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              FOREWORD

Kenya Agricultural and Livestock Research Organization (KALRO) is one of the key partners 
in the Kenya Cereals Enhancement Programme - Climate Resilient Agricultural Livelihoods 
Window (KCEP-CRAL) Programme funded by the European Union (EU) and implemented 
by the International Fund for Agricultural Development (IFAD). KALRO participation in 
this programme is based on proven experience and expertise in agricultural research. Within 
the programme, KALRO handles the research component, conducting on station and on 
farm trials, develops farmer recommendations together with training materials for extension 
staff and service providers and conducts the training. The implementation of KCEP-CRAL 
is in thirteen (13) counties namely Nakuru, Nandi, Trans Nzoia, Kakamega, Bungoma, Kitui, 
Tharaka-Nithi, Embu, Machakos, Makueni, Taita Taveta, Kwale and Kilifi. 

KCEP-CRAL focuses on the three leading rain-fed cereals (maize, sorghum and millet) and 
associated pulses (beans, green grams, cowpeas and pigeon peas). The programme’s overall 
objective is to contribute to the reduction of rural poverty and food insecurity of smallholder 
farmers. 

Through this manual, the programme will provide a comprehensive guide to extension of-
ficers, service providers and lead farmers on how to successfully produce cereals and pulses 
in Kenya. The manual is a useful training and reference material for extension officers and 
other stakeholders seeking to enhance the capacity of farmers, increase commercialization 
for food security and promote gender inclusion and participation along the commodity value 
chains. 

Initial lessons learnt in this project indicate that enhancing the capacity of the extension 
staff and service providers has improved uptake of new technologies for dry land farming. 
It has opened up more land for farming through use of conservation agriculture in areas that 
hitherto were not under agriculture. Besides easing the pressure on previously arable land, 
farmers in the project areas have been trained to use alternative disease and pest manage-
ment regimes using Integrated Disease and Pest Management and Push pull technologies for 
persistent pests of economic importance. 

On behalf of KALRO, I am grateful to the European Union for supporting this project 
through the IFAD and KCEP-CRAL of the Ministry of Agriculture, Livestock, Fisheries and 
Cooperatives (MoALF&C). I also appreciate the excellent coordination of the whole pro-
cess by the KCEP-CRAL Secretariat led by Dr Anthony O. Esilaba, MoALF&C and other 
partners, scientists in participating centres, Knowledge, Information and Outreach Unit team 
and secretarial staff. It is my hope and desire that in using this manual, the expectations of 
all stakeholders will be met. 

Eliud K. Kireger, (PhD, OGW) 
DIRECTOR GENERAL, KALRO
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1 INTRODUCTION/ BACKGROUND
Maize is a staple food in Kenya, accounting for an average production of 4.4 million tons 
for the period 2010 to 2013 (FAO, 2015). It contributes to about 65% of daily per capita 
cereal consumption and serves as subsistence and a commercial crop grown on an estimated 
1.4 million hectares. Maize production accounts for more than 20% of the total agricultural 
production and 25% of agricultural employment in the country. It is an important source of 
carbohydrate, protein, iron, vitamin B, and minerals. Maize products include baked, roasted 
and boiled fresh maize on the cob, porridge, pastes, beer, starch, oil and livestock feed 
from by-products of fresh and dry maize grain. This manual outlines important maize-crop 
agronomy and provides information on the methodology and technology that farmers may 
be able to utilise to grow maize in Kenya sustainably and commercially.

Climate change, increased human activities, pathogen and vector evolution have increased 
the spread of invasive pests and diseases in maize farming systems in Kenya. The country 
has faced severe disease and pest outbreaks that impact on the country’s food security. Huge 
losses sometimes  of 100% have been reported due to Maize lethal necrosis disease and 
fall armyworm. The use of Integrated Pest Management (IPM) provides maize farmers 
with management options to reduce pesticides use in the management of pest and diseases. 
Precise and prompt pest and disease detection are vital for their prevention and management. 

After harvesting their crop, farmers in Kenya face challenges of poor grain handling and 
management, leading to 30% of post-harvest losses, translating to more than US$ 4 billion 
losses per annum. They also market their grain at low price at harvest time forcing households 
to buy grains for family consumption when prices increase. The above notwithstanding, 
post-harvest losses lead to insufficient food supply even when maize in Kenya is utilized 
mainly for human consumption (Table 1).

Table 1: The distribution of maize utilization in Kenya

Utilization Percentage (%)

Human consumption 85
Post-harvest losses 10-30
Livestock feed 3
Seed 1
Other uses (industrial, etc.) 1

Source: KCEP proposal, 2015

Post-harvest losses lead to insufficient food supply, even when crop yields and land under 
cultivation have been increasing. This is partly due to lack of knowledge on appropriate 
methods of grain storage. This post-harvest management component will support farmers 
in securing high returns from investments on grain production. This is through adoption of 
improved on-farm grain handling practices to minimize post-harvest losses and enhanced 
access to markets offering favourable terms. 

This manuals’ goal is to reduce post-harvest losses from the current estimated 30% to 
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industry accepted levels of below 5%. This will lead to usage of certified warehouse system 
by farmers to bulk and sell their produce at a price 30% higher than prevailing farm gate 
price.

Maize is a popular staple food and contributes to about 65% of daily per capita cereal 
consumption in the country serving as subsistence and a commercial crop. Kenyan farmers 
face challenges of poor grain handling and management, leading to 30% of post-harvest 
losses. Consequently, they sell their grain at low prices at harvest and buy it again for family 
consumption when prices increase. 

1.1  Quality Standards for Maize in Kenya
Kenya’s maize standards ensure acceptable grain quality for farmers, processors and 
consumers (Table 2). These standards have been harmonized within the Eastern Africa 
region and are to be enforced in cross-border trade. Maize value chain actors, therefore, 
need to comply with these standards for commercialization.

Table 2: Main parameters for maize quality standards in Kenya

Quality attributes

Maximum per cent by weight (%, m/m)

Grade 1 
(K1)

Grade 2 
(K2)

Grade 3 
(K3)

Grade 4 
(K4)

Reject

Foreign matter (max %) 0.5 1 1 1 >1

Broken kernels (max %) 2 3 4 6 >6

Pest damaged grains (max %) 1 3 7 10 >10

Rotten and diseased grains (%) 2 4 5 6 >6

Discoloured grains (%) 0.5 1 1.5 6 >6

Other colored maize (%) 2 3 4 8 >8

Moisture content (%) 13.5 13.5 13.5 13.5 >13.5

Total aflatoxin (ppb) <10 <10 <10 <10 <10

Aflatoxin B1 (ppb) <5 <5 <5 <5 <5

Fumonisin (ppb) <2 <2 <2 <2 <2

Source: Kenya Maize Hand Book, 2010; KCEP proposal; EAGC (2016)

Most large scale maize buyers in Kenya only purchase Grade 1 and 2 maize and, therefore, 
smallholder farmers wishing to penetrate these markets (which offer better prices even at 
harvest time), must strive to produce these grades by practicing appropriate post-harvest 
technologies. 
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1.2  Ecological requirement
Maize is well adapted to diverse climates, hence has wide-ranging maturities from 90 days 
to 210 days, nutritive value, tolerance /resistance to pests and diseases. In Kenya, maize is 
widely adapted to soils in the higher rainfall upland to the low land areas. 

1.2.1  Altitude
Maize is grown at all altitudes ranging from 800 metres above sea level (masl) at the Coast 
to more than 2,000 masl of the highlands.  

1.2.2  Rainfall
Maize can grow and yield with as little as 250 mm but prefers 500 to 1200 mm as the optimal 
range. Depending on soil type and stored soil moisture, crop failure would be expected if 
less than 250 mm of rain were received for the crop. The rainfall should be fairly distributed 
during the growing period. For higher yields, the crop should receive enough rainfall during 
the first five weeks after sowing and at flowering time. Otherwise, moisture stress at flowering 
time interferes with pollination and drastically lowers the yields.

1.2.3  Soil type
In Kenya, maize is grown on a wide range of soil types. Maize is also grown on lowland soils 
that are hard setting, poorly structured and low in nutrient levels due to leaching. Yields on 
these soils are very low and maize production is considered uneconomical.

The average soils for growing maize should be well drained, well aerated, deep and warm. 
The best soils for growing maize are silt loam with sufficient nutrients and a pH range of 
5.5-6.8. Water logged soils should be avoided because if maize stands in water for more than 
two days it withers and dies off. Soils should be routinely analyzed for nutrients.

1.2.4  Temperature
The optimum temperature for maize growth and development is 18 to 32 °C, with temperatures 
of 35 °C and above considered inhibitory as it expose the crop to much respiration while 
cold conditions at high altitude will extend life cycle resulting to lower the yields. However, 
through practising reduced tillage, maintaining ground cover or applying crop residues such 
as pulse straw, the impact of drought can be greatly reduced by lowering soil temperature 
and surface evaporation.
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2 MAIZE AGRONOMIC PRACTICES

2.1  Varietal selection
The choice of appropriate maize varieties for a given location is very important because 
every variety has extensively been tested and recommended based on climatic conditions, 
soil type, yield potential, tolerance/resistance to pest and diseases or maturity period among 
others.(Table 1). There are two categories of maize varieties:  

2.1.1  Open pollinated variety (OPV)
These are stabilised varieties in which farmers do not need new seed each season. If farmers 
follow proper selection procedures they can use their seeds selected from their harvests up 
to three seasons after which they can buy fresh seeds from seed stockists. However, yields 
of OPV are lower than hybrids.

2.1.2  Hybrid
Famers can choose to save their seeds for the next planting. However, as with all hybrid 
maize seeds, yield is reduced with recycling farm saved seeds. It is good practice to plant 
new seed each season/year to ensure consistently good harvest.

Table 3: Recommended maize varieties and suitable agro-ecologial zones in Kenya 

Eco-zone and main areas where 
found

Recommended 
varieties

Maturity  
(months)

Yield 
potential 
(bags/acre)

Highland zones with high rainfall; 
Altitude:1500-2100m above sea level; 
Areas: Trans Nzoia, Uasin Gishu, 
Nakuru, Kericho, Nandi, Bungoma, 
Laikipia, Kisii, Narok and Tea zones 
of Central and Eastern provinces

H6218 5-7 56
H6213 5-7 52
H6210 5-7 50
H614D 5-7 38
H629 5-7 35
H624 5-7 35
H 628 6-8 46
H 626 6-8 42
H 625 6-8 40
H622 6-8 22

Highland zones, high rainfall; 
Altitudes: 1000-1700m above sea 
level; Areas: Baringo, Siaya, Kisumu, 
Busia, Bungoma, Kakamega, Nakuru, 
South, Nyanza, Taita Taveta

DK90-89 4-5 33
WH505 5-6 33
D727 5-6 33
BINGWA 4-5 33
PAN67 4-5 30
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Eco-zone and main areas where 
found

Recommended 
varieties

Maturity  
(months)

Yield 
potential 
(bags/acre)

Medium long growing season; 
Altitude: 1000-1800m above sea 
leave; Areas: Coffee zones of Central 
and Eastern provinces, Kisii, Narok, 
Nakuru, Siaya, Kisumu, Busia, West 
Pokot, Keiyo, Marakwet, Embu

PHB3253 4-5 20
H516 4-5 16
Duma 43 4-5 18
H517 5-5.5 30
P30G19 4-5 30
S7594 4-5 24
Simba 61 4-5 30
H513 4-5 24
DH04 4-5 20
H520 4-5 32
DK8031 3-4 34
KH500-31A 4-5 38
DK8033 4-5 30
MH-401 (Tosheka) 4-5 32
TSAVO 3106 3-4 32
TSAVO 4141 3-4 30

Dryland areas. Marginal areas with 
low rainfall. (400mm-800mm); 
Altitude: 1000-1800 above sea level; 
Areas: Kitui, Machakos, West Pokot, 
Makueni, Kajiado, Isiolo, Lower Meru 
and Embu, Siaya, Kisumu

DH01 2-3 16
DH02 3-4 18
DLC 2-3 11
KCB 3-4 11
KDV1 2-3 12
KDV 4 3-4 14
SAWA 2-3 15
Sungura 2-3 15

AItitude: 800 - 1200 m above sea 
level, Drier areas same as for Kitui, 
Machakos, Makueni drier areas 

PH4 3-4 16

PH1 3-4 16

2.1.3  Seed selection and treatment
Farmers are advised to use certified seeds that are available at the authorized stockists. Maize 
variety selection depends on: end use, maturity, stability and, pest and disease tolerance/
resistance.

i) End-use
Maize is primarily grown for food, feed and industrial use. Ensure the variety you grow is 
suited to the end use market you are targeting 
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ii) Maturity
Plan to sow seeds of chosen variety in the recommended planting windows outlined in Table 
2, ensuring maturity, expected rainfall and expected harvest time (days to harvest) . It is also 
important to ensure timely harvesting since pro-longed stay in the field after maturity  will 
encourage the onset of aflatoxin, weevils and larger grain borer (OSAMA).

iii) Stability
Select varieties that have well developed roots, strong stalks, and are resistant to root and 
stalk rot. These features help prevent the plant from falling over (logging), which can lower 
the yield and quality of the grain.

iv) Insect and disease tolerance/resistance
Always select a maize variety that is known to have tolerance/resistance to a disease or 
insect pest common in your area so as to attain maximise yield potential. Choose a seed 
variety that suits the expected rainfall you receive in your area. Use short-season varieties 
in dry areas, and only choose a long-season variety if you are in a very high rainfall area or 
you have access to irrigation.

Note: If you receive or acquire a new maize variety, test it on small plots before scaling 
up the production to big plots. Observe and compare the performance of the new variety 
with the other varieties at every stage of growth under similar management conditions of 
planting time, weeding and soil fertility management. This will help you to choose the best 
performing variety under local prevailing conditions. 

2.1.4  Germination Test for recycled seed 
Germination percentage (%) of seeds is always indicated on every sold packet. Therefore, 
it is advisable to always acquire fresh seeds from an authorized seed stockist. If there is 
remnant seeds from the previous stock or recycled (own saved) seeds, a farmer should 
always conduct a simple germination test.

2.1.4.1  Germination test method 
Count 100 seeds of a selected maize variety and put between moist old newspapers.  After 
four days of incubation, count the number of germinated seeds and divided by the total seeds 
and expressed as a percentage. For example, if out of the 100 seeds 80 seeds germinate, 
germination percent will be 80%.  A germination percentage of 80-100% is considered good 
for the maize seed. In case germination rate is lower, you may increase sowing density 
correspondingly to ensure appropriate plant density (for example plant 2-3 seeds) per hole.

2.2  Site selection and land preparation

2.2.1  Site selection

To ensure high maize yields, select highly productive land suitable for maize production. For 
example, avoid steeply sloping land, or near a swamp, very sandy soils, and low lying areas 
liable to waterlogging. Also avoid, places with couch grass and/or shady places.
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2.3  Land preparation
Good land preparation is a very important as it enhance yield, control crop diseases and pest 
invasion. There are three main techniques to carry out tillage practice, they are:

2.3.1  Conventional tillage practice

This is the use of mechanical farm implements for the land preparation of the farm. It 
involves ploughing and harrowing either using mould board plough, disc plough, sub soil 
plough, chisel and plough powered by tractor or draft animals like oxen (figure 1), donkey 
etc. Through this the weeds and stubble are incorporated into the soil to add fertility, see 
Table 2. 

2.3.2  Minimum tillage practice

Minimum tillage involves the use of cutlass to slash weeds and vegetation regrowth on 
the farm, the little manipulation is done with the hoe and rake. The stubble are used as 
mulching material to conserve soil moisture. Also the decomposition of the weed and debris 
add nutrients to the soil.

2.3.3  Zero tillage practice
Zero tillage involves only opening of narrow strip of 2-3cm wide or hole in the ground for 
seed. Weeds are taken care of with the use of herbicides and cutlass without disturbing the 
land. The crop is then planted directly without tilling or ploughing the soil, this method is 
highly effective under sloppy lands where soil and water erosion 

Figure 1: Use of oxen in ploughing

Source:James Karanja, KALRO

Table 4: Land preparation practices/technologies mostly employed in the major maize 
growing areas 

Maize Zone Conventional land 
preparation

Conservation Agriculture

1. Highland and medium 
regions

Plough twice and harrow once 
or plough once but at least 3 
months before the anticipated 
time of planting + 2 harrows 
just before planting

Use Glyphosate based 
herbicide at 2 l/acre during 
fallow and 1.2 l/acre at least  2 
weeks before planting
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2. Lower coast and Dry 
areas of Lower eastern

This involves the use of oxen 
to plough the land. However, it 
is not suitable where soils are 
heavy and terrain is steep 

2.4  Soil fertility management
Soil fertility can be managed through several strategies including, organic fertilizers/
manures, and inorganic or chemical fertilizers. 

2.4.1  Organic fertilizers/manures
Farmyard manure (FYM) can be applied either alone at a rate of 5 tons per acre. When 
FYM is used in combination with inorganic fertilizers half the recommended rates should 
be applied. 

2.4.2  Inorganic/chemical fertilizers
Fertilizer recommendations are based on different agro-ecological zones and soil types, see 
Table 5 and Table 6. The main fertilizers used are (DAP, 23:23:0, 20:20:0, 17:17:17, Mavuno 
(Planting and topdressing) CAN, Urea, etc. 

Table 5: Fertilizer recommendations for maize production for Western Kenya region

Choice
Maize Maize/bean intercrop

Planting Top dress Planting 

Choice 1 NPK (23-23-0)
2  bags/acre

Top-dress with CAN  
(26-0-0)
1.5 bag/acre

NPK (23-23-0)
Extra 25 kg/acre

Choice 2 MEA Mazao (10-26-10 + 25% 
Ca and micronutrients)
2 bags/acre

Top dress CAN (26-
0-0)
1 .5 bag/acre

MEA Mazao 
Extra 25 kg/acre

Choice 3 Mavuno Basal (10-26-10 + Ca 
and micronutrients)      
2 bags/acre

Top-dress with Ma-
vuno 
1.5  bag/acre

Mavuno basal
Extra 25 kg/acre

Table 6: Fertilizer recommendation rates for Eastern and Coastal Kenya regions

Choice Sorghum/Maize
Planting Top dress 

Choice 1 NPK (23-23-0)
1  bags/acre

Top dress CAN  (26-0-0)
1bag/acre
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Choice 2 MEA Mazao (10-26-10 + 25% Ca  
and micronutrients)
1bags/acre

Top dress CAN  (26-0-0)
1 bag/acre

Choice 3 Mavuno Basal (10-26-10 + Ca and mi-
cronutrients)
1bags/acre

Mavuno top-dress 
1 bag/acre

2.4.3  Management of acid soils

Liming is recommended for acidic soils. Soil liming recommendations:

•	 Application of lime at 6tha-1 will require another application after 3 years for those 
who practise continuous cropping or after six cropping seasons 

•	 Application of lime at 4tha-1 will require another application after 2.5 years or after 
five cropping seasons

•	 Application of lime at 2tha-1  will require reapplication every two years for those 
who practise continuous cropping or after four cropping seasons

2.5  Planting

2.5.1  Planting time

Planting should be done within the first two weeks of the onset of rains. It is recommended 
that there should be at least 30 cm of wet soil throughout the soil profile before sowing. 
While the hole is still moist, place two seeds in an evenly-spaced row in each hole. Cover 
the seeds using the soil heaped next to the hole to leave a level surface. Make sure no stones 
or heavy soil clods cover the seeds. Leave the mulch cover between the holes intact. Try to 
complete planting in a day to ensure an even germination and later, an even crop canopy, 
which will shade out any weed growth.

2.5.2  Spacing and plant population per hectare
The recommended spacing and planting density of maize for different areas is as shown in 
Table 7. 

Table 7: Recommended spacing and planting density of maize for different areas

Region Spacing Density (plants per Acre)

Highland 75x25cm 1 plant/hill (pure stand)

75 x 50cm 2 plants/hill (pure stand)

21,333

21,333

Medium 75 x 30cm 1 plant/hill (pure stand)

75 x 60cm 2 plants/hill (pure stand)

17,778

17,778

Dry land and coastal 90 x 30cm 1 plant/hill (pure stand)

90x 60cm 2 plants/hill (pure stand)

15,140

15,140



10

In the highland and medium areas where the soils are well-drained (sandy-loam soils), 
planting depth of 2 to 3 cm is optimal, as deep seed placement retards germination and 
emergence of maize seedlings. In dry and coastal low land areas where the soil is dry and/or 
sandy, maize seed should be planted more deep (5 to 10 cm). This enables the development 
of a deep root system to obtain the needed water and nutrients. Deep roots penetrate far into 
the soil and use moisture and nutrients from the deeper depths of the soil.

2.6  Weeding
Weeds reduce maize yields by competing for moisture, nutrients, space and light. Weeds 
are also an alternative host to vectors/pests and diseases. The most critical stage of weed 
competition in the life of a maize plant is during the first four to six weeks after emergence. 
The most common practice in weed management is hand weeding and use of herbicides. 

2.6.1  Hand weeding
Hand weeding that should be done at least three weeks after emergence of the plants followed 
by a second weeding at knee high. 

2.6.2  Use of cover crops
Use of a dense legume cover crop to suppress weeds for example lablab (Lablab purpureus)
velvet bean (Mucuna pruriens) or sunhemp (Crotalaria juncea) and desmodium. 

2.6.3  Mechanized weeding
Weeding on large scale farms may be done mechanically using tractor or ox drawn tillers 
that turn the soil in the rows loosening it and in the process kill some of the weeds. Some 
hand held weeding machines are currently available and have the capacity to weed some 
substantial amount of land per day.

2.6.4  Use of herbicide
Use of selective herbicides is advised for pure stands of maize. Essential advice must be 
sought to ensure that the herbicide chosen is used at the appropriate time and when it is most 
effective. Most selective herbicides for maize and other cereals kill broad leaf weeds.

2.6.5  Striga control
Striga weed can be managed using clean seeds and equipment, push and pull, use of resistant 
varieties (legumes that are grown as rotation or intercrops e.g. desmodium, crotalaria, 
sesbania or nappier grass).

Farmers should regularly scout their fields and uproot Striga weed early enough before the 
seeds are produced and diseased plants.  Farmers can also apply kichawi - kill in the hole at 
planting.

2.6.6  Crop rotation
Crop rotation is highly recommended to reduce build-up of maize diseases and insect 
pests. Crop rotation can be done with beans, cowpeas, peas or potatoes depending on the 
area. Rotation of maize with other cereal crops like sorghum and millet should be avoided, 
especially in case of maize lethal necrosis (MLN disease) and smut.
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3 CROP PROTECTION

3.1  Importance of Pest and Disease Identification 
Pests and diseases are a major challenge in maize production in Kenya that has led to heavy 
yield losses and income for farmers and other value chain players. Farmers have limited 
access to technical skills and knowledge on how to control most pests and diseases in 
maize thereby increasing insurgence. There is need to innovatively find simpler ways to 
assist farmers and key stakeholders to correctly identify and manage pests and diseases 
that affect maize production. This can be done by continually developing and providing 
information training manuals and extension materials to crucial stakeholders involved in 
maize production. This project envisaged that the trained Extension staff will in turn train 
farmers and share expertise and expedite the adoption of new pest and disease management 
techniques. 

3.2  Management of Pest and Disease Using IPDM
IPM is an ecological approach to disease and pest management which relies on a combination 
of various practices such as  cultural, biological and chemical; as well as development and use 
of resistant and tolerant crop varieties. It is guided by constant monitoring and identification 
of crop pests and diseases in order to prevent and control crop pests. Currently most farmers 
have not embraced this approach in pest and disease prevention and management. Pest and 
disease damage is responsible for significant yield losses of maize production. For instance, 
the maize lethal necrosis disease and the larger grain borer epidemic on maize in Kenya 
leads to shortage hence increased prices of produce in the market. 

3.3  Scouting for Maize Pests, Diseases and Weeds in Maize
The purpose of scouting is to gain an understanding of insects, diseases, weeds and beneficial 
insect activity in the maize crop. Effective monitoring includes assessing their numbers and 
incidences in maize. Scouting is a critical component of implementing an IPM programme. 
When scouting, get in the farm and take a close look. If you have a large block of maize, 
walk in a Z, V, W or zigzag pattern through the field. Look at 50 leaves in a field but in small 
patches you may look at every plant. Make sure you turn the leaves over. The protected, 
damp areas under plants are often insect and disease’s favourite homes. Check in all wet 
areas or other troubled spots for symptoms as well as the pests and diseases. Scout in your 
maize crop once a week in order to identify problems before they get out of control. Once 
you find insects, diseases or weeds, control them using the information contained below.

3.4  Major Diseases of Maize

3.4.1  Downy mildew (Perenosclerospora sp)
The symptoms appear on leaves and leaf sheaths which develop into white or yellow stripes 
leading to the stunting of the whole plant, thereby producing little or no yield (Figure 2).  
Tarsels may be deformed and ears may abort.
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Figure 2: Stunted maize crop with yellow stripes

Management: Practise early planting during the season, crop rotation with other non-
cereal crops, plant resistant varieties and remove and burn infected leaves. The crop may be 
sprayed with Metalaxyl based fungicide such as ridomil gold at 20g/L in 20l of water, tata 
master (50g/20L of water). Spray using mancozeb or chrolothionil based products every 7 to 
10 days at recommended rates.

3.4.1  Northern Corn Leaf Blight (Exhelosporium turcicum)
Symptoms are expressed as chlorotic “halo” (Figure 3) developing into a wound that grows 
into mature cigar-shapes. The wounds appear first on the lower leaves and spreads as the 
plant develops.

Figure 3: Chlorotic wounds on leaves

Management: Plant resistant varieties, practise crop rotation and use of fungicides in the 
early stages of the disease.
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3.4.3  Southern leaf blight (Helminthosporium maydis)
Symptoms include light brown leaf spots with a brown margin of 25 long and 26mm wide. 
The spots are first restricted to the leaf veins and later lead to death of leaves prematurely 
(Figure 4). In addition, silks, husks and cobs may turn black. The disease is spread by air, 
seed and can survive in soil for up to 12 months.

Figure 4: Gradual leaf death

Management: Plant tolerant varieties.  Use disease-free seed or treated seed with 
fungicides, destroy crop residues and volunteer plants, practice crop rotation.

3.4.5  Gray leaf spot (GLS) (Cercospora zeae - maydis, C. sorghi var. maydis)
The symptoms appear as necrotic brown spots on younger leaves that are parallel to leaf 
veins which later merge and become ashy grey on the lower leaves and increase in number 
after silking. The wounds change from light to gray and join together killing the entire 
leaves. Action must be taken when 5% of the farm is affected in 100 plant stand (Figure 5).

Figure 5: Brown spots on younger leaves

Management: Plant tolerant varieties such as PAN 99, PAN5243, H 614, WH 504, SC Duma 
41, SC Simba 61 or Ua Kayongo 2. Remove plant debris and encourage deep ploughing to 
reduce fungi spores on the farm. Practise crop rotation for at least 2 years with potato, beans 
or pea, use recommended doses of fertilizers (120:60:40 NPK kg/ha).  
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Avoid overhead irrigation to control dispersal of spores to healthy plants, remove and 
destroy infected plants by burning or burying 2 feet deep. In addition spray infected plants 
with Azoxystrobin + Difenoconazol (Amistartop SC @200ml/Acre and Ortiva @ 125g/20L, 
mancozeb Coshothene, Dithane at 50ml/20L of water, Copper (Vitra 40 WG, campffo at 
50g/20 Lts) based products.

3.4.6  Common rust (Puccinia sorgi)
Common rust symptoms are seen as elongated raised red to dark brown bumps (pustules) 
scattered or clustered on both leaf surfaces. They appear on the mid and upper canopy of the 
crop especially during tasseling. As the plant matures, leaf epidermis breaks and result into 
wounds that turn black while releasing spores (Figure 6).

Figure 6: Red to dark brown coloured bumps on the leaf surface

Management: Using tolerant varieties, deep ploughing to bury crop residue after harvest as 
well as using clean maize seed from a reliable source.  Rotating maize crop with beans, faba 
bean, chickpea at least every 2-3 years.  Remove lower leaves which are infested to improve 
air circulation and reducing the amount of the infectious spores.  Spray using tebuconazole 
(Azimut 320 SC at 100ml/20 litres of water and flusilazole/carbendazim (Discovery 400 SC 
at 10 ml/3 litres) based products.

3.4.7  Common smut (Ustilago maydis, Ustilago zea)
Symptoms include presence of whitish grey tumour- like galls/ swelling on tassels, husks, 
ears/kernels, stalks, leaves, roots. Galls are covered by a shinning whitish grey membrane.  
As the galls enlarge, the membrane raptures exposing a powdery black mass of spores 
(Figure 7).

Figure 7: Whitish grey tumour-like swellings on maize kernels
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Management: Practise crop rotation for 4 seasons with beans, tomato, kale, cassava and 
sweet potatoes, plant clean and disease-free maize seeds as the disease is seed borne. Plant 
tolerant varieties like WH699, plant at onset of the rains,  avoid feeding livestock with 
infected maize residues. Destruction of infected plans before the smut ruptures by burning 
or burying.  Seed dress using carboxin 15%+Thiram 13% (Vitaflo 280) 1.5g per kg seed 
is recommended.  Remove and destroy severely infected plants by burning.  Spray using 
Copper Oxychloride (Cuppracaffaro 70g/2 litres of water) and Atea 330 EC at 75 ml/20 
litres at booting stage/seed head still enclosed.

3.4.8  Maize lethal necrosis disease (MLND)
Key symptoms present themselves as colourless patches on leaves starting from the base of 
young leaves in the whorl and extending upwards to leaf tips. Dwarfing and premature aging 
of the plant, necrosis of young leaves in the whorl leading to dead heart’ symptom follows, 
the Kernel are poorly filled and tassels have no pollen. Wounds sometimes associated with 
unfurled leaves appear on the stem (Figure 8).

Figure 8: Colourless patches on leaves
Photo source;  Miriam Otipa

Management: Avoid moving plants from infected to non-infected regions to reduce spread 
of disease, practise strict crop rotation with beans, garlic, onions and vegetables for at least 
2 seasons. Avoid continuous planting of maize to stop persistence of virus and possible 
vectors, plant early with fertilizer and manure, do not plant recycled seeds but use certified 
seeds dressed with insecticides. Keep the field free from weeds, uproot and destroy diseased 
plants by burning or burying 2 m deep, farmers may also use the maize stalk to make the 
silage but should destroy cobs by burning or burying 2 m deep to avoid mycotoxins. Infected 
crops may be sprayed using Imidacloprid to control maize thrips, aphids and leaf hoppers or 
Lambda-cyhalothrin to control maize thrips and leaf hoppers (Duduthrin) which are vectors 
of the virus.

3.4.9  Maize streak disease
Symptoms include narrow white to yellowish streaks on the leaves whorls. The streaks form 
broken lines that run, the central leaves die, resulting in a dry, withered parallel to the mid 
rib ‘dead-heart’ symptom (Figure 9).
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Figure 9: Narrow white to yellowish streaks on the leaves whorls 
Photo source; Miriam Otipa 

Management: Plant certified, tolerant varieties e.g. Pan 5195, PH 4, FS 650, Duma 43 
and PAN 67, plant early in the season at onset of rains or dry plant and keep the field weed 
free. Rotate maize with potatoes, cabbages, beans, avoid overlap of two maize crops, uproot 
infected plants and feed livestock or burn, control leafhoppers by digging a trench between 
maize fields and Napier. Spray using Alpha-cypermethrin (Albaz; Alfacyper, Alfagold; 
Alfapor), usually 20-30 ml/20l  of water. Spraying should start one month after planting or 
when leafhoppers are seen on the crop, for control of the vector, apply insecticides (but only 
if applied across the area by all farmers).

3.5  Storage Diseases of Maize
The most important storage fungi in maize are Aspergillus (aflatoxin producing fungi) and 
Fusarium (fumonicin producing fungi) species. Once these mytocoxins are produced on 
the grain, they cannot be destroyed by cooking or heating. The only way to prevent it from 
spreading is by drying maize grain quickly at harvest to desirable moisture levels of less 
than 13%. In addition dry maize should be kept in clean bags or containers in dry conditions 
and off the ground during storage. Always scout your maize storage regularly, to ensure that 
moisture levels do not increase and allow fungus and mold to grow on it. However, if you 
find them on your maize control them as guided in the sub-sections that follow.

3.5.1  Fusarium Ear Rot (Fusarium verticillioides syn. Fusarium moniliforme)
Symptoms of these fungi appear as white streaks on the surface of grains and occasionally 
as whitish to pink cottony powder (web-like) over the grains. Fusarium ear rot results in 
mycotoxins which are toxic to humans and animals (Figure 10).

Figure 10: White streaks and cottony powder of Fusarium on maize grains 
Photo source; IITA
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Management: Take action as soon as 2 to 3 plants in 50 to 100 sampled plants have early 
Fusarium ear rot symptoms. Plant tolerant varieties, keep 70 – 90 cm inter row space, and 
30 to 50 cm between plants, use Basal fertilizer (20 to 30 kg/ha D-compound) and top dress 
using 20-25 urea/ha. Control stalk borers as they carry the fungus,  harvest the grain when 
mature to avoid disease spread. Rotate maize with beans and soy beans after 3 years, spray 
with neem (Azadirachta indica) to kill young stalk borer larvae. All seed must be dressed 
with thiram at 280 ml/100kg. Identify and spray young stalk borer larvae with Bacillus 
thuringiensis at 10- 20 ml/16l.

3.5.2  Aspergillus Ear rot (Aspergillus spp)
It affects the crop during hot, dry weather after flowering.  Symptoms on cobs appear 
as silk with yellowish-green powder.  The maize plants are stunted with small cobs, 
while their grain is discoloured (Figure 11). Take action as soon as 1-2 in 10 plants 
per acre have ear rot.

Figure 11: Yellowish to greenish powder on grains 
Photo source; CIMMYT

Management: Plant certified non-infected seeds early on onset of rains to escape drought 
which favours development of fungus. Apply nitrogen fertilizer (Basal: 20 – 40 kg/ha 
D-compound and top dress: 20 kg/ha Urea) to overcome stress due to fertility. Harvest the 
grain early when dry to avoid spread of fungus to uninfected cobs, destroy crop residues by 
burning and rotate maize with soya beans, cowpea and beans.

3.6  Arthropod Insects

3.6.1  Maize stem borers (B. fusca and S.calamistis)
Moths lay eggs on maize leaves which hatch into caterpillars that feed on young plants 
and later burrow stems for water and nutrient flow. Symptoms appear as actively feeding 
caterpillars on young leaves which later spread to the stem (Figure 12).



18

Figure 12: Hatched caterpillars on maize leaves 

Management
Intercrop with beans, green grams or cowpeas.  Plant desmodium in between maize rows to 
repel stalk borers, or napier grass or bracharia around the plot. Destroy maize residues after 
harvest by burning and use biological control with predators and parasites.  Put handful of 
soil or a bottle cap of ash into the leaf funnel.  Spray using Deltamelthin (atom or decis) or 
Lambda Cyhalothrin (duduthrin, tata, umeme) based products.  

3.6.2  Maize leafhoppers (Cicadulina spp.)
Slender hoppers with two small black spots between eyes and hop away on disturbance, leaf 
hoppers feed on maize plants and transmit maize streak virus. Infected plants turn chlorotic 
and the streaks and damage may be up to 100% (Figure 13).

Figure 13: Slender hoppers on maize leaves

Management
Uproot plants that are affected early and feed to animals. Plant away from grassland or a 
previously irrigated crop.  Plant early to reduce risk of virus transmission while keeping the 
fields free from grass weeds. Use MSV resistant varieties. Remove residues of cereal crops 
and have bare strips of land left around large maize crop fields; such strips should be 10 to 
20 metres wide. Spray six weeks after planting using Brigade, cypermethrin, carbosulfan 
based products.

3.6.3  Armyworm 
Damage on upper and lower leaf tissue leaves “windows” except midrib. Full size larvae 
burrow into the ground, become dull in colour, wrinkled and pupate (Figure 14).
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Figure 14: Infested maize crop with damaged upper and lower leaf tissue 
Photo source; CIMMYT

Management 

Use insecticides with active ingredient of cypermethrin following manufacturer’s 
recommended rates, use biological control agents (natural enemies and parasitoids). 

3.6.4  Maize Aphids (Rhopalosiphum maidis)
Aphids are tiny black or green sucking insects that attack at tassels, bracts and leaves. In 
dry conditions they suck sap from plants until it dies. They secrete honey dew that gives the 
plant a black appearance (sooty mould that interferes with photosynthetic activity). Mottling 
stunted growth and diebacks are main symptoms of infestation (Figure 15).

Figure 15: Black and green aphids on tassels, bracts and leaves

Management 
Practise mixed cropping or plant trap crops. Use predators and parasites like ladybirds and 
hover fly, strip the leaves below the ear and feed them to animals. In case of early and heavy 
infestation at silk stage, chemical spray is necessary e.g. Bestox (cypermethrin) or Karate/
Duduthrin following manufacturers recommended rates.

3.6.5 Bollworms (Heliothis armiger)
Bollworms feed on leaves, buds, growing points, flowers and fruit. Damage reduces leaf 
area, which slows plant growth (Figure 16).
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Figure 16: Reduced leaf area on maize crop as Bollworms damage crops growing points 

Management: Intercrop maize with other crop but in heavy infestations.  Remove and 
destroy crop residues, hand pick and destroy the eggs and young caterpillars from the 
plants, plough the soil to expose the pupae to direct sunlight, release natural enemies such 
as egg parasitoids and spray using Lambda-cyhalothrinor azadiractin based products at 
recommended rates.

3.6.6 Cutworms
These are caterpillars that are found in the soil and damage young seedlings. They cut off the 
plant at or below the ground level (Figure 17).

Figure 17: C-shaped larvae

Management 
Prepare land early to eliminate weeds (2 weeks before planting), Plough to expose worms to 
predators.  Dig and squash the pest. Flood before planting to suffocate worms, soil drench 
the base of each plant using an insecticide such as Actara and Karate at recommended rates. 



21

3.7  Major weeds affecting Maize

3.7.1 Couch grass or Bermuda grass (Cynodon dactylon)
It is a spreading perennial grass with vigorous mat-forming stolons, it reproduces and 
spreads by rhizomes but also propagated by seed (Figure 18).  Couch grass and other species 
of Cynodon are common in East Africa.

Figure 18: Couch grass (Cynodon dactylon) infestation in soybean 
Photo source; © Charles T. Bryson, USDA ARS, www.insectimages.org 

3.7.2 Purple witchweed (Striga spp.) (Striga hermonthica)

Symptoms/ Description
The weeds grow on roots of maize affecting its development, the young weeds tap the roots 
of maize plant and draw water and nutrients (Figure 19).  A single weed plant produces many 
thousands of tiny seeds that survive in the soil for long periods, striga weeds infest 40% of 
the arable land in the savannah region, causing annual crop losses of 7 to 13 billion dollars, 
striga infestation is associated with increased cropping intensity and declined soil fertility.

Figure 19: Purple witchweed (Striga spp.) 
Photo source; David C. Nowell

Management of weeds in maize
Plant using clean seed and farm tools, remove weeds and destroy by burning, plough deep 
and bury the weeds, apply selective herbicides such as Satunil 60EC, Garil EC and Sanaphen 
based products at recommended rates.  To control perennial weeds use systemic glyphosphate 
based products such as round-up, Eraser 480 and touchdown forte 500SL at recommended 
rates.
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4 HARVESTING POST-HARVEST HANDLING

4.1  Green Maize
Maize for the green market is ready for harvest when the grain hardens or when the silky 
flower at the top of the maize cob turns black. 

4.2  Dry Maize harvesting
Maize should be harvested at physiological maturity. Maize can be left in the field beyond 
physiological maturity to allow further drying. This can be done through stooking for about 
2 to 4 weeks. Maize is physiologically mature when:

i. Most leaves have dried up

ii. Cob husks are no longer green 

iii. Stalks turn yellow or brown

iv. Cobs begin to droop on the stalk (Figure 20 (a))

v. Kernels show a black layer between the seed and point of attachment to the cob 
(Figure 20 (b))

vi. Grains are hard and not milky

vii. Cobs are no longer good for roasting.

  (a)      (b)

Figure 20: Drooping cobs (a) signifying readiness for harvesting; and checking for a 
black layer in the grain (b) 

Photo source: Kenya Maize Hand Book, 2010

4.3  Preparations for the harvest
Before harvesting ensure that equipment needed for the harvest and post-harvest activities 
are available and in good condition. Decide where drying and threshing will take place and 
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ensure sufficient storage space; grain stores and sacks have been thoroughly cleaned before 
the new harvest. The new harvest should never be mixed with grain from the previous season 
as this will encourage the movement of pests from the old to the new harvest. The old harvest 
can be stored in a separate place for consumption.

4.4  Methods of harvesting

4.4.1  Hand harvesting
Maize stalks are cut using sickle and machete (panga) and stooked on farm (Figure 21), or 
carried to the storage area. 

 (a)    (b)    (c)

Figure 21: (a) Sickle and (b) machete used for cutting dry maize; and (c) stooks of maize 
in the field

Stooking enables the maize to dry in the farm and thus allowing farmers to have enough time 
to prepare the stores. It is also easier to pick cobs from one spot and dehusk the maize on 
the farm. The cobs can also be removed by hand from the plants with or without de-husking. 
Husked ears require a smaller storage area and are more resistant to insects, but may rot 
more easily if stored at a high moisture content.

4.4.2  Mechanical harvesting
Tractor-drawn pickers and picker-shellers that can handle one to two rows at once, but self-
propelled combines are available which can harvest up to six to eight rows.

4.5  How to transport harvested maize 
After harvest, maize may be transported from the farm to the homestead by any of the 
following methods; Head loads, Bicycle and motorbikes (boda boda), Oxen carts, Pick-up 
trucks and, tractors and lorries. Farmers are encouraged to use methods which do not cause 
damage (bruising, cracking or breakage) or loss through spillage. 
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Figure 22: Transportation of maize

4.6  Drying of maize on cobs
After harvesting, the maize must be dried before shelling and storage. Proper drying of 
maize enables grains to be stored for long and reduces conditions favourable for pest and 
moulds infestation by lowering the moisture content. Drying should be done by spreading 
the cobs on mats, tarpaulins or in cribs. When drying maize at the homestead, it should not 
be placed in direct contact with the soil and should be kept away from farm animals, or else 
the grain may be damaged or eaten.  

4.6.1  Drying maize cobs on mats or tarpaulin

i. Find a large plastic sheet or several small plastic sheets or plastic sacks that can be 
laid out so that they overlap to form a large covered area see Figure 23(a).

ii. Build a flattened mound of hard-packed earth on which to place the tarpaulin. If 
instead you use level ground, dig a shallow trench around the area on which the 
tarpaulin will be placed to direct any rain water away from the drying floor.

iii. Make sure there are no sharp objects on the ground that will tear the tarpaulin. 
Place the tarpaulin on the place you have prepared. 

iv. To make the process of drying quicker, cobs should be placed in a single layer 
and turned at intervals of every hour. If they are placed in a deeper layer on the 
tarpaulin then drying will be slower.

v. Protect the grain from rain and night dew by covering with a tarpaulin prior to any 
rainfall, see Figure 23 (b). The recommended moisture content for dry maize is 
13%.
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  (a)      (b) 

Figure 23 (a) and (b): Shelling maize dried on a tarpaulin and shielding grain from rain

4.6.2  Drying maize cobs in cribs
Cribs are special shelters recommended for drying grain. They are long and narrow, with 
wooden slats or chicken wire sides that allow free ventilation, and a roof that protects against 
rain. To protect from rodents, the stands of the crib should be at least 1 m above ground level, 
beyond the maximum distance that rodents can jump. The stands are supplied with rodent 
guards that will keep rodents out (Figure 24). The cribs are built across the prevailing wind 
to promote drying.

The maximum width of a crib depends on the prevailing climatic conditions, i.e.: 

i. 0.6 m in humid areas where maize is harvested at high moisture content (30-35%)

ii. 1.0 m in drier zones with a single rainy season where maize is harvested at about 
25% moisture content

iii. 1.5 m in very dry places

Farmers should clean the cribs adequately prior to each harvest, and ensure none of the 
timbers are infested by storage insects, especially larger grain borer (LGB). Timbers infested 
with LGB should be replaced, otherwise the pests will move directly into the freshly 
harvested grain.

 

  
  (a)      (b)

Figure 24: Maize drying (a) modern; (b) traditional cribs 
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4.7  Knowing when the grain is dry enough

4.7.1  Biting grain method
Farmers need to judge when grain drying is complete, that is when grains reach a moisture 
content of 13%. Experienced farmers test the moisture content of dry grain by biting or 
pinching with fingers (Figure 25). If the grain has dried sufficiently for storage it will be hard 
and does not break easily into many parts. 

      (a)              (b)

Figure 25: Checking when the grains are dry for threshing, using; (a) the teeth or (b)
pinching with fingers 

4.7.2  The ‘salt method’ of checking grain moisture content
The ‘salt method’ of checking grain moisture content is quick and easy but only indicates 
that grain is above or below 15% moisture content (Table 8). Dry salt will absorb moisture 
from grain. The salt must first be dried by spreading on plastic sheet in hot sun and leaving 
it for at least 3-4 hours until it hardens. It should be turned at intervals during this time. It 
can also be dried in an oven. The dry salt should be placed in a sealed container until it is 
ready for use. 

Table 8: The ‘salt method’ of checking grain moisture content

Materials required:

•	A clean dry glass bottle of about 750 ml capacity, 
with a cap that makes it airtight

•	Common salt
•	250-350 g of the grain to be tested
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Procedure:

•	Take one sample (a handful is enough) from the 
middle of each bag of maize grain

•	 It is best to remove a sample using a special 
instrument called a sampling spear

•	Make sure that the jar you are using is clean and 
completely dry

•	Fill one third of the dry bottle with the grain 
sample (250-300 g)

•	Add salt in the jar (enough salt to fill up a quarter 
of the jar)

•	Close the bottle tightly with its cap

•	Shake the bottle vigorously for 1 minute to mix 
the salt and grain

•	Allow the grain to settle for about 15 minutes

Interpretation:

•	 If after 15 minutes the salt sticks to the side of 
the bottle then the moisture content of the grain is 
above 15% and the grain is not safe for storage 

•	 If the salt does not stick to the bottle then the 
moisture content is below 15% and the grain is 
safe for storage

 
Source: Soniia (1998) as described in KALRO-KCEP (2016)



28

4.7.3  Use of moisture meter
Moisture meters are quick, portable, simple to use and fairly accurate. The procedure of 
testing moisture content using the Dickey-John multi-grain moisture tester is as below:

i. Scoop a handfull of grain and  pour into the moisture meter

ii. The device is given a few seconds to detect moisture and temperature

iii. The digital electronic machine will display the readings on the screen once the 
detection is over.

Moisture meters may be used routinely, for example, when grain is delivered to a grain store 
(Figure 26). They are expensive for individual farmers, and would normally be used by 
farmers’ groups and warehouses that handle a lot of grain.

            

Figure 26: Dickey-John multi-grain moisture tester 
(Source: http://www.ruralking.com/dickey-john-mini-gac-grain-moisture-tester-minigac1.html)

4.8  Sorting / Grading maize cobs
Maize cobs need to be selected and sorted before storage or shelling. Cobs infected with 
diseases, moulds, attacked by pests and other visible damages should be removed (Figure 
27). 

4.8.1  Mycotoxins control
The most important mycotoxins in maize are produced by Aspergillus species (which 
produces aflatoxin) and Fusarium species (which produces fumonisin) (Figure 27). Once 
these mycotoxins are produced on the grain, they cannot be destroyed by cooking or heating. 
The only way to prevent moulds from growing and spreading is early harvesting and dry 
maize grain quickly to moisture levels of less than 13%, keep them in clean bags, dry 
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conditions and off the ground during storage. Farmers should check their maize regularly, 
to ensure that moisture levels do not increase damage by pests and allow fungus and mould 
to grow on it.

 (a)       (b)          (c)
Figure 27: (a) Healthy maize cob, (b) Fusarium infected cob and (c) Aspergillus infected 
cob 
Source: IITA; www: researchgate.net, James Karanja-KALRO

4.9  Shelling
The grain should be neither too moist (soft) nor too dry (brittle) at the time of shelling. 
Shelling is best done when grain is around 14-15% moisture content.  

Maize cobs can be shelled using bare hands (Figure 28 a). The method is slow and tedious 
especially when large amounts are involved. A hand Sheller may also be used, with a rate of 
7-12 kg/hour (Figure 28 b).

   (a)     (b)
Figure 28: Hand shelling of maize (left) and a hand Sheller (right) 
Source: https://www.oneacrefund.org; IITA

For large-scale production a range of different models of hand-cranked, pedal operated and 
motor-driven shellers powered by electricity or fuel are available. The machines give outputs 
of about 50-130 kg/hour (Figure 29). 
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  (a)      (b)  

Figure 29: (a) Tractor shelling (a shelling machine connected to the tractor engine); and 
(b) hand cranked shellers

4.10  Drying after shelling
After shelling, the maize kernels are dried in the sun either on plastic tarpaulins (Figure 30), 
concrete slabs, or in commercial dryers if available. Maize should not be dried directly on 
the ground so as to avoid contaminating it with dirt, insects, or other pollutants. Maize laid 
on the ground could pick fungi spores that can lead to mycotoxin contamination. 

4.10.1  Drying on tarpaulins 

The maximum depth of the maize on the tarpaulin should be up to your ankle bone. Any 
higher height means that the grain at the bottom of the pile will not dry quickly. Heavy-duty 
polythene sheets or sheets made from cut-open nylon sacks can also be used. If you turn over 
the grain several times a day, it will dry more quickly. 

Figure 30: Sun drying of maize on a tarpaulin 
Photo source; www.oneacrefund.org

4.10.2  Drying on concrete slabs 
Maize grain can also be dried on a layer of concrete. Concrete heats up quickly and speeds 
up drying. Concrete slabs are easy and cost-effective to build. They are usually 5m×5m or 

stripped cob

maize cob

grain discharge chute
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10m×10m and can be enlarged depending on requirements. Remember to sweep the concrete 
clean before drying the maize on it. In clear, sunny weather, a 5m×5m slab can dry 1,000 kg 
of maize in a day and a 10m×10m slab can dry up to 4,000 kg of grain. 

4.10.3  Cleaning the grain after threshing 
Clean the maize to remove foreign matter such as stones, plant material from harvesting 
such as husks, broken grain and dust produced during threshing. Insect damaged and mouldy 
grains are removed by hand picking. Cleaning can also be done by winnowing which involves 
tossing the grain into the wind which carries off light impurities, while the heavier grains 
falls onto a mat (Figure 31). Heavier impurities can be separated by sieving. The mesh sizes 
for sieving for maize are 4.5 mm (Figure 32).

 

Figure 31: Maize winnowing 
Photo source;  APHLIS, 2012

Figure 32: Sieving the grain after threshing
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4.10.4  Mixing insecticidal dust with shelled grain 
The recommended insecticidal dust in this manual is Actellic dust. The process is as follows:

i. You will need a shovel and enough insecticidal dust to treat your grain. Read the 
instructions on the packet of insecticide very carefully so that you add the correct 
amount of insecticide to the grain

ii. Make a heap of the grain on a clean concrete floor or tarpaulin (not on bare earth)

iii. Open the packet of insecticide and sprinkle the correct amount of powder all over 
the heap of grain, making sure the wind does not blow it away

iv. Using a clean shovel, gently mix the powder into the heap as well as you can 
(Figure 33)

  (a)        (b)     (c) 

Figure 33: Mixing insecticidal dust with shelled grain 

v. Shovel the heap to another part of the clean plastic sheet/ tarpaulin/ concrete floor

vi. Then shovel it back again

vii. Then shovel it back again for a third time (Figure 34)

  

      (a)        (b)     (c)

Figure 34: Mixing insecticidal dust with shelled grain 

When you have finished, you should not be able to see any patches of insecticidal powder, 
and all the grains should be coated in a thin layer of powder. Using your shovel carefully 
load the grain back into a storage structure or sacks.
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4.11  Storage of shelled maize

4.11.1  Maize storage containers
The dried and cleaned grains should be stored in metallic silos or packed in hermetic bags 
(Agro-Z bags) and stored well on pallets in clean and well-ventilated stores (Figure 35). It is 
recommended that farmers use a combination of the storage techniques for complementarity 
to ensure maximum protection of grain during storage. 

i.  Hermetic plastic bag: storage period is 3 to 12 months. Complement with rodent 
proof storage structures.

ii.  Metal silo: storage period is 3 to 12 months.  It is hermetic and pest proof. Add 
Admix insecticide for pest control.

(a)          (b)         (c)          (d)

Figure 35: Storage structures for shelled and dried maize; (a) Traditional store, 
(b) Hermetic bags, (c) Airtight plastic containers and (d) Metal silos

4.11.2  Produce aggregation and warehousing
Produce aggregation and warehousing aims to provide an organised marketing channel for 
farmers to allow farmers to:

i.  Aggregate their produce to attain volumes that are sufficient to attract bulk buyers 
through village collection centres.

These will include:
• Rented storage space – farmers to rent storage space of 100-200 bags in a central 

place within the village shopping centres
• Construction / refurbishment of new ones

ii.  Appropriately store the grain to await price appreciation

iii.  Leverage their stored grain to access credit to meet immediate financial needs
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Figure 36: Lesiolo Grain Handlers Silos in Nakuru

Photo source; CTA and EAGC, 2013

The warehouse operations are summarized in Figure 37.

Figure 37: Primary and supportive commercial storage and warehousing processes
Photo source; CTA and EAGC, 2013

4.11.3  Basic requirements for good grain storage 

The three pillars of good storage practice include: 

i. Keeping the store in good condition 
A good store keeps grain dry and cool providing protection against rodents, birds and 
domestic animals like poultry. It should be theft-proof and sited in areas that are not prone 
to flooding. They should not be placed where high winds can damage the structure nor near 
trees, which might provide access points for rodents. The store should have a roof to keep rain 
off the structure and provide shade during the day. Without shade, changes in temperature 
inside the store between day and night may be too great leading to excessive cooling at night. 
This causes condensation and wets the grain, which in turn leads to development of moulds 
(Figure 38). 
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Figure 38: Maize storage in a warehouse

ii. Practicing good store hygiene 
Store surroundings should be tidied so that there is no vegetation or rubbish to provide 
breeding grounds for insects and rodents. Clearing the ground around the store will make 
it easy to spot termite trails. Livestock should be kept away from the store; they should not 
be allowed to browse nor sleep under it. Livestock droppings should be cleared up as they 
attract rodents. Whenever storage containers are empty, they should be cleaned. Second-
hand sacks should be dipped into boiling water to kill any insects and dried in the sun. Grain 
residues should be removed from sacks by turning them inside out and thoroughly brushing. 
Holes should be stitched. Sprinkle the inside walls and floor of the structure with insecticide 
to kill remaining insect pests. Old grain should be stored separately from the new crop and 
should be utilized first. 

iii. Maintaining the condition of the crop and store throughout the storage season 
Store inspections should start as soon as grain is stored and then conducted weekly. Inspect 
the store and produce regularly. Early action will prevent damage from becoming severe. 
If insect pests occur regularly, treat the grain with Actellic as soon as possible. Maize 
cobs can be sprayed with insecticide but it is more effective to shell the cobs and mix with 
Actellic dust. This is because insects may be brought in with the produce, which might have 
become infested in the field during harvesting or drying. The store may also have harboured 
infestation from the previous season. 

5 PROCESSING, VALUE ADDITION AND UTILISATION
Maize in Kenya has three possible uses:

•	 Human food
•	 Livestock feed
•	 Industrial use (particularly starch and oil manufacture)
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6 UTILIZATION OF MAIZE AS HUMAN FOOD 
i.  Green maize can be roasted or boiled (Figure 39). 

Figure 39: Roasted maize

ii.  Clean and well-dried maize is milled into flour, which is used to prepare porridge and 
maize meal (Ugali) (Figure 40).

Figure 40: Ugali meal prepared from maize flour

iii.  Maize can also be mixed with beans and boiled – the food is locally called githeri 
(Figure 41 (a). Sometimes the maize is pounded in a mortar to dehull the grains 
(Figure 41 (b).

      (a)      (b)

Figure 41: (a) Local maize and beans (Githeri); (b)  Mortar for dehulling the grains
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6.1 Industrial processing
The main products of industrial processing of maize in Kenya are:

•	 Sifted maize flour
•	 Edible oil
•	 Breakfast cereals
•	 Corn starch.

Maize is dry-milled to produce sifted maize flour (Figure 42) and grits of different particle 
sizes which can be processed into breakfast cereals (Figure 43) and livestock feeds. During 
dry milling of maize, the germ is extracted and processed into edible oil. The bran is 
processed into livestock feeds.

  

Figure 42: Industrial milling of maize into grade one sifted flour 

Courtesy of NCPB and Milling Companies

   

Figure 43: Breakfast cereals (left) and edible oil (right) from industrial processing of 
maize 
Courtesy of Proctor & Allan and Bidco oil Companies

Wet milling of maize produces corn starch, which has various applications in the food 
industry. Maize can also be fermented to provide alcoholic beverages.

6.2 Utilisation of maize stovers as livestock feed
The stalks, leaves, and other remains from the maize cobs are used to feed domestic animals 
especially dairy cattle. They are used both as crop residue and as silage. By-products of 
industrial maize milling are also used to manufacture commercial livestock feeds.

6.3 Utilization of maize as fuel 
The stalks and cobs are used as fuel particularly in rural areas. They are also used as organic 
manure.
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7. TAKE HOME MESSAGES

7.1  Crop Protection Take Home Messages
The main points to remember in maize production are:

1. Plant clean certified seeds to prevent seed-borne diseases 

2. Carry out timely land preparation and plant early

3. Do timely weeding and maintain a weed free field to reduce competition and 
alternative hosts for diseases

4. Accurate and timely disease identification is critical to undertake correct 
management decisions in urgent cases

5. Uproot and destroy severely infected plants by burning 

6. Scout your fields regularly to identify problems before they get out of control  

7. Prevent and control of pest and diseases in all stages to minimize loss (quantity and 
quality)

8. Only use pesticides if the physical and cultural control methods are not working

9. Harvest at physiological maturity

10. Dry to 13% moisture content

11. Treat grains before storage

12. Store in a clean dry place

13. Smallholder maize farmers  in Kenya face two key challenges after harvesting their 
crop

•	Poor grain handling leading to high post-harvest losses of up to 30%
•	Marketing of grain at low prices during harvest and later buying grains for 

household consumption at  increased prices.
14. Post-harvest losses reduce gains from grain productivity enhancement (through 

increased crop yields and land under cultivation).

15. Most farmers lack knowledge on post-harvest management strategies

16. Post-harvest losses can be easily controlled using low cost methods. These include:

•	Timely harvesting
•	Proper drying
•	Appropriate storage.
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17. Proper application of post-harvest technologies will mean more grain available for 
human consumption and other uses. Maize in Kenya is used as follows:

•	Human food (accounting for more than 85%). Household level uses include 
milling maize to prepare maize meal (ugali and porridge), boiled maize, roasted 
maize. Industrially processed products include sifted maize flour, edible oil, 
starch and breakfast cereals.

•	Livestock feed 
•	Industrial uses (especially starch manufacturer)

18. Maize millers in Kenya do not get the right quantity and quality of maize from 
farmers because of poor post-harvest handling practices.

19. Application of appropriate post-harvest handling practices is essential for food 
security both at household and national level.
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KCEP-CRAL Extension Manuals are well-written and up-to-date publications 
with basic information that Extension Officers and service providers need 
in each value chain. The comprehensive manuals cover all areas of the 
value chain. 

Available extension manuals cover basic cereals (maize, millet and 
sorghum), pulses (beans, cow peas, pigeon peas and green grams), soil 
Climate Smart Agriculture and Farming as a Business as listed:

1. Common Dry Bean Extension Manual

2. Cow Pea Extension Manual

3. Green Gram Extension Manual

4. Pigeon Pea Extension Manual

5. Maize Extension Manual

6. Millet Extension Manual

7. Sorghum Extension Manual

8. Climate Smart Agriculture Extension Manual

9. Farming as a Business Extension Manual

10. Soil Fertility Management Extension Manual

11. Farm - Level Agricultural Resilience and Adaptation to Climate 
Change Extension Manual


