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Background  

The project titled “Improving scalable banana agronomy for small-scale farmers in highland banana cropping systems in East Africa” is a four-year initiative being implemented in Uganda and Tanzania. In Uganda, it is implemented by NARO TA \l "NARO: National Agricultural Research Organisation" \s "NARO" \c 1 , IITA TA \l "IITA: International Institute of Tropical Agriculture" \s "IITA" \c 1  and Bioversity International with funding from the Bill and Melinda Gates Foundation (BMGF TA \l "BMGF: Bill and Melinda Gates Foundation" \s "BMGF" \c 1 ). The project, commenced in September 2016, was launched in April 2017 and is expected to end in August 2020. It is being implemented in three districts selected from the major banana growing regions in Uganda, including  Nakaseke (Nakaseke sub-county) in the central region, Kabarole (Rwiimi sub-county) in the mid-western and Isingiro (Birere sub-county) in the south-western region.

The overall goal of the project is to improve livelihoods of farmers by boosting banana productivity in Uganda and Tanzania. This will be achieved through the following main and sub-objectives:

1. Reducing the yield gap

i. Through generating basic information on interaction of banana growth, pest and disease management, moisture and nutrient requirements to enhance the development of improved agronomic recommendations;

ii. Through developing site specific recommendations based on smallholder farmer resources and production objectives enabling farmers to reduce banana yield gaps;

2. Reducing the extension support gap

iii. Through developing a decision support framework for development partners interacting with smallholder banana farmers that allows bringing recommendations to scale;

iv. Through developing capacity within the zonal research and extension systems by engaging them in banana multi-stakeholder innovation platforms.

The direct beneficiaries of the project include; smallholder banana farmers and farmer groups in the target and neighbouring districts. The national and district government institutions, zonal research teams and other stakeholders involved in banana production will benefit from awareness-raising, capacity building and coordination interventions. 

CABI led African Soil Health Consortium (ASH-C) collaborates with the project to develop simple communication materials to be used by extension and farmers to support bridging the knowledge gap. This technical brief has been drafted by the project team to support the project scaling strategy and outlines sub-topics in banana production that are key in improving productivity in Uganda (it will be adopted to the Tanzania situation at some stage). The brief will be used in developing various farmer friendly communication materials. It will also be continuously updated and validated by the project team as progress of project research component generates new knowledge. 

1. Site Selection

Bananas grow best in well drained, deep soils and do not tolerate poor drainage. Select sites that are well draining for your banana plantation.

Avoid swampy areas to prevent environmental degradation.

2. Land preparation

Carry out bush clearing and uproot any stumps. Do first deep ploughing to loosen the hard surface (break any hard pans) close to the surface to improve aeration and water infiltration. Do not burn bushes. Residues from bush clearing can be for mulching 

3. Spacing

If your farm has good soil fertility and is located in an area that receives high rainfall (over 1200mm/annum), you should use spacing of 2.5mx2.5m from plant to plant for varieties with normal suckering traits and over-suckering traits use 3mx3m.  

Under low rainfall (Low rainfall: 700-1200mm), use 3mx3m for both traits

4. Digging of the holes

Dig holes of 2 ft deep, 3 ft wide and 3 feet long to allow for root expansion and water retention. Separate top soil from sub soil when starting to dig. 

Large holes collect enough water for the bananas thereby improving root penetration.

On sloppy land, top soil should be preferably placed uphill and sub soil downhill

5. Variety selection 

It is advisable to use improved varieties that have been conventionally bred to solve specific production constraints e.g. diseases and pests, low yield and moisture stress. But specific varieties to be grown will depend on the farmer’s choice and production constraint to be addressed which also vary with agro-ecology. Examples of improved cultivars available at NARO Kawanda are;

· Kabana 6H (M9, Kiwangazi)

· Kabana 7H (M2)

· NAROBan 3

· NAROBan 4

Planting materials for these improved cultivars can be accessed from research institutes and certified nurseries/ multipliers in the country.

6. Selection and preparation of planting materials

It is recommended to begin with clean planting materials

· Select sword suckers which are free from pests and diseases and are vigorous to have better crop establishment

· When cleaning suckers for planting, remove all roots and dead tissues (paring). 
· Cut the corm at the base to ensure flat base and make a slanting cut at the top at most at 1.5 feet (45cm) from the base. 
· The slanting cut prevents rotting of the sucker. 
· Paring is done to ensure pest free planting material and the pared sucker will develop its own roots. 
Note: use of older suckers will result into small bunches in first harvest. Unpaired suckers will lead to spread of pests and diseases  
You can alternatively use tissue culture plantlets

7. Application of manure at planting

Mix all the top soil with 2 basins of well decomposed manure and pour in the hole to about half-full to allow for water retention. Ignore the sub soil. Dig around the hole to get more top soil if the top soil is not enough
8. Planting

· When planting, make a depression in the middle of the hole. Place the sucker in the depression  
· Planting should be preferably done at the onset on rains for good establishment
· Cover the planted sucker with a thin layer of soil of about 3 – 4cm for easy sprouting

· Apply spot mulch to conserve moisture in the planted hole

· For tissue culture plantlets, remove the polythene wrap while maintaining the soil, place in the hole and cover the plant up to the root collar; the point where the leaves start from  
9. Gap filling

Gap filling is the replanting of suckers to maintain the recommended plant population in the field. Missing plants are usually caused by; wrong spacing or death of plants due to stresses.

· For newly established fields, gap fill plants that have died following the steps outlined in planting. 

· Take into consideration the level of pest infestation, and the history of disease presence from your garden and where you are sourcing the planting material from:

· Avoid planting material from pest and disease affected plantations

· If the gap is due to BXW, wait for 6 months before gap filling

· When gap filling, avoid gap filling short varieties with tall varieties because these will out compete them.
10. Intercropping

Take note of the recommended crop combinations and determine which is the main crop, vis a vis the farmer’s objective

Where banana is the main crop, for every two lines of banana plant one line of coffee (Robusta at 3m x 3m and Arabica at 2.4m x 2.4m). The coffee bushes (plants) shouldn’t exceed 500 per hectare  

If Coffee is the main crop, the banana mats should not exceed 750 mats per hectare.
· Where there is intercrop with beans, farmers are encouraged to plant beans in lines to minimize competition.
· Deleaf banana to not below 7 leaves at flower shooting to reduce shading the beans. It is important to incorporate crop residue from the beans.
If you must plant other crops such as root, tubers and other crops, plant at the edges of the banana field

11. Desuckering

Desuckering is the removal of excess suckers with the aim of maintaining optimum plant population per mat. 

Carefully select which suckers to remove not to lose the best plants

It should be done carefully to avoid injury to the mother plant (preferably use a desuckering spear)

For normal suckering varieties, maintain 3 plants per mat and for over-suckering varieties, maintain up to 6 plants per mat. In case of low fertility and low rainfall areas as well steep sloping areas, maintain 2 plants per mat
Suckers must be selected in a staggered manner.
NB. 

· The ‘up to 6 plants’ can be made clear when illustrated with pictures

· The more the plants the more nutrients required.

12. Staggered sucker selection

This is the selection of suckers in stages such that the farmer has a continuous harvest. While selecting the suckers, the farmer should not only focus on choosing the vigorous suckers but should also consider selecting them based on their growth stages and direction in order to  ensure continued production.

Why carry out staggered sucker selection

· To allow the farmer have consistent production/harvest throughout the year which ensures the household food security.

Nutrients are also well utilized by the selected suckers to remain on the mat at that particular time. This reduces nutrient competition among the suckers

13. Mulching 

Mulching in banana refers to covering of soil with plant residues.  When you mulch your bananas:
· The soil maintains water longer

· Soil  erosion is reduced

· Soil fertility improves in the long run. 

· The mulch suppresses weeds

N.B. Mulching adds to soil fertility only if the mulch is sourced externally from crop residues outside the banana plantation. The nutrient content of mulch depends on the soil fertility at the source of mulch

How to mulch 

· A good field should be fully mulched (blanket mulch)

· A good mulch should be between at least 8-15 cm thick 

· Mulch should be placed 1.5 - 2 ft from the mats to allow space for forking to loosen the soil and for weevil control. When mulch is close to the mat, roots tend to come up and this weakens the plant making it susceptible to toppling

· In a newly established field, apply mulch around the plant (spot mulching)

Mulching in case of intercrops

· Beans; first apply mulching before planting the intercrop then spot plant beans using knife, panga or small hoe.
Mulching materials
· Banana residues (self- mulch) e.g. leaves, chopped pseudo stem.

· Other crop residues e.g. maize stover, rice straw, bean straw.  Preferably apply dry crop residues

· Napier grass

Identifying the right mulch 

· Not all grasses are good for mulch. Remove weeds (such as couch grass, comelina, and cyperus) from mulch materials as these can multiply in field and increase weed burden.

· When using external banana residues, avoid use of pest and disease affected materials. 

How often to mulch 

· When the mulch thickness wears below the recommended depth

14. Forking 

This refers to loosening the soil around the mat using a forked hoe.
Why do forking: 
· Improves infiltration of water into the soil

· Reduces run off and thus controls soil erosion

· Enables the plant to easily access externally applied nutrients e.g. from manure
How to fork banana fields

· Using a forked hoe, dig carefully within 1.5-2 ft around the mat. 
· To reduce root damage, dig once at each point and avoid dragging the soil.
When

· Forking should be done when applying manure, mulching, or when soils are compacted. 

· Preferably, forking should be done close to or at the onset of rains.

N.B. Use of the hand hoe should not be done because it increases root damage

15. Corm removal

· Removal of the corm helps to destroy the breeding ground for weevils

· Corm removal depends on weevil damage in the field.

· If the field is clean, corms that are immediately adjoined to suckers are left to support the mat but they should be covered with soil. All other previous corms should be removed.

· If the harvested corm is heavily damaged, cut off the damaged tissue and leave the clean part to support the mat.

16. Pruning (Removal of dry leaves and dry sheaths)

Importance

· Improves penetration of the sunlight

· Improves air circulation in the field

· Provides internal mulch

· Reduces the spread of black sigatoka

· Prevents harbouring of banana weevils

· Makes the plantation look attractive

How and when to prune

· Prune only when the leaves and sheaths of the pseudostem are dry 

17. Male bud removal

The male bud is a wasteful nutrient sink because instead of nutrients going to the fingers (fruits), they go into the bud. So its removal could ensure a good bunch weight. It also controls spread of banana bacterial wilt.

How to remove male bud

· Remove the male bud immediately after formation of the last cluster Or when the fingers begin to fill and start curving upwards.  

· Use a forked stick not a cutting object

18. Soil fertility (manure and inorganic fertilizers)

Soil fertility refers to the ability of a soil to supply plant nutrients in adequate and balanced quantities. It is recommended to use both organic (manure) and inorganic fertilizers to maintain soil fertility.
Application of manure
Manure is fertilizers derived from animal matter plant matter. Organic fertilizers include; animal wastes from meat processing, peat, slurry.

Why manure should be applied

· To increase soil fertility

· Improve the soil structure

· Reduce soil erosion

· Increase organic matter in the soil and soil living organisms which may increase soil aeration and drainage

· Increase moisture retention in the soil

How to apply manure
Application at establishment:

· Apply 18 kg (approximately two basins) per mat. 

· This should be mixed with top soil and placed inside the hole.

Application at rehabilitation: 

· Clean the plantation, fork around the mat, then apply 2 basins poured around the mat at 2 feet away from the mat to allow proper root growth. 

· The quantities can be increased depending on the state of the field.

Application for maintenance: 

· Depending on the status of the mats, apply at least one basin per mat per year. Or make use of water troughs (basins) in between 4 neighbouring mats to apply manure.

Quality of Manure

To have good quality manure, keep it under the shade, well decomposed and not dry. Always source fresh farm yard manure for use in composting.

Use of inorganic fertilizers

Inorganic fertilizers, also referred to as synthetic fertilizers, are manufactured artificially and contain minerals or synthetic chemicals.

Advantages of fertilizers

· You are sure of the quantities of the nutrients applied.

· Favours areas without live stock

· They respond faster than the organics.

How to apply inorganic fertilizers 

· Apply 100 - 200g of Muriate of Potash per mat per year depending on the soil (50 – 100gm at the beginning of each rain season). 

· Make a ring one foot away from the mat and sprinkle in the fertilizer and cover with soil. 

· The assumption is that there is one mother plant and two other suckers on the mat. If there are two mother plants, then the quantity can be doubled.

19. Water harvesting structures

The purpose of water harvesting structures is to collect and assemble water which is running and likely to be lost for future use, to benefit the garden that in many cases would have less soil water. However, where there is excess water in the field, the excess water should be channelled off using larger gullies or trenches into dams, water tanks, ponds etc.

Water harvesting structures include; 

1 Large trenches/gullies running in the direction of the slope or around the field periphery to drained off large volumes of water which would otherwise be erosive. 

2 Large water troughs or basins close to the edge of the field to break the speed of running water and serve as a water reservoirs 

3 Trenches to channel water into the field. They should be at least 2 feet wide so as to harvest enough water. 

4 Small water troughs/basins; to retain water within the field. They should be 2m (length) x 1.5m (width) x 2 feet (depth).

NB: The basins are designed based on the size of the slope, the larger the size of the basin, the better. They could be as points for chopping pseudo stems and adding in manure. 

Trenches can be continuous or with tie bands. 

Continuous trenches are applicable for gentle and uniform slopes.  The depths should be varied at different points to enable water retention in field.

Tie bunds apply to steep gradients or multidirectional slopes. The band should be 1 ft

When constructing the first trench uphill, the soil should be put on the lower side (Fanya chini) in order to harvest water into your field. For the last trench downhill soil should be placed at the upper side (Fanya juu) Other trenches within the field can be alternated.

Plant grasses such as Vetiva, elephant grass on the Fanya juu or fanya chin to stabilise it.

Some agroforestry shrubs such as caliandra can also be planted

In areas where there are many stones, stone bands can be used to control soil erosion

NB: Farmers must remember to de-silt the trenches and continue maintaining the size of the trench and volume of water.

20. Pest and disease management

i. Banana Bacterial Wilt

· This disease can cause up to 100% yield loss. It is spread through sharing of unsterilized tools between plants, using infected planting materials and by insects that visit the male buds. 

· The symptoms are; yellow ooze from the pseudo stem, premature ripening of fruits, yellowing and eventually death of leaves.
Control measures

a) Using clean planting materials (tissue culture or from a clean field)

b) Perform routine inspection of your field for symptoms of the disease

c) Remove the male bud after formation of the last cluster (using a forked stick) to prevent spread by pollinating insects

d) After working on a single stool, disinfect tools (pangas, hoes, knives) by dipping in 20% solution of Jik (1 volume of Jik to 4 volumes of water)  before moving to the next one.

e) After an activity, flame the cutting tool to disinfect.

f) Prune only when the leaves are dry to prevent contamination of tools by sap

g) Remove the single diseased stem to remove source of the disease (inoculum)

h) Suspend all cutting operations for 3 months when you observe disease infection to avoid spread (you can continue to remove the male bud using a forked stick, removing weeds by hand pulling). After 3 months remove all the diseased plants

ii. Black Sigatoka

· This is a foliar disease. It spread through air.

· Symptoms are; Leaves yellow, dry and bend at the neck.

Control measures;
a) Enhance nutrition through use of manure and fertilizers and mulching.

b) Use resistant varieties such as M9, NAROBANS (these are cooking type bananas)

c) Carry out timely pruning when leaves are dry

iii. Banana weevil

· The larva stage is the most destructive stage. 

· Feeds on the corm tissues, as it enters, thus making tunnels in the corm.  
Presence is shown by;
· Reddish brown to black tunnels in the corm
· Heart death and rotting at the centre of the corm.
· Snapping of bearing plants
Control measures;

a) Remove rotten corms to destroy breeding sites.
b) Use tolerant/resistant varieties such as M9, NAROBANS

c) Remove all roots and damaged parts of the corm from the sucker before planting (paring)

d) Use tissue culture plantlets

e) Mulch at 2 feet away from the base of the mat

f) Collect chopped pseudostems away from the mat to remove breeding grounds

g) Ensure a clean field before establishing a new plantation and remove volunteer banana plants

h) Trap around the mat using longitudinally cut pseudo stem, pick and kill

i) Traps can be improved if systemic pesticides are applied. 

NB: Birationals and concoctions does not necessarily kill pests but has repelling properties and provides more of nutrients.

iv. Soil Nematodes

These feed on the root tissues causing gradual death of roots thereby resulting into toppling of plants.
Control measures;

a) Use resistant or tolerant varieties e.g. M9, NAROBANs

b) Remove all roots and dead tissues from the corm before planting

c) Use tissue culture plants.

d) Apply manure at 1.5ft (45cm) from the base of the mat

e) Ensure a clean field before planting

f) Nematicides e.g. carbofuran can be applied in the planting hole and in established field

g) Introduce a break crop e.g. cassava and sweetpotato before replanting in devastated fields 

NB. Do not apply carbofuran less than 90 days to harvest.

21. Agro forestry in banana production

Agro forestry involves growing trees or shrubs around or among crops. Recommended agro forestry trees include albizia, calliandra, castor trees (erect varieties), gravelia and maesopsis (musizi). 

The trees can be planted as hedge rows or scattered in banana field depending on species and purpose.
Why agro forestry?
· Wind breaking

· Improves soil fertility 

· Providing staking materials

These can also act as a good source of staking poles, source of fuel wood and animal feeds.

22. Harvesting 

When harvesting take care to prevent the bunch falling heavily on the ground.

Make a cut (not too deep) in the pseudostem and allow the bunch to descend slowly under its own weight.

Cut off the bunch and reduce the pseudo stem to a least one metre. This enables translocation of nutrients into the follower sucker.

The remaining pseudo stem can be cut at the collar and covered with soil within a month after harvest.
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