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Unit 1 Improving OFWM Practices 

Crops need water for growth and productivity. Sufficient water must be present in the root zone for 
germination, evapotranspiration, nutrient absorption by roots, root and shoot growth, and soil 
microbiological and chemical processes that aid in mineralisation and acquisition of nutrients. These 
factors are all necessary for sustaining crop growth on a particular field. At the same time, the root zone 
must ensure adequate aeration and root growth. The root zone must also be dry enough to allow field 
access for performing cultural practice activities such as planting, cultivating, fertilisation, pesticide and 
herbicide applications, and harvesting.  
Currently most farmers of Ethiopia did not adopt farm-level land and water management practices 
though these are of prime importance for satisfying the needs of crops and other agricultural 
ecosystems. As a result, they rarely endeavour to optimise the water supply of their crops within the 
limits of their knowledge and the farming operations practised. This unit attempts to present the 
different improved methods of OFWM practices. 
1.1 Methods of improving OFWM practices  
OFWM can be defined as the manipulation of water within the borders of an individual farm, a farming 
plot or field. For example, in canal irrigation systems, OFWM starts at the farm gate and ends at the 
disposal point of the drainage water to a public watercourse, open drain or sink (Wolff and Stein,2003). 
OFWM generally seeks to optimise soil-water-plant relationships in order to achieve a yield of desired 
products. Some of the important improved OFWM can be discussed here under: 
Improved agronomic practices 
One of the most effective ways to improve on farm water management practices on irrigated agriculture 
is to adopt crop rotations of various species which include crops with low water requirements both daily 
and seasonally.  It is an agricultural management practice that could save on the applied irrigation 
water, while improving resources use efficiency of schemes. Furthermore, it could increase land and 



  
 

water productivity. It involves a deliberate arrangement of crops planted on same field; the succeeding 
crops should belong to different families. 
 
Some of the general benefits of using rotations are to improve or maintain soil fertility, reduce the 
spread of pests, reduce risk of weather damage, and increase soil water management, which will be 
reflected on increasing net profit of farmers. The ultimate goal should be to offer alternatives of 
different forms of crop rotations with less water requirements and same proportions commodities 
(cereals, sugar crops, oil crops and forage crops), as compared to the prevailing crops rotations, which is 
less benefit to the soil with high water requirements. 

 
Figure1.1 appropriate crop rotation diagram   

 Correspondingly, cultural practices such as reduced or minimum tillage, minimum soil disturbance, 
uniform plant spacing, appropriate variety selection, and crop sequencing or rotation can all contribute 
to improve OFWM practices. Employing tie ridges, zai pits, soil bunds, terraces are also proven 
technologies to improve water availability to crops. 



  
 

 
  
 
 
 
 
 
 

 
 Figure1.2 No tillage farming practice                             

Conservation tillage helps preserve soil moisture by leaving at least 30% of the soil surface covered with 
crop stubble, thereby decreasing wind and water erosion. The crop stubble layer reduces evaporation in 
the soil profile by one-half compared to bare soil.  
Improved irrigation efficiency 
Irrigation efficiency is the ratio of the average depth of irrigation water beneficially used (consumptive 
use plus leaching requirement) to the average depth applied, expressed as a percentage. Improved 
water-conveyance systems are an important potential source of farm-level water savings.  System 
upgrades include ditch lining, ditch reorganization, and pipeline installation and precision field levelling, 
shortened water runs, alternate furrow irrigation, and tail water reuse are some of the tools used to 
improve irrigation efficiencies. 
Carefully managed deficit irrigation on crops would provide the greatest potential for substantially 
reducing agricultural water use because of long season growing period and the larger land areas that are 
involved. High-value crops may also produce some water savings through various deficit irrigation 
strategies, but their impact will be much lower because they generally occupy less than 10% of irrigated 
area (location specific). However, deficit irrigation strategies still must be developed for most crops. 

 



  
 

Selecting Crops Appropriately  
Plants differ in their ability to withdraw water from soils, their water use rate, and their ability to 
withstand soil water stress. Choosing adapted and water- efficient crops and varieties is a main 
component of OFWM practices. In this respect, there will likely be a shift to crops that mature more 
quickly, such as high value crops (vegetables), or various pulse crops such as chickpeas, peas and lentils. 
Shifts to deep rooted, drought-resistant crops such as sunflower and safflower may also occur to 
maximize use of precipitation stored in the soil.  
Appropriate Irrigation Scheduling   
Irrigation scheduling involves the application of irrigation water based on a systematic monitoring of 
crop soil-moisture requirements. Different scheduling methods may be used to determine the optimal 
timing and depth of irrigation to meet changing crop needs over the production season. Proper use of 
irrigation scheduling is one means of improved OFWM practices. For efficient irrigation water use during 
scheduling: 

● Schedule irrigation based on a good knowledge of crop water needs for each stage of 
development from seedling to mature crop; 

● Schedule irrigation according to rainfall. Monitor rainfall with a rain gauge; 
Schedule irrigation according to soil types and their soil water holding capacity 
● Make sure irrigation never extends over non-cropped surfaces, 
● Schedule irrigation during the night, early morning or on cloudy days for overhead 

irrigation. 
Appropriate Methods of irrigation 
Irrigation application methods are grouped into two broad system types:  gravity flow systems and 
pressurized systems.  Pressurized systems are not usually relevant to small holder farmers, so will not be 
discussed in this book. 
Gravity Irrigation Systems and Practices 
Open-ditch conveyance systems have been the traditional means to supplying gravity irrigation systems.  
Open ditches may be earthen, lined with concrete or other less permeable materials to reduce seepage 
loss.  Water is delivered to gravity-flow fields through siphon tubes, portals, or ditch gates. 
Furrow systems, the dominant gravity application system, are distinguished by small, shallow channels 



  
 

used to guide water downslope across the field.  Border application systems are the other application 
system used by most Ethiopian farmers. To improve OFWM practices, the use of appropriate method of 
irrigation is very important. Irrigation method improvement can be achieved by the followings:  
 

€ Field leveling 
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. It is very important to remove soil from immediate upstream of furrows due to 
the risk of siltation. 

€ Shortened water runs 
Shortened water runs reduce the length of furrow (or border) 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 may be reduced to 3 to 10 meters. 

€ Alternate 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 irrigations may be required 
to supply crop needs.  This technique is very effective when the desired strategy is to irrigate to a “less 
than field capacity” level in order to more fully utilize rainfall. 



  
 

 
Figure1.3 Alternate furrow irrigation method  

 
 
1.2 Methods of Irrigation – Furrow Irrigation 
An adequate water supply is important for plant growth. When rainfall is not sufficient, the plants must 
receive additional water from irrigation. Various methods can be used to supply irrigation water to the 
plants. Each method has its advantages and disadvantages. These should be taken into account when 
choosing the method which is best suited to the local circumstances. A simple irrigation method is to 
bring water from the source of supply, e.g. a well, to each plant with a bucket or a watering can. 
1.2.1 Surface irrigation methods  
“Surface irrigation” is the application of water by gravity flow to the surface of the field. Either the entire 
field is flooded (basin irrigation) or the water is fed into small channels (furrows) or strips of land 
(borders). There is substantial overlap between the various methods and no clear-cut definitions. 
The surface irrigation system as a whole consists of four subsystems, as illustrated below.  These are:  

(1) the water supply subsystem 
(2) the water delivery subsystem 
(3) the water use subsystem 
(4) the water removal subsystem. 

There are different configurations within each subsystem. For example, the water supply subsystem can 



  
 

also include direct diversions from rivers or streams, or water can be pumped from groundwater basins 
in addition the diversions from surface impoundments as shown in fig2.1. Generally, choosing an 
appropriate irrigation method is not a simple task for an irrigator, however, this unit explains how 
woreda irrigation agronomy experts and Kebele DAs can promote furrow irrigation among small holder 
farmers.  

 
Figure 2.1 Typical elements of a surface irrigation system. Source: Walker (2003)  



  
 

Furrow irrigation 
“Furrows” are small channels that carry water down the land slope between crop rows. Water 
infiltrates into the soil as it moves along the slope. The crop is usually grown on the ridges between the 
furrows (fig2.2). This method is suitable for all row crops and for crops that cannot stand in water for 
long periods of time. Irrigation water flows from the field channel into the furrows by opening up the 
bank of the channel, or by means of siphons or spills. 

 
Figure2.2. method of furrow irrigation 

 



  
 

 
Figure2.3 Furrows ready for planting (left) and cabbage crops by furrow irrigation(right) 

 
 
When to use furrow irrigation 
Furrow irrigation is suitable for a wide range of crops, can be used on different slope gradients, and in a 
variety of soil types. However, it is import to follow the contour while opening up farrows, particularly in 
irrigating farm positions with high slopes. Crops those can be damaged if water covers their stem or 
crown should be irrigated by furrows. Example of such crops include: tomatoes, potatoes, maize, 
cabbage, onions, and peppers.  
Furrow layout  
Appropriate furrow layout depends on the slope, furrow length, the shape of the furrow, and the 
spacing between furrows. 
Furrow length  Furrows must fit with the slope, the soil type, the stream size, the irrigation depth, the cultivation 
practice and the field length. These factors are discussed below. 

o Slope 
The recommended furrow slope is 0.5% to avoid soil erosion, though the furrow slope in the commonly 
undulated Ethiopian landscapes could be as high as 5%. However, a minimum grade of 0.05% is 
recommended so that effective drainage can occur following irrigation or excessive rainfall. If the land 
slope is steeper than 0.5%, then furrows can be set at an angle to the main slope or even along the 



  
 

contour to keep furrow slopes within the recommended limits. Furrows can be set in this way when the 
main land slope does not exceed 5%. Beyond this there is a major risk of soil erosion following a breach 
in the furrow system. On steep land, terraces can also be constructed and furrows cultivated along the 
terraces. 

o Soil type 
In sandy soils water infiltrates rapidly. Furrows should be short (between 10- 30 m), so that water will 
reach the downstream end without excessive percolation losses. In clay soils, the infiltration rate is 
much lower than in sandy soils. Furrows can be longer on clayey soils than on sandy soils. 

o Stream size 
Normally the size of the stream for a furrow irrigation should be up to 0.5 liter/sec in order to adequate 
irrigation as long as the furrows are not too long. When larger stream sizes can be used, water will move 
rapidly down the furrows so furrows can be longer. The maximum stream size that will not create 
erosion will depend on the furrow slope and the root density of the crop. It is advised not to use stream 
sizes larger than 3.0 litres/sec. 

o Irrigation depth 
Applying larger irrigation depths means that furrows can be longer as there is more time available for 
water to flow down the furrows and infiltrate. 

o Cultivation practice 
At farmers farming practice, furrows should be made as short as possible to facilitate the work.  In short 
furrows, the flow must be changed frequently from one furrow to the next. Short furrows   irrigate more 
efficiently than longer ones, as it is much easier to keep the percolation losses low. 
 

o Field length 
It is practical to make the furrow length equal to the length of the field.  The length of the 
furrow can be as short as 10 to 30 meters for efficient and optimal control of the water flow.  



  
 

 Figure 2.4 Field length and furrow length. Source: Brouwer, Prins and others (1985 to 1990).  
 
Furrow shape 
The soil type and the stream size influence the shape of the furrows. 

o Soil type  In sandy soils, water moves faster vertically than sideways (laterally). Narrow, deep V-shaped furrows 
are desirable to reduce the soil area through which water percolates (fig.2.5). However, sandy soils are 
less stable, and tend to collapse, which may reduce the irrigation efficiency. 
In clay soils, there is fast lateral movement of water and the infiltration rate is much less than for sandy 
soils. Thus a wide, shallow U-shaped furrow is desirable to obtain a large wetted area (fig.2.6) to 
encourage infiltration. 
 

 
Figure2.5 A deep, narrow furrow on a sandy soil 



  
 

 
Figure2.6 A wide, shallow furrow on a clay soil 

o Stream size 
In general, the larger the stream size the larger the furrow must be to contain the flow. 
 
 
Furrow spacing 
The spacing of furrows is determined by the soil type and the cultivation practice. 

o Soil type 
As a rule: 

o on sandy soils the spacing between furrows should be between 30 and 60 cm, i.e. 30 cm 
for coarse sand and 60 cm for fine sand.  

o on clay soils, the spacing should be 75-150 cm.  For clay soils, double-ridged furrows 
(sometimes called beds) can also be used. The advantage is that more plant rows are 
possible on each ridge (Fig.2.7). 

 

 
Figure2.7 A double-ridged furrow 

o Cultivation practice 
In mechanized farming, a negotiation is required between the machinery available to cut furrows and 



  
 

the ideal spacing for crops. For small holder farmers, the standard distance between the furrows is 
established based on optimal row planting distances, based on the crop, to provide adequate lateral 
wetting on all soil types. 
Irrigating furrows  
Water is supplied to each furrow from the field canal, using siphons or spiles. Sometimes, a gated pipe is 
used. Depending on the available flow in the farm channel, several furrows can be irrigated at the same 
time.  
A shallow drain should always be made at the end of the field to remove excess water. When no drain is 
made, plants may be damaged by waterlogging. Excessive runoff can be prevented by reducing the 
inflow once the irrigation water has reached the end of the furrows.   
Wetting patterns 
In order to obtain a uniformly wetted root zone, furrows should be properly spaced, have a uniform 
slope and the irrigation water should be applied rapidly. As the root zone in the ridge must be wetted 
from the furrows, the downward movement of water in the soil is less important than the lateral (or 
sideways) water movement. Both lateral and downward movement of water depends on soil type as can 
be seen in figure2.8 (a, b, c). 
 

                                                         

   



  
 

Ideal wetting pattern 
In an ideal situation adjacent wetting patterns overlap, each other, and there is an upward movement of 
water (capillary rise) that wets the entire ridge (figure2.9), thus supplying the root zone with water. 

 
Figure2.9 Ideal wetting pattern 

To obtain a uniform water distribution along the furrow length, it is very important to have a uniform 
slope and a large enough stream size so that water advances rapidly down the furrow.  
 
Planting Techniques 
The location of plants in a furrow system is not fixed but depends on the natural circumstances and crop 
types. 
 Here are some examples: 

o In areas with heavy rainfall, the plants should stand on top of the ridge in order to prevent 
damage as a result of waterlogging (fig.2.10) 

o If water is scarce, the plants should put in the furrow itself, to benefit more from the limited 
water(fig.2.11). 

o As salts tend to accumulate in the highest point, a crop on saline soils should be planted away 
from the top of the ridge (fig.2.12). Usually it is planted in two rows at the sides. However, it is 
important to make sure there is no danger of waterlogging. 
 



  
 

 
Figure2.10 Protection against waterlogging 

 
Figure2.11 Protection against water scarcity 

 
Figure 2.12 Protection against accumulation of salt 

 
Maintenance of Furrows 
After furrow construction, the furrow system should be maintained regularly. During irrigation, the 
furrow should be checked to make sure water reaches the downstream end of all furrows. There should 
be no dry spots or places where water stays ponding. “Overtopping” (water flowing over the furrow) 
should not occur. The field channels and drains should be kept free from weeds. When furrow irrigation 
systems are installed and maintained correctly, land management becomes more effective. 

 
In the next unit, integrated soil fertility management will be discussed.  
 



  
 

 

 
 
 

UNIT TWO 
SOIL FERTILITY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
 

 
Unit 2: Soil Fertility 

Crop production constitutes the major part of agricultural production for the majority of the household 
under rain fed and irrigated agriculture; however, the practice is essentially subsistence, which follows 
an age-old traditional, low input, low output production system. Low crop yield in the country is mostly 
with decline in soil fertility. However, soil fertility management goes beyond the application of chemical 
fertilizers (which has been the only practice applied at scale, to date, in Ethiopia).  
Definition of terminologies  
Integrated Soil Fertility Management: is the application of various soil fertility management practices 
and the knowledge to adopt at local conditions, which maximizes fertilizer and organic resource use 
efficiency there by enhance crop productivity.  
Soil fertility: is defined as “the physical, biological, and chemical characteristics of a soil, for example its 
organic matter content, acidity, texture, depth, and water-retention capacity all influence fertility” 
(Gruhn et al., 2000). 
Soil productivity: is the ability of the soil to provide the necessary plant nutrients and water at the 
required amount and timing for sustainable production of crops, forages, trees and other plants.  
Soil fertility decline: ‘‘the decline in chemical soil fertility, or a decrease in the levels of soil organic 
matter, pH, cation exchange capacity (CEC), and plant nutrients.’’ Soil fertility decline includes: 

▪ Nutrient depletion or nutrient decline (larger removal than addition of nutrients). 
▪ Nutrient mining (large removal of nutrients and no inputs). 
▪ Acidification (decline in pH and=or an increase in exchangeable Al). 
▪ Decline in soil water holding capacity 
▪ The loss of organic matter. 
▪ An increase in toxic elements (e.g., Al, Mn). 

2.1 Causes of Soil Infertility Decline 
Natural soil fertility status is very important to ensuring high crop yield. Currently there are many soil 



  
 

fertility constraints in rainfall and irrigated agriculture crop production areas.  Some of them are 
mentioned below: 
Organic matter depletion: there has been a loss in organic matter in most agricultural soils due to soil 
erosion, poor land management and failure to continually supply organic biomass into the system. 
Organic matter depletion is also caused by excessive tillage, deforestation, overgrazing and continuous 
cropping. Most farmers are rarely returning animal dung and crop residues to the soil. 
Macro and micro nutrient depletion:  soil can be depleted of its nutrients for a number of reasons: 

● planting of the same crop (“monoculture”) together with the removal of crop residues 
● the absence of adequate soil nutrient saving and recycling technologies 
● using inadequate amounts of fertilizer  
● unbalanced application of nutrients 
● inadequate runoff management can lead to leaching, especially for nitrogen and potassium 

Topsoil erosion:  caused by a combination of the cultivation of slopes with poor management, high 
rainfall, inappropriate drainage (water erosion), and significant loss of vegetation cover (deforestation, 
overstocking, and overgrazing). 
Soil acidity: It is a decrease in Soil pH caused by leaching of cations from the root zone, eroded topsoil 
depleted of organic matter and nutrients loss due to high rainfall intensity. In moisture-stressed areas, 
soil acidity can also be caused by continuous application of acid-forming fertilizers. 
● Limited usage of intercropping and crop rotation in the crop production system 
● Excessive irrigation washing away major cations (e.g. K, Mg, Ca) 
● Lack of local specific fertilizer recommendation per commodity and soil and crop type particularly 

under irrigated crop production 
● Limited guidance to farmers about how to integrate fertilizers with other soil and water 

management practices. 
● Limited use of integrated land management and soil and water conservation measures (minimum 

tillage, mulching, and tied ridging, terracing, soil/stone bund construction, use of grass/forage strips 
and other agro-forestation, watershed conservation, and irrigation and drainage).  

2.2 Soil Fertility Management Interventions 



  
 

To improve soil fertility, the following interventions can be used. Most of these practices are easy to 
adopt by farmers, if they are provided with good information and effective demonstrations.  

Use of Farmyard manure (FYM): farmyard manure is the accumulation of animal droppings where the 
animals are enclosed during the night or in a zero-tillage unit. Its accumulation is enhanced by adding 
vegetative materials as bedding, which also helps to absorb and store the nitrogen-rich animal urine. 
FYM is important in areas where crop residues are removed for animal feed. The quality of FYM also 
depends on the type of animals, type of feeding given to animals and the way the manure is stored. 
Animals feeding on plant materials grown on nutrient rich soils are healthier, grow faster and produce 
nutrient rich-manure.  
Use of compost: it is a process where waste organic materials derived from plants and/or animals are 
decomposed by microbial action under aeration to produce a friable homogenous product that is added 
to soil. The product is used to provide plant nutrients, enhance soil structure and aid water retention. 
Compost is important because it: 

I. Contains the main nutrients useful for the growth of plants – nitrogen (N), phosphorous (P) and 
potassium (K) (often written as NPK) 

II. Improves the organic matter in the soil by providing humus 
III. Helps the soil hold both water and air for plants; and 
IV. Unlike chemical fertilizer, it also makes trace elements or micronutrients available to plants. 

Use of green manures: they are commonly N-fixing leguminous plants deliberately grown for the 
purpose of soil fertility improvement. Forage legumes and legume cover crops are the most commonly 
grown green manure plants. These plants are chopped and incorporated to the soil at the full vegetative 
growth stage. The most common ones are vetches, lupines, lablab, mucuna, crotalaria, Ethiopian clovers 
and trifolium species.  However, other non-legume plants can be used for green manure purposes.  
 
Crop rotation:  It is the order of specific crops planted on the same field. It also means that the 
succeeding crop belongs to a different family than the previous one. Legumes play an important role as 
break crops and Nitrogen fixing crops in the rotation systems. The planned rotation may vary from two 
or three years or longer period. Advantages of crop rotation:  

1. Prevents soil nutrient depletion 



  
 

2. Maintains soil fertility 
3. Reduces soil erosion 
4. Controls insect/mite pests.  
5. Reduces reliance on synthetic chemicals 
6. Reduces the pests' build-up 
7. Prevents diseases 
8. Helps control weeds 

Important factors to consider when rotating crops:   
● Select crops by considering the soil and climatic conditions of the area,  
● Include legume crops in the rotation cycle in order to improve soil fertility, 
● Arrange crops in their sequential orders by considering their root systems and nutrient uptake 

behaviors of crops, 
● Consider the feed and economic value and respond to farmers’ choices 

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. The quantity of lime added depends on type 
of soil, liming material, crop species, cultivar (within species) and economic considerations, which may 
range from 5 to 20 tonnes per hecatre. Some of the liming materials used in Ethiopia are: calcium oxide 
(CaO), calcium hydroxide (Ca(OH)2 ), calcium carbonate (Ca CO3), etc. Lime should be spread evenly on 
the soil and incorporated to a depth of at least 15 cm as long as possible before planting to avoid the 
injury of seeds using annual labor, animal traction. 
Use of inorganic fertilizer: The traditional sources of fertilizers were urea (contains 40% N) and di 
ammonium phosphate (DAP), which contains 18 and 46% nitrogen and phosphorus, respectively. There 
has been a recent introduction of NPS and potassium fertilizers. The fertilizer application rates hugely 
vary depending on the agroecology, crop type and farmers’ financial capacity to purchase fertilizers. 
Currently farmers used NPS, DAP and half of urea  during planting time and the remaining half of the 
urea is used at different growing stage of crops. The fertilizer rates for horticultural crops is commonly 
higher than for cereal crops.   
Use integrated land management and soil and water conservation measures: farmers use different 
physical and biological soil and water conservation practices like, minimum tillage, mulching, and tied 



  
 

ridging, terracing, soil/stone bund construction, use of grass/forage strips and other agro-forestation, 
watershed conservation, and irrigation and drainage. 
This table is based on research conducted in Ethiopia. When thinking about your local area, what 
intervention is most frequently used, and how effective is it in solving soil infertility problems?  
In the next unit, the relationship between soil fertility and how it effects plant growth will be discussed.  
 
 
 
 
 
 

 
 



  
 

 
 
 
 
 
 
 
 



  
 

 
UNIT THREE 

PLANT NUTRITION 
 
 
 

Unit 3   Plant Nutrition 
The availability of soil nutrients for plant growth and productivity is governed by both the plant factor 
and the soil factor. Some crops or varieties are more efficient in their nutrient acquisition and use than 
others. Some soils are fixing nutrients and making the nutrients unavailable to the plant despite the 
presence of enough amount of nutrients in the soil. The pH of the soil, soil moisture availability, 
presence or absence of root infecting mycorrhiza are all affecting the availability of nutrients to crops. 



  
 

 
Fig  General Indicators of  nutrient deficiency symptom in annual crops 
3.1 Nutrient deficiency in vegetable crops: General symptoms 
Nitrogen 
Deficiencies show up as follows; with the most obvious symptom being, a yellowing of the older leaves first:  1. Plants show slowed growth, with the stems thin, spindly and hard, and fewer lateral shoots.  2. Leaves fade to yellowish green, even yellow, and may turn brown and die in severe cases; lower leaves first affected; leaves are smaller and thinner than normal. Some purpling may develop under low temperature conditions.  3. Roots are not initially affected, but later become stunted and discolored. 
Phosphorus 
Phosphorus deficiency is difficult to diagnose and severe yield depressions may often occur without 
showing leaf deficiency symptoms: the most obvious symptom are: 

1. Plant maturity and fruit setting are delayed, stems are thin and woody, with shorter than normal 
growth. 



  
 

2. Leaves tend to be smaller and darker green; undersides have a reddish-purple colouration, 
especially on leaf veins, at first on older leaves. 

3. Fibrous root development is restricted. 
4. Typically occurs in acid soils; also occurs with prolonged cold conditions, especially if soil is wet. 

Potassium (K): Until recently, there has been a general belief that Ethiopian soils are not deficit in 
potassium. However, serious deficiencies have been observed in crops like potato, enset and 
other tuber crops.  

General deficiency symptoms are: 
1. Stems slender become woody. 
2. Basal leaves first affected, greyish yellow or brown colour especially at margins, which develop 

scorched appearance; specks develop along veins of leaf with chlorotic areas in leaf. 
3. Roots are poorly developed and discolored. Typically occurs on excessively leached, redsoils and 

sandy soils. 
High risk situations 

● Light, sandy soil, Organic soils, Excessive levels of Mg or Ca, and K fixing soils. 
Sulphur (S). It is very easily confused with symptoms of N deficiency. 
Deficiency symptoms are as follows: 

1. Symptoms usually observed first on younger leaves as a yellowing. 
2. Stems are elongated, spindly and woody. 
3. Lower leaves are thick and firm, developing chlorosis which may be confused with nitrogen 

deficiency. 
4. Roots system is extensively developed, but spindly roots. 
5. Sulphur deficiency could develop in sandy soils if no sulphur-containing fertilizers are applied. 

Boron (B) 
Crop requirements for B vary quite markedly, with deficiency symptoms probably most common 
On cabbage,  cauliflower and beetroot. General deficiency symptoms are: 

1. New bud leaves and petioles are light in colour and may be distorted.  
2. There may be rosetting at shoot terminals, due to multiple bud development. Stems are 

shortened and internodes short; with extreme deficiency buds die. 
3. Cauliflower may show hollow stem; celery develops cracked stem. 



  
 

4. Root growth is retarded; discoloured corky areas form in root crops, e.g. internal browning in 
turnip and brown heart of beetroot. 
 

Deficiency may occur in any soil, but it is more common on light sandy soils, or soils, which have recently 
been heavily limed. Some crops have a higher boron requirement than others. Excessive boron may 
cause yellowing and necrosis of the margins of primary leaves. 
 
A vital trace element for the development of roots, shoots, and is essential during flowering/fruiting 
stage. Oilseeds and root crops in particular have a high requirement. Soil analysis prior to sowing can be 
used to predict the risk of Boron deficiency. Leaf analysis is also a useful diagnostic guide. 
 
 
 

 
 
Zinc and Cooper 
According to ATA study report indicated that Zn and Cu were found to be deficient in 65 percent and 89 



  
 

percent of soil samples collected across the country, respectively. Similarly, in a separate study, over 75 
percent of Vertisol, Cambisol, and Fluvisol soil samples analyzed were also reported to be Zn-deficient. 
While application of zinc commonly increased nutritional quality by enhancing Zn contents, it rarely 
increases crop yield under Ethiopian soils. 
3.2 Nutrient Deficiencies: By Vegetable Crop 
3.2.1 Tomato Nutrient Deficiencies  
Nitrogen (N) deficiency 
Signs: Growing tips are pale and weak. Older leaves are pale green to yellow, and eventually dry up. 
Leaves may develop a purplish colour. Plants are small, do not thrive, have fewer flowers, poor fruit set 
and small fruit with thin skin. Fruit are slenderer and pinched at the blossom end.  
Cause/favoured by too little nitrogen applied, or nitrogen leaching due to overwatering. Organic 
mulches (e.g. straw) around plants can lead to nitrogen deficiency because they use nitrogen to Poor 
root system development, root diseases and root knot nematode will limit nitrogen uptake by plants.  
Quick correction:  

● Apply NPS during planting time and Urea fertilizer divided into small, frequent applications 
growing period.  

● Apply quality manure (preferably from chicken, goat or sheeps) or compost under the tomato 
plants at early vegetative and flowering stages. 

● Improve irrigation management to reduce leaching losses and excessive soil moisture 
 



  
 

  
 
Nitrogen Deficiency symptoms on Tomato 

 
 

Phosphorus (P) deficiency  
Signs: Poor germination and establishment of seedlings. Leaves are small, dark and appear dull, grey–
green. Seedlings show reddening or yellowing of leaf margins and purple colouration of the undersides 
of leaves. Oldest leaves turn bright yellow, but leaves directly above remain dark green. Brown patches 
appear between the veins on mature leaves. At flowering stage, crops may have fewer flowers. Plants 
may have a weak root system and shortened internodes, and be stunted and slow growing.  
Cause/favoured by insufficient pre-plant phosphorus fertilizer and acidic or cold soil conditions.  
Quick correction: Application of phosphorus fertilizers NPS or DAP can increase flowering and crop 
health in phosphorus-deficient soils. Adding quality manure and or compost at higher rates may also 
satisfy the P demands. 
 



  
 

      
Phosphorus Deficiency symptoms on Tomato 

 
Potassium (K) deficiency  
Signs: Leaf margins may be yellow or scorched, with signs spreading to the area between the veins, then 
the leaf center. Scorching of the leaf margins may cause the leaves to curl downwards and cup upwards. 
In compressed growth characterized by shortened internodes can be observed. Fruit from potassium-
deficient tomatoes are often poorly and unevenly coloured or distorted.  
Cause/favored by insufficient potassium nutrition or imbalance with other nutrients. Potassium is often 
required on lighter sandy soils or leaching Nitosols. Overwatering or heavy rainfall can cause nutrient 
leaching. Signs can develop rapidly in hot weather.  
Quick correction:  Apply potash fertilizer before planting and regularly during crop growth, particularly 
from early flowering through to harvest. Adding ash could also partly solve the problem. 

 

 Potassium Deficiency Symptoms 
  



  
 

(Zn) deficiency  
Signs: Leaves are small and distorted. The shoot length becomes shortened, giving the leaves a clustered 
arrangement near the growing tip. The stunted crops look pale from a distance, but closer inspection 
reveals yellowing between veins, as well as an overall paleness of the whole plant. Flowers may drop off 
and fruit fail to set.  
Cause/favoured by more common on soils where the pH is above 7.5 (alkaline soils) or lower than 5.0 
(acid soils).  
Quick correction:  application of Zinc sulphate fertilizer according to local recommendation before 
planting. Correct acid soils by applying lime and correct alkaline soils by applying acidifying fertilizers 

(Zn) deficiency  Symptoms on Tomato  

 

 
 

3.2.2. Potato Nutrient Deficiencies 
Nitrogen (N) 
Nitrogen deficient potato plants generally show a light green to yellow colouring of the whole plant. 
Since N is mobile in the plant, deficiency symptoms will first appear on the older bottom leaves and 
then spread to the rest of the plant. N deficiencies will result in a shorter growing season, which will 
negatively affect tuber yield. Optimum N levels in the plant depend on the growth stage.  
Quick correction:  N deficiencies can be prevented by applying quality manure and/or compost. NPS 
should be applied during planting time and Urea fertilizer at planting, as well as through N top dressings 



  
 

during the growing season. 

 
                            Nitrogen Deficiency Symptoms on Potato    

 
 
Phosphorus (P) 
Phosphorus deficiency symptoms in potato are not as striking as in other plant species. Plants with P 
deficiencies are usually stunted; the leaves are darker in colour and tend to turn upwards. In cases of 
serious deficiencies, leaf margins, and the bottom side of leaves will turn purple. P deficiencies often 
occur on cold soils, as well as on soils with high pH levels, where high lime applications have recently 
been made. P deficiencies will result in a poorly developed root system, which implies that plants cannot 
fully explore the soil profile to take up water and nutrients.  
Quick correction:  P is immobile in the soil, particularly in acidic soils, and, therefore, DAP or NPS 



  
 

fertilizers should be applied at or before planting the crop. Adding quality manure and or compost at 
higher rates may also satisfy the P demands. 
 
 

Phosphorus  Deficiency symptoms on Potato 
 
Potassium (K) 
Potassium deficiency symptoms on potatoes are very typical and are not easily confused with other 
deficiencies. It starts as dark brown spots on the leaves, followed by browning of the leaf margins. In 
serious cases, lesions can become necrotic and result in entire leaf loss. K deficiencies can hamper tuber 
yield and quality.K deficiencies do not only occur due to low K levels in the soil, but also often result 
from imbalances between K and other cations (Ca, Mg, and Na) in the soil. K deficiencies can be avoided 
by ensuring sufficient soil K levels, and that the base cation ratios are within acceptable limits. Potash 
fertilizers can be applied at planting and as top dressings during the growing season. Symptoms include 
a bronzing of the leaves and necrosis of leaf margins and tips. Other indicators include stunted bushy 
plants with small leaves and very premature senescence before adequate tuber bulking. A further 
indicator of Potassium deficiency is increased black spot in the tubers. 
Quick correction:  application of potash fertilizer. Adding ash could also partly solve the problem. 
 



  
 

 
Potassium (K) Deficiency symptoms on Potato 
 
 

Sulphur (S) 
A Sulphur deficiency can easily be confused with a nitrogen deficiency, as they both result in yellowing 
of the leaves. However, in the case of  S deficiency, the yellowing first appear on the young leaves, 
followed by a gradual uniform discoloring of the entire plant.  
Quick correction:  Sulfur deficiency symptoms observe in the crops apply NPS fertilizer according to the 
local recommendation.   

 
 
Sulphur Deficiency symptoms on Potato 

Pepper Nutrient Deficiencies 
Nitrogen (N) Deficiency Symptoms 
Plant development gradually slows down. Gradual drying, beginning at leaf margins, of the area 
between the lower leaf veins. The petioles bend and hang downwards,  parallel to the stem. The plant 
develops few flowers and fruit setting is poor. The fruit receptacle is thin, and the ovary is small. 
Sometimes there is no fruit development on the plant at all, and on those plants that bear fruits, the 
fruit is deformed. Reduced growth, smaller leaves and fruits than normal, general yellowing of leaves 



  
 

and reduction of green colour of fruit and deficiency observed in older leaves first  

 
Nitrogen (N) Deficiency Symptoms on Pepper 

Phosphorus (P) Symptoms 
The plants display limited growth. The leaves are hard and brittle to the touch.  Flower formation is 
defective. Few flowers develop, and in those that do develop, only one in every four or five develops a 
fruit. The fruit is underdeveloped, with a thin receptacle, and very few seeds. The root system is 
undeveloped. Deficiency is rare in commercial pepper crops, reduced plant growth and leaves are 
smaller and darker green than normal and deficiency occurs in older leaves first. 

 
Phosphorus deficiency symptoms on Pepper 

Potassium (K) 
Yellow chlorosis spots appear between leaf veins, firstly in the lower leaves. The veins and the areas 
adjacent to these spots do not change their color. Later, the chlorotic spots become lighter. (This can be 
seen mainly in the upper parts of the plant). There is little fruit setting, and not much fruit, which is 
smaller than usual. 



  
 

Leaf bronzing, older leaves turn tan and then brown at the margins, Plants under K stress are smaller 
than normal and produce fewer and smaller fruit with thinner walls. Deficiency is observed in lower 
leaves first and advances to the middle leaves 

 
Potassium Deficiency on Pepper 
 

Sulfur (S) 
Symptoms 
• Plants develop chlorosis of the shoot tip as a light green colour progressing down the plant 
• Small necrotic spots can develop on the tips and margins of the young and recently mature leaves 
• Plants with advanced deficiency will be stunted; upper chlorotic foliage turns light yellow to white 

 
Sulfur Symptoms on Pepper 
 

 
Copper (Cu) 



  
 

Appear late in the vegetative stage. The leaf margins curl and dry up. The leaves and the fruit become 
narrow and rectangular. 
Symptoms 
• Deficiency initially develops as a faint interveinal chlorosis of the young to recently mature leaves 
• Young leaves begin to roll up at the margin 
• Advanced symptoms develop as a severe rolling of the young leaves, gives a cupped appearance 

     
Cupper deficiency on Pepper 
 

 
Zinc (Zn) 
Symptoms 
• Deficiency appears as small-thickened young leaves that are deformed 
• Faint interveinal chlorosis and large brown necrotic patches develop on the recently mature to mature 
leaves in the advanced stage. 

 



  
 

Zinc Deficiency Symptoms on Pepper 
 
 

 
3.7 Onions: Symptoms of Nutrient Deficiency 
Nitrogen 
Leaves become yellowish green erect and upright curled, wilted and dwarf. At maturity tissue above, 
bulbs become soft. 
 

       
Nitrogen Deficiency on Onion 

 
 
Phosphorus 
Slow growth, maturity blazed. Leaf colour becomes light green and bulbs have few dried outer peals. Tip 
burn in older leaves. 
 

 
Phosphorus deficiency Symptoms on Onion 

Potassium: Since potassium is very mobile within the plant, symptoms only develop on young leaves in 



  
 

the case of extreme deficiency. Tip burn symptoms, leaves become dark green and erect. Bolting 
promoted. Older leaves become yellow and necrotic. 
 

 
Potassium Deficiency Symptoms on Onion 

 
 
 
 
 
Sulfur 
The leaves show a general overall chlorosis. The yellowing is uniform over the entire plant including 
young leaves. 
 

 
Sulfur Deficiency Symptoms on Onion 

 



  
 

Zinc   
Growth restricted. The leaves show interveinal necrosis. In the early stages of zinc deficiency, the 
younger leaves become yellow and pitting develops in the interveinal upper surfaces of the mature 
leaves. As the deficiency progress, these symptoms develop into an intense interveinal necrosis but the 
main veins remain green. 
 

  
Zinc deficiency on onions 



  
 

 
3.8 Cabbage: Symptoms of Nutrient Deficiency 
Nitrogen deficiency symptom  
Symptoms: Pale green color, particularly on young leaves; older leaves may show reddish to purple 
colors and will shed prematurely. Uniform pale green to yellow leaves. Occurs in older leaves first. 
 

 
Nitrogen deficiency symptom on Cabbage 

Phosphorus deficiency symptom 
Symptoms: Underside of leaves show purple near veins; leaves      have dull purple color; margins of 
leaves die 
 

 



  
 

Phosphorus deficiency symptom on Cabbage 
 
 
 
Symptoms: Browning of leaf margins, and browning between the leaf veins; curds are soft and poorly 
developed. 
 

 
Potassium deficiency symptom 

Sulfur deficiency symptom 
 

 
Sulfur deficiency symptom on Cabbage 
 
 



  
 

 
 
 
 
 
 
 
 
 
 
 
                 Unit 4: Irrigated Crop Production 



  
 

 
Unit 4: Irrigated Crop Production 

4.1. Introduction  
For high yield and quality products of transplanted crops, good plant nursery practices should be 
followed. For this it is important to select appropriate sites and arrange the required tools for seedling 
preparation. Crops such as pepper, onion, tomato, lettuce, Swiss chard, cabbage, and the like are grown 
using seedlings.   
Raising seedling in nursery has the following advantages:  

● Higher rates of seed germination, especially when using expensive hybrid seeds  
●  Lower incidence of pests and diseases.  
● Easy to eliminate weak and diseased plants that are not appropriate for planting.           
● For economize use of seeds (to minimize excessive seed rate comparing broadcasting).  
● It avoids gap filling to replace the missed plants, due to poor germination.  
● Greater control over seedling densities in the nursery, allowing optional spacing, which helps to 

produce stronger plants with earlier and higher yields.  
● Relatively shorter interval from planting to first harvest in the field  
● Improved protection against pests and diseases during the early stages of propagation &          

possibility pre-treating of the soil.  
There are different factors affecting seed germination and seedling establishment. These are:  

● Seed and soil borne diseases 
● Improper seed bed types and sizes (too large, too small)  
● Excessive seed rate per seed bed and the use of planting methods such as broadcasting. 
● Environmental factors /light, heat, moisture, & aeration/and others.   

 
These factors affect many nurseries in Ethiopia. Seedlings produced in this way are weak and easily 



  
 

affected by diseases and insects even after transplanting.  
4.2. Raising Seedlings in a Nursery: Prior Considerations 

Before raising seedling in nurseries, the crop to grow must be carefully selected. Its cropping calendar 
and the cropping pattern should also be determined.  These practices are important for experts and DAs 
to understand and use before they can promote good nursery management among farmers. In this unit, 
crop selection, cropping pattern, cropping calendars and nursery management are discussed.   
Crop Selection  
Before purchasing seeds and raising them in a nursery, crops and varieties to be cultivated for that 
particular season should be determined. Crop selection to be produced is determined by water 
availability, prevailing climatic conditions, soils type and fertility, crop rotation, the farmer preference 
and marketing potentials. Market distances, information and needs, transport costs and reliability, and 
measures to combat pests and diseases must also be considered as they impact the scale and frequency 
of production.   
High Value Crop Selection 
As irrigation is a high investment business, selected cultivated crops should be “high value” crops. High 
value crop selection is based on the following determinant and major factors: 

● Availability and price of inputs 
● Previous experiences with the crop,  
● Price volatility at harvest in the local market, 
●  Existence of basic cooperatives/ unions and other potential buyers,  
● The possibility to link producers with agro-processors and other potential buyers and 
●  The presence of partners’ /research, universities, non-governmental organizations and 

programs/ to work on the crop.     
In crop selection women have to participate on base of nutritional requirement and market 
demands for specific season.   

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



  
 

   
   

  
   

    
     
  
  

    
  
  
  

 

and tools are in place. Cropping pattern indicate which crop will occupy what part of the available area 
during each season. For example, crop rotation such as cabbage, onion and tomato, successive cropping 
(planting of the same crop every 3-4 months for a continuous supply of a particular vegetable in the 
market) need to be considered. The time needed for planting or transplanting, the length of the period 
that the crop will be in the field, the time it will take to harvest, and the time it will take to prepare the 
land for the next crop should be included on the cropping program diagram. Repeating this for the next 
season gives a clear picture of the yearly cropping pattern. This can be done as per the schemes or on 
individual farmers’ base. 
An example of a cropping pattern:  
If one farmers has a total 0.5 ha irrigated land and if there is two dry cropping season,  he/she can plan 

his/her cropping pattern and calendar as follow on the cropping program diagram.  
Cropping Calendar  
A cropping calendar is a plan that shows the sequence of the whole crop production activity from 
planting to harvesting. It is the set of activities which includes preparation of inputs, bed and seedling 



  
 

preparation, transplanting, post transplanting management /watering, weeding, harrowing, disease and 
pest management, and harvesting other activities. The advantages of a cropping calendar include;  

• It enables the farmers to know which activities are done at a particular time, 
• It simplifies farming activities and enables better crop management, 
• It relates crop diversification and staggered cropping 
• It facilitates better involvement of family members in farming activities, 
• It enables  to use water efficiently and to produce more,& reduce conflicts  between users, 
• Enables to increase irrigation participants 
• It facilitates  better marketing 
• It increases yields and house hold family income, 

Table 2. Example of cropping calendar of onion and pepper for two round. 
  
 Activities 

▪ Time (Months) 
▪ 
Sep 

▪ 
Oct 

▪ 
Nov 

▪ 
Dec 

▪ 
Jan 

▪ 
Feb 

▪ 
Mar 

▪ 
April 

▪ 
May 

▪ 
Jun  

▪ (First round)—Onion ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ Seed bed preparation and sowing  

▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  

▪ Seedling management  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ Land preparation   ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ Transplanting  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ Field management ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ Harvesting  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ 2nd round-- pepper  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ Seed bed preparation and sowing  

▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  

▪ Seedling management  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ Land preparation   ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ Transplanting  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  



  
 

▪ Field management ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  
▪ Harvesting  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  ▪  

 
 

4.3.  Plant Nursery Management  
Nursery site selection   
The nursery site should be located as near as possible to water sources, or will be accessible to irrigation 
water. The nursery site should be separated from the main production field.  

● Seedbeds site should be clean, leveled  
● It should not be close to any type of trees because the shadow of the trees will affect seedlings 

from getting adequate sunlight, the falling of leaves and barks from the trees release chemicals 
that negatively affect seed germination and seedling emergence.   

● Windbreak about 10m distance is also important to protect nursery against strong wind.    
Raising seedling practice on seed beds  
Seedling can be raised by different methods. These methods are using pots, trays or seed beds.  
The common and practiced method of raising seedling in farmer’s field is to make a “seed bed”. There 
are different types of seed bed. They are:  

• Raised seed bed: It is raised above the ground at 15-20 cm height. It is more applicable during 
rainy seasons in order to facilitate drainage and in areas with poorly drained soils (clay soil).  

• Sunken seed beds: Made like basin with depth of about 15-20cm. Applicable in dry seasons and 
light drained soils like sand, low rainfall areas and low land areas.   

• Flat seed bed: prepared where the land is level with adequate drainage system. It is applicable in 
areas where there is minimum water availability.  Factors determining the type of seed bed: 

a) Soil characteristics  Heavy clays are generally difficult to work particularly during the wet 
season, therefore raised beds are prepared. On the other hand sandy soils have less water 
holding capacity and hence sunken beds is preferred.  

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



  
 

for low rainfall areas.  

c) Types of plants to be cultivated  Flat beds are suitable for leafy vegetables and cucurbits. 
4.3.1 Steps required to prepare a seedbed     
Step 1.  Lay out the seed bed   
The prepared seedbed should be set from north to south direction to expose seedling that planted from 
east to west to have enough sunlight in the morning and afternoon. The seed bed should be laid out   
either    1m x 5m or 1m X 10m and 15-20cm high beds in 3,4,5 quadratics by using tape, spade, tracing 
line etc. Keep 40cm-50cm space between two adjacent beds and they may be arranged in staggered 
manner to check erosion as possible. Plough or dig soil 20 -30cm depth until it is bring to fine tilth.  

 
Fig 1. Lay out and leveling of raised seed bed 
Step 2. Provide soil and seed treatment  
Soil treatment 
“Seedling media sterilization” - Sterilize the beds to kill weed seeds, insect and pathogen such as those 
that cause damping off. Some of these pathogens are soil borne and survive seasons to attack the next 

 

 



  
 

crop. Sterilization can be accomplished by one of three ways:  
1. Plastic sheet cover – It works best in areas and seasons where the temperature is high. Please 

keep the beds covered for a week preferably using a black plastic sheet.  
2. Chemical sterilization- Treating the soil with a granular formulation of chemicals, such as 

Dozamet and Nemacuir, can provide effective control of nematodes, soil fungi, pests and weeds. 
After chemical treatment, turn over the soil in the bed and leave exposed for four to five days to 
remove residual chemicals.   

3. Heating method: This can be done by burning straw over beds to control pathogens 
and notorious weeds. After soil is treated by the above methods: 
o Prepare the bed again for sowing.   
o To replace the destroyed useful organisms during burning and plastic cover, incorporate 

well -decomposed compost or farm yard manure with soil.   
Seed treatment: Some vegetables (example peppers) are relatively slow to emerge and need protection 
from seed and soil-borne diseases. In order to produce any crop, first, it is advisable to use the certified 
seeds. However, certified seeds are not always readily available. Farmers, particularly vegetable 
growers, obtain seeds either from the local market or they extract their own seeds from their own 
vegetables. Both purchased seeds from the local market and traditionally extracted seeds are unreliable 
and more easily attacked by seed borne pathogens. These seeds transmit disease in the nursery.  

In order to avoid disease and insect pest problems, treating the seeds with chemicals prior to sowing the 
seeds is advisable, because it protects the seeds both from seed and soil born infection. Most seed 
treatment products are fungicides or insecticides that are applied to seed before planting. Fungicides 
are used to control diseases of seeds and seedlings; insecticides are used to control insect pests. Some 
seed treatment products are sold as combinations of fungicide and insecticide. Fungicidal seed 
treatments are used for three reasons:   

(1) To control soil-borne fungal disease organisms (pathogens) that cause seed rots, damping-off, seedling blights and root rot;   
(2) To control fungal pathogens that are surface-borne on the seed; and  



  
 

(3) To control internally seed-borne fungal pathogens.  
 Currently the most commonly used chemical for treating vegetable seeds is Apron Star. It helps to 
control disease-causing organisms during seed germination and seedling emergence.  
 

Procedure of seed treatment with chemical  such as Apron Star 
Determine the amount of the seed to be treated. Calculate the amount of chemical required as shown 
in the example below on a flat plastic sheet and using gloves.   
Example: Suppose, the amount of pepper seeds required for one seedbed is 20 gram. The company 
recommendation of Apron star for 1 kilogram seed of pepper is 2.5 gram. Then, the amount of Apron 
star required to treat 20 gram of pepper seed can mathematically be calculated as below though it 
could be more practically to treat half a kg of seed by forming farmer groups:   
Required amount of Apron star product= 20g x 2.5g/1000g= 0.05g   
Next, to rinse the seed with water, it is necessary to calculate the required amount of water as shown 
below:   
The company recommendation to mix 1 kg of any vegetable seeds is equal to 10 ml water, thus the 
amount of water for 20g pepper can mathematically be calculated as below:   

Required amount of water= 20 x 10/1000=0.02ml.   

 



  
 

 
Fig 2. Seed treatment, the expert is wearing gloves 

Step 3. Fertilizer application and row making  

o Mix the fertilizer well with the soil in the bed  
o Make furrows (row) 10-15cm apart at recommended spacing and 0.1cm-2cm depth 

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

Step 4. Sowing, covering and mulching   

After determining the amount of seed required for a given plot of land, it should be sown using 
appropriate spacing and depth. After sowing, cover the seed with fine soil and the surface of the drill 
should then be lightly firm. Seed rate of some vegetables are listed in Table 3.  

Table 3. Seed rate of some vegetable crops   

No  Seed rate and related conditions   Pepper   Tomato   Onion   Cabbage   

1   Seed rate for 1 hector   600 - 750g   250-300g   For hybrid 3-4 kg  400 gm   



  
 

For Non hybrid 6.5-7.5kg  
2   Seed rate for 1 bed(5m2 area)   20-25g   4.2-5g   For hybrid 27 - 36gm  For Non hybrid 46 - 53.5gm   

40 gm   

3   Convenient seed bed size   1m x 5m   1m x 5m   1m x 5m   1m x 5m   
4   Distance between beds   40-50cm   40-50cm   40-50cm   40-50cm   
5   Depth of the planting rows   1- 1.5cm   0.5- 1cm   1- 1.5 cm   0.5- 1cm   
6   Spacing between rows  15cm   15 cm   15 cm   15 cm   
7   Fertilizer rate for a bed of 5m2         

 DAP/ NPS -Urea  100/121gm 50gm  100/ 21gm 50gm  
100/121gm  50gm  100/121gm  50gm 

 

                        

                                     Fig 3. Sowing seedlings   

 

 
 
 
 
 
 
                                

  



  
 

                                     Fig 4. Covering sown seedling by fine soil  
 
 
Step 5. Mulching, irrigation and cultivation   
For the germination of seeds adequate moisture, oxygen and moderate temperature are the most 
important factors to be considered. Therefore, to get good stocky seedlings, care must be given to the 
following factors  

a) Mulching immediately after sowing of the seeds until germination (7-10 days) and after 
germination, avoiding mulching,  

Mulching is important to: 
● Regulate temperature  
● Maintain moisture  
● Protect seed from birds and moving away 
● Suppress weeds 
● Can be used as fertilizer after being decomposed  

                     C)  Watering the seedlings in morning or afternoon using water cane,   
b) Weed control and shallow cultivation should be practiced in a timely way.  
c) Thinning out of seedlings to reduce competition and diseases effect (2-5 cm apart between 

seedlings),  
d) Urea fertilizer is needed 15-20 days after sowing,  

 

                         Fig 5. Spread a thin layer of straw mulch   

 

 

 

 

 

 



  
 

 

 

                             Fig 6. Irrigate using a water can  

The seedbed should be irrigated immediately and uniformly the correct amount of water using watering 
can after sowing. An excess amount of water and the incorrect method of watering will harm seedlings. 
Excessively wet soil create a conducive environment for disease development and affect seedlings root 
growth development.  
● After germination is secured and seedlings are starting to develop the mulched grass should be 

removed carefully, just to avoid any leggy and etiolating of the plantlets 
● Construct shades in order to protect seedlings from strong sunlight, wind and hail damage  

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

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

● Keep irrigating frequently, at least twice a week  
● Weeding should be done regularly  
● The nursery should be kept clean at all times 

 

 Fig 7. Removed mulch from seedling   

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

  

 



  
 

 
                                 Fig 8. Harrowing  

Often farmers use a high seed rate /seed bed to secure maximum number of seedlings that can be used 
for gap filling in case transplanted seedlings failed to establish in the fields.  
Using a high seed rate has the following drawbacks:   
1. Creates overcrowding and suffocation, and restricts aeration.   
2. Creates competition for nutrients and sun light and can lead to stunted growth of the seedlings due 

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

development is poor 
4. Create favorable conditions for the growth and development of the pathogens.   
5. Diseases can easily be transmitted from affected seedlings to the healthy ones.   
6. In most cases, infected seedlings will die either while they are in the seed bed or after transplanting 

and become source for diseases transmission.   
Using the recommended seed rate per unit area of land and sowing in rows is important. Planning for 
contingency seedling of 10-15% on separate beds is needed.  



  
 

The main precautions in the nursery are  
a) Avoid high soil and air moisture  

b) Water the seed bed early in the morning  
c) Avoid over frequent or over heavy watering  
d) Avoid heavy shading  
e) Avoid excess seedlings  

Days to germination of some vegetable crops  
● Pepper=After  9-17days  
● Tomato=  After 8  days   
● Onion    = After 15 days  

 
4.3 Techniques of minimizing transplanting shock  
It is important to make sure that health seedling are transplanted at the required plant density and time. 
To minimize transplant shock the following activities should be done:  
➢ Hardening-off the plants from five days to one week prior to transplanting by reducing the 

amount of water and widening of irrigation frequency. This helps the seedling to slow down the 
growth process and allow the young plant build up carbohydrate reserves and root and also to 
avoid transplanting shock  

➢ Water the seed bed one day prior to transplanting (the night before lifting) to facilitate the 
removal of the seedling from the bed.  

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

after the worst heat of the day has passed  
➢ Place the uprooted seedlings in trays with soil as much root and soil are together.  



  
 

➢ Immediately cover the seedlings with a damp sack, and prevent exposure to full sun or drying 
winds; under arid conditions frequently rewet the covering  

➢ Transport the seedlings to a shaded area  
➢ Plant the seedlings as soon as possible after lifting, preferably in the evening after the worst heat 

of the day is over, and irrigate immediately  
➢ Most vegetables are ready for transplanting when they have 2-6 true leaves 

Table 4. Days of transplanting  
 

Tomato 28-35 days  
Pepper 40-55 days  
Cabbage 25-30 days  
Onion  40-45 days 
Kale  After one month 

 
 
Fig 9. Transplanting stage for onions 
    
 
                         
                   
     
 
 
 
Fig 8. Pepper stage of transplanting  

  

 
      



  
 

 
 
Fig 10. Careful removal of seedlings  
 
 

  

 
  



  
 

 

 
Unit 5 

Integrated Pest Management (IPM) 



  
 

 
 

5.1 Introduction to IPM 
5.1.1 Definition of Integrated Pest Management (IPM) 
IPM is a broad interdisciplinary approach that uses scientific principles of crop protection to combine a 
variety of pest management strategies and tactics into a single cropping system to reduce pest 
populations.    
Pests are organisms, which cause economic or aesthetic losses when they create inconvenience, 
annoyance, or health problems. All farmers experience pest problems from time to time, and pest 
management can be a real challenge. The types of pests include weeds (annual, biannual and perennial, 
grass and legumes, broad leaved and narrow leaved, parasitic and non- parasitic), invertebrates (insects, 
mites, ticks, spiders, snails, and slugs), pathogens (bacteria, viruses, fungi, nematodes) and vertebrates 
(birds, rodents, apes, monkeys, reptiles and amphibians). It is broadly defined to include pests affecting 
food, fiber, and shelter; pests of public health importance; and nuisance pests.   
Management implies a process by which information is collected and used to make good management 
decisions to reduce pest populations in a planned, coordinated way. IPM requires a more tolerant 
management approach than traditional pesticide-based programs. This approach allows for the 
conservation of natural control factors and the establishment of a pest refuge for resistance 
management.   
Strategies are the general approaches used to implement coordinated systems of multiple tactics. 
Examples are containment, preventive, corrective or remedial, and eradication.    
Tactics are the specific methods used to achieve pest control. These include cultural, biological, physical, 
genetic, chemical, and regulatory procedures.   
IPM is a systematic and integrated approach to pest management that focuses first on pest problems. It 
involves monitoring pest populations, identifying pests and choosing a combination of interventions to 
keep pest populations at an acceptable level. Tactics may include cultural, mechanical, biological and 
chemical methods of pest management. IPM stresses giving priority to the least toxic methods first.  



  
 

IPM is not implemented in isolation from other management activities; rather, it is one component of 
the total crop production system of physical, biological, and management functions all interacting to 
determine the yield of a cultivated crop. Thus, IPM, like nutrient management and OFWM, is a 
component of integrated crop management (ICM).  
Why IPM is needed? IPM is needed because: 

● It keeps a balanced ecosystem while managing pests and diseases 
● Pesticides can be costly, ineffective or unavailable 
● It saves farmers money because it reduces cost of production  
● Promotes a healthy environment 
● IPM is not difficult to practice 
● It maintains a good public image; and is defined as following.  

5.1.2 Six Tactics of IPM  
(http://extension.psu.edu/pests/ipm/schools-
childcare/schools/educators/curriculum/contents/sixtactics) 



  
 

The goal of using multiple tactics or "many small hammers" is to effectively suppress pests below injurious levels 
and avoiding outbreaks. Many tactics keep pest populations off-balance and avoids development of 
resistance to pesticides. Least-toxic effective methods are used before more toxic ones whenever 
possible. What are the categories of tactics and specific actions included in each? 

1. Cultural methods  
Suppress pest problems by minimizing the conditions they need to live (water, shelter, food). This 
includes planting plants that are adapted to your growing conditions, planting them in the right place, 
giving proper attention to their water and nutritional needs and the like. Strong plants resist diseases, 
outgrow weeds and are less likely to succumb to insects. 

2. Physical methods 
Prevent pest access to the host or area, or, if the pests are already present, physically removing them by 
some means. For example, this could mean using barriers, traps, vacuuming, mowing or tillage, 
depending upon the pest and situation. 

3.Genetic methods 
Use pest-resistant plant varieties, with proven performance in your area or similar environments.  
Recently, this category has been expanded to include genetically engineered pest resistance, such as Bt 
corn or potatoes.  

4. Biological methods 
Use predators, parasites and diseases of pests in a targeted way to suppress pest populations. Uses of 
microbial diseases of pests have become part of the chemical pesticide registration process. Use of 
predators and parasites as biocontrol for pests are handled in one or more of 3 ways; 
a) conservation and encouragement of naturally occurring biocontrol organisms by cultural techniques 
or at least avoidance of harming them 
b) augmentation of naturally occurring species by purchasing and releasing more of the same 
c) "classical" biological control in which new biocontrol species specific to pests are sought and 
introduced 

5. Chemical methods 
There are many "chemicals" that are used in pest management situations, but not all chemicals are alike 
from the standpoint of their range of action, toxicity, or persistence in the environment.  

"Biorational" 
Biorational chemicals are those that are less universally toxic and target a specific aspect of pest biology. 
An example might be diatomaceous earth used to scratch the surface of insects to dehydrate them, or 
microbial pesticides that affect only a specific group of insects. 



  
 

"Conventional" 
Conventional pesticides currently refer to synthetically produced compounds that act as direct toxins 
(nerve poisons, stomach poisons, etc.) There are many new classes of chemicals being added to the 
older conventional pesticides 

6. Regulatory 
Regulatory control refers to the role played by government agencies in trying to stop the entry or spread 
of pests into an area or into the country via inspection, quarantine, destruction of infested material, and 
other methods. 

 
5.1.3 IPM Principles 

The key underlying Principles of IPM are: 
● The management unit is the agro ecosystem and any management action may produce 

unexpected and undesirable effects – this notion forms the basis of the systems or holistic 
approach to IPM. 

● Any pest exists at some tolerable level – this notion forms the basis of the economic injury level 
concept. 

● Natural control factors regulate pest populations and are maximized in IPM as the primary 
means of management; if this strategy fails to maintain pests below economic levels, then 
pesticides in combination with other tactics are used as a last resort. 

● Less than 100% control is desirable to leave a permanent pest residue for natural enemies and 
as a refuge for susceptible pests to reduce the chances of resistance development. 



  
 

 
 
5.1.4 Processes of IPM Implementation 

The main steps in IPM are: 
1. Correct pest identification -The first step in any IPM program is to correctly identify the pest. It may 
be that the pest made its way into the farmer’s field by accident, and control measures are unnecessary. 
On the other hand, it may be that chemical control measures are necessary but that they should be 
supplemented with structural modifications to ensure long-term effectiveness. 
 
After identifying the pest, understanding the pest’s biology and habits will help determine which control 
measures are appropriate. 
 
2. Understanding of pest and crop dynamics - must have enough information about the biology of the 
pest encountered to assess the potential risk that the pest poses and determine the best possible 
management strategy. 
 
3. Planning preventive strategies – this is the preferred management strategy in IPM; a careful 
examination of field history and all aspects of the crop production system should be made to determine 
if the crop can be grown or treated to prevent pest populations from exceeding economic levels. 
 
4. Monitoring- involves periodic assessment of pests; natural control factors; crop characteristics; and 
environmental factors that need to be controlled, and the effectiveness of any management action. 
Different methods and sampling frequencies are used, depending on the type of pest and monitoring 
objective. Monitoring involves direct and indirect means: field scouting to make visual counts, 
assessment of damage, and the use of trapping devices (pheromone traps, light traps). 
 
5. Decision making- involves an evaluation of the monitoring information to assess the relevant 
economic benefits versus the risks of pest management actions. What will the farmer lose if he does 
nothing? What will s/he gain? 
 



  
 

6. Selection of optimal pest control tactics - to manage the problem while minimizing economic, health 
and environmental risks. 
 
7. Implementation - once the management options are selected, they should be deployed on a timely 
manner with precision and completeness.  
 
Remember!  
For chemical control: proper timing and placement is often more important than the rate of 
pesticide application. 

 
8. Evaluation- Always time should be taken for follow-up and to evaluate pest control actions to 
determine if the investment was worth it. Review what went wrong but more importantly what went 
right. 



  
 

 
 
 
 
5.2 Identification Major Pests on Major Vegetable Crops  
The major vegetable crops can be grouped as follows; 

● Solonaceous vegetables: pepper, tomato and potato  
● Bulb crops: onion and garlic 
● Cole vegetable crops: lettuce, , cabbage and cauliflower 
● Legume vegetables: Phaseolusbeans, Pea, etc 
● Cucurbitaceous vegetables: Cucumber, muskmelon, watermelon, pumpkins and squashes 
● Root/tuberous-root vegetable crops: carrot, beetroot, cassava, etc  



  
 

 
5.2.1   Identification of Major Pests of Tomato 

Tomato crop is highly affected by several insect pests and diseases. Commonly occurring important 
diseases of tomato in Ethiopia include: 

● damping off 
● late blight 
● early blight 
● powdery mildew 
● septoria leaf spot 
● viruses and nematodes 

Similarly, regularly occurring important insect and mite pests of tomato in Ethiopia include:  
● Fruit worms [(African bollworm (Helicoverpa armigera) potato tuber moth (Phthorimaea 

operculella) 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 book. Some 
of the key insect pests, diseases and nematodes are described below.  
i) Fruit borer (African bollworm), Helicoverpa armigera, 
Fruit borer is a major pest on developing fruits and is responsible for major yield loss in tomato (Figure 
4.2.1). Economic injury level for fruit borer has been worked out to be one egg/one larva/one damaged 
fruit/plant. 
 
Recognition  
Larvae of the African bollworm (ABW) feed on leaves, flowers and fruit of tomato. Caterpillars prefer 
green fruit and seldom enter ripe fruit. They usually bore from the stem end, causing extensive fruit 
damage and promoting decay caused by secondary infections.  



  
 

 
The adult of the ABW is a stout moth, about 6-18 mm long with a wingspan of 16-18 mm. Color varies 
from dull yellow to brown, with little distinctive marking on the wing. Eggs are tiny, round, and yellowish 
which darken before the larvae hatch. Female moths are attracted to tomato plants in the flowering and 
fruiting stages. Eggs are normally laid near or on flowers or small fruits. The fully-grown larvae are about 
40 mm long. They vary in color from almost black, brown or green to pale yellow or pink and they are 
characterized by lengthwise alternating light and dark colored stripes, with a typical light stripe along 
each side of their bodies. The fully-grown larvae drop from the plant and burrow into the soil to pupate. 
The pupa is light brown in color. Adults emerge in 1-2 weeks, mate and can begin to lay eggs 48 hours 
after emergence.  
 

 
Figure 4.2.1. African bollworm (Fruit borer), Helicoverpa armigera damaged tomato (left); larva and 
adult (center); and decaying tomato due to secondary infection following ABW damage (right)  

 
ii) Tomato leaf miner, Tuta absoluta 
It is a neotropical oligophagous moth from the family Gelechiidae (Lepidoptera), which is associated 
with solanaceous crops. Tuta absoluta is a micro lepidopteron moth with high reproductive potential. 
There are about 10–12 generations per year. Total life cycle is completed within 30-35 days. Adults are 
nocturnal and hide b/n leaves during the day time. Tuta absoluta reduced yield and fruit quality of 
tomato grown in green house and open field. Severely attacked tomato fruits lose their commercial 
value. It is a recent pest in Ethiopia, which created a huge product quality loss and costed farmers 
hugely in the last few years. Tuta absoluta infestation occurs throughout the entire crop cycle (seedling 
to maturity). Feeding damage is caused by all larval instars and throughout the whole plant. Larvae feed 
on the mesophyll tissue, forming irregular leaf mines which may later become necrotic. Larvae can form 



  
 

extensive galleries in the stems which affect the development of the plants. Fruit are also attacked by 
the larvae, and the entry-ways are used by secondary pathogens, leading to fruit rot. Though extent of 
infestation is partly dependent on the variety, Potential yield loss in tomatoes (quantity and quality) is 
significant and can reach up to 100% if the pest is not managed (Figure 4.2.2). 

 Figure 4.2.2. Tuta absoluta damage and symptoms at various stages of tomato 
 
iii) White fly, Bemesia tebaci 
Both nymphs and adults suck the sap from the leaves. Its economic threshold level has been worked out 
to be 4 adults /leaf. It also transmits leaf curl disease (figure 4.2.3).  
Recognition  
Whiteflies are leaf-sucking pests that remove plant nutrients and weaken the plants. Because of feeding 
by whiteflies yellowing of infested leaves resulted. The main damage caused by whiteflies to tomatoes is 
indirect as they are the vectors of viruses. It is an efficient vector of the Tomato Yellow Leaf Curl Virus 
(TYLCV). Whitefly adults resemble very small moths. They have a coating of white, powdery wax on the 
body and wings. Eggs are elliptical, about 0.2-0.3 mm long, attached vertically to the leaf surface by a 
short stalk, which is inserted into the leaf tissue. They are normally laid in an arc or circle comprising 20-
40 eggs on the underside of young leaves. The first juvenile stage crawls on the leaf surface for some 
time before settling and fixes itself on the lower surface 1-2 days after hatching. It then starts sucking 
and excretes tiny wax filaments from the edge of its body. During the period of larval development, the 
tomato plant continues to grow and thus the juvenile stages are found on the lower leaves. The 
'puparium' (scale-like final juvenile stage) is flat and whitish to yellowish in color. The life cycle in warm 
weather takes 3-4 weeks to complete. 



  
 

 Figure 4.2.3. White fly, Bemesia tebaci adult(left), Nymph (central), and infestation on tomato leaf 
(right) 

 
iv) Leaf minor, Liriomyza bryoniae; agromyzidae 
Tomato leaf miner larvae feed on leaves and fruits, from seedlings to mature tomato plants. Infestation 
is often followed by infections by secondary pathogens rendering infested crops unmarketable. 
V) Damping off 
Damping off is a major problem at the early stage of vegetable seedlings on the seedbed. The disease 
can be caused by a complex of fungal pathogens (Phytophtora sp., Fusarium sp., Pythium sp. and 
Rhizoctonia sp.), which attack tomato seeds, tender stems, and roots. All pathogens causing damping off 
are known to be soil borne and stay for longer time in the soil. Although fungi live in the soil and water, 
spores spread through the air and can move quickly from one seed tray (or garden row), to another. 
Tomatoes are most affected in humid conditions, especially if the soil is cold and wet. The disease can 
cause post and pre emergence seedling mortality. Apart from seedling infection, some of the important 
diseases can be transferred from the seedbed to the production field during transplanting. Affected 
plants appear as if they have been cut off at the base. The disease can attack all vegetable crops like 
tomato, pepper, onion beans etc. Therefore, maximum care should be taken during seed selection and 
production of seedlings. This is because once damping off is introduced along with the seedlings in 
production fields it requires expensive cost and times to manage it.  
Symptoms  
Germinating seedlings may be killed before or soon after they emerge from the soil. Affected seedlings 
show water soaked lesion around the soil level. Latter seedlings show wilting symptom and die within 
short time. If infected seedlings are transplanted to the field, the disease can be transferred to the main 



  
 

production field and cause severe crop damage.  

 
Figure 4.2.4. Symptoms of damping off on pepper and tomato (left-pepper, right-tomato)  

 
VI) Powdery mildew  
Powdery mildew (Leveillula taurica L.) is a common disease of tomato and pepper in warm arid and 
semi-arid regions of the country. Yield reduction of tomato due to powdery mildew ranges between 
10-90%. The devastating nature of this disease is heavy leaf defoliation followed by exposing the 
fruits to sun light, which causes sun scorching effect. Scorched tomato fruits do not have market 
value.  
Symptoms  
The most common symptoms are bright yellow lesion on the upper side of the leaf. Necrotic spots 
with concentric rings may develop in the center. A light white powdery covering will be observed on 
the lower surface of the leaf. During favorable weather condition, leaves may defoliate and fruits 
exposed to sunlight and become sun scorched.  

  



  
 

Figure 4.2.5. Symptom of powdery mildew (Leveillula taurica) on tomato 
 
 
 
VII) Early blight 
Tomato blight, in its different forms, is a disease that attacks a plant’s foliage, stems, and even fruit 
(Figure 4.2.6). Early blight (one form of tomato blight) is caused by a fungus, Alternaria solani, which 
over-winters in the soil and infected plants. Affected plants are under produce. Leaves may drop, leaving 
fruit open to sun scald. The disease occurs in humid climates in semiarid climates where frequent dews 
provide sufficient moisture to permit disease development. It causes severe yield and quality reduction 
of tomatoes in different parts of the world.  
Symptoms  
Early blight occurs on the foliage, stem and fruit of the tomato plant. The disease can cause severe 
damage during all developmental stages of tomato. It is first observed as small brownish black lesion on 
older leaves. Infected leaf tissue surrounding a spot may become yellow. Under favourable conditions, 
infected plants may become defoliated, exposing the fruits to sunscald. Stem lesions on seedlings are 
small, dark and slightly sunken. They enlarge to form circular or elongated lesions with concentric rings. 

    Figure 4.2.6. Damage symptoms of early blight 
 
VIII) Late blight 
Late blight is a plant disease that mainly attacks potatoes and tomatoes, although it can sometimes be 
found on other crops, weeds and ornamentals in the same botanical family (Solanaceae). Late blight was 



  
 

a factor in the Irish potato famine in the 1850’s, during which millions of people in Ireland starved or 
they were forced to emigrate. Entire potato crops rotted in the field or in storage because of late blight 
infection. Late blight is caused by an oomycete pathogen that survives from one season to the next in 
infected potato tubers (figure 4.2.7). This organism is well known for its ability to produce millions of 
spores from infected plants under the wet weather conditions that favor the disease. 
Symptoms  
Late blight of tomato can appear at any stage of the crop starting from seedling to fruit maturity 
stage. Infected seedlings on the seedbed show black discoloration near to the soil level. Latter 
seedlings become wilted and die. Under field condition, infected plants showed blight symptom at 
the edge of the leaves. On the underside of the leaves, often white fungal growth (mycelium) can 
be observed especially in the morning. During favorable weather conditions and severe infection, 
total crop loss is quite common.  

  Figure 4.2.7. Damage symptoms of late blight on tomatoes 
 
IX) Viruses attacking tomato 
A number of viruses are attacking tomato in many parts of the world. Different viruses are also 
registered as major production problem of tomato in Ethiopia. Among others, tomato mosaic virus 
(ToMV), tobacco mosaic virus (TMV), tomato yellow leaf curl virus (TYLCV) are the most important ones. 
Depending on the kind of virus and severity of infection, viruses can cause complete crop failure on 
tomato and pepper.  
Symptoms  
Since a complex of viruses is associated with the tomato plant, symptoms are also varied accordingly. 



  
 

Viruses can attack tomato at all developmental stages. Early infection (before 19 flowering) can cause 
total crop loss. The major visible symptoms due to virus infection on tomato include:  

● Stunting or dwarfing of plants  
● Yellowing of leaves  
● Curling or rolling of leaves  
● Malformed/deformed leaves  

Tomato leaf curl virus: Curling tomato leaves may be a sign of a viral infection. Normally this virus is 
transmitted by Tomato yellow leaf curl virus through whiteflies or through infected transplants. Though 
it can take up to three weeks before any symptoms develop, the most common indicator of the disease 
is the yellowing and upward curling of the leaves, which may also appear crumply. Plant growth soon 
becomes stunted and may even take on a bush-like growth habit. Flowers usually will not develop and 
those that do simply drop off. In addition, fruit production will be significantly reduced. 

  Figure 4.2.8. Symptoms of tomato yellow leaf curl virus (TYLCV)  
 
X) Root-knot nematode 
Several species of root-knot nematodes cause a stunting and wilting of many vegetables and 
ornamentals, including tomato, potato, eggplant, sweet potato, radish, geranium, and peony. The 
disease typically appears in roughly circular patches in a field or garden, but may become more 
uniformly distributed when susceptible plants such as tomato are continuously planted in an area. 
Diseased tomato plants are stunted and have pale green leaves. 



  
 

 
Symptoms  
Severe infestation results in stunted plant growth and induce high root-shoot ratio. The normal transfer 
of nutrients and water could be blocked due to the excessive gall formation on root system this results 
in stunting growth, wilting and nutrient deficiency symptoms.  
 

  Figure 4.2.9. Invasion and damage symptoms of root-knot nematode on tomato roots; (left) invasion of 
the root system; (right) formation of root galls 

 



  
 

 
 

5.2.2   Potato: Identification of Major Pests  
Potato crop is affected highly on several insect pests and diseases. It share most of the diseases of 
tomato as they belong to the same solanceous family. Some of the key insect pests, diseases and 
nematodes are described below; 
 
i) Aphids Myzus persicae 
Aphids are common pests attacking crops by sucking plant saps but also acting a carrier of some viruses. 
It could be found throughout the year in one or other parts of the country. Myzus persicae is the vector 
for potato virus Y and potato leaf roll virus. Most of the winged forms are present in the early stages of 
the crop while the unwinged aphids are found later in the season in the lower surface. Aphids suck the 
sap and growth is retarded. The economy threshold level for aphids is 250 aphids/plant. 
 
ii) Potato tuber moth, Phthorimea operculella 
Potato tuber moth affects foliage and tubers in the fields and in storage also it affects tubers. Young 
larvae mine the leaves. Leaves produce silver blotches. Then it bores in to the tubers. From field it is 
carried to storage. PTM survives in the field throughout the year and 10 -12 generations are observed in 
one year. The economic threshold level for potato tuber moth is 15 – 20 moths /trap consecutive for 
three years. 
 
iii) Late blight 
Late blight spreads fast in cloudy warm weather. First small patches appear on lower leaves. Whitish 
fungal growth is also seen on under surface of leaves. Disease starts from lower leaves and finally covers 
the whole plant.  



  
 

    
Figure 4.2.10. Damage symptoms of potato late blight 

 
 
iv) Potato leaf roll virus 
Net necrosis of potato is the result of infection by potato leaf roll virus (PLRV). This symptom is caused 
by the selective death and damage to cells in the vascular tissues of the tuber. Infection by the virus may 
directly cause the damage to and death of the vascular tissues or the presence of the virus may make 
these sensitive tissues more susceptible to damage from other stresses. There is a strong resemblance 
between PLRV net necrosis and another tuber defect known as stem end discoloration (SED). Unlike 
PLRV, SED is believed to be a physiological disorder. 
 
v) Common scab 
Common scab may be caused by several soils dwelling plant pathogenic bacterial species in this genus. 
These include S. scabies and S. turgidiscabies. In particular, S. scabies has been well documented as 
causing scab lesions (Figure 4.2.11 and 4.2.12). Streptomyces scabies infects a number of root-grown 
crops including radish (Raphanus sativus), parsnip (Pastinaca sativa), beet (Beta vulgaris), carrot (Daucus 
carota), as well as potato (Solanum tuberosum). The disease occurs worldwide wherever potatoes are 
grown. Although scab does not usually affect total yields, since the marketplace for potatoes is quality 
driven, the presence of scab lesions, especially those which are pitted, significantly lessens the 
marketability for both table stock and processing varieties. 
 



  
 

 Figure 4.2.11. Potato tubers exhibiting different types of the “surface scab” lesion caused by common 
scab infection. 

 

  Figure 4.2.12. Potato tuber exhibiting the “pitted scab” and cross section of a potato with “pitted lesion 
caused by common scab infection scab” infection. 

 
Streptomyces scabies is an efficient saprophyte that can overwinter either in the soil or on the surface of 
tubers and crop residues. Movement of this pathogen commonly occurs via water, wind, seed tubers, or 
anything that moves soil.  
 
Infection begins when tubers are initially being formed. Optimum temperature for infection is 20 to 
22.2°C, but the pathogen can attack tubers within a range of soil temperatures from 10 to 31°C. 
Common scab is most severe in soils with pH above 5.5; however, there is a less common form that 
occurs in soils below pH 5.5. 
 
 



  
 

 
5.2.3 Identification of 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 
diseases causing 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) Onion Thrips 
Recognition  
Thrips (Thrips tabaci) are very small insects, just barely visible to the naked eye. They are about the size 
of a flea. Immatures are either yellow or white. Older individuals are yellowish-brown and move quickly. 
They feed by rasping the epidermis of the leaves and sucking the sap that exude. They often congregate 
along the leaf veins. Thrips damaged onion leaves are silvery or have tiny brownish marks or spots. They 
may be wilted or distorted. Outer leaves are brown at the tips. In cases of severe injury, leaves drop and 
bulbs are small and misshapen. Yield loss can be more than 50% if control measures are not taken. Eggs 
are inserted within leaf tissues. They are white, and take 4-10 days to hatch. Nymphs moult twice in 
about five days; they are white or yellow. Pupation occurs in the soil and takes 4-7 days. One generation 
can take place in about three weeks.  
 

  Figure 4.2.14.Tiny immature thrips in the leaf sheath (left) and silvery leaf spots (center to the right) five 
thrips (right).  

  



  
 

ii) Purple blotch  
Purple blotch (Alternaria porri) is the major production constraint of onion wherever the crop is grown. 
The disease is favored by frequent rainfall and high humidity during the active growth stages of the crop. 
Yield losses caused by purple blotch can reach 30-40% around the central rift valley area. The disease 
attacks the foliage and consequently affects the quality and productivity of the crop.  
Symptoms  
Initial symptom of purple blotch is white spots on the leaves. During favorable weather conditions these 
spot enlarged and become purplish or brown in color. At the latter stage of crop infection, all leaves may 
dry and collapse. Severe infection causes smaller bulb size and not fit to the market.  
 

 Figure 4.2.15. Symptom of Purple blotch (Alternaria porri) of onion  
 
iii) Downy mildew  
Downy mildew (Peronospora destructor) of onion is a major and widespread problem of onion in areas 
with high and frequent rainfall. Apart from onion, the disease attack shallot in the highland areas 
characterized with high rainfall and relative humidity. The disease spreads rapidly during cool and wet 
weather. Some varieties of onion have the fungus during winter also in storage. Dew collects on the 
plant at night by which the spores germinate and enter the onion leaf.  
Symptoms  
At the beginning of infection, symptoms appear as gray masses of fungal growth. When the disease 
progresses infected parts turn to brown to purplish color. During severe infection, leaves get dry and 
bulb size reduced.  



  
 

     Figure 4.2.16. Early damage symptom of downy mildew (Peronospors destructor) on onion  
 
iv)  Bulb rot  
Bulb rot caused by a fungus Sclerotium cepivorum is the most destructive disease of Onion and related 
species. The disease is highly pronounced in areas with high rainfall, humidity and excessive soil 
moisture. The pathogen can survive in the soil for longer period. Currently, this disease is widespread in 
onion production areas of north and north-west part of Ethiopia.  
Symptoms  
The disease attacks onion, garlic, shallot and leek. Plants may be infected at any stage of growth 
provided environmental conditions are favorable. Infection of seedlings occasionally occurs; however, 
the first infections are normally detected in plants bearing three to five leaves. Initial stages of infection 
are confined to the host root system and base plate. The first above-ground symptoms of infection 
include a yellowing of leaves beginning at the tips and progressing downward. A gradual decline in the 
plant continues for some days or weeks and in the case of young plants may constitute a rapid wilt and 
collapse of aerial parts. Ultimately the entire plant is killed. On underground parts the fungus itself is 
visible as superficial, fluffy white mycelium. The roots are gradually destroyed and the fungus causes a 
soft, watery decay of the bulb commencing at the base plate. Black spherical sclerotia, normally 200-500 
μm diameter, are formed on the bulb base and within decaying root and stem tissue.  
 
Above-ground symptoms are not normally evident until the pathogen has colonized and partially rotted 
the stem and leaf sheaths. Roots frequently extend horizontally, providing a direct path for mycelial 
growth to nearby plants.  



  
 

 Figure 4.2.17. Symptom of bulb rot (Sclerotium cepivorum) on onion 
 

 
5.2.4. Identification of 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  
Fusarium wilt (Fusarium oxysporum) is a very common problem of pepper and tomato throughout the 
year both in irrigated and rain fed agriculture. Many of the small holder farmers are not growing pepper 
due to fear of this diseases. Fusarium wilt of pepper is commonly found in the major pepper growing 
areas of the central rift valley areas like Wonji, Melkassa, Meki, Ziway, Alaba, Mareko areas. The 
epidemic of fusarium wilt is pronounced with high rainfall, excessive irrigation and poor water drainage 
system.  
 
Symptoms  
Disease symptoms on tomato and pepper are characterized by an initial slight yellowing of the foliage 
and wilting of the upper leaves. The vascular systems of the plants discolored particularly lower stem 
and root systems. High temperature and wet soil conditions favor disease development. The disease is 
most likely occurring in poorly drained areas of the field. On tomato one sided wilting is common.  
 



  
 

   Figure 4.2.18 .Symptoms of Fusarium wilt (Fusarium oxysporum) on pepper and tomato.  
 
 
 
 
 
ii)  African bollworm  
 
Recognition  
African bollworm (ABW), Helicoverpa armigera Hubner can be recognized as a small darkened partially 
healed hole at the base of the fruit pedicle is the damage symptom on pepper. The inside of the fruit has 
a cavity that contains frass and decay. Damaged fruits ripen early, but these are not usually marketable. 
Look at the base of the fruit pedicle. If you find a darkened hole, remove the fruit and cut it open, inside 
you will see tunneling caused by the insect. Often the caterpillar is present. Caterpillars often move from 
one fruit to the next destroying only small portion of each fruit. Pupation occurs in soil near the base of 
the plant. For the pest biology, refer the section under tomato.  
 

 Figure 4.2.19. African ball worm on pepper pod (left) and damage symptoms on the pod (right)  
 



  
 

 
5.2.5.  Identification of 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 in Ethiopia 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  
Black rot (Xanthomonas campestris) is the most important disease in all cabbage growing areas of the 
world. The disease is favored by excess moisture and high relative humidity. The disease is known to be 
seed borne/transmitted. All cabbage growing areas in Ethiopia are severely affected by the disease.  
Symptoms  
An initial symptom of cabbage black rot appears as 'V' shaped necrosis at the edge of the leaves. During 
favorable weather conditions the leaves get symptoms of water soaked lesions and finally the plant rot. 
Rotted cabbage has got unpleasant odor.  
 

 Figure 4.2.20. Symptom of black rot (Xanthomonas campestris) of cabbage 
 

ii) Diamondback moth  



  
 

Recognition  
Feeding of Diamondback moth (DBM), Plutella xylostella is recognized by larvae damage where it causes 
damage to leaves. Newly hatched larvae feed on the underside of the leaf, penetrating the epidermis 
and mining through it. Later instars also feed on the underside of the leaf, except that they either cut 
round holes through it (making the leaf appear 'windowed') or they scratch off the tissue, leaving the 
epidermis of one side untouched so that attacked leaves appear skeletonised. 

 Figure 4.2.21. Cabbage leaf windowed due to diamondback moth 
 
The adult is a small grayish-brown moth, about 8 mm in length, with a wingspan of about 15 mm. It has 
a characteristic diamond pattern on its back, which can be seen when its wings are closed at rest, hence 
its common name. The incubation period is 3 to 8 days depending on the environment (e.g. 
temperature). Larvae are pale green, and widest in the middle part of the body and measure 12 mm 
when fully grown. Larvae are active, and when disturbed wiggle violently and drop to the ground, 
remaining suspended only by a silken thread. The total larval period varies from 14-28 days. There are 
four larval instars. Pupation takes place inside a silken gauze-like cocoon that measures about 9 mm 
long, which is stuck to the underside of the leaf. The pupa is greenish at first and changes to a brown 
colour as the moth develops. It remains visible to the naked eye within the cocoon. The pupal period 
lasts 5-10 days. The adult lifespan is 16-17 days.  
 
 



  
 

 
 

 Figure 4.2.22.Life cycle of Diamondback moth on cabbage  
 
3.4.3. Cabbage aphids  
Cabbage aphids (Brevicoryne brassicae) cause damage on brassicas by direct feeding and by virus 
transmission. Direct feeding by aphid colonies causes leaf curl, discoloration, stunted growth and even 
death of the infested plants. In heavy infestations, copious amounts of honeydew are produced on 
which sooty mold fungus grows. This reduces the quality of the crop. Adults of the mealy cabbage aphid 
measure 1.6-2.8 mm in length. They are greyish-green or dull mid-green in colour and are covered with 
a fine waxy grey mealy powder. Adult lifespan varies from 8 days at 30 OC to 28 days at 10 OC. 



  
 

  
Figure 4.2.23. Cabbage aphid (left) and damaged cabbage leaf (right).  

 
 


