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intRodUction 

The Market Linkages Initiative (MLI) 
is funded by the USAID’s Global 
Hunger and Food Security Initiative 
to promote growth in food staples 
and food security by integrating 
smallholder staple food producers 
into national and regional markets.

MLI seeks to identify and overcome 
key bottlenecks limiting market link-
ages between smallholder producers 
(vulnerable but viable farmers) and 
increase commercial integration of  
smallholder staple commodities into 
national and regional markets.

MLI works in East Africa to collect 
and share lessons and best practices 
from all market linkage endeavors for 
replication throughout the region.

While the true extent of  post-har-
vest losses is still not clear in Eastern 
Africa, they are a well-known chal-
lenge to food security and income 
growth, both through physical losses 
and through diminished quality of  
the commodity over time in transit 
and storage. 

Post-harvest losses happen at every 
stage, from field production and 
harvesting, through threshing, drying, 

grading, packaging, preparation for 
storage, and storage itself. Farmers 
rarely quantify lost income due to 
poor crop conditioning and therefore 
fail to optimize their income potential. 

This handbook identifies improved 
smallholder conditioning practices for 
maize, beans, groundnuts and rice. The 
USAID/MLI project team assembled 
different methods of  crop condition-
ing through its implementing and 
collaborating partners in East Africa. 

Having collected the different prac-
tices, the MLI project will work with 
partners such as ACTESA1 to develop 
a “Community of  Practice” in key topi-
cal areas. This will involve developing 
forums where implementing part-
ners (governments, NGOs private 
partners) share practices and lessons 
learned, analyze impact results, and 
disseminate findings to inform future 
program planning. The USAID/
MLI project will bring implementing 
partners together to identify the most 
successful crop conditioning practices 
to ensure as many farmers as possible 
learn from the best training USAID 
and others can provide.
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HARvesting pRocess
Harvesting should begin when the 
ears start to droop and the leaves 
begin to dry. 

•  You should harvest when most of  
the maize husk cover turns to yellow 
and leaves turn slightly yellowish.

•  Cobs should be harvested in  
dry weather.

•  On rainy days if  cob collection is not 
possible, break the stem just below 
the cob and hang it downwards.

•  When a black spot appears in the 
grain, harvest the cobs.

key steps AfteR HARvesting  
1.  Cut the maize stalks and stack 

them in pyramid-shaped heaps 
and leave them in the field to dry 
for two sunny days.

2.  After the maize has dried, re-
move the ears from the stalks. If  
possible, establish the moisture 
content by taking 1 or 2 cobs to a 
grain buying center for testing. 

3.  Husk the ears.

4.  Transport the husked maize to  
your home.  

HARvesting

In East Africa, most farmers harvest 
maize by hand, plucking cobs from 
the plant and piling them at the end 
of  the row. In dry season, when the 
maize matures evenly, farmers pick 
the maize and transport it by ox 
carts or trucks for storage at home. 
In the wet season, when rain occurs 
almost daily, farmers attempt to 
harvest their maize when there is a 
break in the weather, preferably after 
two to three days without rain.

Section 1 | mAize conditioning2

impoRtAnt tip

In several countries in the region 
(including Kenya, Uganda and 
Rwanda) you cannot leave maize 
standing on stalks in the field very 
long because thieves will steal the 
crop. In these cases, instead of 
leaving it in the field to dry, stack 
the cut maize stalks in pyramids 
near your house, and then follow 
steps 2-5 in this section.
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sHelling  

Shelling (hand-threshing) can be 
done with a hand-held sheller. 

1.  A simple hand-held sheller can be 
made by a local carpenter using 
a small piece of  hardwood. The 
wood needs to be of  good quality, 
so it will not crack or split easily.

2.  Hold the maize cob with one 
hand and rotate it against the 
shelling device held in the other 
hand. The sheller has teeth that 
engage and remove the grain from 
the cob. 

dRying 

dRying pRinciples
Maize is usually harvested with 
moisture content in the range of  
18–26%, which is considerably 
higher than the 13.5% maximum 
commercial standard for East Africa. 
Thus, drying is required.

•  Grain harvested with high mois-
ture content must be dried im-
mediately.

•  Maize grain can be dried either on 
the cob or after it is shelled.

•  After threshing, the maize kernels 
are dried in the sun either on plas-
tic tarpaulins, concrete slabs, or in 
commercial dryers if  available. 

•  Do not dry your maize directly  
on the ground to avoid contami-
nating it with dirt, insects,  
or other pollutants. 

wooden maize sheller

impoRtAnt tip

Hand-threshing has the advantage 
of being cheap, especially as the 
sheller can be made from local 
materials. 

dRying on plAstic sHeets
You can dry your maize on plastic 
sheets as either maize cobs or as 
shelled kernels.

•  The maximum depth of  the maize 
on the sheet should be up to your 
ankle bone. Any higher and the 
grain on the bottom of  the pile 
will not dry quickly.  

•  Heavy-duty polythene sheeting or 
sheets made from cut-open nylon 
sacks can also be used. 
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solar drying on a clean plastic sheet

•  If  you turn the grain over several 
times a day, the grain will dry  
more quickly.   

•  Be careful to avoid contamination 
by dust or soil. Grain stained by 
soil will receive a lower price.

•  Do not allow farm animals such as 
chickens, goats, and cows to walk 
through the maize drying area, 
because they will damage or eat 
the grain.

dRying on concRete slAbs
Maize grain can also be dried on a 
layer of  concrete on the ground that 
keeps the grain clean. Concrete also 
heats up quickly, which speeds up 
drying time. 

•  Concrete slabs are easy to build 
and cost-effective. They are usually 
5×5 m or 10×10 m and can be en-
larged depending on requirements. 
As they use only solar energy for 
drying, they are environmentally 
friendly and low-maintenance. 

•  Remember to sweep the concrete 
clean before drying the maize on it. 

•  The maximum depth of  the maize 
should be up to your ankle bone. 
Any higher and the grain on  
the bottom of  the pile will not  
dry quickly.  

•  In clear, sunny weather, a 5×5 m slab 
can dry 1,000 kg of  maize in one day 
and a 10×10 m slab can dry up to 
4,000 kg of  grain in one day. 

commeRciAl mAcHine  
dRying
If  you have larger quantities of  
grain, and require rapid drying, it 
may be necessary to use a commer-
cial dryer. These facilities receive 
maize from farmers and collectors 
to dry and store the grain for sale to 
traders and commercial buyers. 

•  Commercial dryers use the genera-
tion and suction of  heat through 
the grain mass. This results in  
water extraction from the grain 
and reduced moisture.

•  Generally you are charged for 
every 0.5% reduction in moisture. 
For example, lowering moisture 
from 18% to 13.5% requires a 4.5% 
reduction. The fee then will be 
nine times 0.5%. 

commercial grain dryer
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meAsURing gRAin moistURe
Before maize is stored it must be 
adequately dried. 

•  Use a moisture meter to test the 
moisture content of  the grain. 
Moisture meters are available at 
grain testing centers and some 
grain warehouses.

•  When taking a moisture meter out 
of  a cool store it needs time (about 
30 minutes) to warm up to the out-
side temperature to be able to read 
moisture levels accurately.

impoRtAnt tip

There are differences between ex-
ternal and internal maize moisture 
levels. Maize in warehouse storage 
will be tested on moisture levels 
inside the kernel. Less expensive 
moisture meters found at farms 
test the external moisture of the 
maize (i.e. at skin level). External 
moisture readings often are lower 
than internal readings, particularly 
just after the grain has been dried.

impoRtAnt tip

Moisture meters need to be 
regularly calibrated and serviced 
by qualified technicians in order 
to ensure that the meters are ac-
curately reporting moisture levels 
in the grain.

digital moisture meter

•  National and commercial grain 
moisture standards in the East  
Africa region range from 12-14%. 

•  Traders do not pay for water and 
therefore discount the price. For 
example, if  traders are buying at the 
Kenya Grade II national standard of  
13.5% moisture content, and your 
sample is contains 16% moisture, a 
50 kg bag contains 1.25 kg of  addi-
tional water you will not be paid for. 

•  Check with your national stan-
dards to make sure your grain falls 
within the moisture limits. 

•  At moisture levels below 13.5%  
the grain is basically inert and can 
be stored effectively for longer 
periods of  time if  placed in good 
storage conditions.



Section 1 | mAize conditioning

Crop Conditioning Handbook | 5

gRAding

Grading procedures to be used by 
farmers will depend on the target 
market specifications and require-
ments. You should attempt to 
achieve the quality criteria specified 
by the buyer.

•  Each of  the national grading stan-
dards in East Africa sets limits in 
each of  seven purity attributes. 

•  EAC Grade 1 and 2 Quality Stan-
dards are laid out in the table below.

descRiption of pURity  
AttRibUtes
Foreign Matter: Any material other 
than maize and fine maize particles 
that will pass through screen holes 
of  3 mm diameter.  

Broken Maize: Maize that will pass 
through a circular screen of  holes 

6.35 mm wide but will not pass 
through a screen of  3 mm holes.

Pest Damaged Maize: Maize is 
partly damaged by insects or rodents. 
Can be detected by visual inspection. 

Rotten and Diseased Maize: Maize 
discolored by heat, fermentation, 
molds, or disease. Can be detected 
by visual inspection.

Moisture Content: The moisture 
content in maize, as measured by 
a calibrated moisture meter. For 
Grade 2 in the EAC the moisture 
level in maize must be below 13.5%.

Aflatoxin Levels: For EAC Grade 
2 Maize, there must be less than 
10 parts per billion of  Aflatoxin 
detected in the grain. This can only 
be checked by specialized tests (see 
pages 9–10).  

eAc tRAde QUAlity stAndARds foR gRAde 1 & 2 mAize  
(kenyA, tAnzAniA And UgAndA)

purity Attribute maximum percentage or Quantity by weight

grade 1 grade 2

Foreign Matter (max %) 0.5% 1%

Broken Maize (max %) 2% 4%

Pest Damaged Maize (max %) 1% 3%

Rotten and Diseased Maize (max %) 2% 4%

Discolored Maize (max %) 0.5% 1%

Moisture Content (max %) 13.5% 13.5%

Aflatoxin level (ppb) < 10 ppb < 10 ppb

source: east African community;  A guide for maize traders on Regulatory Requirements for 
imports band exports of maize in the east African community 2005/2006
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pRocedURe foR gRAding
The grading procedure listed below 

is quick, simple and applicable to 
small-scale farmers.

Equipment Needed:

• A 50 ml container

• A 100 ml container

•  A wire screen with holes 5.08 mm 
wide, commonly called coffee  
tray wire.

• Leveling stick

•  Bag sampler (called a spike) if  
maize is in bags

•  Clean bucket or similar-sized con-
tainer/large shopping bag

Grading Steps:

1.  Take a random sample of  maize 
from the shelling point. A quick 
method: cut the top off  a 100 ml 
water bottle, and then take 10 
samples from 10 different places. 
Each sample should fill the 
bottle. Empty each sample into 
the bucket or other container.

2.  The sample should be about 1 kg 
and should be mixed thoroughly.

3.  Use the 50 ml container to scoop a 
“sub sample” from the large con-
tainer. Make sure the container 
is full and use a stick to make the 
sample flat with the top of  the 
container. Generally it is assumed 
that there are 100 whole maize 
grains in the 50 ml container.

4.  Transfer the sub-sample to the 
sieve made of  coffee tray wire, 
and thoroughly sieve the grain by 
shaking. Catch the material which 
falls through the sieve either on a 
flat clean surface or on a sack.

5.  Transfer the sample that does 
not pass through the sieve to a 
sorting surface that is big enough 
to measure anything up to 30 cm 
by 30 cm. Spread the grains out.

6.  Find any broken grain and grain 
fragments and remove by hand. 
Add them to the sample that is 
passed through the sieve in  
step 4 above.  

7.  Remove by hand any pest dam-
aged grain and keep them separate

8.  Remove by hand any rotten, dis-
eased and discolored grain and 
keep them separate.

filtering maize through coffee tray wire.
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9.  Remove by hand other colored 
grains and keep them separate.

10.  Count the number of  grains in 
the isolated defective samples 
from steps 7, 8, 9.

coUnting, ResUlt RepoRting 
And inteRpRetAtion
Different characteristics of  grain are 
determined as a percentage. National 
grades or the trader will stipulate 
what is acceptable. For example, to 
determine if  the grains meet a stan-
dard of  3% pest-damaged grains, use 
the 50 ml container, which should 
hold about 100 whole maize grains. 
Any whole grain removed repre-
sents 1% of  the overall sample. If  5 
grains were removed because they 
had insect holes, this would indicate 
that 5% of  the grain is pest-damaged 
and could potentially receive a lower 
price because it does not meet the 
grade requirements.

Broken Maize: The number of  
broken grains comes from that 
sieved out in step 4 and added to the 
sample in step 6. On a flat surface, 
put together different pieces so they 
add up to a whole grain (i.e. four 
small bits may be equivalent to one 
whole grain). Count the number of  
representative whole grains, which is 
the estimated percentage of  broken 
grains in the original maize. 

Pest Damaged Maize: Simply count 
the number of  kernels obtained in 
step 7. The number of  kernels is 
estimated as the percentage of  pest 
damaged maize.

Rotten, Diseased and Discolored 
Maize: Count the kernels in step 8. 
Their count forms the percentage of  
rotten, diseased and discolored maize.

Other Colored Maize: Count the 
kernels in step 9. This is the estimated 
percentage of  other colored maize.

pest And diseAse  
contRol

In East Africa, stem borers and stalk 
borers are among the major pests 
attacking maize in the field. At the 
storage level, the black maize weevil 
(see picture), the Angoumois grain 
moth, and the grain borer are among 
the most prominent storage pests.

cAUses of insect infestAtion 
in mAize
The main causes of  insect infesta-
tion are:

•  Late harvesting

•  Introduction of  infested lots

•  Migration from rubbish dumps

(continues on next page)

black maize weevil
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•  Cracks and crevices at storage 
places that give the insects a home 
to lay their eggs—which can remain 
from one season to another.

•  Lack of  cleaning in storage

•  Use of  infested bags

pest contRol meAsURes
1.  Firstly, exercise good storage  

hygiene and use of  crop protec-
tion products.

2.  Identify the pest that is causing the 
damage and apply the appropriate 
product in the right dosage level. 

3.  Only pesticide products on the 
official government-approved list 
should be applied. 

4.  Carefully follow instructions 
before applying any pest control 
treatments and keep the instruc-
tions in a safe place to be re-read 
before any future uses.

5.  Keep all pest control chemicals 
out of  the reach of  children.  

bAgging And  
pAckAging

(See specific information on how to bag 
grains properly on page 20).

There are four main types of  bag 
materials used for storing and trans-
porting maize grain in East Africa: 

1. Plastic 3.  Jute

2. Polypropylene 4.  Sisal

plAstic
Only use plastic for handling and 
transporting small quantities of  
maize for a short distance.

Plastic is not well aerated and will 
result in deterioration of  maize within 
a quick period of  time unless you are 
using the specially designed hermeti-
cally sealed (airtight) plastic bags.

polypRopylene
Polypropylene bags are made from 
woven fiber based on petroleum 
products. 

•  It is advisable to use polypropylene 
bags with UV stabilizer because they 
last longer without getting brittle.

•  Polypropylene has gained in usage 
in East Africa due to its low cost.

•  Polypropylene does not allow for 
circulation of  air. 

putting more than the recommended weight 
in a polypropylene bag causes it to split along 
the weave at pressure points which increases 
post harvest losses and potential infestation 
and rodent problems.
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3.  Completely dry all sacks and  
containers before using them to 
store grains.

mold And AflAtoXin 
contRol 

Molds are spread by spores which 
often cannot be seen by the human 
eye. They are in the soil, on plants, 
in the air, left on old bags, or in poor 
storage spaces. When these spores 
fall onto moist grains, under warm, 
humid conditions, they start grow-
ing. As these fungi grow, they release 
poisons called mycotoxins. 

There are over 500 types of  myco-
toxins, but the most important in 
maize are produced by Aspergillus, 
Fusarium, and Pencillium species. 
Sometimes you can see the result: 
black molds on grains. However, 
the most dangerous mycotoxin, 
aflatoxin—which can cause death 
or long-term health problems in 
both humans and animals—cannot 
be seen by the human eye, and only 
special tests will show its presence. 

Once aflatoxin is produced on the 
grain, it is not destroyed by cooking 
or heating the grain. The only way 
to prevent these fungi/molds from 
growing and spreading is to dry the 
grain quickly at harvest to moisture 
levels of  less than 13.5% and to 
keep the grain in clean bags, in dry 
conditions and off  the ground of  the 
storage space. 

JUte And sisAl
Sisal and jute bags are of  plant origin 
and biodegradable, which make 
them good for the environment.

•  Sisal and jute are well aerating, and 
easier than plastic and polypropylene 
to fumigate in pest control.

•  It is possible to stack jute bags higher 
than polypropylene bags because the 
coarser fibers do not slip as easily.

•  The main disadvantage of  sisal and 
jute is cost. Otherwise they are the 
best longer-term storage solution 
for maize.

bAg cleAning
1.  Ensure that any packaging 

material used to store the grain 
(including bags or sacks) is clean 
and disinfected. Wash bags and 
disinfect them by boiling them in 
water for 5 minutes.  

2.  When disinfecting a polythene 
sack, make sure that it does not 
touch the outside of  the pot—the 
heat may damage it.

maize bagged in a sisal sack.
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1.  It is very important for you to con-
trol and check your maize regularly 
to ensure the moisture level does 
not increase and allow fungus and 
mold to grow on the grain.

2.  Maize must be dried quickly to 
13.5% or below before storage.

3.  Grains must also be protected from 
pest and rodent infestation, since 
they will damage maize by offering 
easy access to fungus and mold.

4.  Your grain stores should be leak-
proof  and well ventilated to avoid 
any sources of  water to enter your 
grain and to allow aeration to take 
out moisture and heat. 

5.  While removing grains with obvious 
mold will improve the quality of  the 
grain, it does not mean you have 
removed grain with aflatoxin on it. 

enviRonments tHAt 
encoURAge AflAtoXin 
development 
•  Fungi and molds to grow require 

the following environment to grow:

•  Moisture content of  14-30% in grains

•  Temperature range of  10-40  
degrees Celsius.

•  Relative humidity above 70%

•  Unclean environment

•  Prolonged rains after crop has 
matured, preventing harvest

•  Periods of  drought while the plant 
has been growing.

key steps tHAt pRevent  
AflAtoXin 
1.  To avoid growth of  the fungi and 

molds which produce mycotoxins, 
dry your maize quickly at harvest 
and very well before storage, and 
keep it in a dry, clean, and well 
ventilated storage area. 

2.  Avoid insect and rodent damage 
which can open up the grain by 
offering easy access to fungus  
and mold.

3.  Avoid contact of  the maize  
with soil.

4.  Do not add water to the maize to 
add weight before the sale. 

5.  Handle the maize carefully when 
harvesting and moving. 

6.  Store grains in clean sacks on pallets.   

7.  Ensure sacks are in good condition 
and are full and well-closed so grain 
does not fall out.

stacked maize sacks on pallets
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HARvesting

Paddy is the rice grain enclosed in 
husks before it is milled to remove 
the husks. Rice is the same grain 
after removing the husks.

Timeliness of  the paddy rice harvest 
is a very important factor in deter-
mining grain quality and yield. The 
harvesting period should begin when 
90% of  the grains (or 9 out of  10 
grains) in the main panicles of  plants 
are clear, firm, and straw-colored; the 
rest of  the grains should be hard. 

•  Harvest when paddy rice grain 
moisture is less than 20%, about 
30-32 days after flowering.

•  If  harvesting by hand, grasp the 
plant about 15–20 cm from the 
soil/ground level and cut with a 
sickle 15 cm from ground level.

•  If  harvesting is too early, there will be 
many immature grains that will re-
duce head rice yield and quality. Im-
mature rice kernels are very slender 
and chalky and will result in excessive 
amounts of  bran and broken grains.

•  If  harvesting is too late, many 
grains are lost due to shattering 
or drying out and cracking during 
threshing. Cracked grains break 
during milling.

•  If  moisture content is allowed to 
vary, grain fissuring (cracking) can 
occur along with spoilage through 
yellowing and the development  
of  odors. 

tHResHing And  
winnowing

1.  Thresh paddy rice immediately 
after cutting. The longer cut pan-
icles remain in a stack, the higher 
their chance of  turning yellow and 
discoloring during milling. 

2.  Thresh using a drum or a wooden 
surface also to reduce discolor-
ation. Hit the rice panicle on the 
drum or wood.

threshing rice over a drum.
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3.  Thresh on tarpaulin or canvas. To 
avoid contamination, never thresh 
rice on the ground.

4.  Remove all kinds of  dockage (im-
purities) from threshed grain such 
as insects, rice straws, and leaves as 
soon as possible after harvesting and 
certainly before storage. Clean grain 
has a higher value than grain that 
is contaminated with straws, chaff, 
weed seeds, soil, rubbish, stones and 
other non-grain materials.

5.  Winnow (remove light and chaffy 
material) immediately at threshing 
to avoid contamination and black 
rice. Modern rice mills with de-
stoners reduce the burden  
of  winnowing; however win-
nowing is still essential as it will 
increase the value of  the paddy. 

dRying

1.  Dry the paddy rice immediately after 
threshing on the threshing floor. 

2.  Sun-dry four hours a day for the 
next 2–3 days.

3.  Dry on tarpaulin to reduce dirt 
and stones. You may dry paddy 
directly on concrete only if  the 
concrete has been thoroughly 
swept clean first.

4.  Spread grain into thin layers  
(5–10 cm deep) on the tarpaulin or 
floor and turn and stir 7–8 times 
per day. This distributes moisture 
more evenly and increases the rate 
of  drying (the paddy exhibits bet-
ter milling quality when dried to a 
moisture content of  14%).

5.  Bite between teeth to test moisture 
content. If  it is soft, continue drying. 
When it breaks into two, moisture 
content is around 14–15%.

6.  Do not over-dry the paddy since it 
increases breakage in the rice grain 
during milling, and reduces quality 
and the price you will receive.

modern rice mill in Uganda.

6.  Maintain clean grain to improve 
the storability of  grain; improve 
milling output and quality, and 
reduce price penalties at selling. 

spreading rice on a tarpaulin to dry.
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Rice dRying HUt
A rice drying hut helps farmers re-
duce post harvest losses and preserve 
the quality of  the rice. It is a low-cost 
technology which is easy to apply, 
and well suited to small-scale farmers. 

1.  To build the hut, you will need 
strong bamboos or small logs, 
large transparent plastic sheets, 
tarpaulin, wire and rice husks.  

2.  The size of  the hut depends on 
the available land surface, but 
usually it will cover an area of  100 
square meters.  

3.  Prepare the floor so it is flat and 
smooth.  

4.  Dig a drainage gutter around the 
floor. It should be 30 cm wide and 
30 cm deep.   

5.  Erect a row of  bamboos or logs 
as support columns in the middle 
of  floor, connected at the top by 
a log or bamboo as a roof  beam.  
The columns should be about 
2.5 m high, with an extra 50 cm 
buried in the soil.  

6.  Fasten small rafters to the roof  
beam at one end, and allow the 
other end of  each rafter to rest on 
the ground.

7.  Use the transparent plastic sheets 
to make the roof  cover. Attach the 
cover to the ground with wires.  

8.  Cover the floor of  the hut with 
rice husks. Place the plastic tar-
paulin to dry the paddy on top of  
the rise husks. 

pRecAUtions in bUilding 
tHe Rice HUt  
•  The hut must be protected from 

wind, and should stand with one 
side facing the direction of  the 
prevailing wind. 

•  The entrance should not face 
into the prevailing wind, and rain 
should not blow into the hut.  

•  Nylon ropes are stretched over the 
roof  beam of  the hut from one 
side to the other. The ropes should 
be 60 cm apart.  

•  The lower part of  the roof  should 
be 20 cm above the ground surface, 
so that water will flow easily into 
the gutter.  

•  The four corners of  each plastic 
sheet are fastened to a nylon rope.  

•  Dry rice husk is spread over the 
floor to a depth of  5 cm. 

•  The nylon net/joined polythene 
sacks/gunny bags (100 kg) or tar-
paulin are laid over the husk, and 
fixed to the ground with bamboo 
pegs at the edges. 

illustration of a rice drying hut.
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dRying tHe Rice in tHe  
dRying HUt
1.  Spread the harvested paddy evenly 

over the tarpaulin. The husks be-
neath the tarpaulin insulate the 
paddy from the wet ground, and 
give the paddy at the bottom a good 
supply of  dry air. The pile of  paddy 
is 20-30 cm deep in the middle, and 
15 cm deep at the edges.

2.  Regularly once an hour, turn and 
pile the paddy into long ridges—
the paddy will dry in 1-3 days, 
depending on the weather.

3.  If  the paddy in the hut is still too 
wet and the sun has come out, 
remove some of  the plastic sheets 
temporarily from the roof, to 
allow the sunlight to enter and to 
get rid of  some of  the moisture.

some cHARActeRistics of 
tHe Rice dRying HUt
•  The temperature inside the hut is 

always higher than the tempera-
ture outside it. 

•  Because the temperature inside  
the hut rises gradually, there is  
also a gradual loss of  moisture 
from the paddy, so the rice grains 
seldom crack.  

•  On sunny mornings, between 
9:00 am and 10:00 am, it is 8 degrees 
C warmer inside the hut than out-
side it. An hour later, the tempera-
ture difference rises to 12 degrees C. 

•  On rainy days, the difference is  
6 degrees C. At night, the differ-
ence is 13 degrees C.  

•  A hut measuring 10 x 10 meters 
(i.e. 100 m2) has the capacity to dry 
2–2.5 metric tons of  paddy at any 
one time. Usually, the hut is used 
to dry several batches of  paddy, 
one after the other. It can also be 
used for drying other produce, 
such as coffee, maize and beans. 

bAgging And  
pAckAging

(See specific information on how to bag 
grains properly on page 20. Information 
on bag cleaning can be found on page 9).

•  Paddy rice should be stored in bags 
and placed on a raised floor to 
avoid moisture accumulation. 

•  Paddy rice must be stored in an 
environment of  13–14% moisture 
and must be protected from insects 
and rodents. Storing rice as paddy 
has two advantages: (a) rodents and 
insects struggle to gnaw through the 
outer covering/husk; and (b) most 
customers prefer freshly milled rice.

bagging rice
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•  Store paddy in 50 to 100 kg sacks 
made from jute, polypropylene or 
woven plastic, stacked under a roof  
or in a shed.

•  Periodically fumigate to control 
insects.

•  For extended periods of  time while 
maintaining its quality (13–14% 
moisture content) protect paddy 
rice from insects and rodents using 
environmentally recommended 
fumigants and putting it in bags 
even when using granaries (made 
of  timber, mud or cement) or large 
woven baskets; and from absorbing 
moisture from rainfall or the sur-
rounding moist air.

pest And diseAse  
contRol

Most control methods apply mainly to 
the crop when still in the field and be-
fore harvesting. However, disinfect any 
used bags using the following steps:

1.  Turn the bags inside out and 
shake them thoroughly so no 
grains of  any kind stick to the 
inside of  the bag.

2.  Soak the bags for 10 minutes in 
hot water.

3.  Dry the bags under shade before 
filling them with paddy.

4.  Do not pack your paddy rice if  the 
moisture content is more than 14%; 
the grain could spoil during storage.

sHelling And HUsking

This is mostly done at the rice mills. 
Some traditional methods such as 
pounding in wooden mortars pro-
duce many broken grains.

1.  Remove any stones and as much 
foreign material as possible, as 
these spoil and damage rice mills. 

2.  Ensure that the paddy is properly 
dried (but not over-dried) before 
delivering to the rice mill to avoid 
too many broken rice grains

cleAning And  
soRting/gRAding

The purpose of  cleaning the rice 
grains is to:

•  Remove impurities such as leaves, 
broken grains, sand or grit, etc.

•  Remove immature, shriveled, un-
filled and empty spikelets.

Grain can be cleaned manually by 
winnowing, which removes only 
light, chaffy material.

in addition to cleaning and de-stoning, modern 
rice mills also sort and grade the milled rice.
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Section 3 | gRoUndnUt conditioning

HARvesting

You should harvest your groundnuts 
at the right time, when the crop is 
mature. 

•  Check by lifting a few pods and 
look at the inside of  the shell.

•  Your groundnuts are mature when 
70-80% of  the inside of  the shell is 
spotted pale brown.

•  If  your groundnuts are harvested 
too early, the kernels shrink upon 
drying, resulting in a lower shelling 
percentage, poor seed quality and 
lower oil content.

•  Groundnut product quality depends 
on appropriate handling and storage 
techniques for the harvested crop.  

•  Groundnut seeds are protected 
by a shell, which acts as an excel-
lent natural barrier against pests 
and diseases.  However, this shell 
should be intact.

•  Remove damaged pods.

•  Remove crop residues mixed with 
the pods as they can be sources of  
contamination.

solar drying of groundnuts pods on the vine

dRying

The main objective of  drying is to 
achieve a rapid but steady drying 
of  pods in order to avoid spread of  
diseases and contaminations such  
as aflatoxin. 

•  Harvested plants should be staked 
in the field to allow them to dry  
in the sun and air before stripping 
the pods. 

•  Avoid drying groundnuts in large 
stacks which take long to dry. 

•  You should dry the harvested 
plants in the field until the mois-
ture content is reduced to 6–8%. 
This can normally be achieved by 
drying the pods on the vine in the 
sun for 6–7 days, taking care to 
cover them if  it rains. 

•  If  pods are exposed to the sun too 
long, kernel quality will be affected.
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tHResHing
Thresh your groundnut pods about 
2 to 6 weeks after harvesting, when 
the pod water content stabilizes at 
around 10%.

•  This operation consists of  separat-
ing the pods from the vegetative 
parts of  the plants. 

•  In traditional farming systems, 
manual stripping is the rule. Pods are 
individually detached from the vines 
and therefore dry very quickly, stabi-
lizing at 6–8% moisture content.

•  However, threshing is most often 
done using sticks. These reduce 
the heap of  groundnut plants into 
a mixture of  chopped vines and 
partially broken pods that are then 
separated by winnowing.

sieving
This operation is generally done on 
the farm or at the collecting point.

•  Most sieves are made of  wire or 
metal bars. The sieve allows part 
of  the trash including sand, straw 
and broken pods to be eliminated. 
A standard sieve will have 5 mm 
openings. When the mesh is 
shaken, sand, small broken pieces 
and dust pass through the mesh 
while whole groundnuts will not 
pass through the mesh.

•  However, sieving cannot eliminate 
pods of  other varieties, empty pods 
(pops), partially filled or immature 
pods. This is done by the most 
basic cleaning operation of  hand 

sorting the good from the bad; tak-
ing out extraneous material which 
has not fallen through the sieve.

sHelling

Shelling can either be done by hand 
or by mechanical sheller.

•  Some farmers in East Africa wet 
their hands or soak the groundnuts 
in water to make the shelling eas-
ier. This should not be done. This 
operation adds too much moisture 
to the groundnut, and encourages 
fungi to grow on the nuts inside 
the moist shell, leading to aflatoxin 
contamination. 

•  A mechanical sheller is most effec-
tive if  it can adjust to shell different 
sized nuts. 

groundnut shelling in malawi
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gRAding

Some nuts are sold unshelled and 
ungraded; while others are shelled, 
winnowed and graded. 

1.  To grade the shelled nuts, separate 
whole clean nuts from broken and 
shriveled and rotten nuts.

2.  Separate and grade nuts by  
eliminating:

•  Foreign matter

•  Damaged nuts

•  Split nuts

•  Blemished nuts

3.  You will make more money if   
you separate out these from the 
good nuts you are presenting to 
your buyer.    

pest And diseAse  
contRol

Groundnuts are susceptible to a 
number of  pests and diseases that 
can cause considerable yield losses. 

•  Recommended protection mea-
sures against diseases and insect 
pests should be regularly followed 
during the cropping season.

•  The most damaging and wide-
spread diseases are Groundnut 
Rosette and Early Leaf  Spot.

•  Groundnut Rosette can be con-
trolled by planting rosette-resistant 
varieties and planting early at the 
correct spacing.

•  Early Leaf  Spot can be controlled 
by early planting, burying all crop 
residues, and crop rotation. 

•  The worst groundnut pests are 
aphids. Aphids can be controlled  
by planting rosette-resistant variet-
ies, and planting early at the cor-
rect spacing.

bAgging And  
pAckAging

(Information on bag cleaning can be 
found on page 9).

Groundnut can either be shelled or 
stored unshelled.

•  Groundnuts are best stored 
unshelled in cool, dry conditions, 
protected from rain and vermin 
(particularly rats and mice). 

•  Groundnut pods can easily be 
stored in bulk. 

•  Storage in clean jute or woven 
polyethylene fiber bags ensures the 
best protection of  groundnuts and 
allows easy movement of  stocks 
(manual or on pallets). 

grading groundnuts
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•  Groundnuts should only be stored 
in bags or drums. 

•  Bagged groundnuts—whether 
shelled or unshelled—should not 
be placed directly on a concrete 
floor due to risk of  dampness that 

may cause molds to develop. They 
should be placed on pallets. 

•  Shelled groundnuts are fragile 
and are exposed to various agents 
that cause physical, chemical and 
biological deterioration.

How to pRopeRly bAg mAize, Rice, gRoUndnUts oR beAns 

Advantages of properly filled bags:

•  Will not tear or break when handled. 

•  Have a uniform shape and size 
making them easier to stack and es-
timate the amount of grain inside.

•  In stacks it is easier to account for 
total grain in storage. This also helps 
determine the correct amount of 
pesticides when fumigating.

•  Big buyers like WFP insist sellers 
properly pack their commodities.

How to correctly fill and close a  
50 kg bag—without a scale.

•  A 50 kg empty bag should carry 
between 48 kg and 52 kg of grain. 
Three 20-liter containers hold be-
tween 48 kg and 52 kg depending 
on grain density.

•  Pour grain into a 20 
liter container until it 
overflows, leaving a 
mound on top.

•  Pour three of these 
containers into a  
50 kg bag. 

•  Fold the bag mouth 5 to 10 cm 
inwards to create a “valve” so grain is 
not forced out when bags are stacked.  

•  About 16 stitches are required to 
close a 50 kg bag mouth. 

•  Knots should NOT be made at both 
ends of the string; instead, leave 
a 10 cm extension of the string 
loose at both ends. The bag can be 
opened by making a small cut in the 
middle of the string and then pulling 
it out from both ends, which causes 
less damage to the bag, making it 
commercially reusable.badly filled bag correctly filled bag

A 20 liter  
container

A correctly sewn bag with mouth folded 
inwards and loose ends without knots.



Section 3 | gRoUndnUt conditioning

Crop Conditioning Handbook | 21

AflAtoXin contRol

Groundnuts can be infested with 
aflatoxin at two different stages:

•  Pre-harvest infestation

•  Post-harvest infestation

pRe-HARvest infestAtion
Groundnuts can be infested by 
Aspergillus spores, which when 
propagated, release aflatoxin in the 
pre-harvest period by:

•  Soil-borne fungus 

•  Bird, insect, or worm damage 
which allows spores easier access 
to the grains

•  High temperatures combined with  
high humidity

• Drought

•  Late planting

•  Prolonged rains after crop has 
matured, preventing harvest

post-HARvest infestAtion
Groundnuts can be infested by Asper-
gillus spores which release aflatoxin 
in the post-harvest period by:

•  Air-borne fungus 

•  Contact of  groundnuts with  
infected soil

•  Liquids or water touching shells 
during shelling process

•  Insufficient drying of  groundnuts

impoRtAnt tip

if you find aflatoxin in your 
groundnuts:

•  Separate the rotten and poorly 
filled pods during grading. These 
pods are more likely to have  
aflatoxin. Burn them. Do not 
feed them to animals since it can 
kill them or make them very sick.

•  Have the groundnuts tested by a 
certified laboratory to determine 
whether they have aflatoxin. 

•  Bird, insect, or worm damage

•  High temperatures in storing rooms

•  High moisture in storing rooms 

•  Damage to nuts during harvesting 
or transporting

symptoms of AflAtoXin
•  Yellowish and greenish marks on 

groundnut seedling leaves during 
drought

•  Fibrous roots that do not develop 
on the groundnut plants

•  White colored matter inside the pod



22 | Crop Conditioning Handbook 



Section 4 | eDible Dry beaN CrOp CONDiTiONiNG

Front: Beans Tab Page
bea

N
s



Back: Beans Tab Page



Crop Conditioning Handbook | 23

Section 4 | edible dRy beAn cRop conditioning

This material4 is intended to be used 
by small-scale farmers interested 
in producing common edible dry 
beans (Phasealus vulgaris) for sale. It 
is written for farmers who have no 
formal training or experience in bean 
production. You may seek assistance 
in understanding some of  the topics 
covered in this handbook from re-
searchers, extension agents or NGOs.

HARvesting

You know that the plants are ready 
for harvesting when all leaves and 
pods of  upright bush bean varieties 
are yellow. 

•  Harvest only those plants that  
are ready—usually 90–120 days 
after planting, depending on the 
variety grown.

impoRtAnt tip

good quality bean grain has the  
following properties:

•  well-dried: moisture 13–15% 
maximum.

•  pure: all are of the same variety 
and of the same size.

•  clean: 1% foreign matter, not 
mixed with foreign matter such 
as stones or dirt, or other seeds.

•  not damaged, broken, shriveled, 
moldy, or damaged by insects 
(bean weevil). Because edible 
beans are mainly eaten whole 
(without processing) a few dam-
aged kernels greatly reduce the 
value of a whole consignment.

•  not rotten (may be diseased) 
and less than 10% discolored/
faded (may be diseased).

•  Harvest pods of  climbing and trail-
ing beans as they mature.

•  Do not harvest bean pods that are 
touching the soil as they may be 
infected with disease pathogens 
found in the soil.

graded red beans
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•  Do not leave the beans to dry in 
the field after they are harvested as 
they can be affected by disease or 
eaten by insects and animals.

•  Beans left in the sun too long may 
become too dry for threshing, and 
if  left in the rain, will be too wet 
for threshing.

dRying in pods

Beans must be dried in the pod before 
being threshed. If  you start threshing 
immediately after harvesting, you 
will damage the beans because they 
are too moist to be threshed.

•  Dry the beans on a mat, plastic 
sheet or tarpaulin, on a raised plat-
form or in a maize crib.

•  Do not dry beans on the ground, 
as they can get dirty, wet, or be 
eaten by animals.

•  Have someone watch the beans while 
they dry. He/she can cover the beans 
if  it rains and chase away animals.

in dRying, follow  
tHese steps: 
1.  Sort the seed pods and remove 

weeds and immature pods.

2.  Arrange the pods loosely on the 
platform, mat, or crib for air to 
circulate so that the beans do not 
get moldy.

3.  Dry the beans from morning to 
evening for 2 sunny days.

4.  Test the beans to see whether they 
are dry enough by breaking a few 
pods open and biting or pinch-
ing them with your fingers. If  the 
bean feels hard, it’s dry. If  soft, it is 
too moist and needs more drying.

tHResHing

Thresh the beans when they are dry 
enough. Beans that are too dry or 
too wet can be easily damaged dur-
ing threshing.

wHile tHResHing, do not:
•  Break and damage the beans.

•  Mix the beans with dirt and rubbish.

•  Lose beans.

•  Do not thresh on the ground or in 
a gunny bag as beans will easily be 
damaged. Broken or cracked beans 
are more likely to be attacked by 
insects and mold.

A threshing rack, used to thresh beans or maize.
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Using A tHResHing RAck
Thresh on a threshing rack to pro-
tect the beans from damage and dirt 
and prevent them from scattering.

•  A threshing rack (shown on previ-
ous page) consists of  strips of  
wood arranged on a platform with 
a wire mesh tray on the bottom 
to catch the threshed beans, and 
with high wooden sides to prevent 
the beans from scattering during 
threshing.  

•  The threshing rack can be made by 
a local carpenter. 

dRying tHResHed beAns

Threshed beans must be dried again 
and protected from rain, insects, 
animals and dirt.

1.  Dry threshed beans on mats, 
plastic sheets or wire mesh trays 
raised on a platform.

2.  Spread the beans thinly on the 
drying surface to allow air to pass 
through it.

3.  Turn the beans regularly to avoid 
overheating.

4.  Dry the beans for 1-3 sunny days.

5.  Avoid the beans getting wet by 
rain or being damaged by domes-
tic animals.

6.  Test the beans to see whether they 
are dry enough by biting or pinch-
ing them with your fingers.

gRAding

1.  Winnow to remove chaff, dust and 
other rubbish from the beans. 

2.  Remove shriveled, diseased, 
broken beans and beans of  other 
varieties by sorting.

3.  Sort on a platform sorter to make 
the work easier—no bending re-
quired and the wire meshing gets 
rid of  some of  the dirt mixed with 
the beans. 

Using A plAtfoRm soRteR
A local carpenter can make a plat-
form sorter.  

•  A platform sorter consists of  two 
wooden funnels with wire mesh 
trays to catch the beans. 

•  Different sizes of  wire mesh can  
be used for varieties of  different 
sized beans. 

•  The sorter is placed on a table  
and people can sort while seated  
at the table.

multi-colored beans
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•  Pour dried beans that have been 
winnowed down the funnels.

•  Sort by hand beans that fall on the 
wire mesh screen, as it traps small 
broken beans and allows dirt and 
rubbish to be removed easily.

impoRtAnt tip

steps for the salt test

The salt test is a good way to de-
termine the moisture of threshed 
beans (it can also be used on 
other staples, including maize, rice 
and groundnuts). You will need a 
clean, dry jar with a lid, some salt 
and a sample of beans. 

1.  Use a clean and completely dry jar.

2.   Put the salt in the jar (enough 
salt to fill up a quarter of the 
jar) and add a sample of beans 
(enough to fill half of the jar).  
Put the lid on the jar.

3.  Shake the jar well and then 
allow the beans to settle for 
about 10 minutes.

4.  If after 10 minutes you can see 
damp salt stuck to the sides of 
the jar, the seed is too moist, 
above the 13–15% required for 
improved bean grain.

5.  If after 10 minutes the jar is dry 
and there is no salt stuck to the 
sides of the jar, the seed is dry.

meAsURing moistURe  
content
Determining the moisture content of  
a bean is more difficult and requires 
more experience. One way to test 
for moisture content is by biting the 
seed with your teeth or by pinching it 
between your fingers. If  the bean feels 
hard, it means it is dry.  If  it feels soft, 
it is too moist and needs more drying.

pAckAging And  
bAgging

(See specific information on how to bag 
grains properly on page 20).

Various types of  bags are used by the 
bean industry, including polypropyl-
ene and plastic, which are most used 
in shipments. 

•  Beans are usually sold loose in 
open sacks or in clear plastic bags 
so that the color and quality can be 
easily seen.

beans for sale in a market.
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tReAtment And  
stoRAge

•  Dry beans down to 13–15% mois-
ture before storage.

•  Store your dry beans carefully to 
avoid damaging it; moisture content 
should not be greater than 13–15%. 
If  salt sticks to the jar when you do 
the salt test for moisture, dry the 
beans again before you store them.

•  Ensure that any container used 
to store the beans (including bags 
or sacks) is clean and disinfected. 
Wash containers and sacks then 
disinfect them by boiling them in 
water for 5 minutes. When disin-
fecting a polythene sack, make sure 
that it does not touch the outside 
of  the pot; the heat may damage it.

•  Completely dry all sacks and  
containers before using them to 
store grains.

•  Store beans in sacks or other 
containers in a clean, dry and well 
ventilated place.

•  The storage place should have no 
leaks, and rain water should not 
run down the walls. Close holes 
where rodents can come in.

•  Protect the beans from moisture by 
keeping it off  the ground and away 
from the walls. Sacks should be at 
least 1 meter (3 feet) away from the 
walls, and should be placed on a 
platform of  sticks or pallets.

•  Never store newly harvested beans 
with old beans; if  the older beans 
are infected with insects, they will 
spread to the beans as well.

•  You can also store beans in a large 
metal bin (called a silo). Well cov-
ered silos are of  different sizes and 
protect the grain against insects and 
moisture. A local welder can make 
silos to hold different amounts.

pest contRol

•  Close all holes and openings where 
rats, insects and water can get in.

•  Fill in cracks in the walls, floor  
and ceiling.

•  Keep the storage area very clean to 
discourage rats and mice.

•  Cut the grass around the storage 
area as rats do not like to cross 
open spaces.

•  Build rat guards on poles of  stor-
age structures to keep rats from 
climbing them. Take a piece of  tin 
or a flattened tin can, bend it to 
form a cone with a hole in the cen-
tre; and fasten it around the legs of  
the poles with nails or wire.

•  Kill rats and mice with traps and 
rat poison. Never mix rat poison 
with the grain; and burn all dead 
rats and mice. Always keep poisons 
out of  reach of  children.
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endnotes

intRodUction
1.  Alliance for Commodity Trade in Eastern and Southern Africa, an 

agency of  COMESA

section 1:  mAize conditioning
2.  From Kenya Maize Handbook (2007) by the Kenya Maize Development 

Programme. The project is managed by ACDI-VOCA under funding  
from USAID.

section 2:  UplAnd Rice conditioning
3.  This chapter is based on field research of  the MLI project team and the 

experiences and expertise of  the extension workers and farmers who 
implemented the “Promotion of  NERICA Upland Rice in Uganda for 
Sustainable Household Food Security and Incomes” project. This project 
was executed with financial support of  UNDP/Uganda, and supervision 
of  Government of  Uganda, Office of  the Vice President. The Project was 
implemented by a local NGO, Africa 2000 Network—Uganda (A2N-
Uganda) and technical assistance was provided by USAID Agricultural 
Productivity Enhancement Program (APEP).

section 4:  edible dRy beAn cRop conditioning
4.  This chapter is based upon field research by the MLI project team and is 

also is based upon a publication developed by the International Centre 
for Tropical Agriculture (CIAT) called “Bean Seed Production Manual”.
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“ Small Scale Maize Milling,” the International Labor Organization (ILO), 1984.
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Common market for eastern and southern 
afriCa (Comesa) seCretariat
Ben Bella Road 
P.O.Box 30051 Lusaka, Zambia 
Telephone:+260 211 229725/32 
Email: comesa@comesa.int.

aCtesa
Corporate Park, Alick Nkhata Road 
Stand # 20849, Lusaka, Zambia 
Telephone: +260 211 253576/251027

usaid/east afriCa
P.O.Box 629 Village Market 
00621 Gigiri 
Nairobi, Kenya 
Telephone: +254-20-862 2000 
Fax: +254-20-862 2680/2681/2682


