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Other names of mango in Kenya are:

1. Scientific name: Mangifera
indica L.
2. Kiswahili – maembe

1.

Introduction

Origin and Distribution
Mango (Mangifera indica L.) belongs to the family Anacardiaceae with 75 genera and 700 species.
Mangifera consists of 69 species. The centre of origin of mango is southern Asia (Burma, Eastern
India and Andaman Islands). The mango has been cultivated, praised and even revered in its native
lands since ancient times. Buddhist monks are believed to have taken the mango on voyages to
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Malaya and eastern Asia in the 4th and 5th Centuries B.C. The Persians are said to have carried
it to East Africa about the 10th Century A.D. Mango is an important cash crop in Kenya.
Contribution to the Kenyan Economy
Mango is one of the high potential fruits in Kenya, suitable for different agro-ecological zones
ranging from sub-humid to semi-arid. In 2016, this fruit was ranked 2nd in terms of value amongst
fruits. The area under mango was 49,098 ha with a production of 779,147 million tons, valued at
KES 11.9 billion in 2016 (HCD, 2018). The leading counties in mango production by value are Makueni (30.4%), Machakos (23.2%), Kilifi (15.5%), Kwale (7.9%), Meru (4.5%), Embu (2.8%),
Bungoma (2.1%), Tana River (1.8%), Elgeyo Marakwet (1.1%), Muranga (1.1%), Tharaka Nithi (1%),
Kitui (1%), Siaya (0.9%), Taita Taveta (0.8%), Busia (0.7%) and others (5%). Mango is produced for
both local and export markets. Kenya exports mature mango to France and Germany and both
mature and immature to the United Kingdom, the latter for chutney-making. Kenya has a huge
potential to further increase mango production. However, the quality and quantity of fresh and
processed mango cannot adequately meet the demand of both domestic and export markets,
though there is limited reliable data available on this. Due to the high seasonality of this fruit the
sub-sector faces problems such as oversupply during peak season, resulting in high postharvest
losses, and insufficient supply during off-peak season.
Profit of small-scale farmers, who are the main producers of mango in Kenya, can however be
improved by cultivating the most suitable varieties and applying better tree management practices
such as integrated pest management (IPM), and proper harvest techniques. It would also be
important to strengthen farmer’s association since strong associations can negotiate higher
mango prices with the middlemen. The association can also facilitate and manage collection
centres and own mango trucking vehicles for their members, thus contributing to increased
profits for the farmers. Development of small-scale mango processing units will assist in reducing
the huge postharvest losses and creating income and employment for rural communities,
particularly women. Furthermore, mango can be easily processed into juice, jam, pickles, chutneys
or dried within production areas.
To further develop the mango export and large scale processing business, there is the need to
link these actors to farmers and to supply them with sufficient amounts of quality mango, including
early and late maturing varieties. Exporters rely on produce that fulfils quality standards of the
international market such as GLOBALGAP. For this farmers need to be trained on proper use
of approved pesticides and documentation of their use (traceability systems).
Botany
The mango is a densely-foliaged evergreen tree, some varieties of which grow to heights of 25
m. These trees are deep rooted (taproot grows to depths of 20 ft). leaves are evergreen and may
live for 100 to 400 years. Mango can produce fruit for 300 years. Its shape and height varies
according to variety and management. Once established, it serves as a useful windbreak, shade
tree and ornamental, with attractive perfumed flowers. Its growth is marked by flushes of new
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bronze-pink leaves, three to five times a year. These turn green on reaching maturity. Flowers
are produced on terminal panicles and occur during the early part of the dry season in the tropics.

Fig. 1. Potential and diversity of mango in Kenya
(Source: Lusike Wasilwa)
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Fig. 2. Mango production suitability map (Source: Kenya Soil Survey)
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Fig. 3. Mango production suitability map for Tana Delta-Lamu area (Source: Kenya Soil Survey)
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2. Ecological and Site Requirements
Along the Coastal region of Kenya, mango undergo two main growth flushes, one in May to
June and another November to December each year. However, in medium altitude areas, the
main growth flush occurs in May to June after the long rains. These growth flushes are
followed by flowering about 3 months later.
Altitude
Mango does well at elevations from sea level to 1500 m ASL.
Temperature
Temperatures of 24 – 30C influence flowering and pollen viability decrease at temperatures at
35 C. The optimum growth temperature is 250C.
Rainfall
Mango can grow well in areas which receive rainfall as low as 650 mm per annum. However,
there should be a marked season with dry weather for flowering and fruiting. Because mango is
a deep rooted, it is very tolerant to drought. Mango requires water at flowering and fruit set to
produce high yields. If this fruit is planted in a dry location, the trees should be irrigated
continuously until the fruit is harvested and then the irrigation interval can be reduced.
Soils
Mango thrives well on a wide variety of soils, provided they are not too water logged, too alkaline
or too shallow. A pH of 5.5 – 7.5 is preferred. Deep well drained, loam or clay is good.
Fertilization – organic fertilizers perform best. Mango require a constant supply of nitrogen.
More fertilizer should be applied if mangoes are planted in sandy soil.
N.B. Soil analysis to determine the type and rate of fertilizer to be applied must be done before any
fertilizer use recommendation. Quantity of manure and fertilizer application is dependent on the fertility
status of soil and age of the plant

4.

Varieties

There are two principal types of mango: Indian and Indochinese. Varieties of the Indian type
typically have monoembryonic (single embryo) seeds, highly coloured fruit and are susceptible to
anthracnose disease. Those of the Indochinese type have polyembryonic seeds (multiple
embryos), and fruit usually lacking in colouration, but they may have some resistance to
anthracnose. There are some varieties, however, that do not fit clearly into either group. Kenya
has 57 mango varieties (Kehlenbeck et al., 2010; Kehlenbeck et al., 2011). Many of these varieties
originated from Florida, Israel or Indonesia/Philippines and were introduced in Kenya in the
1980’s. In a study Apple, Haden, Kent, Ngowe, Sensation, Tommy Atkins and Van Dyke were
given as most important in Kenya (Kehlenbeck et al., 2010). Commercial varieties include Keit,
Sabine, Haden, Tommy Atkins, Van Dyke, Kent, Apple and Ngowe. New upcoming include
Alphonse and Nemrode.
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Ngowe

Sensation

Irwin

Keitt

Zulu

Sabre

Sabine

Van Dyke

Kent

Kent

Apple
Kensington
Fig. 4a. Mango varieties grown in Kenya (Source: Lusike Wasilwa)
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Van Dyke

Haden

Tommy Atkins

Ngowe

Glenn

Parvin

Maya (Source MB)

Boribo (Source MB)

Nimrod (Source MB)

Gesine (Source MB)

Golex (Source MB)

Chino (Source MB)

Peach
Heart (Source MB)
Fig. 4b. Mango varieties grown in Kenya (Source: Lusike Wasilwa and Maxwell Billah [MB])
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Mango varieties grown in Kenya are classified into areas they thrive best as follows:
Table 1. Hot and low altitude areas (0-700m A.S.L)
Cultivar Description
Maturity season

Seed type

Disease Resistance

Remarks

Ngowe (Kenyan
variety)
-

The fruit is large and long Early-season
with excellent flesh quality January - March
and fibre-free
Has a deep yellow colour

Poly-embryonic

Moderately resistant
to anthracnose

The most popular for
export market.

Boribo
(Kenyan
variety)

Fruit is long and large but Early-season
not as slender as Ngowe January - February
The flesh is deep orangered and fibre-free

Poly-embryonic

Moderately resistant
to anthracnose

Locally consumed
variety in the coastal
region

Apple
(Kenyan
variety)
-

Medium size, round fruit Early-season
Mono-embryonic
Ripe fruit is bright yellow- December - March
orange to red colour
Excellent flavour

Moderately resistant
to anthracnose

A favourite for the
local community

The fruit is very large,
Late-season
round and has a rich olive- Mid-January to
green to purple maroon
March
colour
The flesh has good
texture, little fibre and
good flavour

Moderately resistant
to anthracnose

A favourite for the
local community

Batawi
(Kenyan
variety) -

Poly-embryonic

Large fruit = 480g- 600g ; Medium fruit = 200g – 380g; Source: Griesbach, 2003; KALRO HRI-Thika and HRI-Matuga
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Table 2. Low and mid altitude areas (500-1500m A. S. L.)
Cultivar
Description
Maturity season
Tommy
Atkins

-

Kent
(Florida)

-

Van Dyke

-

-

Kensington
(Australia)
Haden
(Florida)
Keit
(Florida)

Seed type

Disease Resistance

Red fruit is juicy, firm, very sweet and Early-season – January to Mono-embryonic
fibreless
March (400-600 fruits)
Tree full and dense

Resistant to anthracnose

Green/red/yellow fruit that is soft, Late-season
Mono-embryonic
sweet and fibreless
March to April (450-800
The tree is large and upright
fruits)

Moderately resistant to
anthracnose

Red fruit, orange-yellow flesh, with Mid-season
Mono-embryonic
scanty fibre, oval shape,
January - March (280-400
Small to medium fruit
fruit)

-

Red/yellow fruit that is very sweet, Early-season
soft and fibreless
January (250-300 fruit)

-

Red/yellow fruit that is medium Early-season – January to late Mono-embryonic
texture with scanty fibre
February (450-680 fruit)
The tree is spreading; and alternate
bearing

Moderately to
susceptible
anthracnose

Large fruit, heart shaped
Yellow flesh colour
Moderate size tree

Moderately resistant to
anthracnose

-

Poly-embryonic

Late-season - March to April Mono-embryonic

Moderately resistant to
anthracnose
highly
to

- Elongated medium size fruit
Late-season - January to Mono-embryonic Moderately resistant to
- Moderate-large tree
March
anthracnose
- Yellow flesh colour
Large fruit = 480g- 600g ; Medium fruit = 200g – 380g; Source: Griesbach, 2003; KALRO HRI-Thika and HRI-Matuga
Sabine
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Tommy Atkins

Van Dyke

Haden

Kent

Sabine

Keitt

Apple
Ngowe
Fig. 5. Commercial mango varieties of Kenya (Source: Lusike Wasilwa)
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5.

Mango propagation

Fig. 6. Ripe and mature mango rootstock fruit ready for propagation
(Source: Lusike Wasilwa)
Seed propagation
Mango trees are readily grow from seed. Germination rate and vigour of seedlings is best when
seeds are obtained from fruits that are fully ripe (Fig. 6). Mango seed remain viable for only a
short time (3 to 5 weeks). Plant fresh seed (with flesh completely removed) that has not been
dried. If the seed cannot be planted within a few days after its removal from the fruit, then cover
it with moist earth, sand, or sawdust in a container until it can be planted.
1. Then the husk is opened by carefully paring around the convex edge with a sharp knife or
a pair of secateurs taking care not to cut the kernel, which will readily slide out (Fig. 7).
2. Husk removal speeds germination and avoids cramping of roots, and also permits
discovery and removal of the larva of the seed weevil (Fig. 7) in areas where this pest is
prevalent.
3. The husked kernels are treated with fungicide and immediately planted before it dries out.
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Remove all the flesh from the It is safer to use secateurs to When removing the husk, the
mango seed
remove the husk. Start from fragile seed coat can be
the distil end (part of fruit that pealed of or it breaks away
is attached to the tree)

Prop open the
remove the seed

husk

to Freshly extracted mango seed Mango seed-size differs based
on variety
Fig. 7. Steps for removing mango seed from fibrous husk
(Source: Lusike Wasilwa)

Polyembryonic types of mango can be propagated directly from seed producing a true-to-type
plant. This is the most common method of propagation in the tropics. Monoembryonic types do
not propagate true-to-type from seed, so they must be grafted onto seedling rootstocks, using
any available mango seeds. Because the fruits of seedling mango may not resemble those of the
parent tree (or are not true-to-type) grafting is the recommended method of propagation. Most
of the commercial varieties are monembryonic whereas some of the local types are
polyembryonic (Tables 1 and 2).
Mango propagation nursery
Mango propagation nurseries are best located on ground that is flat or slightly sloping to allow
for ease of water drainage. This facility should be near a reliable water source and sheltered from
strong winds.
Mango seed preparation. The nursery should have a covered structure for seed storage and
extraction. This room should be well ventilated.
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Spread mango seed with husks Separate bad or rotten types Use secateurs or a sharp knife
in a well aerated room. The with husks with healthy ones to extract seed from husks
seed will attain a dark-brown
to grey colour

Seed
extraction
needs Remove outer cover of seed While processing seed, keep
patience and expertise
ensuring that it is not husks separate from seed
damaged

Separate good healthy seed to “Bad” mango seed is not An example of a “bad” mango
be used for propagation
whole, off colour and may seed that is discarded
have damage from pests and
diseases
Fig. 8. Steps for removing mango seed from fibrous husk for commercial propagation
(Source: Lusike Wasilwa)
Mango rootstock preparation
Planting the seed with the hump at the soil level (Fig. 9). Seeds will germinate in 2 to 4 weeks.
Mango propagated from seed begins bearing 3 to 6 years after planting and 15 years to come into
full production.
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Planting seed in field nursery Healthy seed germinates with The shoots rapidly grow
(Source: KALRO HRI-Thika)
2 to 4 weeks

In extremely dry location, it is When the seedlings are about The seedlings are removed
advise to cover seed with 10cm tall they are ready to be from the seed bed and
shallow grass-mulch
moved
potted
Fig. 9. Planting mango seed into field nursery. This method is commonly used by nursery
operators in the coastal lowlands (Source: Lusike Wasilwa except where indicated)
In a high health nursery, the seed is planted directly into pots. The pots are placed directly
under sun for rapid growth.

Fig. 10. Mango rootstocks are planted directly in pots in a “high-health” nursery
(Source: Lusike Wasilwa)
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Vegetative propagation
Grafting in mango is recommended to:
- Shorten time to production (in India, double-grafting has been found to dwarf mango trees
and induce early fruiting.)
- Obtain true to type plants
- Obtain dwarf plants for tree management
- Able to grow mango in saline soils
Mango are propagated by grafting a recommended scion onto a rootstock (pencil size) using either
top-wedge or splice graft methods. Veneer grafting and chip budding may also be used. Planting
materials can be obtained from registered nurseries or KALRO.
Rootstocks- The dwarfing effect is achieved by use of desirable rootstocks e.g. Sabre and Peach. In
medium to high altitude areas, these varieties are the recommended rootstocks (Fig. 10 and 11).
For the lower altitudes e.g. the coastal lowlands, Kimji and Kitovu are recommended as rootstocks
(Fig. 11). For areas with saline or alkaline soils the rootstock variety 13.1 is recommended (Fig. 11).

A
B
Fig. 8. Peach (A) and Sabre (B) mango rootstocks (Source: Lusike Wasilwa)

Peach
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Sabre

13-1 (salt tolerant rootstock)

Kitovu (Source: Maryanne Karemesi)

Turpentine (Source: Joseph Njuguna)

Kimji (Source: Maryanne Karemesi)

Kitovu
Kimji
Fig. 11. Recommended mango rootstock varieties for Kenya (Source: Lusike Wasilwa)

Grafting tools for mango propagation
A nursery operator requires several tools and equipment to enable mango propagation including
a tree pruner/pruning saw, secateurs for harvesting scions, grafting knife, and grafting tape for
binding the graft union (Fig. 12).
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Potting spade (trowel)

Potting bag

Watering can

Budding knife

Knife sharpening stones

Grafting knife

Secateurs

Pruning saw

Grafting tape

When used for immediate
grafting, mango scions are
placed in placed container

Polybag or seran wrap is used
for storage of scions to
prevent them from drying

Fig. 12. Mango propagation tools and equipment (Source: Lusike Wasilwa)
18 | P a g e

Preparation of scion material
Three to four weeks before grafting girdle selected terminals about 30 below the apex. Girdling
causes accumulation of carbohydrate reserves in the scion that promote success of takes. The
best scion material is obtained from the tips of mature (rounded) shoots with prominent buds
(called tip wood) immediately before flushing. Tip wood is prepared two or three weeks before
use by removal of leaves from the scion, leaving 1 cm of petiole (leaf stem) remaining. The graft
stick is cut from the mother tree when required and should be about 6 to 8 cm long. If not used
immediately scions can be stored, wrapped in a moist paper towel (serviette) and plastic wrap
and placed in a cool, dark room for up to seven days.
a. Top wedge (cleft) grafting
This grafting method is used for material in which the stock and the scion are of similar diameters
about 4-6 mm diameter.
Procedure:
1. A wedge-like slanting cut is made at the base of the scion (Fig. 13a) with a sharp grafting
knife.
2. A vertical incision is made at the top of the rootstock (Fig. 13b).
3. The two pieces are fitted together (Figs 13c, 14), and wrapped firmly with a grafting tape
(Fig 14).

a

b

c

Fig. 13. Top wedge grafting (Source: Evans Kalangi)

Scions for top wedge grafting should be obtained from new wood (current season flushes). The
scions should be pencil-size with 3 to 4 nodes. A few leaves below the graft union enhances
success, see Fig. 14.
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Scions are harvested and Prepare
the
scion
by A wedge–like slanting (1 – 1.5
place on a moist clean cloth removing leaves and branches cm) cut is made at the base of
or paper towel
the scion with a sharp grafting
knife

Mango scion ready for Select health rootstocks with Use
secateurs
to
cut
grafting. Note the “pencil” pencil-size diameter
rootstock 15cm from soilshaped end
level

Remove leaves from the Make a vertical incision 1 – 1.5 Select scion that is the same
rootstock that are close to cm deep into the top of size as the rootstock
the soil-level
rootstock

Insert the scion into
Use grafting tape to wrap the
For a successful graft buds
rootstock ensuring that the
graft union in firmly place
will sprout three weeks later
two pieces are aligned.
Fig. 14. Steps for top-wedge grafting of mango (Source: Lusike Wasilwa)
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b. Side wedge grafting
This graft is used when the stocks are much larger than the scion material. This graft is more
difficult to perform and greater expertise is required.
Procedure:
1. Firstly, a long sloping cut (25 to 30 mm long) is made at virtually any point on the stock,
although preferably 10 to 20 cm above soil level. This cut should not sever the stock
completely. The top portion is temporarily retained (Fig. 15a).
2. The scion (of similar size and type) is cut in a wedge fashion with one side of the wedge
being slightly longer than the other (Fig. 15b). The length of the wedge should match the
cut in the stock.
3. By exerting slight pressure on the stock above the proposed union, the first cut will open
and allow the scion to be inserted (Fig. 15c). The operator should make sure the cambium
layers correspond.
4. The graft is then bound with grafting tape, to cover all cut surfaces and take the ends well
past the union. Grafting tape can be applied lightly over the whole union (to prevent
entry of fungi or water) and the scion taped as previously described (Fig. 16).
5. After four to five weeks the top portion of the stock is then removed with secateurs at
the point immediately above the union.

a
b
c
Fig. 15. Side-wedge grafting; a = cut the scion at an angle; b = cut a v-cut into the rootstock; c
= insert the scion into the rootstock aligning the cambiums (Source: Evans Kalangi)
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Scions are harvested and place Prepare
the
scion
by A wedge–like slanting (1 – 1.5
on a moist clean cloth or removing leaves and branches cm) cut is made at the base of
paper towel
the scion with a sharp grafting
knife

A tapered cut (2 cm) is made The scion with 2 sets of buds Align the scion so that the
into the scion on the adjacent with a tapered cut is inserted cambiums align
side a1 cm cut
into the rootstock

Wrap the graft union with Several leaves are left to
grafting tape
nurse the graft union
Fig. 16. Steps for side-wedge grafting of over-grown mango rootstocks
(Source: Lusike Wasilwa)
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c. Veneer grafting of mango
Veneer grafting rootstocks should be about 6 months old and 6 to 12 mm thick (pencil size).
Procedure:
1. A long tailed cut (5 to 7 cm) is made through the bark and just into the wood in an area
where the stem is straight at least 7 to 10 cm above the soil line (Figure 17 a).
2. A short cut is made at the base of the first one, forming a notch.
3. A scion with two to three buds of an equal or slightly smaller diameter than the rootstock
is prepared by making a slant cut on one side equal length to that made on the rootstock.
4. A small cut is made at the base of the scion on the opposite side so that the scion will fit
into the notch on the rootstock.
5. The scion is inserted into the rootstock ensuring that the barks are aligned. The entire
graft should be wrapped (Figure 17b).

Scions placed on a moist
clean cloth or paper towel

Insert the
rootstock

scion

into

the

Ensure that the scion and The scion that is properly The rootstock is trimmed of it’s
rootstock are aligned
placed will not drop
lower leaves and cleaned

Ensure that the union is in Cover the scion and rootstock Secure the graft with grafting
place
with grafting tape
tape and bags
Fig. 17. Veneer graft preparation of scion and rootstock (A); wrapping scion and graft union (B)
(Source: Lusike Wasilwa)
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d. Cleft grafting of mango
Cleft grafting is method commonly used to propagate mango because it is easy to perform and
has a high percentage of success. Scions for cleft grafting are larger with 3 to 4 nodes.
Procedure:
1. Remove soil or debris adhering on the stem of the rootstock.
2. Cut rootstock at the point where the stem is actively growing i.e. has a greenish-brown
colour.
3. Leave at least four to six leaves below the cut or graft area.
4. Choose a scion (10 to 15 cm long) whose diameter is the same size as the rootstock and
cut a smooth wedge of about 2 cm long.
5. Make a vertical cut at the middle of the rootstock, deep enough so that the wedge of the
scion fits.
6. Insert the scion into the rootstock and secure it with polyethylene plastic strip. This
should be tied firmly to avoid entry of water which can eventually cause the rotting of the
graft union.
7. Wrap the entire scion with a polyethylene plastic strip to minimize loss of water.
8. A polyethylene plastic bag can be used to cover the scion if grafting is undertaken during
the rainy season to avoid rotting of the graft point.
9. Maintain the grafted plants under shade until new shoots develop and then transfer them
to an open area.
e. Top-working of mature mango trees
Mature trees of inferior mango varieties are top-worked to better cultivars using either sidegrafting or crown-grafting the trunk or main branches. When top-working a mango tree, leave at
least two fully leafed branches intact (Fig. 15). Such trees need protection from sunburn until the
graft affords shade. Top-worked trees will bear in 2 to 3 years.
Procedure:
1. Saw off branch or trunk at right angle to the grain
2. Split the bark using a heavy knife and a hammer to split the stock about 4 cm deep into
the branch through the centre (Fig. 18)
3. Use a screwdriver or a chisel to prop open the split trunk
4. Use pencil-size one-year-old scions that are knot-free with at least three buds
5. Make a long (1 to 1 – ½ inches long) smooth cut towards the base from the lowest bud
Perform this operation on the other side creating a wedge with a blunt tip
6. Insert the scions (usually two scions) and align the cambiums
7. Remove the screwdriver and wax all the cut surfaces and ensure that there no cracks are
evident a few days after grafting.
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Fig. 18. Steps to follow when top working macadamia nuts (Source: Evans Kalangi)

Top-worked young seedling Successful top-worked tree Successfully
with scion wrapped with with grafting tape only at graft grafted tree
grafting tape
union
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top-worked

Top-worked mature tree
with 2 of 3 successful grafts
(Source: Lusike Wasilwa)
Fig. 19. Top-working mango trees (Source: Muo Kasina)
After care of grafts
Newly grafted plants should be placed under 50 per cent shade. They should not be over-watered
as the roots have a reduced leaf area to service and are easily damaged by over watering.

Mango seedlings placed in tunnel after grafting After 3 to 4 weeks the tunnel is removed to
begin the hardening process
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The plants can also be individually wrapped with a grafting bag for 3 to 4 weeks. The plants
should be clearly labeled.
Fig. 20. Mango seedlings in Malindi, Kilifi County (Source: Lusike Wasilwa)
1. As the new shoots develop the grafting tape on the scion is loosened and progressively
removed. The union between rootstock and scion should be completed in two to three
weeks. The scion will soon begin to grow without assistance. All tapes should be removed
within six weeks depending on the scion growth.
2. The side graft needs extra protection once the tape over the union has been removed. A
coating of wax maybe necessary to prevent water and fungi entering the partially-callused
union.
3. Any shoots developing below the union must be removed, as they will affect scion growth.
Only one shoot is allowed to grow. The young shoot maybe tied loosely to stake for
support as it grows.
4. Depending on growth and vigour of the plants, grafted trees may be planted out within
six months of grafting.
5. Planting out in the field when the trees are making flush growth should be avoided.
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Table 3. Location of Nurseries Propagating Mango
County
Location

Contacts

KALRO Centres
1

Baringo

KALRO-Perkerra

2

Busia

KALRO-Alupe

3

Embu

KALRO-Embu

4

Kakamega

KALRO-Kakamega

5

Kisii

KALRO-Kisii

6

Kisumu

KALRO-Kibos

7

Machakos

KALRO-Katumani

8

Muranga

KALRO-Thika
(Horticulture Research
Institute)

9

Muranga

KALRO- NSRC

10

Muranga

11

Nairobi

KALRO-Practical Training
Centre (PTC) or
Macadamia Research
Centre, Thika
KALRO-Muguga South

12

Trans Nzoia

KALRO-Kitale
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P. O. Box 32 – 30403, Marigat
Email: kalro.perkerra@kalro.org
Cell: 0721-433-316
P. O. Box 278 – 50400, Busia, Kenya
Email: kalro.alupe@kalro.org
P. O. Box 27 – 60100 Embu
Email: kalro.embu@kalro.org
Cell: 0727-444-638
P. O. Box 169 - 50100, Kakamega
Email: kalro.kakamega@kalro.org
Tel: 2030031/39
P. O. Box 523 - 40200, Kisii
Email:
Cell:
P. O. Box 1490 – 40100, Kisumu
Email:
Cell:
P. O. Box 340 – 90100, Machakos
Fatuma 0721-834-665
Email: Fatuma.omari@kalro.org
fatumaghelle@gmail.com
Grace Watani
P. O. Box 220 – 01000, Thika
Email: Grace.Watani@kalro.org
Cell: 0729-226-344
P. O. Box 7816 – 01000, Thika
Email: kalro.sericulture@kalro.org
Cell: 0732-938-959
P. O. Box 220 - 01000, Thika
Email: tony.njue.nyaga@gmail.com
Cell:
P. O. Box 30148 - 00100, Muguga
Email:
vincentochieng1978@gmail.com
Cell: 0770-153-758
P. O. Box 450 - 30200, Kitale

County

Location

Contacts
Email: director@kalro.org
Tel: 020-3509161

1

Busia

ATCs
Busia ATC

2

Bungoma

Mabanga ATC

3
4

Garissa, Garissa
town
Taita Taveta

ATC Garissa
Wundanyi ATC

5

Meru, Nkubu

1

Kirinyaga

2

Kirinyaga,
Gathigiriri
Trans Nzoia,
Kitale - Waitaluk
Nakuru, Nakuru
Town
Muranga, Kabiti
–Makuyu

3
4
5

Kaguru ATC (ICRAF)
GoK Prisons
Kerugoya (G.K.) Prison

Mwea (G.K.) Prison
Kitale Annex Prison
Nursery
Nakuru Prisons Nursery

Farm Manager
Tel: 020-345-9784/5
Farm manager
Cell: 0721367578
Mr. Maina;
Cell: 0722-448-027
Faith Ikara

Maranjau G.K. Prisons

Peter Mbuthia Tel. No. 0727592879

6
7
8
9
10
11
1
2

Nyeri, Kingongo
Kisumu
Garissa
Garissa
Lamu, Hind
Kilifi, Malindi
Kiambu, Juja
Thika
Arror-Marakwet
West
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P. O. Box
Email:
Cell:
P. O. Box 33 50200, Bungoma
Charles Ndenga
Cell: 0725-093-929
Email: atcmabanga@yahoo.com
Email:
Cell:
P. O. Box
Email:
Cell:
Gitonga/ P.O Box 112 Nkubu

G.K Prisons
Kibos prisons
G.K farm fruit & tree
Nursery
Garissa Medium Prison
Hindi GK Prison
Malindi GK Prison
Institutions
JKUAT Enterprise Nursery
KVDA Arror

Chirchir; 0721974958; Gerald
Muchiri 0723917922
Mr. Okoth; 720002080
Kisyoka/ Box 38 Garissa/
0720800849
OIC Box 50 Garissa/ 208020348
Josephat Kimani -0723842054; Toya
0720875884
Abdullahi Kituu 0729673474
Francis Kimuyu
Cell: 0722-333-685
O723-555-357

3

4

County

Location

Contacts

Trans Nzoia,
KishaunetKapenguria
Nyeri,
Kiriaini/Kangema

KVDA Suam Catchment
(Kotoruk)
Mac-nut Products

Chelimo
Cell: 0727-984-016
Mr. Mugi
Cell: 0722-332-496
Patrick
Cell: 0712438698; 0722425587
Elias Mangale 0723960993,
0735227877

5

Meru
6

Mombasa
1

Bungoma Naitiri

2
3
4

Embu
Embu
Embu, Mbeere
North
Embu, Mbeere
North

5
6
7
8
9
10

11

12
13
14
15
16
17
18

Embu, Siakago
Garissa
Homabay
Kajiado, Kimana,
Oloitok tok
Kerugoya,
Kibirigwi Kirinyaga
Kerugoya,
Kibirigwi Kirinyaga
Kilifi, Bahari
Kilifi, Bahari
Kilifi, Malindi,
Gede
Kitui, Mwingi
Laikipia Central
Laikipia, Nanyuki
Lamu, Hindi
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Mitunguu Irrigation Scheme
Coast Development
Authority
Other Nurseries
Good Neighbours

Kamiru F. T. N
Karanja Njuguna nurseries

Zippy Simiyu
P. O. Box 3731-30200, Kitale
Cell: 0722-220-889
Email:
goodneighbours@yahoo.com;
zippy@goodneigbours.co.ke
Cell: 0723780954
Karanja Njuguna Cell: 0722334026

Rwika mango nursery

0722-334-026

Siakago Agro-forestry
Siakago Agro-forestry &
F.T.N.
Jamhuri Fruit Tree Nursery
Bosco Ooko
Ngaishi Environment
Project

Josephat Njeru - 0713021442
0713021442
John Muthengi 0723259808
Bosco Ooko
Parsanke Sayianka;
psayianka@yahoo.com

Julia Nurseries

M. Njogu, Box 619 Karatina

Kibirigwi Co-op soc.
Wilfred Chirao
Mzee Jacob Mtawali Charo

Nursery in-charge
Wilfred Chirao 0729938153
Mzee Mtawali

Magangani F. F. S
Bidii Tree Nursery
Alime Commercial Nursery
Sweet-waters Fruit
Nursery
Masande Self Help Group

Susan Sonje 0721278856
James, Box 26 Mwingi - 0722893148
0723818160
0723818160
Stephen Gichobi 0714717928

County
19
20

21
22

23

24

25
26
27
28
29

30

31
32
33
34
35
36
37

Machakos
Central
Machakos
Central;
Location at DCs
offices
Makueni, Nzaui
location
Makueni,
Kibwezi
Kikumbulyo
location
Makueni,
Kibwezi,
Nguumo
location
Makueni,
Kibwezi District,
Kikumbulyo
Location
Meru, Marimanti
Meru
Meru, Imenti
North
Meru, Tigania
/Mitunguu
Muranga, Nginda
-Maragua
Muranga South
Muruanga,
Kariua –Muranga
South
Muranga,
Kiriaini/Kangema
Nakuru, Bahati
Nakuru, Subukia
Nyeri
Nyeri / town
Siaya, Bondo
Taita Taveta,
Bura, Madogo

Location

Contacts

ABC/ARTC Nursery

0722859579; /044 21288

Mwanzo Mpya Nursery

0714326227

AIC Malooi Youth Nursery

0734647113

ABC Fruits & Agro forestry
Nursery
Peter Kimweri - 0701537373
Makindu Hand Craft
Cooperative Society
Nursery

Solomon, 0724744432; James 00719533907; member 0723553433

Francis Muli Ndunda
Nursery
Umoja tree Nursery
Vision Growers

Francis Muli -072400380
0734771336; 0728028134
0722-895-429

Meru Victory

0723813914; 0713115111

CCS -Mitunguu

Gitonga/ Box 42 Mitunguu

Gee Mac Agricultural
Nurseries

Macharia Kabui Tel. No. 0722706037

Mbari ya Mboche Nursery

Peter Gicheru Tel No. 0721867625

Mac-nut products
Friends Tree Nursery
Umoja Nursery
Solidarity
Erastus Ng’iru Ramuchi
Nyandera Green valley
Live Flowers and Fruit Tree
Nursery

Mr. Mugi 0722-332-496
Peter Githuka Njoroge
Joseph Mwangi, Tel.0724412461
204756985
0736943308
Peter Ogutu, 0735623599

38

Taita Taveta,
Voi, Maungu
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Wildlife Works Organic
Project

Mrs. Nderitu 0722351309
Laurian Lenjo -0722281851; Erick 0729590531; Willy Kanyigi
0717574765

County

Location

Contacts

Uasin Ngishu,
Kapsara, Eldoret Benjamin Lukano
Benjamin; 0733990574, 0725170692
ATC – Agricultural Training Centre
KALRO - Kenya Agricultural & Livestock Research Organization
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6. Mango Orchard Establishment
About 6 weeks before transplanting the taproot should be cut back to about 12 in (30 cm). This
encourages feeder-root development in the field.
Dig holes 60 x 60 x 60 cm at a standard density spacing of 8 x 8 m to 10 x 10 m) or high density
spacing of 6 x 4 m or 5 x 5 m depending on growth characteristic of the individual variety and
the type of soil. If a closer spacing is used than is recommended, crop reduction will be realised.
The holes should be dug during the dry spell or two months before planting. The topsoil and the
subsoil should be kept separately. Fill the hole with the topsoil mixed with two debes of welldecomposed farm yard manure and 150g of DAP.
Transplanting
Place the seedling in the centre of the hole and cover firmly with the topsoil. Fill the hole and
press the soil around the stem firmly. Ensure that the seedling is at the same soil level as that of
the soil when the seedling was in the potting bag i.e. avoid burying the graft union. Make a basin
around the seedling for holding water (Fig. 21).

Prepare hole
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Carefully remove potting bag Ensure that the soil covering
without disturbing the roots.
the roots remains intact.

Put topsoil into hole with seedling in the centre
Water seedling
Fig. 21. Steps on preparing and planting mango
Transplanting is more successful when carried out during the long rains. Irrigation is necessary in
absence of adequate rainfall for proper establishment of the young trees. Mulching around the
tree is recommended to smother weeds and to conserve moisture.
Trees should be top-dressed with 250g of CAN per tree at the beginning of each rainy season
after the trees attain a height of 1 m. However, the rate may vary depending on the soil fertility
status. In the early years’ mango require high levels of nitrogen but after they begin to bear, the
fertilizer should be higher in phosphate and potash.
Basin formed
with subsoil
Plant

Plant set at
nursery depth

Planting hole
60cm wide and x
60 cm deep

Fig. 22. Drawing of how to plant a mango seedling. The cross section further defines the layout
of the hole. (Source: Evans Kalangi)
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7. Management of young orchards
Care of transplanted seedling
Staking of the seedling should be done immediately after transplanting to prevent lodging. Staking
should be done using straight stakes (Fig. 23) onto which the seedlings are tied. The seedlings
should be watered immediately after staking. The following cultural practices should be carried
out:

Fig. 23. Mango can be intercropped with legumes, vegetables and forages for 10 years
(Source: Lusike Wasilwa)
Watering. The trees are sensitive to both waterlogging and water stress. Irrigation is important
during establishment of young trees because it doubles the growth tempo of young trees in a dry
season. Watering at least once or twice a week provides adequate moisture. Due to the deep
root system the trees can survive several months without irrigation. Mature trees should receive
1,800L of water per tree every 2 weeks.
Mulching. This helps to maintain soil moisture, improve soil fertility and suppress weeds. The
mulch should be placed 10-15 cm from the base of the tree. Commonly used mulches include
coffee or rice husks, sisal waste, grass and banana leaves.
Weed control. Weed control minimizes competition for water and nutrients. An area 1.5 times
the size of the tree canopy should be weeded (Fig. 23). Hand weeding or chemical control using
Roundup or glyphosphate are recommended.
Formative pruning
Formative pruning is the training done on the grafted plants to make the tree grow upright to a
height of 1.0-1.5 m. This work should be done within the first 5 years after establishment of the
macadamia nut tree and is important for continuous development of the tree.
34 | P a g e

Fig. 24. A young mango orchard (5 years) in KALRO ICRI-Mtwapa ready for mulching
Removal of suckers
Suckers are shoots growing from the rootstock. They compete with scions for food hence they
should be removed. Lateral branches on the scions suppress upright growth of the scion
material. When removing horizontal shoots/branches, ensure that leaves of the main stem are
not removed. Desuckering should be done continuously in year one until the tree is 1 m high.
Fire breaks
To avoid the risk of fire in the field, it is necessary to put fire breaks around the field soon after
planting particularly during the dry season
Pollination requirements
Mango is highly depended on insect pollination. A diversity of flower visitors such as honey bees,
stingless bees, small carpenter bees, blow flies and hoverflies are known to synergistically provide
sufficient pollination service. Thus pollinator management plan should include aspects of bee
forage management (annual provision of pollen and nectar resources), water and prevent shoot
cutting particularly the ones that bore fruits last time.

7. Orchard Management
Pruning
Mango trees are pruned to increase light into the canopy so as to encourage flower bud formation
and hence yield. They are also pruned to stimulate new growth, promote uniform annual bearing,
and to control size during the dormant season.
Only formative pruning is desired. Cut the main shoot at 1m high. Leafy branches will grow from
the buds just below the initial cut. Save three or four horizontal shoots which arise at wide angle
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to make a strong frame of the tree. Remove all the upright shoots. Subsequent pruning is done
to remove dead wood and to open the canopy at the centre.

Fig. 25. A well-managed mango orchard showing properly pruned – 5 year-old trees in Kilifi
County (Source: Lusike Wasilwa)

Fig. 25. The centre of mango trees is usually pruned to allow adequate light penetration into
the canopy i.e. coppicing – 7-year-old tree in Kilifi County (Source: Lusike Wasilwa)
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Flower induction
1. To induce off season crop, spray with potassium nitrate (2-3 kg/ha) when the plants are
dormant.
2. Cultural methods - Deprive the plants water for a period of 1-2 months to induce stress and
then irrigate the trees regularly.
3. Shading prevents or delays flower bud formation.
Fertilization regime for mango
Mix one debe (15 kg) of well decomposed manure and 120 g of DAP fertilizer with top soil and
return this to the hole. Plant the young tree and then press the soil around the stem firmly.
Irrigation is necessary in absence of adequate rainfall for proper establishment of the young trees.
Mulching around the tree is recommended to smother weeds and to conserve moisture.
Trees should be top-dressed with 250g of CAN per tree at the beginning of each rainy season
after the trees attain a height of 1 m. However, the rate may vary depending on the soil fertility
status. In the early years’ mango requires high levels of nitrogen but after they begin to bear, the
fertilizer should be higher in phosphate and potash. 17:17:17 fertilizer would be ideal for bearing
trees. For fully mature tree (about 10 years) the rate of this fertilizer should be 1-2 kg per tree
depending on the soil analysis. For rain-fed production, application should be split into two for
long and short rain seasons. Additional mature would be beneficial at least once a year.
Fertilizer NPK 20:20:10 should be applied in two split applications just before the short and long
rains. The fertilizer should be applied under the tree canopy and away from the tree trunk. It
should be gently incorporated into the soil to avoid runoff. Rates of fertilizer should be increased
as the tree grows to a maximum of ten years (Table 4).
Table 4: Recommended fertilizer and manure rates for mango
Year
FYM
DAP
CAN
LR
SR
LR
SR
LR
SR
1.
2
1
150
50
50
2.
2
2
150
100
100
3.
2
2
200
100
150
4.
3
2
200
200
200
5.
3
2
200
200
200
>6
3
2
200
200
200
LR = Long rains; SR = Short rains; FYM = Farm yard manure in debes

LR
150
200
200
200
200

NPK
SR
150
200
200
200
200

200

200

NB: For site specific fertilizer recommendations, soil analysis is necessary. This service is
available at National Agricultural Research Laboratories of KALRO (Kenya Agricultural &
Livestock Research Organization).

37 | P a g e

Intercropping. The objective of intercropping macadamia nut with other cash/food crops
(common bean, cowpeas, vegetables e.g. tomato, watermelon, squash, pumpkin, green peas,
chilies, eggplant and French beans; root and tuber crops (Irish potato and sweetpotato); nuts
(ground nuts); staples (maize and cassava); and short duration perennials (e.g. papaya and
passionfruit) to increase the gross margin per unit area.
Conservation agriculture. It is also recommended to cover the orchard floor with mucuna.
This legume not only contributes to conservation of moisture, but also controls weeds and
contributes to nitrogen fixing thus reducing the amount of inorganic nitrogen applied per acre by
200 kg.

8.

Pests and Disease Management

Major pests of mango include Ceratitis spp, Pterandus spp, mango scale (Aulacaspis tubercularis
Newstead) and mango seed weevil Sternochetus (Cryptorhynchus) mangiferae.
The table below shows the diseases and pests of economic importance of mango and
recommended control measures.
Table 5. Pests and diseases of mango
Damage and Description Control Measures

Diseases
Anthracnose
(Colletotrichum gloesporioides)

-

-

-

-

-
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This fungal pathogen
infects flowers, young
fruits, leaves, young
twigs
Black sunken irregular
lesions (spots) form on
flowers, fruits (see
picture) and leaves
Infection on these plant
parts may lead to death
of the flowers before
fruits are produced
Most green fruit
infections remain hidden
until fruit ripening
Fruits may drop from
trees prematurely

Cultural control:
- Field sanitation –
remove all fruit from
orchard floor and bury
(0.5m)
- Prune diseased twigs
and flowers and burn
them along with fallen
leaves and fruits
Genetic resistance:
- Plant tolerant varieties
e.g. Tommy Atkins
Postharvest
management:
- Dip fruits in
Carbendazim (0.1%) in
hot water at 52°C for
15minutes
- Dip fruits in warm water
(53°C) for 5-10 minutes,

Bacterial spot
Xanthomonas campestris

Damage and Description
- On leaves, damage
appear as angular,
brown to black spots
- These pictures show
mango fruits and stem
infected with
anthracnose

Control Measures
then in tap waters for 2
hours to cool down
- Where feasible store
the fruits at 10-12°C
Chemical control:
- Apply copper based
fungicides e.g. Kocide
DF, Copper
oxychloride, Antracol
from flower
development until
harvest
- Spray with either
Azoxystrobin or
Difenoconazole based
products using
manufactures
recommendations
Note: chemical control
should be avoided

-

Black lesions form on
fruit thus lowering fruit
quality.
The lesions produce a
gummy exudate

Cultural control:
- Provide a windbreak for
the mango orchard
- Prune and burn infected
stems
Chemical control:
- Apply copper based
fungicides e.g. Kocide
DF, Copper oxychloride

Is one of the most
serious diseases of
mango affecting almost
all the varieties
Infected plants display
white powdery spots on
the leaves and stems
The lower leaves are the
most affected
The symptoms appear
on the upper part of

Cultural control:
- Collect and burn or
bury all infected plant
parts to reduce survival
of the fungus on fallen
plant waste
- Remove severely
infected plant parts from
the trees and burn them
- Prune mango trees and
remove tall weeds to

-

Powdery mildew
(Oidium mangiferae)

-

-

-
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Damage and Description Control Measures
leaves, flower stalks,
improve air circulation
flowers and young fruits
and reduce disease in an
orchard
Chemical control:
- Apply fungicides such as
Topsin M (Thiophanate
methyl 500g/l) and
Nativo SC
(Trifloxystrobin 100g/l +
Tebuconazole 200g/l) at
50% flowering stage or
when the first signs of
disease are observed
- Read the fungicide label
carefully and follow the
manufacturer’s
instructions
Mango scab
Elsinoe mangiferae or Denticularia
mangiferae

-

-

-
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Brown spots
surrounded by yellow
edges and dark dead
tissue on the lower
surfaces and elongated
along main veins under
the leaves
Disease occurs as
slightly raised grey oval
wounds, 1 to 2 mm in
diameter.
Symptoms can be large
light tan corky areas
which resemble scar
tissue from insect injury
Disease occurs as small
black wounds on newly
set fruit
Heavily affected fruits
fall

Cultural control:
- Plant at low altitude at
1,200 ASL and below
- Prune the trees to allow
penetration of sunlight
- Prune and burn or
burying deep any
infected plant parts
- Collect and destroy by
burning any fallen fruits,
branches and leaves
Genetic Resistance
- Plant resistant or
tolerant varieties.
- Where the disease is
prevalent, avoid growing
apple variety
Certified seedlings:
- Purchase disease free
seedlings from reputable
nurseries such as
KALRO
Chemical control:
- Apply weekly sprays of
copper based fungicides

Black band disease of mango
Peziotrichum corticolum

Damage and Description Control Measures
such as Copper
hydroxide 77% and
Copper (I)oxide in
nurseries to control
infection especially in
wet weather
- This disease caused by a Cultural control:
fungal pathogen
- Prune the tree to allow
- This disease was first
more light through the
reported in 2004 and is
canaopy
becoming common in
Chemical control
mango growing regions
- Use Copper oxychloride
in the coastal regions
or Milraz according to
- The disease grows on
the manufacturers
the bark of trees as
recommendations
bands that are black
- Sulphur has also been
resembling charcoal
reported to control this
disease

Mango fruit rot

-

These are caused by
many diseases

Dieback of mango
Botryodiplodia (Lasiodiplodia)
theobromae

-

This is an important
disease of mango that
farmers tend to ignore
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Cultural control:
- Field hygiene – bury
deeply all rotten fruits
- Early scouting to detect
presence and taking
action will reduce
damages and loss
- Collect all infected fruits
on the tree and those
on the orchard floor
burn or burry
Cultural control:
- Prune infected stems
Chemical control:

Damage and Description Control Measures
- Symptoms include drying - Spray with Copper
of stems and branches
Oxychloride) (0.3%) on
followed by defoliation
infected trees controls
the disease
- 2. The cut ends of the
pruned twigs are pasted
with Copper
Oxychloride (0.3%).

Pests
Mango seed weevil
Sternochetus mangifera

-

-

Source: Muo Kasina

-

Source: Muo Kasina

Mango fruit flies
African invader fly (Bactrocera
dorsalis), Mediterranean fruit fly
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-

The pest barrow into
the fruit
It is a small beetle
whose larvae burrows
through the pulp to feed
on the developing seed
The pest is spread
through fruit, seed and
cuttings containing
larvae, pupae or adult
Premature early fruit
drop causing reduced
yield
The mango seed weevil
emerges from the seed
of the fallen fruits
Damaged fruit pulp
leading to lower fruit
quality

Cultural control:
- Field hygiene – bury
deeply all rotten fruits
- Early scouting to detect
presence and taking
action will reduce
damages and loss
- Collect all fallen fruits
immediately after mango
harvest and burn or
burry deeply or put in
drum with water to
drown the weevil
Chemical control:
- Spray with Labaycid,
from of fruit set until
fruits are about 5 mm in
diameter
- Paint the trunk, with
white wash mixed with
an insecticide like
Dusban prevents weevil
from climbing tree
- Apply banding materials
such as Chlorpyrifos
and grease bands
Tangle foot
- Band tree trunks 15-30
cm from the ground

Fruit flies cause serious Pheromone traps:
- Use Methyl-eugenol
damage to fruits
mixed with a pesticide
Yield loss on mango due

(Ceratitis capitate), Mango fruit fly
or Marula fruit fly (Ceratitis cosyra)

Damage and Description
to this pest in Kenya can
be as high as 30% to 80%
in some areas
- Fruit flies attack fruits
when they are mature
and ready for harvesting
- Attacked fruits usually
shows oviposition marks
(made by females while
laying eggs) around
which necrosis may
occur
- Pesticides application is
not recommended at this
time because of residual
residues
- When the eggs hatch, the
maggots feed on the fruit
flesh making passageways
- Wide spread fruit drop

African invader fly (Bactrocera
dorsalis) - Source: J. Mulwa

Mango fruit fly or Marula fruit fly
(Ceratitis cosyra)
Source: J. Mulwa
Mango gall minge
Erosomya mangiferae

-
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Control Measures
(lures to be replaced
once in 30 – 40 days)
for B. dorsalis;
- TriMed lure and a
toxicant for Ceratitis
cosyra, and C. capitata (to
be serviced every 6
weeks)
Biological control:
- Fungi (Metarhizium
anisopliae) could be used
to manage the pest.
Cultural practices:
- Field sanitation - collect
all damaged and fruits
from orchard floor and
bury them deep (0.5m)
- Submerge the rotten
fruit in a drum of water
to drown the worms
- Harvest fruit at the
mature-green stage
Protein bait sprays
- Use beer waste based
protein baits/molasses
mixed with a very small
amount of insecticide
and applied as a spot
spray to the foliage
Chemical control:
- Use insecticides such as
Spinosad products e.g.
Tracer* 480 SC
(Spinosad 480g/L),
Delegate* 250 WG.
(Spinetoram 250g/L)

The insect pest is active Field sanitation:
during leaf flush after - Keep the field clean by
rains
raking burning the leaves
Gall minge lays eggs on - Prune infested brunches

Damage and Description
leaves that form pimpleor-wart-like structures
(see picture) that turn
frm brown to black
- If infestation is high, leaf
defoliation occurs

Mango scales and mango
sooty mold (Meliola mangiferae)

-

-
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Found on leaves, stems
and fruits
The scales are yellow or
mostly white in colour
and can be seen moving
actively on the foliage or
fruit
The scale insect excrete
large amounts of
honeydew which
promote the growth of
sooty mold (see picture)

Control Measures
- Keep the field free of
weeds that serve as
alternate hosts
Genetic resistance:
- Plant tolerant or
resistant mango varieties
e.g. Tommy Atkins
Sticky traps:
- Use sticky traps to trap
the flies
Chemical control:
- Use Confidor at the
peak of the flushing
period when gall midges
are extremely active.
This pesticide can the
alternated with Decis
following the
manufacturers
recommendations
Cultural control:
- Prune plant parts that
are highly infested and
burn them
Manual control:
- When the infestation is
not high, scales can be
rubbed of the tree
Botanicals/
Biopesticides:
- Use insecticidal soap
- Use a chili spray - 4 cups
of ripe chili pods or 5
cups of chili seed in 3
liters of water a boil for
15-20 minutes, cool,
strains and spray
(Pesticide Action
Network)
Chemical control:
- Use a mixture of either
Confidor or Folimat
with D-Citron and apply

Mango Mealybugs
(Maconellicoccus hirsutus)

Source: Maxwell Billah

Thrips Flower thrips (Scirtothrips
sp.)
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Damage and Description Control Measures
when the scales are at
crawler stage
Manual control:
- Mealybugs can be
- When the infestation is
located by tracing the
not high, mealybugs can
path of feeder ants on
be picked or rubbed of
the stems and branches
the tree
- Adult mealybugs have a
Cultural
control:
white mealy wax cover.
- Prune plant parts that
When the infestation is
are highly infested and
high they have a cottonburn them
like appearance (see
Biological control:
picture)
- Can be controlled by
- The picture shows an
application of
advance mealybug
Metarhizium strains
infestation
- Use entopathogenic
- A heavy infestation will
nematodes (EPNs)
cause leaf, flower and
Botanicals/
fruit drop
Biopesticides:
- Use insecticidal soap
- Use a chili spray - 4 cups
of ripe chili pods or 5
cups of chili seed in 3
liters of water a boil for
15-20 minutes, cool,
strains and spray
(Pesticide Action
Network)
Chemical control:
- Use a mixture of either
Confidor or Folimat
with D-Citron and apply
when the scales are at
crawler stage
- Thrips feed on the
- Cultural control:
surface of the green
Regular scouting of the
orchard is encouraged.
husk and deposit their
Splash with ash on
excreta giving the nut a
flower buds. Use plant
pale-brown/bronze
extracts from tephrosia
colouration
and chilly
- Thrip damage is sporadic
and does not affect yield - Biological controls:
Use of blue sticky traps.
Use Fawligen (Bt) or use

Mango rose flower beetle

Mango leaf coating mites
Cisaberoptus kenyae

Damage and Description
- Thrips are not visible to
the naked eye
- Variety MRG-1
(upcoming variety) is
more susceptible to
thrips than other
recommended varieties.
- Thrips feed on flower
buds causing abortion or
premature nut drop
- These insects are
vectors for viruses that
cause stunted growth
and a reduction in yield
- The mango rose flower
beetles damage and
destroy the flowers and
thus impact on fruit set
and subsequent yield
- This beetle is a heavy
feeder and few numbers
can cause high losses

-
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White coating on the
upper side of the leaf
The white coating can
easily be rubbed by hand
Heavy infestation results
in yellowing of the
affected leaves
Premature dropping of
the leaves

Control Measures
Metarhizium strains/
Also use neem-based
biopesticides e.g.
Nemacide
- Trap crops: Plant
sorghum, and tithonia
- Chemical control:
Spot-treat clusters with
thrips with mild
pesticides such as
corragen, karate,
duduthrim etc

Mechanical control:
- Pick and crush the
beetles manually
Biological control:
- Use natural enemies to
control the pest (studies
on the way by KALRO)
Chemical control:
- Difficult to control the
adult beetles. Can best
control them when they
are in the soil

Cultural control:
- Regularly scout your
orchard to determine
the presence white
coating mites
- Remove and destroy all
the all leaves showing
white coating by burning
Biological control:
- Introduce predatory
mite formulations such
as Amblytech
(Amblyseius californicus)
or Phytotech
(Phytoseiulus persimilis)

Damage and Description Control Measures
Chemical control:
- Apply miticides such as
Agrimec 18EC, Arsur
100EC, Hable 5WDG,
Nimbecidine EC,
Oberon 240SC,
Clofentezine Pyagro
4EC, Pyeneem 20EC,
Acaramik 1.8EC
Termites (Macrotermes spp.)

-

-

-

This pest feeds on the
bark of macadamia trees
at the base of the plant
destroying vascular
tissue, thus hampering
uptake of nutrients and
water causing death of
the tree.
Young orchards are
more susceptible to
termite damage
Termites can be a
serious problem even in
mature orchards.

Biological control:
- Use Metarhizium strains
or EPNs
(entopathogenic
nematodes) or fungi for
termite control
Cultural control:
- Apply mulch at least 30
cm from the trunk.
Termites can also be
controlled by brushing
them off the tree or by
splash irrigation during
the dry season.
Chemical control:
- Apply Salbun or
Drucnet on the tree
bark one foot from the
soil level or drench soils
with Gladiator

Vertebrate Pests
Birds, monkeys and bats
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-

Mango fruit on orchard
floor showing damage by
bats (see picture)

The loss attributable to
these pests has not been
quantified and no
control measures have
ever been envisaged in
Kenya.

Damage and Description Control Measures

Physiological disorders
Sun scald

-

The symptoms tend to
occur in the dry season
when the trees are
stressed

Flower and fruit drop

-

Caused by over
production resulting to
drop of immature nuts
Also caused by drought
and fungal diseases such
as anthracnose, powdery
mildew and botrytis

-

-

Provide irrigation during
the dry season

Cultural control:
Proper pruning of trees
Chemical control:
See above - manage
fungal pathogens
according to
manufacturer’s
recommendations

Nursery Constraints
Thrips

Mango seed weevil

Mango seed weevil

Source of pictures: Lusike Wasilwa unless where indicated
Note:
Use only the synthetic pesticides registered by Pest Control Products Board (www.pcpb.or.ke).
Chemical control should be avoided.
If the problem persists, seek immediate technical support from KALRO Centre nearest you.
Other quick sources of help are Plant Clinics, County Agriculture Office or write to
info@kalro.org
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9.

Harvesting and Postharvest Handling of Mango

Table 6. Time of mango bearing in Kenya
District
Kilifi
Malindi
Kwale
Lamu
Lower Tana
River
Taita
Taveta
Central
Eastern
North
Eastern
Nairobi
Nyanza
Rift Valley
Western

N
X
X
X

X

D
X
X
X
X

J
X
X
X
X

F
X
X
X

X
X

X
X

X

X
X
X

X
X
X

X
X
X

X
X

X
X

X
X
X

X
X
X

X
X
X
X

X

X
X
X

M

A

M
X

J
X
X
X
X

A

X

J
X
X
X
X

X

X

X

X

X

X

S

X

X

X
X

X

X

X

Source: MoA, 2007; Griesbach, 2003

Table 7. Mango production expected yields
Harvesting
Remove flowers the first 3 years
Harvesting commences in the 3rd or 4th year
Fruit set will be less than 1%
The average yield is 10-12 tons/ha
Eight-year-old tree will produce between 500 to
1,000 fruit
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Year
3
4
5
6
≥7

Expected Yield (tons/ha)
500
1,000
5,000
10,000
15,000

O

Strong light-weight metal

Simple design

Light bamboo-like handle

Harvesting fruit 7m high
Easy to harvest fruit
No injury to the fruit
Fig. 26. Postharvesting tool from Brazil to be introduced to ease harvest and reduce
postharvest losses (Source: Lusike Wasilwa)
Grading: Mango is graded based on size as shown below:

7
8
9
10
Fig. 27. Mango grading scale (Source: Muo Kasina)
Packaging

Fig. 28. Packaging mango for storage and export
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11

12

13

14

Table 8. Mango Production - Cash Flow Analysis (1 hectare of a pure stand of mango)
Item
Yield (A)
Price (B)
Gross Output (A x B)
Total Variable Costs
Ploughing
Harrowing
Digging holes
Seedlings
Transplanting
Manure
Chemicals- Fungicides
- Pesticides
Fertilizers – DAP
- CAN
- NPK
- Foliar feeds/ KNO3
Weeding (twice/year)
Spraying
Pruning
Gunny Bags
Harvesting & grading/packing
Transport of seedlings
Transport of other inputs
Transport to market
Subtotal
Gross Annual Flow
PVF 16%, 20
Present Value, G.A.F
Cumulative PV
Net Present Value
Annuity or Gross Margin
GM/Tree
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Unit
Kg
KES/kg
KES
Ha
Ha
Hole
no.
Seedling
Ton
Kg
Lt
Kg
Kg
Kg
Kg
MD
MD
MD
no.
MD
Trips
Trips
Trips

Unit Price

5000
0
60
100
50
2500
2800
1500
100
70
80
300
200
200
200
30
200
1500
500
1500

Year 1

Year 2

Year 3

0
20
0

0
20
0

500
20
10000

Year 4
1000
20
20000

5000
0
4200
7000
3500
3750
5600
1500
450
490
0
0
4000
1800
0
0
0
1500
0
0
38790
-38790
0.8621
-33441
-33441
221034
27629
395

0
0
0
0
0
7500
5600
1500
450
980
0
0
4000
1800
600
0
0
0
500
0
22930
-22930
0.7432
-17042
-50482

0
0
0
0
0
7500
5600
1500
1400
980
1680
900
4000
1800
600
120
200
0
500
1500
28280
-18280
0.6407
-11712
-62194

0
0
0
0
0
8750
5600
1500
1400
1960
2240
900
4000
4800
600
240
400
0
500
1500
34390
-14390
0.5523
-7948
-70142

Year 5
5000
20
100000

Year 6
10000
20
200000

Year 7
15000
20
300000

Year 8*
16000
20
320000

0
0
0
0
0
8750
5600
1500
1400
1960
2240
900
4000
4800
1000
1200
2000
0
500
3000
38850
61150
0.4761
29114
-41029

0
0
0
0
0
8750
5600
1500
1400
1960
2240
900
4000
4800
1000
2400
4000
0
500
3000
42050
157950
0.4104
64823
48430

0
0
0
0
0
8750
5600
1500
1400
1960
2240
900
4000
4800
1000
3600
6400
0
500
4500
47150
252850
0.3538
89458
137888

0
0
0
0
0
8750
5600
1500
1400
1960
2240
900
4000
4800
1000
3840
6400
0
500
4500
47390
272610
0.305
83146
221034

Notes
‐ Year 8 is the optimal year of production though the production can continue for 100 years
‐ The Price used is the market price and not farm gate
‐ 2 fruits approximately make - 1 kg (grafted mangoes)
‐ Manure requirement - 1 debe is approximately 10 kg. Price of manure is inclusive of transport
‐ Fertilizer – applied in 2 splits
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10. Utilization of Mango
Uses
Mango can be eaten fresh or processed
into various products such as juices,
dried fruit, chutney, pickled and jam.
The fruit is an important source of
vitamin A, fair in vitamin B and varying
quantities of vitamin C. It also contains
protein (0.5 %) and sugar (15 %).
Uterine haemorrhages are treated
with mango fruit skin in some tropical
countries. Also astringents, and
remedies for bronchitis, internal
haemorrhage, and toothache are made
from twigs and leaves of mango.

Dietary value per 100 g
Portion
Amount
Water (%)
80
Calories
63
Protein (%)
0.4
Fat (%)
0.4
Carbohydrates (%)
16
Crude Fibre (%)
-Vitamin A
20
Thiamine, B1
3.6
Riboflavin, B2
2.5
Niacin
2.2
Vitamin C
20-200
Calcium
1.1
Phosphorus
1.5
Iron
4
Sodium
-Potassium
--

Fig. 29. Mango nursery in Malindi, Kilifi County (Source: Lusike Wasilwa)
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