlor + terbutilazine For the control of pre and early post emergency grass and broad leaf weeds 

on maize. 
6 

71 Mamba 360 SL Glyphosate For the control of citrus and coffee weeds. 2 
72 Mamba Super 480 SL Glyphosate For the control of grass and broad leaf weeds in coffee. 2 
73 Mantou 2,4-D For the control of broadleaf weeds in tef. 41 
74 Mog-Sate 480 SL Glyphosate For the control of perennial grass and broad leaf weeds in coffee.  48 
75 Mustang (XDF 6.25 G/L + 2,4-D 300 G/L) suspo-emulsion 

(S.E) 
For the control of broadleaf weeds in cereals. 2 

76 Pallas 45 OD Pyroxsulam For the control of grass weeds (wild oat, downy brome /Bromus Spp./ and  
annual broad leaf weeds on wheat and tef.  

2 

77 Pendico® 33 EC Pendimethalin For the control of annual grass & broad leaf weeds in maize. 15 

78 Piranha 360 SL glyphosate 360 Gr/Lt For the control of grass and broad leaf weeds& sedge spp. In harvest road & 
orchards. 

12 

79 Power 860 SL 2,4-D Amine Salt For the control of broad leaf weeds in wheat. 15 

80 Primagram 500 FW **** metolachlor + atrazine For the control of broad spectrum broadleaf and grass weeds in maize 6 
81 Puma super 75 EW* fenoxaprop-p-ethyl 6.9% For the control of grass weeds in wheat 45 
82 Primagram Gold 660 SC s-metolachlor 290 g/l + atrazine 370 g/l For the control of broadleaf and grass weeds in maize and sugarcane. 6 
83 QISH- Fordat 2,4-D For the control of broad leaf weeds in wheat. 38 

* Re-registered pesticide ** Canceled from registration upon receipt of a notification, in writing, from the registrant of the pes ticide that this specific formulation has been 
phased out from their production line. *** Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that it has been with drawn from 
sale **** Registration expired. 
                                                                                                                                                           
                                                                                      
 
 
                                                                                     List of Registered pesticides (Herbicides) 

No. Trade Name Common name Approved Uses Registrant 
84 Ralon Super EW 144 Fenoxaprop-P-Ethyl 69 

gm/lt 
For the control of annual broad leaf & perennial grass weeds in barley & wheat. 45 

85 Richway 750 WDG Tribenuron Methyl For the control of broad leaf weeds in wheat. 15 
86 Roundup 36 SL* Glyphosate 360 g/l For the control of complex weeds in coffee 8 
87 Roundup Turbo 450 SL Glyphosate For the control of annual & perennial weeds in coffee 8 
88 Rubah 8% EC Clodinafop-Propargyl For the control of grass weeds except bromus spp.  in wheat. 44 
89 Sanaphen  D 720 SL 2,4-D 720g/l SL A.E For the control of Broad leaf weeds in wheat 2 
90 Starane M 64% EC* Fluroxypyr + MCPA For the control of broadleaf weeds in wheat 2 
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91 StellarTM Star Topramezone + Dicamba For the control of grass &  broad leaf weeds in maize 29 
92 Stomp® 455 CS Pendimethalin For the control of rottoboellia weed in maize & broad leaf and grass weeds in cotton. 29 
93 Stomp 500 E* Pendimethalin For the control of rottoboellia weed in maize 29 
94 Strongarm 840 WG Diclosulam For the control of  Broad leaf  & grass weeds on soya bean. 2 
95 Sugar cane Hoe 500 SC Ametryn 250 gm/lt + 

Atrazine 250 gm/lt 
For the control of complex weeds (Broad leaf weeds, Grass weeds & Sages in Sugar cane. 38 

96 Super Star  Tribenuron-Methyl For the control of Broad leaf  weeds in wheat 41 
97 Terminator 480 G/L SL Glyphosate For the control of annual & perennial grasses & broad leaved weeds in citrus orchards. 32 
98 Top Harvest 80 EC Clodinafop-Propargyl For the control of grass weeds in wheat. 15 
99 Topik 080 EC* Clodinafop-propargyl For the control of grass weeds in wheat. 6 
100 Traxos 045 EC Clodinafop- propargyl + 

Pinoxade 
For the control of grass weeds in wheat. 6 

101 Trust-Sate 360SL Glyphosate For the control of annual & perennial grasses & broad leaved weeds in coffee.  15 
102 U-46 KV fluid 600*** Mecoprop For the control of  broadleaf weeds in wheat and barley 3 
103 U-46 KV fluid 72%* 2,4-D 720g/l A.E For the control of broadleaf weeds on cereals (tef, wheat, barly, maize, sorghum) and 

sugarcane. 
5 

104 Ultimate 500 SC s-metolachlor + terbutylazine For the control of annual grasses & broad leaved weeds in maize. 15 
105 Velpar 75 DF* hexazinone 75% DF  For the control of broadleaf and grass weeds in sugarcane. 2 
106 Vitis 080 EC Clodinafop-Propargyl For the control of grass weeds in wheat. 26 
107 2,4-D PA**** 2,4-D 720 g/l A.E. For the control of  broad leaf weeds in wheat and teff 17 
108 Weedall 480 SL Glyphosate For the control of annual broad leaf & perennial grass weeds in coffee.  5 
109 Weed killer 2,4-D 72 Acid Equivalent For the control of broadleaved weeds in teff and wheat 24 
110 Yilagristar 2,4-D For the control of broad leaf  weeds in wheat 46 
111 Zura Herbicide 2,4-D 720 g/l A.E For the control of broad leaf weeds on maize. 26 

                                                                                       
* Re-registered pesticide **    Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that this specific formulation has been phased out from  
         their production line *** Canceled from registration upon receipt of a notification, in writing, from the registrant of t he pesticide that it has been withdrawn from sale   **** Registration expire  
                                                                 
                                                                                                                                                                                             
                                                                                        
 
                                                                                                                                 List of Registered pesticides (Fungicides) 

No. Trade Name Common name Approved Uses Registr
ant 

1 Acrobat WG dimethomorph + mancozeb For the control of downy mildew on flowers.  29 
2 Agri-Fos 400 SL potassium phosphate For the control of downy mildew on flowers. 27 
3 Agro-Laxyl MZ 63.5 WP mancozeb + metalaxyl For the control of Early blight on tomato and Late blight on potato. 9 
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4 Albu Propiconazol For the control of  stem rust on wheat. 26 
5 Aliette 80 WG fosetyl aluminium 800 gm/kg For the control of downy mildew, pythium & phytophthora on flowers 45 
6 Amistar Xtra 280 SC azoxystrobin  200 gm/lt +cyproconazole 80 gm/lt For the control of yellow rust on wheat. 6 
7 Ardent 50 SC kresoxim-methyl For the control of powdery mildew on ornamentals. 5 
8 Artea 330 EC propiconazol + cyproconazol For the control of  septoria leaf blotch, net blotch& scald disease on barly.  6 
9 Bacticide copper Hydroxide For the control of late blight on tomato. 41 
10 Bayleton 25 WP* triadimefon For the control of rust diseases on wheat and barley. 45 
11 Benlate 50 WP**** benomyl 50% WP For the control of  bean anthracnose on haricot beans 2 
12 Bless Tebuconazol For the control of stem rust (Puccinia graminis F. SP. Tritici on wheat. 41 
13 Boss 72% WP metalaxyl + mancozeb For the control of late blight on tomato. 44 
14 Bumper 25 EC* propiconazole 25% For the control of leaf and stem rust on wheat. 5 
15 Champion copper hydroxide 770 gm/kg For the control of  late blight on potato. 5 
16 Chob Manzeb 80 WP Mancozeb For the control of late blight on tomato. 38 
17 Collis®   kesoxim-methyl + boscalid For the control of  Powdery mildew on flowers. 29 
18 Curzate M 68 WP cymoxanil 45 gm/kg + mancozeb 680 gm/kg For the control of  late blight on tomato. 2 
19 Curzate R WP cymoxanil + copper oxychloride For the control of  late blight on potato and downy mildew on grape. 2 
20 Daconil 2787 W 75 **** chlorothalonil 75% WP For the control of coffee berry disease on coffee. 6 
21 Datozeb 80 WP  metalaxyl + mancozeb For the control of late blight (Phytophthora infestans) on potato.  
22 Delan 500 SC dithianon 500 gm/lt For the control of  Downey mildew on flowers. 29 
23 Diprocon 33 EC Difenoconazole control of yellow rust (Puccinia striformis F. SP. Tritici) on wheat. 15 
24 Ecostar ® 250 SC Azoxystrobin For the control of  yellow rust on wheat. 15 
25 Electis 75% WG zoxamide 8.3% + mancozeb 66.7% For the control of  late blight on potato. 2 
26 Equation Pro WDG famoxadone 22.5% + cymoxanil 30%  For the control of downy mildew on grape & also for the control of potato late blight 

on potato.  
2 

27 Ethiozeb 80% WP mancozeb  For the control of  late blight on tomato. 18 
28 Flint WG 50 trifloxystrobin 500 gm/kg For the control of powdery mildew & rust on flowers. 45 
29 Flowsan FS Thiram For the control of root rot diseases on wheat. 10 
30 Folio Gold 537.5 SC metalaxyl-M 37.5 gm/l +500 gm/l chlorothalonil For the control of  botrytis and downy mildew on flowers. 6 
31 Folpan 80 WDG Folpet For the control of anthracnose on papaya. 5 
32 Fostonic 80 WP Fosetyl For the control of downy mildew & botrytis on flowers. 5 

*Re-registered pesticide **    Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that this specific formulation has been phased 
out from their production line. *** Canceled from registration upon receipt of a notification, in writing, from the registran t of the pesticide that it has been with drawn from sale   . 
**** Registration expired 
                                                                                                                                                                                                                                                                               
                                                                                                                                                                                                                   
                                                                                                                   
                                                                                                                  List of Registered pesticides (Fungicides) 

No. Trade Name Common name Approved Uses Registrant 
33 Fungozeb 80 WP  Sancozeb For the control of  late blight on potato. 15 
34 Funguran-OH 50 WP copper Hydroxide For the control of  bacterial leaf spot (Xanthomonas campestris on pepper. 2 
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35 Goldazim 500 SC carbendazim For the control of  powdery mildew botrytis on flowers. 5 
36 Helcozeb 80 WP* mancozeb 80% W/W For the control of cercospora leaf spot on statice flowers. 15 
37 Horizon 680 WG Mancozeb + metalaxyl-M For the control of late blight (Phytophthora Infestans) on Potato. 15 
38 Imidalm T 450 WS midaclopride 250 gm/kg + thiram 

200 gm/kg 
For the control of  seed and seedling diseases on wheat  (Seed treatment ) 2 

39 Impulse EC 500 spiroxamine 500gm/lt Fungicide for the control of powdery mildew on flowers. 45 
40 Indofil M-45 mancozeb 80% WP For the control of  late blight on potato. 22 
41 Indom mancozeb For the control of  late blight on tomato. 41 
42 Ippon 500 SC iprodione 500 gm/lt SC For the control of  botrytis on flowers. 5 
43 Iprodione 500 SC iprodione 500 gm/lt For the control of  botrytis and alternaria on flowers.          37 
44 Joint 246 FS imidacloprid + tebuconazol ++ For the control of  loose smut & covered smut on wheat & shoofly on barley.            15 
45 Karilaxyl-72 metalaxyl + Mancozeb For the control of  late blight on tomato. 41 
46 Kocide 101* copper-hydroxide For the control of  late blight on potato. 5 
47 Kocide 2000 copper-hydroxide For the control of  bacterial leaf spot on pepper. 2 
48 Kumulus®  DF sulfur For the control of Powdery mildew on Flowers. 29 
49 Mancolaxyl 72 % WP mancozeb + metalaxyl WP For the control of  late blight on tomato. 5 
50 Mancotan 80 WP mancozeb For the control of  late blight (Phytophthora infestans) on potato 33 
51 Mancozeb 80 WP mancozeb For the control of  Downey mildew, Botrytes, Black spot and rust on Flowers. 27 
52 Manoxyl 72% WP mancozeb 64%+ metalaxyl 8% For the control of  late blight on potato. 33 
53 Matco  metalaxyl  8% + mancozeb 64%WP For the control of late blight disease (phytophtora infestans) on potato and tomato 

and downy mildew (pernospora destructor) on onion. 
22 

54 Maxitan 72% WP mancozeb 64% + metalaxyl 8% For the control of late blight (Phytophttora infestans) on potato. 33 
55 Meltatox® 40% EC dodemorf acetate For the control of Powdery mildew on flowers. 29 
56 Melody Duo WG iprovalcarp 90 gm/kg + propineb 

600 gm/kg 
For the control of Powdery mildew on flowers. 45 

57 Metalaxyl 8% + Mancozeb 
 64% WP 

metalaxyl 8% + mancozeb 64% WP For the control of late blight (Phytophthora infestans) on potato. 26 

58 Nativo  SC 300 trifloxystrobin 100 gm/lt + 
tebuconazol 200 gm/lt 

For the control of yellow (Strip) rust on wheat. 45 

59 Natura 250 EW tebuconazole For the control of yellow rust disease on wheat. 15 
60 Nimrod 25 EC buprimate For the control of powdery mildew on pepper. 5 
61 Noble 25 WP* triadimefon For the control of  stem rust on wheat & smut (Ustilago Scitaminea Syd.) on sugar 

cane 
15 

*Re-registered pesticide **  Canceled from registration upon receipt of a notification, in wri ting, from the registrant of the pesticide that this specific formulation  has been  phased out from their 
production line. *** Canceled from registration upon receipt of a notification, in writing, from the registrant of the pestic ide that it has been phased out from their production line; Withdrawn from sale. 
**** Registration expired         ++A combination of insecticide & fungicide                                                                                                                                                                                 
                                                                                             List of Registered pesticides (Fungicides) 

No. Trade Name Common name Approved Uses Registrant 

62 Odeon 82.5 WDG* Chlorothalonil For the control of Late blight on Potato & coffee berry disease on coffee. 5 
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63 Opera TM Max Pyraclostrobin + Epixiconazole For the control of  yellow rust disease on wheat. 29 

64 Orius 25 EW Tebuconazole For the control of rust on flowers. 5 

65 Ortiva 250 SC Azoxystrobin 250 g/l For the control of rust, botrytis & downy mildew on flowers. 6 

66 Panazole 25% EC Propiconazole For the control of wheat stem rust on wheat. 28 
67 Penncozeb 80 WP* mancozeb 80% WP For the control of late blight on tomato. 5 

68 Polar 50% SG Polyoxin AL For the control of powdery mildew on straw berry & Powdery mildew & botrytis on flowers.  27 

69 Polyram DF Metiram For the control of Downy mildew on flower. 29 

70 Previcur Energy SL 840 Propamocarb hydrochloride For the control of downy mildew on flowers. 45 

71 Previcur N Propamocarb hydrochloride 722 gm/lt For the control of botrytis, pythium & phytophthora on flowers. 45 

72 Progress 250 EC propiconazole For the control of yellow rust (Puccinia Striformis f. sp. tritici) on wheat. 9 

73 Proplant SL Propamocarb Hydrochloride 722 gm/lt For the control of downy mildew on flowers.                          5 

74 Proseed Plus 63 WS Carboxin + Thiram + Imidacloprid For the control of soil born & seed born diseases on barley as seed treatment. 32 

75 Rex® Duo Epoxiconazole + Thiophanate-methyl For the control of yellow/stripe rust on wheat. 29 

76 Revus 250 SC Mandipropamid For the control of late blight on potato. 6 

77 Ridom 80% WP Mancozeb  For the control of late blight on potato. 33 

78 Ridomil 5G **** Metelaxyl For the control of fungus spp. On pepper, tomato, orange & apples. 6 

79 Ridomil MZ 63.5 WP **** metalaxyl/mancozeb For the control of fungus spp. On potato, tomato, pepper & onion. 6 

80 Ridomil Gold  MZ  68 WG Metalaxyl-M  For the control of downy mildew on grape. 6 

81 Ridomil Gold MZ 68 WP **** metalaxyl – M 4% + mancozeb 64% For the control of downy mildew on grape. 6 

82 Rova 500 FW* chlorothalonil 50% FW For the control of coffee berry disease on coffee. 12 

83 Rova 75 WP* chlorothalonil 50% FW For the control of coffee berry disease on coffee. 12 

84 Rovral Aquaflo 500 SC Iprodione For the control of Botrytis & Alternaria on Flowers. 45 

        *Re-registered pesticide **    Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that this specific formulation has *** 

Canceled from registration upon receipt of a notification, in writing, from the registrant of  the pesticide that it has been phased out from their production line; Withdrawn from 

sale. **** Registration expired 
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                                                                                                   List of Registered pesticides (Fungicides) 

No. Trade Name Common name Approved Uses Registrant 

85 Saboxyl 72% WP Metalaxyl + Mancozeb For the control of late blight on potato. 28 

86 Sabozeb 80%WP mancozeb For the control of late blight on potato. 28 

87 Sancozeb 80% WP* mancozeb 800 g/kg WP For the control of chocolate sport and rust on faba bean.  2 

88 Scala SC 400 Pyrimethanil  For the control of Botrytis on flowers. 45 

89 Score 250 EC Difenoconazole 250 g/l For the control of powdery mildew, botrytis & alternaria on flowers. 6 

90 Stroby 50 WG Kresoxin-Methyl For the control of Powdery mildew on flowers. 29 

91 Systhane 20 EW Myclobutanil For the control of rust on green bean (Snap bean). 2 

92 Teldor WG 50 Fenhexamid 500 gm/kg For the control of Botrytis on flowers. 45 

93 Thiram Granuflo 80 WP* thiram 80% WP For the control of seed decay and damping off disease; on maize and sorghum. 10 

94 Tilt 250 EC* Propiconazole For the control of fungus spp. On teff wheat and barley. 6 

95 Thiovet Jet 80 WG Sulfur For the control of powdery mildew, downy mildew & botrytis on flowers and Powdery mildew on 

grapevine. 

6 

96 Topmil 72 WP Metalaxyl 8% + Mancozeb 64%  

WP 

For the control of late blight of potato on potato. 15 

97 Topzol 250 EC Propiconazol 25% EC For the control of yellow rust or strip rust on wheat. 15 

98 Trust-Cymocop 439.5 WP Cymoxanil + Copperoxychloride For the control of potato late blight on potato. 15 

99 Unizeb 80 % WP Mancozeb For the control of late blight on potato. 5 

100 Verita WG Femamidone 44.4 gm/lt + Fosetyl 

667 gm/kg 

For the control of downy mildew on flowers. 45 

101 Victory 72 WP Metalaxyl 80 gm/kg + Mancozeb 

640 gm/kg 

For the control of downy mildew, phytophthora and phythium on flowers and late blight on tomato & 

potato. 

37 
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Re-registered pesticide **    Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that this specific formulation has *** Canceled from registration upon receipt of a notification, 

in writing, from the registrant of the pesticide that it has been phased out from their production line; With drawn from sale. **** Registration expired  

 

List of Registered pesticides (Rodenticides, miticides, avicides, adjuvants, PGL, sticker, Nematodes and house hold pesticides)  
No. Trade Name Common name Approved Uses Registrant 

Rodenticides 
1 Klerat pellets **** brodifacoum  For the control of rats in large stores and in the field for out breaks control under the supervision 

of an expert. 
6 

2 Lanirat Bait 0.005%**** bromadiolone For the control of field and storage rodents 6 
3 Storm* flocoumafen 0.005% pellet For the control of storage and field rodents 3 
4 
 

Zinc phosphide  
 

Zinc phosphide 80% Technical For the control of field rats as a finished bait 4% zinc phosphide. Zinc phospdide 80% technical 
can not be sold to the user unless it is formulated to 4% zinc phosphide by the registrant 

30 

5 Ratol* Zinc phosphide 80% Techical For the control of field rats as a finished bait 4% zinc phosphide. Zinc phospdide 80% technical 
can not be sold to the user unless it is formulated to 4% zinc phosphide by the registrant 

5 

                                                                                                                                     
Avicides 

1 Queletox UL 600**** fenthion For the control of weaver birds  (Quelea quelea) 4 
2 Bathion  640 ULV fenthion For the control of  Quelea birds. 15 

Nematicides 
1 Mocap GR 10 ethoprophos For the control of Nematodes on Flowers 45 

  Miticides 
1 Abalone 18 EC Abamectin For the control of spider mites on flowers 5 
2 Akrimactin 1.8 EC Abamectin 18 gm/lt For the control of spider mites on flowers and strawberry. 37 
3 Apollo 50 SC Clofentezine For the control of different stages of mites on flowers and tomatoes. 5 
4 Calypso SC 480 Thiacloprid For the control of spider mite, aphids and thrips on Flowers 45 
5 Cascade 10 DC Flufenoxuron For the control of Red spider mites on flowers. 29 
6 Floramite 240 SC Bifentazine For the control of red spider mites on flowers strawberry. 27 
7 Mercur 500 SC diafenthuron For the control of spider mite on Flowers 27 
8 Mitac 20 EC* amitraz For the control of red spider mite and whitefly on cotton 12 
9 Mitigan 18.5EC* dicofol For the control of red spider mite in cotton 5 
10 Oberon SC 240 spiromesifen For the control of spider mite on flowers 45 

                                                              Adjuvants, stickers and plant growth regulators, Defoliants 
1 Citowett**** alkylarylpolyglycol 100% For reducing surface tension and increasing the adherence of pesticides. 3 
2 Green Miracle Fatty alcohol Anti transpirant to minimize stress condition for chickpea production in the dry land area of the 

country 
34 

3 Pix®  50 EC* mepiquat chloride 50 g/l or 5% For plant growth regulation of cotton. 3 
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4 Trust-Difol 180 SC  Diuron + Thidiazuron Defoliant for the defoliation of cotton leaves. 15 
  *   Re-registered pesticide 
**   Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that the manufacturer,  Shell, has internationally    
      withdrawn from the business of pesticides. ***   Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that,    
      the manufacturer has decide to phase out the  product .   ****   Registration expired              

 
                                                                                                                                                       
 
                                                                                       List of Registered Pesticides (House hold) 

No. Trade Name Common name Approved Uses Registrant 
1 Baygon**** Propoxur 1% + Cyfluthrin 0.04% + Dichlorvos 0.5%) 

Aerosol 
For the control of cockroaches and Mosquitoes 23 

2 Hardy**** Cypermethrin 0.03% + Dichlorvos 0.99% For the control of common housefly (Musca domestica  aerosol) 25 
3 Kilit**** dichlorvos 0.7% + tetramethrin 0.14% For the control of cockroaches, mosquitoes and house flies 20 
4 Knoxout 2 FM Diazinon 23% W/W For the control of cockroaches 5 
5 Mobile Tetramethrin, Rich-D-T-Prallethrin & Deltamethrin For the control of cockroaches, mosquitoes and house flies. 43 
6 Mobil insecticide**** tetramethrin = neopnamin 0.20%+ pynamin forte =   

d –allethrin 0.250% + Sumithrin = d-phenothrin 0.120% 
For the control of flying household insects 14 

7 Roach killer* fenithrothion + cypermethrin+bioallethrin 2.3% For the control of cockroaches, mosquitoes and ants 21 
8 Super shelltox F.I.K**** d-phenothrin 0.05% +    

teramethrin 0.25% 
For the control of flies, mosquitoes and other flying insects 13 

9 Super shelltox C.I.K**** cypermethrin 0.25% + teramethrin 0.15% For the control of cockroaches, ants and other insects in kitchens, rooms 
offices, etc. 

13 

10 Zera Insecticide Fipronil For the control of cockroaches. 42 
List of Registered Pesticides (Public Health) 

No. Trade Name Common name Approved Uses Registrant 
1 Actellic 50% EC primiphos methyl 50%  For the control of  mosquitoes (Anopheles arabiensis). 6 
2 Dawa®  plus 2.0 deltamethrin For the control of  malaria (LL mosquito net) 49 
3 Ficam VC 80% WP bendiocarb For the control of mosquitoes (IRS). 38 
4 ICONET (Icon 2.5 EC) lambda-cyhalothrin 2.5 CS For the control of  mosquitoes (Anopheles arabiensis) as a bed net impregnation. 6 
5 ICON 10 WP lambda – cyhalothrin For the control of  mosquitoes (Anopheles arabiensis).  6 
6 K-O Tab.* deltamethrin 25% m/m For the control of  mosquitoes as a bed net impregnation. 8 
7 K-Othrine Moustiquare* SC 1% deltamethrin 1% For the control of  mosquitoes as a bed nets impregnation. 8 
8 Lifenet deltamethrin For the control of mosquitoes  as insecticidal impregnated  long lasting bed net. 38 

     *   Re-registered pesticide 
  **   Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that the man ufacturer, Shell, has  
         internationally withdrawn from the business of pesticides. 
***  Canceled from registration upon receipt of a notification, in writing, from the registrant of the pesticide that, the ma nufacturer has decide to    
           phase out the product . 
****   Registration expired     
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      Total = 409 


