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Horticultural crops contribute around 28 per cent of the GDP from a cultivated 

area of about 13.1 per cent. Mango, the most important fruit crop of the country, 

contributes 18.6 per cent of the total fruit production from an area of 38 per cent 

allocated to fruit crops. In the recent past, several innovations and new initiatives 

have been made in research and development in mango but the production has 

failed to keep pace with the area expansion. Furthermore, in different regions, the 

productivity remained below the potential level rendering Indian Mangoes difficult 

to compete in the global market. It is therefore imperative to put in place, system 

approach for higher production of quality produce in order to meet the needs of  

domestic as well as international markets. This necessarily calls for due attention to 

the parameters of practices at different stages of production, handling and 

distribution for trade. This is possible only when the growers are sensitized about 

different aspects of good management practices in the production system. Such an 

approach obviously underscores the need to define and assign some common 

minimum standards for the production of mango in the country in order to create 

awareness amongst the farming community to harness sustainable livelihood in 

mango production enterprise. This has became all the more important in the wake of 

'Malihabadi Dashehari' acquiring GI status.

The present publication ‘Good management practices for mango production 

and trade’ deals with the concept of good agricultural practices to be followed for 

not only producing and marketing high quality fruits but also to keep and maintain 

the records of the practices used during mango production required in the emerging 

context. The publication has attempted to incorporate relevant information related 

to mango production and utilization chain, right from nursery management to post-

harvest management and trade. The information in this regard so far is unavailable 

in an abridged form. I complement my colleagues for their sincere efforts which may 

open up scope for further discussion and refinement during days ahead. I hope that 

the information compiled will be of immense use to the orchardists, developmental 

workers, students, entrepreneurs, value chain managers and the agencies 

associated with the production and trade of mangoes.

H. Ravishankar

A.K. Misra

PREFACE
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1. INTRODUCTION
Noteworthy milestones have been

accomplished in production and productivity
of fruit crops in the country. Mango is the most
important crop in the country accounting for 38
per cent of the total area allocated to fruits, i.e.,
6.1 million ha during 2008-09 contributing to
18.6 per cent of the total fruit production in the
country. In production, mango ranked second
after banana with 68.47 million MT. The area
under mango has been steadily increasing over
the period from 2001-02 to 2008-09, the increase
being 46.5 per cent over and above the base area
of 1.576 million ha. The production, however,
has not kept pace with the area expansion and
has been fluctuating over the years with overall
increase of 27 per cent only during the
corresponding period. The total mango
production was the highest during 2007-08
(13.997 million MT) with 6.3 MT productivity
which is quite low as compared to Brazil and
Mexico. There is a need to improve mango
productivity along with quality in order to
ensure competitiveness of Indian mangoes in
the global scenario. With the WTO regime in
place and our country being also the signatory,
concerns about food safety and quality,
environmental protection, worker safety and
welfare have also gained importance. Thus, it is
desirable to set up control and compliance
systems for mango production. In this context,
it is imperative to pay attention to the parameters
of production practices that require minute
attention at different stages of production,
handling and distribution for trade. There are
also different systems and standards available
for control measures in value addition through
processing of food meant for human
consumption that need to be integrated. The
areas, where appropriate control measures are
to be strengthened, need to begin at orchard level
during the pre-harvest stages to ensure
sustained supply of produce of the desirable
quality.

Although grade standards on size, shape,
colour and local preferences are available for
majority of the mango varieties produced,

marketed and consumed in India, their quality
in terms of maturity standards, residues of
pesticides and other contaminants, microbial
loads, etc. have not been adequately addressed.
Good Agricultural Practices (GAP) has a bearing
on these parameters. In other words, a farm
producing mangoes following GAP either for
direct consumption or for processing would
have an advantage in terms of safety and quality
over the other farms. Thus, these practices would
add value to the produce. In India, agricultural
practices are highly localized occupations and
display a lot of variability and variety
preferences prevail across regions. Further, with
the opening up of the world market and creation
of quality infrastructure there is a flow of trade
across regions. It is, therefore, necessary to define
and assign certain common minimum
standards for production of mango in the
country to win the confidence of the consumers
within the country and outside and facilitate
trade for sustaining livelihood options of
farming communities.

2. CONCEPT OF GOOD MANAGE-
MENT PRACTICES

The concept of Good Agricultural Practices
(GAP) has evolved during the recent years in
the context of a rapidly changing and
globalizing food economy and as a result of the
concerns and commitments of a wide range of
stakeholders about food production and
security, food safety and quality, and the
environmental sustainability of agriculture.
These stakeholders include governments, food
processing and retailing industries, farmers and
consumers, who seek to meet specific objectives
of food security, food quality, production
efficiency, livelihoods and environmental
benefits in both the medium and long term.

3. AIMS AND SCOPE OF GOOD
MANAGEMENT PRACTICES

According to the Food and Agriculture
Organization (FAO), GAP is the application of
available knowledge to addressing
environmental, economic and social
sustainability for on-farm production and post-
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production processes resulting in safe and
healthy food and non-food agricultural
products. Many farmers in developed and
developing countries already apply GAP
through sustainable agricultural methods such
as integrated pest management, integrated
nutrient management and conservation
agriculture. These methods are applied in a
range of farming systems and scales of
production units, including as a contribution to
food security, facilitated by supportive
government policies.

Presently, GAP is formally recognized in
the international regulatory framework for
reducing risks associated with the use of
pesticides, taking into account public and
occupational health, environmental and safety
considerations.  The use of GAP is also being
promoted increasingly by the private sector
through informal code of practices and
indicators developed by food processors and
retailers in response to emerging consumer
demand for sustainably produced and
wholesome food. This trend may create
incentives for the adoption of GAP by farmers
by opening new market opportunities, provided
they have the capacity to respond.

Benefits of good agricultural practices
Such standards envisaging focused

approach for implementing good agricultural
practices, traceability, etc., through appropriate
infrastructure, record keeping and monitoring
would reap following broad benefits:

 Development of basic infrastructure at the
farm level

 Build up culture for good agricultural
practices by the farmers

 Uniform approach across farms regardless
of their sizes

 Increased awareness among the farmers
as well as the consumers about the need
for consumption of good quality and safe
food

 Traceability through complete integration
of food chain

 Improvement in the environment as well
as soil fertility

 Worker’s safety and welfare
 Reputation in the international market as

a producer of good quality and safe fruit
produce, and

 Removal of Technical Barriers to Trade
(TBT) faced by exporters of agro products.
Indian Standard (Part 1) has been

formulated to standardize Crop Based
Agricultural Practices in India keeping in mind
the best of international practices and suiting
the needs of the Indian farmer. Keeping global
trade of agricultural produce in perspective the
Control Points in this draft Indian Standard have
been aligned with Global GAP but the
Compliance Criteria are based on Indian
Practices. It has been designed in a manner that
facilitates benchmarking with similar
documents at international level if the need
arises to give it an international dimension.

Indian Standard (Part 1) is first in a series
of Indian Standards on Good Agricultural
Practices to be developed. Indian Standard Good
Agricultural Practices – India GAP Part 1 Crop
Base takes into account not only the quality and
quantity of the crop obtained from an unit area
but also the care and attention gone into
integrating pre-harvest practices like soil and
water management, nutrient management and
pest management, harvesting, post harvest
handling and other logistics. The objective is to
ensure food safety, occupational health/safety/
welfare. The entire operation is intended to make
farming practices environment friendly.

Implementation of India GAP is voluntary
and non-discriminatory to the growers or
certification bodies. Indian Standard (Part 1)
covers the control points and compliance criteria
necessary to be followed by the fruit producers
(individual growers and/or members of a
grower group) besides other agriculture
produce.

Control points and compliance criteria
Control points and compliance criteria
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required to be followed by the producer
(individual grower and/or member of a grower
group) as well as by the Certification Body. These
criteria are marked as ‘Major’ or ‘Minor’ or
‘Reco’. The criteria marked as ‘Major’ have a
definite effect on the quality of the produce and
should, therefore, be complied with or shall give
adequate assurance about the safety and quality
of the produce. The criteria marked as ‘Minor’,
though have a bearing on quality are those
which if implemented would provide an
advantage to the assessment for India GAP
certification. The criteria marked as ‘Reco’, are
those, which though may not have direct bearing
on the safety and quality of produce but may
have other benefits to the producer, are
recommended for implementation and are,
hence, advisory in nature.

Site record (Major)
In India GAP, registered produce traceable

back to the registered farm where it has been
grown. Each registered grower, society, farm  and
produce to be given a Code No. and a package
of practice to be followed for accurate trace back
of the produce.

The globe has become a market place for
all the growers and traders. A produce from one
country finds a market in another country.
Under this context it is the moral responsibility
of both the countries to make sure the safety and
quality of the products that are being traded. To
assure this, traceability should be made a
compulsory compliance to safeguard the
consumer. Otherwise, it is very difficult to fix
the responsibility in the event of missing set
standards, which are very vital from the
consumer’s health point of view. Hence,
traceability is insisted from producer,
stakeholders of the commodity till final retailer
to make sure the quality and safety of the
product.

The major musts for this are :-  a) The
product should be registered and can be
traceable back to and trackable from the
registered farm where it has been grown  and b)
It should have documented system of

traceability, land registration document
agreement(s), field sign boards/display boards,
etc.

Site history (Major)
Vicinity to brick kilns, chemical or other

industries, rivers, canals, other water sources,
hill-rocks, forests, pastures and reclaimed land
needs to be recorded. It is required to examine
the vicinity to find out the microclimate of the
area, which affects the productivity, safety and
quality of the produce and measures taken to
minimize contamination. The field should be
away from animal housing, pastures or
barnyards. Farmers should make sure that
livestock waste should not enter the produce
fields via run off or drift.

Site history is an important record which
needs to be maintained and looked into. From
health point of view, it is essential to know the
history of  land where mango is grown. It needs
to be ascertained to know about the soil status,
which should be free from any polutants/heavy
metals/dangerous chemicals, etc. As the mango
fruits are consummed raw, if grown in polluted
soil, there are all chances that it is not fit for
consumption. The location of orchard should
also be in safe environment, free from industrial
pollutants. These industrial pollutants may
either cause some diseases (mango plants grown
near the brick klin suffer severely by black tip
disorder) to the fruits or may absorb dangerous
pollutants which may cause health hazzards.

Land (Reco)
Land classification based on topography,

texture and structure of soil, gradient,
surroundings, risk assessment with corrective
plans, etc. need to be recorded.

Location (Minor)
Village, Tehsil, District, State, where the

farm is located along with total area under
cultivation, should be specified under India GAP
certification. Complete identity of the area of
production to be recorded including the area
under certification and total area of the farm.
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Farm layout (Minor)
If possible, information on fields/plots and

structures identified on the field map needs to
be mentioned.

Soil (Reco)
Soil classification based on chemical

composition, soil suitability to the crop, based
on soil reaction (E.C., pH), soil nutrient status,
etc. should be known.

4. GROWER’S RECORD

Type of farming (Reco)
It is to be recorded that what type of farming

is done by farmer, i.e., cooperative, contract, lease
farming, individual farmer, group farming
activity or as a tenant or self-cultivation or on
contract basis.

Capability (Minor)
Grower’s accomplishment in farming,

technical background in fruit production, the
skills acquired and knowledge support
available from Govt. or any other competent
organization or individuals, formal education
or experience, etc. to be known.

Cropping plans (Minor)
It is to be evaluated and documented how

the crop rotation is planned for the next 18
months.

Record maintenance (Major)
Proper record should be maintained by

grower about crop production, sequence
cropping, crop rotations, cropping systems,
cropped area, cultivation sheets for the current
and previous growing seasons, etc. in the
corresponding field.

GAP is nothing but self-auditing by the
grower to make sure that all genuine practices
are adopted as per the standards. For
certification by the certifying agencies, it is very
important to check the records for purchase,
supply, operations, instructions and the events
that are happening every now and then. Record

keeping is not only for auditing but also for better
understanding about the operations that are to
be carried out over a period of time without
omission. It helps in better farm management
and to indicate operations that are vital for
successful farm  management.

The major must for this are :- a) The farmer
should undertake a minimum of one self
inspection per year against the GAP Standard
and,  b) The internal self-inspection should be
documented and recorded.

Internal evaluation (Major)
The farmer/society/cooperative body

should undertake internal self-inspection on
scheduling of crop production practices and
exercise necessary supervision in their adoption.

Corrective actions (Major)
Effective corrective action should be taken

as a result of internal self inspections.

Planting materials (Major)
Seedlings, saplings, graft and buddings

and cuttings should be procured from a certified
source and it should be specified if these have
any special quality with reference to resistance
to pests/diseases, nutritional quality, etc. It is
required to verify the plantation is grown from
seedlings or vegetatively propagated material
for stability in the quality of the produce.
Necessary documentation should be
maintained to verify the produce, physical or
any other characteristics.

Quality of the scion material used for
grafting/budding (Minor)

Grower should know of the scion used and
its source and qualities. The scion material
should be obtained from a recognized/reliable
pedigree orchard or source.

Quality of the clones used/or hybrid
combination (Minor)

The clones or hybrid combinations from
which the scion material is obtained for
propagation and its merits should be known.
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Rootstock used (Major)
Rootstock used for propagation should be

appropriate for the situation and the quality of
the produce desired. Rootstock should also be
compatible and the trees healthy and productive.
As the rootstock standards are not available for
mango in India its applicability at present is
restricted.

Nursery

Nursery propagation (Minor)
Necessary documentation should be

maintained whether it is primary or secondary
nursery, whether raising the seedlings in the
open or under protected conditions. Quality
control systems, viz. raised seedbeds, soil
solarization, granular application of
insecticides, drenching soil surface with
fungicides, etc. needs to be recorded.

Nursery protection (Minor)
Proper preventive measures against pests

and diseases need to be taken and recorded.
Propagated planting material needs to be
examined against pests and diseases in the
nursery before release. Necessary
documentation should be maintained to verify
the claim.

Stock scion compatibility (Reco)
Rootstock and scion used for the graft

should be compatible.

Varieties (Major)
Mango has a large number of  known and

unknown varieties. Grafted varieties as well as
seedling populations are available in the
country. In case of mango, same varity is named
in different areas by different names. For
example, Alphonso is also known as Happus,
Totapuri as Bangalora, Banganpalli as
Baneshan, Safeda, etc., Bombai as Bombay
Green, Siroli etc., Langra  as Banarasi Langra,
Malda, Dudhia Malda, Telia Malda, Digha
Malda, Darbhanga Malda, etc. Standard name
need to be documented so that the consumers

are not misled. The quality of the same varity
differ in different areas. For example, Dashehari
grown in Malihabad, Kakori, Mal and nearyby
areas of Lucknow is of superior quality
compared to other areas of U.P. as well as other
parts of the country. Similarly, Alphonso grown
in Ratnagiri area is having unique taste and
quality compared to Alphonso of different areas.
Similar are the cases with other varieties like
Langra, Chausa, Kesar, Benganpalli, Totapuri,
etc. As it is a vegetatively propagated plant and
there should not be much variation in the quality,
the mango varieties behave differently as per the
agroclimatic region. Hence, GIS status is granted
to different varieties of mango. Recently, GIS
status is granted to Malihabadi Dashehari. So,
it is essential to properly label the varieties grown
in particular region to know the quality of
mango and get the maximum price of the
product.

Therefore, the major must for this are :- a)
Standard variety name should be mentioned for
the marketing of the mango fruits and b) The
origin place of produce should be mentioned so
that the quality assurance is acertained.

5. PRE-HARVEST PRACTICES

Soil preparation (Reco)
Soil for growing crop should be according

to norms set out by the NRC/SAU or as per the
standard practices. The soil can be brought to
good till the planting of crops is across the slope
and along the contour and the soil depth
remains adequate to hold the root system of
crops.

Inter-culture (Reco)
The root system should receive adequate

oxygen and compaction and erosion of top soil
are avoided. The interspaces should be free from
weeds and signs of soil compaction.

Weeding (Major)
Safe pre-sowing and post-sowing

weedicides should be used. Mechanical weeders
or human labour can also be used for weeding.
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Planting density (Reco)
The planting density should be adequate

for optimum utilization of land, solar energy
and wind movements.

Facilitation of inter-cultural operations
(Reco)

Inter-cultural operations should be carried
out effectively. It is required to facilitate inter-
cultural operations in the rows to put down
weed growth and provide mulch and aeration
to root system.

Plant population (Reco)
Adequate plant population should be

maintained in the orchard for profitable
cultivation.

Manures and manuring

Organic manures

Compost preparation (Reco)
The compost used should have the

nutrient content as per the guidelines given by
the national bio-fertilizer production centres.

Farmyard manure and farm wastes
(Minor)

The soils should be enriched with
adequate organic matter. Farm wastes carrying
pests and diseases should be put deep into the
soil. The farmyard manure should be dry and
fully decomposed. Usage of cow urine as manure
is allowed. Sheep and poultry manure, if used,
should be adequately decomposed and are
devoid of harmful microorganisms. Livestock
manure can be a valuable source of nutrients,
but it also can be a source of human pathogens
if not managed correctly. Proper and thorough
composting of manure, incorporating it into soil
prior to planting and avoiding top-dressing of
plants are important steps toward reducing the
risk of microbial contamination.

Green manures (Reco)
The green manures should be used to

improve soil health.

Bio-fertilizers (Minor)
The bio-fertilizers can be applied for their

positive effect on the soil fertility status and up
take of nutrients.

Sludge (Major)
The use of raw municipal sludge is

prohibited for use in mango cultivation.

Inorganic

Fertilizers/Nutrients (Major)
The doses of the fertilizers should be

appropriate in tune with the soil test, crop
response studies and as per the
recommendations. Fertilizers used should
contain desirable/approved proportion of major
plant nutrients Nitrogen, Phosphorus and
Potassium.

Micronutrients (Major)
Adequate requirement of micronutrients

should be provided. Those micronutrients need
to be provided for which the soil is deficient.

Application of nutrients (Minor)
The major/minor nutrients applied should

be as per the recommended placement practices
at appropriate depth and at appropriate stages
of crop growth. Foliar sprays of nutrients should
be done as per standard recommendations
without leaving residues. If applied through
fertigation the fertilizers should be soluble and
should be of accepted quality.

Record of applications (Minor)
The record of applications of soil and foliar

fertilizers, both inorganic, organic and bio-
fertilizers should be maintained. Record of the
time and stage of application of fertilizers with
reference to crop growth and development
should also be maintained.

Fertilizer equipments (Minor)
Fertilizer application equipment

machinery should be kept in condition with
proper calibration.
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Fertilizer storage (Minor)
Pesticides, organic, bio-fertilizers and

inorganic fertilizers should be stored separately
with proper identification and security and
should be stored at appropriate places of storage
to avoid cross contamination, contamination of
surroundings and farm produce.

Irrigation

Water requirement (Major)
The water requirement for the crop should

be properly applied. It should be based on the
evapo-transpiration studies.

Quality of water for irrigation (Minor)
The water quality for the use in orchard

should be good, free from excess carbonates,
bicarbonates, chlorides, etc. Irrigation water
shall conform to IS 11624. Ideally, water used
for irrigation or chemical spray should be free
from pathogen.  However, potable water or
municipal water is not feasible for extensive use
for crop production.  Hence, surface water used
for irrigation should be quarterly tested in
laboratory for pathogen.  Farmers can filter or
use the settling ponds to improve water quality.

Source of water (Minor)
The source of water should be dependable

and sustainable.

Water harvesting and conservation
(Reco)

Rain water harvesting and other water
conservation techniques should be practiced in
the orchard for use as per requirement. Drip
irrigation, sprinklers, etc. should also be used
for water conservation wherever possible.

Maintenance (Minor)
Irrigation equipments should be

maintained and calibrated as per guidelines
provided by the manufacturer.

Use of sewage water (Major)
Untreated sewage water should not be

used in the mango orchard.

Prevention of water from undesirable
sources (Major)

Flow of water into the fields from
undesirable sources like municipal land-fill
areas, hospital and industry waste dump areas,
etc. should be prevented.

Drainage System

Permeability and runoff (Minor)
The permeability status of the soil should

be assessed as run off of rainwater may cause
leaching of nutrients or flocculation of soil
particles. Soils should be appropriate for the type
of irrigation water.

Drainage system (Minor)
There should be facilities for removal of

excess water, over ground or underground.

Drain water collection and analysis
(Reco)

Analysis of drain water should be carried
out occasionally and recorded. There should be
adequate drainage facilities for subsoil in the
case of fruit crops and analysis should be done
for the leached nutrients.

Crop Protection

Pest Control

Crop pests and diseases encountered
(Major)

The common pests and diseases endemic
to the area should be enlisted with their
Economic Threshold Level (ETL) during the past
three crop seasons.

Integrated Pest Management (IPM)

IPM preventive measures (Major)
The IPM practices suggested for endemic

pests and diseases should be followed.

Soil treatment (Minor)
Soil treatment for endemic pests and

diseases should be followed. Summer ploughing
and destroyal of crop residues should be carried
out at the appropriate time.
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Cultural methods (Minor)

Appropriate cultural practices should be
followed for preventing the build up of pests
and diseases. Pheromone traps and other
suggested preventive measures should be
adopted.

IPM control practices (Major)

The recommended IPM practices should
be followed.

Mechanical (Minor)

The recommended mechanical methods for
control of pests and diseases should be
followed.

Biological (Minor)

The bio-control measures should be
followed for the recommended diseases and
pests wherever possible.

Chemical (Major)

The applied chemicals should be cleared
for use by the Central Plant Protection and
Quarantine Department/Insecticides Board or
recommended by Government. Specified pre-
harvest intervals should be followed with correct
dosage, date and time of application. Any
banned pesticides should not be used. The
chemicals used should be as recommended by
Govt. agency.

Choice of chemicals

Targeting the pests and diseases (Minor)

It should be ensured that the crop
protection chemicals applied is appropriate for
the target pest/disease.

Approved chemicals (Major)

Only approved chemicals should be used.
Any banned chemical should not be used. The
pesticide used should be duly billed by the
dealer and registered in India for application
on mango.

Appropriate dosage (Major)

The correct doses at appropriate stage of
pests/diseases should be applied.

Method of application (Major)

The appropriate method and timings of
application should be followed.

Pre-harvest intervals (waiting period)
(Major)

The registered specified pre-harvest
intervals (waiting period) should be strictly
followed. No harvesting should be carried out if
pre-harvest interval (waiting period) of a
pesticide spray applied to the crop has not been
reached.

Record of applications (Major)

Correct record of all chemical pesticides
applied should be maintained. The date of
application, mode of application, the dose, the
application equipment and operator should be
recorded.

Application equipment

Equipment used (Minor)

Appropriate equipment should be used for
spraying, dusting and soil application.

Condition of the equipment (Major)

It should be ascertained that the plant
protection equipment used for spraying and
dusting crops is maintained in good condition
and is calibrated as per requirements or the
manufacturer’s guidelines. The nozzles and
emitters should be in good condition to allow
micro fined spray of the pesticides. The
equipment maintenance records should be
maintained properly.

Storage of crop protection equipments
(Reco)

The crop protection equipment should be
properly stored in secure areas.
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Crop protection product residue analysis

Residue analysis (Major)
The residue analysis of the plant protection

product on the produce should be made at the
time of harvest as per the applicable/
recommended method. The sampling and
analysis should be done as per the
recommendation.

Maximum residue level (MRL) (Major)
Pesticides used should be within the MRL

limit. In the event of residues exceeding the
specified MRL values the product can not be
consumed.

Laboratory accreditation (Major)
The laboratory for conducting the residue

analysis should be accredited /recognized by a
national body for compliance as per ISO-17025
or equivalent standard covering National
Accreditation Board for Testing and Calibration
Laboratories (NABL) accreditation for the
applicable scope of testing.

Storage of crop protection products

Storage (Major)
The crop protection products should be

stored as per applicable regulations or as per
labeled instructions. Only the authorized
competent personnel should manage the storage
areas. It should be stored separately in a well
ventilated room on non-absorbent surface in a
secure and protected area away from dwellings,
cattle sheds and farm produce storage areas and
all other biological materials, with appropriate
sign boards in appropriate languages.

Handling (Major)
The crop protection products should be

handled appropriately and as per standard
norms controlling spillage hazards. Only the
authorized personnel should handle the
chemicals. He should be trained and should
wear all the necessary gadgets while handling
the chemicals/pesticides.

Protective clothing (Major)
The protective clothing should be

separately kept and cleaned. The clothing
should be cleaned after use and stored
separately to avoid contamination of the
produce and from chemicals.

Measuring and mixing (Major)
The farm should have appropriate

measuring devices and mixing equipment and
containers for preparing the desired
formulations.

Disposal of containers of empty and
obsolete plant protection products
(Major)

The containers of empty and obsolete plant
protection products should be disposed off
according to the applicable laws and
procedures and necessary records should be
maintained.

6. CROP MATURITY

Maturity standards (Major)
The prescribed maturity standards for the

harvesting of mango should be followed.

Fruits should be harvested at correct stage
of maturity for internal use and export.

Quality parameters (Minor)
The fruits should have all prescribed

quality parameters at the time of harvest.

Harvesting

Method of crop harvesting (Minor)
The crop should be harvested very

carefully manually or mechanically as per the
recommended practice. In case of mechanically
harvested once, the machinery should be
suitable for the purpose and the material graded
as per size and maturity. In the case of hand
harvesting, the workers should be trained and
should harvest the fruits at uniform stage of
maturity as per the guidelines recommended by
concerned agency.
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Appliances used (Reco)

Suitable appliances should be used for
harvesting to avoid damage. It should be safe
operation and hygiene. Tractors that were used
in manure handling should be cleaned prior to
entering produce fields.

Hygiene (Major)
Hygiene procedures should be

implemented for harvesting the produce,
handling and transportation of harvested
produce in the farm or to the storage/processing
area. The cleanliness of crates and carrier
vehicles should be ascertained.

Workers’ cleanliness (Minor)

Farm workers should have access to clean
water, toilets and washing place in the vicinity
of their work. They should maintain cleanliness.

7. POST-HARVEST HANDLING

Collection and assembling of harvested
produce (Major)

Facilities should be available for
assembling of harvested mango in a clean
shaded place on the farm. Containers should be
exclusively used for handling of harvested
produce. The packing shed or assembling centre
should be clean and the floor should be
washable and need to have a slope to avoid
water logging.

Cleaning and pre-cooling (Major)

Proper cleaning with approved cleaning
agents should be done for the harvested produce
by the recommended methods. If required,
potable water should be available for cleaning
the produce and for pre-cooling. Recommended
temperature, humidity and duration of pre-
cooling should be done after harvesting.

Post-harvest treatment (Major)

Approved post-harvest treatment should
be given to the produce. All the post harvest
treatments should be recorded.

Post-harvest grading/sorting (Minor)
Standard mechanical graders should be

used. If manual grading is done trained man
power should be used for the purpose.

Disposal of waste produce (Major)
All the substandard produce and all waste

materials should be kept away from the graded
produce and suitably disposed off.

Packaging

Packaging materials (Major)
The packaging materials used should be

in accordance with the recommended
specifications, as per the approved hygiene
standards and have adequate holding strength.
It should have recommended packing materials
with proper padding, ventilation and holding
strength and should only be utilized for packing
the mango. It should withstand wear and tear
during transportation.

Labeling and coding (Major)
The packages should be properly labeled

and coded for unique identification and trace
back. All the packages should be suitably
fastened, labeled and coded (e.g., bar codes for
identity and trace-back.

Palettisation (Minor)
While transported in the trucks/containers

the packages should be paletted and loaded
properly. For this, the workers should be trained
for palettisation. The pallets should be tested
for proper compactness and suitability for
loading into trucks or containers for shipment.

Cool store (Major)
Packages/pallets should be shifted to the

cold store for stabilization of temperature before
loading into containers.

Loading and Transport

Loading (Minor)
It  should be tested that paletted packages

are suitable for proper handling and loading
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into the trucks and containers. Necessary
handling instructions should be marked on the
pallets.

Road transport (Minor)
The vehicle/truck should be suitably

cleaned and hygienic and should be covered and
ventilated for carrying the cargo by road to
destination.

Worker Health, Safety and Welfare

Working conditions (Minor)
It should be insured that the recommended

working conditions for farm and other operating
personnel are really practiced.

Protective clothing and gadgets (Major)
It should be insured that the workers

provided with necessary protective clothing,
shoes and other gadgets (clothing, head gear,
aprons, shoes, eye glasses are provided to crop
protection workers and sticks, lights, gum boots,
etc. to watch and ward personnel) in tune with
the functions assigned to them.

Personal health (Major)
The workers should be medically

examined. It should be insured that the workers
with infectious diseases, skin infection and open
lesion or any other source of microbial
contamination do not come into contact with
produce in the course of their work. They should
be medically examined prior to employment.
Workers should also be examined periodically
for their fitness.

Training of workers (Major)
Formal training should be given to all

workers, operating farm equipments,
application of chemicals, use of protective
clothing, basic hygiene for handling the
produce and first aid treatment.

First Aid (Minor)
The first aid boxes and a trained person

should be available in the vicinity of work.

Warning signs (Minor)
Necessary warning signs, boards and

instructions in suitable/local language
indicating hazards should be put up at
appropriate places.

Handling of physical hazards (Minor)
Steps taken for proper handling of physical

hazards, e.g., paper, plastic, metal, glass and
wood residues should be indicated properly.

Electrical installations (Major)
All electrical installations on the farm and

other working areas should have adequate
safety measures.

Prevention of stray cattle, pets and
intruders (Minor)

Suitable barriers and arrangements should
be installed to prevent stray dogs, cattle and
other intruders polluting the farm or premises.

Workers’ welfare (Major)
A member of the management should be

identified responsible for workers’ health, safety
and welfare matters.

Visitors’ safety (Minor)
Communications and procedures should

be displayed regarding safety of visitors.

Environmental issues

Wildlife conservation policy (Reco)
A plan for conservation of wildlife should

be established, either for an individual farm or
on a common basis.

Environmental safety (Minor)
The farming activities should be

environmentally friendly and compatible with
the principles of sustainable agriculture and
wild life conservation policy of the state.
Operations on the farm should not be hazardous
to the flora and fauna, the reservoirs, sanctuaries
around and its impact on the surrounding
microclimate.
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Complaint Procedure

Redress system and procedures (Major)
A complaint form should be available

relating to issues of compliance. The complaints’
procedure should ensure that complaints are
adequately recorded, studied and followed up
including a record of actions taken. Suitable
procedure for expeditious disposal of the
complaints should be established with clear
identification of personnel involved and a
complaint log register should be maintained

BIS India GAP certification
BIS India GAP certification should be

prescribed under the provisions of Bureau of
Indian Standards Act, 1986 and Rules and
Regulations framed there under. The details of
the conditions under which the licence may be
granted to the producer (individual grower and/
or member of a grower group) may be obtained
from the Bureau of Indian Standards.

Accreditation
Accreditation of certification should be as

prescribed by national or international
accreditation bodies.

On the basis of above criteria of good
management practices, following good practices
are recommended for mango production from
Central Institute for Subtropical Horticulture,
Lucknow.

8. TRADE RELATED ISSUES
The importance of reliable data on area and

production of horticulture can not be over
emphasized in the planning process. The
National Horticulture Board is releasing state-
wise information on area and production of the
fruits. The variety-wise information on area and
production is simply non-existent. The remote-
sensing data may complement such information
by fine tuning it.  Thereafter, updating year-wise
information would become more reliable.

The situation in perennial crop like mango
is particularly grave because its production and
quality is highly dependent on on- and off-year

rhythm, weather factors, presence and/or
management of insect pests and diseases,
cultural practices used, availability of irrigation,
harvesting and handling practices and
marketing process. Therefore, forecasting the
crop in a particular year is a risky proposition.
Many a times good or excellent flowering does
not get fully translated into good production.
So, the forecasting of the production can only be
taken up on a limited scale after the fruit set has
stabilized. Even this may be vitiated by dust
and/or hail/thunderstorms at various stages
of fruiting. Consequently, the crop encounters
production risks, which could be mitigated to a
certain extent by integrating and adopting good
agricultural practices from pre to post harvest
management of the crop.

The mango crop also encounters price
risks, which is essentially due to operation of
market forces. Higher the arrival of the crop in
the market place, lesser is the price realized or
vice versa. Under the present Indian market
system, controlling the harvesting and
movement of produce is not very effective due to
the natural maturing process of the fruits, which
may make it unmarketable if the harvesting is
delayed beyond a certain period.  The decision
to harvest and sell the produce to different
markets is also not based on sound market
intelligence. Various facets of marketing system,
which could make it more efficient and
answerable to the emerging needs of producers
and consumers are described hereunder.

Market Channels
The channel utilized for the movement of

produce from orchardists to consumer is too
long. In fact, most sought after channel is
movement of fruits from producer to pre-harvest
contractor to commission agent to wholesaler to
ripener to retailer to consumer. The pre-harvest
contractor contracts the orchard at flowering or
fruiting stage for a period ranging from one to
three years. The commission agent provides the
finances to pre-harvest contractors, who inturn
are obliged to dispose of the produce through
relevant commission agents. The pre-harvest
contractor does not adequately take care of the
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orchard health causing progressive quality loss
of the produce. He also uses highly toxic
chemicals, besides their indiscriminate use,
which could result into development of
resistance in the insect pests and lead to the
residue and environmental problems. The
channel enables the orchardists to transfer
production and price risks, but reduces the
margin of the producer to about 40 per cent of
the consumer rupee.

Market Process Integration
Marketing performs the important task of

transferring the ownership of the produce from
farmer to the consumer and generating the
income for the farmer. However, if any of the
marketing functions or the processes get vitiated,
it results into lower income to the producer,
increase in the postharvest losses and
deterioration in the ultimate quality reaching to
the consumer, both in the domestic as well as
international market. Therefore, it is necessary
to strengthen the backward and forward
linkages to make the marketing more efficient.
The backward linkage would include optimum
integration of pre- and post-harvest systems at
the farm level, creation of a demand-based
handling, packing and storage infrastructure,
revamping entire transport system and creating
infrastructure. These linkages would also
require adequate research support. It has been
observed that the orchard sizes have become
very small, which discourages investment and
efficient technology transfer. Consequently, the
orchardists would have to come together through
cooperatives or market oriented self-help groups.
Similarly, contract farming encompassing entire
village could be tried. This would require
creating conducive social and legal modalities.
The cool chain system from harvest to the
disposal needs to be created. This would include
pre-cooling, sorting and grading, storage
movement of produce in reefer vans and
revamping of the present day wholesale market
system, establishing ripening systems and
retailing under cold conditions. Although some
cool chains have been established, the farmers
are not very enthusiastic; possibly owing to
quality and economic constraints.

On the other hand, forward linkages
would entail implementing market regulations
in letter and spirit, establishing differential
temperature cold storages to suite different
commercial varieties at market place itself,
making arrangements for fast movement of the
marketed produce so that the prices remain
stabilized.

The effective strategies for strengthening
the existing markets and exploration of new
markets, both domestic as well as international,
requires to be evolved. Under the new WTO
regimen the objective is to permit free trade
between the countries. However, the process is
time taking and the countries have resorted to
non-tariff barriers, viz. technical barrier to trade.
The WTO has setup an arbitration mechanism
between the countries for redressing the
grievances against these barriers and anti-
dumping appeals. Mexico, Brazil and Pakistan
are traditional competitors in mango trade.
Mexico and Brazil have locational advantage,
while Pakistan provides air freight subsidy. It is
well understood that the export of mongo from
India is limited due to its short period of
availability and shorter shelf-life, while its
competitors produce mangoes for about 6 to 9
months.

Market Intelligence
In order to make sound decisions,

knowledge about prices at any given moment at
different market places is very important. Some
attempts have been made to create Market
Information Systems (MIS) at major assembly
markets, but time lag in updating the information
and its availability to users renders the process
almost redundant. The National Horticulture
Board compiles and places the price and arrival
information on-line but it requires drastic
improvement in the data collection process,
monitoring and uploading. Moreover, the
markets involved are too few and the orchardists
or the researchers are not in a position to know
exact prices and other information at a given
time to utilize it in the decision making process.
As and when the comprehensive and Efficient
Market Information System gets established, the
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information could also be analyzed and used to
identify markets offering best prices for the
produce. Consequently, farmers would be able
to make the decision about the movement of the
produce to different markets after accounting for
the transport and other charges.

Sanitary and Phyto-sanitary Issues
There are sanitary and phyto sanitary (SPS)

concerns for the mango trade in India. The
concerns would limit the exports from the
country.  Some of the countries require complete
traceability even up to the farm level, i.e., the
source of raw material, in case of the value added
products. On the other hand, some of the
countries have resorted to fixing Maximum
Residue Limits (MRLs), which are many a times
impractical. Similarly, some of the countries ban
the export because of the presence of all the
species of fruit flies in the fruits, even though it
exists in their country. On the other hand,
countries like USA insist on the presence of two
independent inspectors at each location of
irradiation plant for mangoes, which entails
huge costs. These issues are required to be sorted
out through bilateral negotiations. In any case,
India needs to identify pest free zone or even
create them for exporting the fruit and earning
international goodwill.

Product Diversification
The value addition in fruits and vegetables

is dismally low at about 2-3 per cent of total
production. This is despite the fact that mango
pulp is a major foreign exchange earner and its
export is increasing steadily. Numerous cottage
or home scale industries flourish in different
parts of the country but their quality is not
consistent as the conditions are not very hygienic
and any available raw material is processed. The
process itself is traditional, without the
utilization of modern machineries for generating
optimum marketable value added products.
Therefore, the creation of an efficient processing
infrastructure in the organized sector with
emphasis on quality and adequate investments
is the need of the hour.

9. RECOMMENDED GOOD MANAGE-
MENT PRACTICES IN MANGO

Climate
Mango is very well adapted to tropical and

sub-tropical climate conditions and it thrives in
almost all regions from sea level to an altitude of
1500m, from The Cape Comorin to Himalayas.
However, it cannot be grown profitably on a
commercial scale in areas above 600m.
Temperature, rainfall, wind velocity and
altitude are the main climatic factors which
influence the growth, flowering and fruiting
behavior of mango. The ideal temperature range
for mango is 24-300 C during growing season
along with high humidity. High temperature
during flowering and fruit set adversely affect
the crop. Fluctuating temperature during
flowering season results into emergence of
repeated flush (3-4) and fruit set. It cannot
withstand frost, especially, when the plants are
young. Severe frost even adversely affects the
grown up trees.

Most of the mango varieties thrive well in
places where good rainfall (890 to 1,015mm per
annum) prevails. However, it can be grown in
regions of either heavy (2540 mm) or scanty (254
mm) rainfall. The distribution of rainfall is more
important than its amount. However, rain
during flowering is detrimental to the crop as it
interferes with pollination and fruit set. Dry
weather before blossoming is conducive for
profuse flowering. Rain after fruit setting is good
but heavy rain with high wind causes fruit drop.
Strong winds and cyclones during the fruiting
season can play havoc and may cause heavy
crop loss. The cloudy weather at the time of
flowering during November to February results
in poor setting of fruits and favours disease
(blossom blight) and pests.

Varieties
There are nearly 1000 mango varieties in

India. Of these, however, only about 20-25
varieties are grown on a commercial scale in
different parts of India. These are as follows.
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Important mango varieties cultivated in different states:

Mango varieties released from different centers of AICRP (STF)
Ambika Amrapalli X Janardan Pasand CISH, Lucknow 
Arunika Amrapali X Vanraj CISH, Lucknow 
Arka Anmol Alphonso X Janardhan Pasand IIHR, Banglore 
Arka Aruna Banganpalli X Alphonso IIHR, Banglore 
Arka Neelkiran Alphonso X Neelum IIHR, Banglore 
Arka Puneet Alphonso X Banganpalli IIHR, Banglore 
Mallika Neelum X Dashehari IARI, New Delhi 
Amrapali Dashehari X Neelum IARI, New Delhi 
Pusa Pratibha Amrapali X Sensation IARI, New Delhi 
Pusa Pitamber Amrapali X Lal Sundari IARI, New Delhi 
Pusa Lalima Dashehari X Sensation IARI, New Delhi 
Pusa Shreshtha Amrapali X Sensation IARI, New Delhi 
Pusa Surya Seedling selection of Eldon IARI, New Delhi 
Pusa Arunima Amrapali X Sensation IARI, New Delhi 
Manjeera Rumani X Neelum FRS, Sangareddy 
Neeleshan Gujarat  Neelum X Baneshan AES, Paria 
Neeleshwari Neelum X Dashehari AES, Paria 
Neelphonso Neelum X Alphonso AES, Paria 
Sonpari Alphonso X Baneshan AES, Paria 
Ratna Neelum X Alphonso RFRS, Vengurle 
Sindhu Ratna X Alphonso RFRS, Vengurle 
Konkan Ruchi Neelum X Alphonso RFRS, Vengurle 
Suvarna Alphonso X Neelum RFRS, Vengurle 
Mahmood Bahar Bombai X  Kalapadi   BAC, Sabour 
Prabhashanker Bombai X  Kalapadi   BAC, Sabour 
Sunder Langra Langra X Sunder Pasand BAC, Sabour 
Safari Gulabkhas X Bombai BAC, Sabour 
Jawahar Gulabkhas X Mahmood Bahar BAC, Sabour 
Alfazri Alphonso X Fazri BAC, Sabour 
A.U. Rumani Rumani X Neelum RARS, Koddur,  
Neeleshan Neelum X Baneshan RARS, Koddur,  
Neelgoa Neelum X Malgoa RARS, Koddur  
Neeluddin Neelum X Himayuddin RARS, Koddur,  
Swarna Janhangir Chinna Swarnarekha X Jahangir RARS, Koddur,  
PKM -1 Swarnarekha X Neelum HCR&I, Periyakulam 
PKM - 2 Neelum X Malgoa HCR&I, Periyakulam 
 

Andhra Pradesh Banganpalli, Totapuri, Himayuddin, Suvarnarekha, Allampur Baneshan, Cherukarasam  
Bihar Bombai, Zardalu, Malda (Langra), Sukul, Sepia, Bathua, Himsagar, Kishen Bhog, Fazri 
Goa  Fernandin, Mankurad 
Gujarat Alphonso, Kesar, Rajapuri, Vanraj 
Haryana  Dashehari, Langra, Siroli (Bombay Green) 
Karnataka  Alphonso, Totapuri, Mulgoa, Neelam, Pairi 
Kerala  Mundappa, Olour, Pairi  
Madhya Pradesh  Langra, Sunderja, Bombai, Alphonso and several seedling types  
Maharashtra  Alphonso, Mankurad, Mulgoa, Pairi  
Orissa Seedling types and Banesban, Langra, Neelum and Suvarnarekha 
Punjab Dashehari, Langra, Samarbehist Chausa 
Tamil Nadu  Banganpalli, Totapuri, Neelum, Rumani, Mulgoa 
Uttar Pradesh  Dashehari, Samarbehisht Chausa, Lucknow Safeda, Langra, Bombay Green, Fazri 
West Bengal Himsagar, Fazri, Kishen Bhog, Langra, Bombai 
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Himsagar Fazri Kishenbhog

Bombai Zardalu Kanchal Bathua

Alphonsho Kesar Vanraj

Malgoa Rajapuri

West-Indian Varieties

Important varieties of different Regions
East-Indian Varieties

Diversity in Mango Varieties
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North-Indian Varieties

South-Indian Varieties

Dashehari Langra Husnara

Rataul Chausa Amrapali

Mallika Lucknow Safeda

Baiganpalli Totapuri Cherukrasam

Suvarnarekha Neelum Neelgoa

Ramkela
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Ambika Arunika

Pusa Arunima Pusa Surya Pusa Pitamber

Pusa Pratibha Pusa Lalima Pusa Shreshtha

Suvarna Konkan Ruchi Sonpari

Arka Anmol Arka Aruna Arka Neelkiran

Sindhu Ratna Manjeera

New Improved Varieties
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Soil
Mango is known to grow well on wide

range of soil types such as lateritic, alluvial,
sandy loam and sandy. Although, it grows very
well in medium to high fertile soils, its cultivation
can be made successful even in low fertile soil
by appropriate and adequate management of
nutrition. Very poor and stony soils on hill
slopes, however, are not good for profitable
cultivation. However, growing mango in
lateritic stone is now successful, if its specific
technology is adopted. The loamy, alluvial, well
drained, aerated and deep soils rich in organic
matter with pH range 5.5-7.5 are ideal for mango
cultivation. The extremely sandy, shallow,
rocky, water-logged, heavy textured and alkaline
or calcareous soils are generally not suitable for
mango cultivation.

Good practices for mango propagation
Mango can easily be propogated by

vegetative methods. Though, propagation from
seed is very easy and cheap but it does not
transfer the true characters of the parent tree as
mango is a highly cross pollinated crop and
commercial varieties are monoembryonic plants.
Vegetative propagation ensures genuine and
true to the type plants. Hence, commercially
mango is propagated through vegetative
methods. Several methods of vegetative
propagations have been tried with varying
successes. Some of the important commercial
methods of vegetative propagation are inarching,
veneer grafting, soft wood grafting and stone/
epicotyl grafting.

Rootstock: For vegetative propagation, seedlings
are first raised as rootstocks. For this purpose,
mango seed/ stones should be sown in the
month of July-August in beds mixed with well
decomposed farm yard manure. FYM is
incorporated at the rate of 8-10t per ha.
Alternatively, 25kg N per ha may be applied in
the form of urea, CAN or any other available
inorganic source after the leaves have become
green in two split doses at the interval of 20 days.
When the seedlings attain the age of 1 months,

transplanting should be done in well prepared
beds/pots/black perforated polybags. During
this period proper care needs to be taken for
better growth of the young seedlings. The
seedlings should also be protected from frost by
putting the pots under shade or thatching the
young seedlings in the field or in the shed net/
temperature and humidity controlled polyhouse.
Plants are generally propagated using random
seedling rootstocks. The polyembryonic
rootstocks, however, have shown a promise in
producing plants of uniform size and vigour.
Now with the development of shed net,
polyhouse, etc. rootstock can be raised in
polybags and vegetative propagation can be
done throughout the year. Various methods
employed in mango propagation are described
as below:

a) Inarching: This method is an old and
traditional method and commonly practiced by
private nurserymen. Though the method of
inarching or approach grafting is quite
cumbersome and time consuming but it is still
the leading method of commercial propagation
of mango plants. This method commonly
consists of uniting the selected shoot (scion) of a
desired parent tree (mother plant) to the potted
or transplanted seedling (rootstock) by approach
method.

For this purpose, about one year old
seedlings are most suitable when they attain a
height of about 30-45 cm and thickness ranging
from 2.0 to 2.5 cm. These seedlings are either
grown in pots or under the mother plant from
which the grafts are to be prepared, depending
upon the availability of suitable branches.
Generally, one year old twig of the scion tree
about 15-20 cm in length and nearly of the same
thickness as that of the stock is selected for
grafting. For this, mother plants or mother block
is developed, where the branches of the mother
plants are specially trained, so that grafts can
be prepared.

Inarching should be done during the
growing period when the tree is in active sap
flow or active growth period. Hot, very dry and
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winter period, as well as heavy rainfall period
is not suitable for inarching. The end of the
monsoon in heavy rainfall areas and early
monsoon in the light rainfall areas are the best
period for inarching. In North India, July-
September is the best period for inarching. In
the more equitable climate of South India, the
operation can be done any time between July
and February.

A thin slice of bark and wood, about 5 cm
in length, 7.5 mm in width and 2 mm deep, is
removed from the stem of the root stock as well
as from the scion branch. The dimensions can
be proportionately increased or decreased
according to the thickness of the stock and scion
by means of a sharp grafting knife. The cuts,
thus made should be absolutely flat, clean, boat
shaped, even and smooth. The ends of these cuts
should be round and not angular. The cut
surfaces of both, i.e., stock and scion are made to
coincide facing each other so that there remains
no hollow space between the two. These are then
tightly tied by polythene/alkathene strips of
about 1.5cm in width and preferably of 200
gauge thickness.

After one month of operation, the scion
below the graft union and stock above the grafts
union should be given light ‘V’ shape cuts at
weekly intervals and the grafts can be finally
detached while giving the fourth cut. In the last
stage, the top of the stock above graft union
should also be removed completely.

b) Veneer grafting: This method of propagation
possesses promise for mass scale commercial
propagation. The method is simple and can be
adopted with good success rate. The rootstocks
as mentioned for inarching are also suitable for
this method. For doing grafting a downward and
inward cut of 30-40 mm long is made in the
smooth area of the stock at a height of about 20
cm. At the base of cut, a small shorter cut is given
to intersect first, so as to remove the piece of wood
and bark. The scion stick is given a long slanting
cut on one side and a small short cut on the
other so as to match the cuts of the stock. The
scion is inserted in the stock so that the cambium

layers come in contact on the longer side. The
graft union is then tied with polythene strip as
recommended for inarching. After the scion
takes and remains green for more than 10 days
the rootstock should be clipped in 2-3 stages.

The scion wood is to be used for veneer
grafting requires proper preparation. Those
shoots are selected which are about one year
old and are pencil thick in size. The desired
shoots are defoliated at least one week prior to
grafting so that the dormant buds in the axils of
leaves become active and slightly swollen. The
best time for this method is also the same as for
inarching.

c) Stone / epicotyl grafting: The grafts prepared
by this method require less time and are cheap
as compared to inarching and veneer grafting.
Success is usually as high as 75-80 per cent.
However, there is some mortality after final
transplanting. For grafting, sprouting mango
stones are used as rootstocks and semi-mature
terminal shoots of 12-15 cm lengths, which have
passed the purple coloration stage as scion. The
grafting is done either by cleft or whip method.
The grafts should be placed in a polyhouse in
nursery for 12-14 days where high humidity
(more than 80%) is maintained. During this
period, proper union takes place and the scion
sprouts. The grafts are then potted and kept in
green house or in shady place for some time
before final transfer to field. Presence of stored
food material in stones and high meristematic
activity helps in proper healing and subsequent
growth of the scion.

d) Soft-wood grafting: The technique of soft-
wood grafting is similar to that of cleft grafting.
In this case, grafting is done on newly emerged
flush having bronze coloured leaves and stem.
This method is useful in in-situ establishment of
the orchard. The scion wood to be used should
be defoliated 10 days prior to the grafting and
having same thickness as that of terminal shoot.
The graft should be secured firmly using 1.5 cm
wide and 4.5 cm long, 200 gauge polythene
strips. July and August are the best months for
soft-wood grafting.
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Shortcomings of old mango nursery
practices:
 Invariably scion shoots are taken from the

mother plants without knowing about its
characteristics, viz. age of the mother plant,
yield, quality and load of pests and
diseases.

 Scion shoots are collected from disease
infected trees/vegetative malformed
plants.

 Scion shoots are taken from juvenile tree,
which can delay fruiting for few years.

 Enough rotation is not practiced in the
nursery and same bed is used repeatedly
year after year.

 In general, plants are multiplied in the bed,
hence every time, 4-6 kg soil is transported
as earth ball.

 Distant transport of plants along with earth
ball is tedious, expensive and less efficient.

 Often, number of diseases and pests are
carried along with earth ball.

 Least number of plants per unit area are
produced in most of the nurseries.

 In most of the cases source of rootstock are
not known.

Improved propagation techniques

Establishment and maintenance of
mother plants

Invariably, separate space should be
provided for establishment of Mother Block
within the premises of the nursery. Selection of
the elite mother plant is of utmost importance
and should be done with the greatest care since
the performance of the progeny will depend
entirely upon the characteristics of the mother
plant. The performance of the progeny will be
fully known only after it attains bearing age, i.e.,
5-8 years in the case of mango.

The trees selected for mother plants, should
have the following basic characteristics:
 Consistently high performance and

maximum yield over 3-5 years.
 High quality fruits.

 Healthy and free from incidence of
diseases and insect pests.

 The plants should have attained full
bearing age, since its characteristics will
be known only after bearing.

 Plants which are too old, dense and not
yielding economic crop should be avoided.

 In future, utmost care need to be taken in
selection of elite clones from the existing
orchards in the area or in the existing
mother block of the nursery, i.e., such
selection should be only from the Plus trees.

Maintenance of mother plants
A permanent register indicating the layout

of promising varieties of the region needs to be
maintained. The maintenance of mother plants,
right from the time of planting to the stage of
bearing and subsequent years involves the
following steps:
 Application of manures and fertilizers
 Irrigation
 Weeding and inter-culture operations
 Training and pruning
 Plant protection measures

Preparation of rooting media and filling
in poly bags

It is advisable that instead of propagation
in bed, UV stabilized poly bags should be
utilized for plant multiplication. Rooting
media/potting mixture has most important role
in multiplying healthy and disease free plants.
Hence rooting media should be as per following
guidelines.

Composition of root media
Soil : 1 part 
Sand : 1 part 
FYM  
(well composted)/vermicompost 

: 1 part 

 Sterilization of rooting media
Mix the above components properly. This

should be steam sterilized, which is best, as it
does not leave any residual effect and is also
very effective. Alternatively, the mixture can be
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Size of structure - 10 x 15 m 
Maximum height of 
structure 

- 2.5 m  
(Round shape) 

Fitted with 
temperature and 
humidity controllers  

 Fully automated  

Ideal temperature   30±20C 
Humidity  80-90 % 

 

Size of shade house - 40.0 x 20.0 m 
Height of shade house - 3.0 m  
Shade  in net houses - 50 and 75 % 
Overhead sprinklers 
for irrigation 

 Fully 
automated 

 

solar sterilized by spreading the same thinly on
a cemented floor during May - June and covering
it with white polythene sheet.

Containerization
Poly bag of appropriate size can be utilized

at various stages of plant multiplication. It is
quite cumbersome to sterilize the whole soil and
it is also expensive, however, limited amount of
root medium used in the containers can be
sterilized economically.  Moreover, containers
can be shifted to green house for protecting
against rain, cold or high temperature for quick
growth. Later for transplanting, the plastic pots
or poly-bags (200 gauge) of size 12.5  x 25 cm are
most useful.

Establishment of poly and net house
Usually 3-4 months (July-September) are

suitable for propagation of mango in northern
India but with the use of automatic/semi
automatic polyhouse and net house structures

Hi-tech Nursery

propagation period can be extended to 8-9 month
with greater success.

Propagation techniques: Using modern
techniques of plant propagation in poly house/
shed nets and using polythene bags, mango
plants can be propagated throughout the year
by different grafting methods (Veneer grafting
or side grafting/softwood grafting/ epicotyl
grafting) already enumerated above.

Standard size of poly and shed net house
for establishment of model nursery

The standard size of poly and shade net
house are provided as under.

Poly house made of poly carbonate
sheets and UV stabilized polythene
sheet

Shade net house

Good planting techniques
Prior to planting, field should be deeply

ploughed, harrowed and leveled properly after
removing the weeds. Pits of proper size should
be dug at appropriate distances and filled by
adding sufficient quantity of farm yard manure.
The grafts to be planted should be procured from
reliable nurseries few days before actual
transplanting.

a) Time of planting: The best time for planting
all over India is during the monsoon when there
is sufficient moisture in the atmosphere. In the
area of heavy rainfall the best time of planting
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mango is the end of the rainy season. In tracts
where the rainfall is less, the planting can be
done in the early part of the monsoon for better
establishment. The best time of planting is in
the evening hour otherwise if the day turns out
to be unusually hot or dry, the plants may wither
due to an excessive loss of water.

b) Planting distance: The planting distance
varies according to variety; the fertility level of
the soil and general growth conditions in the
area. Where the growth is excessive the distance
should be 10 X 10 m but in the dry zones where
the growth is less, it can be regulated to about 8
x 8 m.

However, now 5 X 5 m distance is
recommended to get higher yield in the initial
years and later canopy is maintained by
pruning and higher yield is maintained. In this
density 400 plants can be accommodated in
place of 100 plants per hectare as in case of 10 X
10 m planting and 4-5 times higher yield can be
obtained per hectare.

c) Size of pits: In locations where the soil is
loamy and deep, pits of 0.5 X 0.5 X 0.5 m be dug
at desired distances. In shallow and hill soils
the pits should, however, be of at least I X 1 X 1m
size.

d) Filling of pits: After 15 to 20 days of digging
the pits (during this period solarisation of soil
takes place) are refilled. First half soil without
FYM is filled in the pit and then rest ½ soil which
is mixed with 50 kg of well decomposed FYM,
1.0 kg of single superphosphate and one kg
neem cake or 500g bone-meal. Pit should be
treated with Tricel (2.5 ml/litre of water) or Sevin
dust (20g/pit) to prevent it from white ant
(Termite) infestation. The level of soil is kept
slightly more on the pits so that after irrigation
it settles at the ground level.

In case of stony soils, it is better to remove
all the stones from the excavated material and
remaining soils should be mixed with soil
scrapped from the left over area. The pits should
invariably be filled before the rainy season, so
that there is maximum settling down before the
advent of heavy rainfall.

e) Planting of grafts: Rows should be planted in
north-south direction to allow maximum
sunlight exposure. After making the exact
position of the plant in the pit with the help of
planting board, soil is scooped out in the centre
of the pit so as to accommodate the mango plant
with its ball of earth. The plant is placed straight
in the centre of the pit. The soil around the plant
is pressed firmly and a small basin is made
around the plant for regular watering.
Immediately after planting, it should be
copiously watered. It is desirable to stake the
plant to avoid breakage especially at the graft
joint and to keep it erect. Planting is done during
the month of July - October.

f) Training and pruning: The training of the
plants in the initial stages is very essential to
give them proper shape. At least 75 cm of the
main stem should be kept free from branching
and the first leader/main branch may be
allowed after that. The main branches should
be spaced in such a way that they grow in
different directions and are at least 20-25 cm
apart otherwise there are every chances of
breakage due to smaller crotch angles and heavy
top.

The branches which exhibit tendency of
crossing and rubbing each other should be
removed.

Fertilizer requirements
Though, mango is cultivated even without

the supplement of fertilizers, for the profitable
cultivation proper dose of fertilizer application
enhance production and quality of fruits. Proper
management involves the replenishment of the
nutrients removed through the harvested
produce and natural losses from soils. Even the
undernourished trees can be recovered by
suitable supplementation of fertilizers. The idea
of manuring bearing trees is also to secure
regular bearing. Recommendations based on
research and also on experience gained by the
orchardists are given below.

a) Quantity of fertilizer: Manuring of mango
plant starts right from the inception of planting
in the field. First application is made at the time
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of filling of the pits. Fertilizer application during
the first year of planting may be given as 100g N
(217g of urea), 50g P205 (312 g of superphosphate)
and 100g K20 (165g of muriate of potash) per
plant.

Above dose should be increased every year
up to 10 years in the multiple of first year’s dose.
Accordingly, a 10 year old tree should receive
nutrients contained in 2.17 kg urea, 3.12 kg
superphosphate and 1.65kg muriate of potash
and should be followed for subsequent years. In
addition to above fertilizer a dose of 50kg of well
decomposed organic manure can be given each
year to create proper soil physical environment
and soil microbial biomass.

The application of micronutrients is not
recommended as a routine. Need based
supplementations are essential when these
become limiting for production. It is advisable
to apply micronutrients through foliar sprays.

b) Time of fertilizer application: Fertilizers may
be applied in two split doses, one half
immediately after the harvesting of fruits in
June/July and the other half in October, in both
young and old orchards, followed by irrigation
if there is no moisture in the soil.

c) Method of fertilizer application: First of all
the weeds should be removed from basins of the
plants. The mixture of recommended dose of
fertilizers should be applied in 20cm deep and
30cm wide trenches dug at 1.5m away around
the tree trunk.

Fertigation
Drip irrigation irrespective of fertigation

with NPK+B and non-fertigation give
significantly higher fruit yield (8.13 to 13.56 t
ha-1) over basin irrigation (6.40 to 8.34 t ha-1).

Drip irrigation in conjunction with
fertigation with NK+B at fruit set and fruit
development (marble size) stages give highest
fruit yield (13.56 t ha-1).

There is a saving of irrigation water (15.0
to 45.20%) and an increase in fruit  yield (19.00-
57.50%) over basin irrigation.

In fertigation, since the nutrients are
applied at the time of plant/fruit need, it
prevents loss of nutrients from leaching beyond
the reach of root zone or from accumulating near
the surface. Thus, apart from increasing nutrient
use efficiency, it improves quality of fruit and
economizes/reduces the use of fertilizer (25 to
50%) with the normal application.

Irrigation
Under subtropical condition irrigation

should be applied whenever soil moisture is
depleted in the centre of the root zone to 10, 20
and 30 kPa (centibar), depending   respectively
on soil types, i.e., light, medium and heavy.

Irrigation requirement of young non-
bearing orchard differs from the bearing
orchard.

Irrigation in young and non–bearing
orchards

Young mango plants should be watered at
2-3 days interval during dry season till they are
well established. Trees in the age group of 2-3
years should be irrigated at weekly intervals,
while 4-5 years old  trees need watering at 10-15
days interval.

Irrigation requirement  of 1-5 years old mango
plants

Generally intercrops are grown during the
early years of plantation and, hence, method of
irrigation has to be adjusted accordingly. It is
advisable to irrigate the mango plants in basins
around them, which can be connected in series
or to the irrigation channel in the center of rows.
The intercrops need to be irrigated
independently as per their specific

Age 
(year) 

Interval between two irrigation 
(Days) 

Winter Season Summer 
Season 

Heavy 
soil 

Light 
soil 

Heavy 
soil 

Light 
soil 

1 6-7 4-5 4-5 2-3 
2-3 10-11 8-9 8-9 6-7 
4-5 14-15 12-13 10-11 8-9 
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requirements. In mono cropping of mango, basin
irrigation is preferable with a view to economize
water use.

Irrigation in bearing orchards
When trees are in full bearing stage,

generally 3 irrigations are given starting from
fruit set to fruit development. First irrigation
needs to be provided at fruit setting, second at
marble size stage and third at fruit development
but before maturity. It is advisable to irrigate
mango trees in basin made in 2m periphery
around tree trunk.

Drip irrigation
Drip irrigation is recommended for

judicious use of water as it saves 30-40 per cent
water and generally gives 50-60 per cent higher
fruit yield. Experiments conducted  at the
Institute have shown that the irrigation to the
replenishment of 60 per cent open pan
evaporation  give highest  fruit yield (119.15kg,
78.84 kg tree-1) in mango cvs  Dashehari and
Langra , respectively.

Water use efficiency under drip system has
been found 9.90 to18.80 per cent, while in basin
system it is found 7.10 per cent.

Young plants need 9-12 litres of water/
day/plant, while 3-5 years old plants require
water 30-35 litres /day/plant, 6-9 years old
plants require 50-60 litres/day/plant mango
trees of 10 years and above require 80-90 litres /
day/plant under subtropical conditions.

Intercultural operations
Intercultural operations in orchards are

necessary for the proper upkeep of mango
plantation. The removal of weeds not only
avoids the competition for essential nutrients
and water but also creates better physical soil
environment for plant growth, particularly root
development. It also helps in water movement
in soil and in controlling some of the insect pests.
Moreover, it ensures proper incorporation of
applied plant nutrients in soil and reduces their
losses. Frequency and the time of intercultural

operations vary with age of orchards and
existence of intercrops.

The weed problem may not exist but it is
advisable to break the crust with hand hoe each
time after 10-15 irrigations. However,
subsequent hoeing may be done depending on
weed growth in the basin. If the intercrops are
not being raised in the pre-bearing stage due to
some reasons, the area between the basins should
be ploughed at least three times a year, i.e., pre-
monsoon, post-monsoon and in the last week of
November.

Intercultural operations are equally
important for the bearing mango orchards. First
cultivation should be done before the on set of
rain. This will help in checking run-off losses
and facilitate maximum intake of water into soil.
Orchard may be ploughed again after the rainy
season is over in order to suppress weed growth
and to break capillaries. Third ploughing
should follow in last week of November or first
week of December with a view to check the
population of mango mealy bugs.

Intercropping
Mango orcharding provides an

opportunity of utilizing the land space to its
maximum during initial years (up to 8-10 years)
of establishment. Due to wide spacing and
developing rooting pattern, the large unutilized
interspaces can be exploited for growing inter
and mixed crops successfully. The soil fertility
can be maintained /enhanced by careful
selection of intercrops and adequate
management of the orchard. This enables the
orchardists to raise extra income during these
years, when the main crop yields no/low
returns. However, selection of intercrops
depends on agro-climatic region, marketing
facilities, levels of inputs and other local
considerations. It is always advisable to avoid
tall growing exhaustive crops like maize, sugar
cane, bajra, etc. Some fertility restoring crops like
legumes and leguminous cover crops should be
included into the intercropping pattern. The
partial shade loving crops like pineapple, ginger,
turmeric, etc. can be grown in full grown
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orchards. In addition to field crops, some short
duration, less exhaustive and dwarf type filler
crops like papaya, guava, peach, plum, etc. could
also be grown so long they do not interfere with
the performance of main mango crop. These
fillers can be selected depending upon agro-
climatic regions and other considerations
including economics.

Pruning and canopy management
In most parts of the country, mango

plantations are not yet managed by initial
training and pruning, that’s why after attaining
certain age, the trees attains tall and huge
structure at the same time the orchard
management cost increases. At this stage it
becomes essential to restructure the canopy of
the trees for improving the production.

Pruning for canopy management in bearing
mango trees – Decline in productivity of mango
orchards is largely due to dense, intermingling,
overcrowding and pest infested branches with
more of wood mass and canopy of unhealthy
shoots. In such mango orchards, light
interception and photosynthesis potential of
trees is reduced. So, selective pruning and
thinning of crowded branches for proper air
circulation, improved photosynthetic efficiency
is required. If bearing mango trees have not been
given foundation training and pruning during
initial years of establishment, then this pruning
becomes more relevant for enhancing the
productivity of the trees.

Normally height of a planned mango
orchard should not exceed beyond 5 meters
(approximately 15 feet). Over this height
harvesting and other cultural operations become
difficult. Canopy management practices are
highly effective in enhancing productivity of
orchards of middle age group (20-30 years). The
effects of branch thinning on quality fruit
production are visible from the first year of
operation itself. In bearing mango trees, branch
thinning gives good results. Under this
treatment, only one or two branches from central
portion of canopy are thinned out from their

place of origin during December and copper
paste is applied to the cut end. The branches
selected for thinning should be of vertical growth
habit (with narrow crotch angle). This operation
significantly reduces the tree height and
improves availability of solar radiations and air
circulation in the centre of the plant. This results
in availability of solar radiations to all inner
leaves and more photosynthesis which
ultimately gives good yields and better fruit size.
It was also found that pruning is essential in
the plants, which touches its canopy with other
trees. In these plants 20 cm pruning every
alternate year gives better yield in the bearing
trees.

Pruning for rejuvenation and restoration of
productivity of senile orchards - In the country
about 35-40 per cent mango orchards are old
and senile. Like any other fruit crop, mango trees
also witness decline in productivity after certain
age, i.e., 45-50 years. Closely spaced orchards
attain such stage at an early age. These orchards
can be rejuvenated by the technique developed
at the Institute. In this, the old plants which have
become old, unproductive and senile can again
be made productive. First orchards are identified
which have become unproductive by recording
the yield of last five years. If there is no or very
less yield it can be rejuvenated. For this, heading
back of 3-4 wide angled branches are done
during December at approximately 2.5 to 3.0 m
height from ground and thinning out of
remaining branches from their base. Heading
back should be done with power operated chain
saw for getting sharp and smooth cuts. The first
branch is cut from the lower side and then from
upper side so there is no split and cut is sharp.
Tall and heavy branches should be tied with
rope and safely pulled for guiding their smooth
falling on ground as well as to avoid splitting of
branch or unintentional accidents. The cut end
should be sharp and slant. The cut end is pasted
with Bordeaux paste so that no infection
develops. Pruned trees should be energized
with the application of recommended dose of
fertilizers. Application of 2.5 kg urea, 3 kg single
super phosphate  and 1.5 kg muriate of potash
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is recommended for each pruned tree. Half dose
of urea with full dose of single super phosphate
and muriate of potash needs to be applied
during the end of February. Full dose of well-
decomposed FYM (120 kg/tree) should be
applied in the first week of July followed by
irrigation at an interval of fifteen days till onset
of rainy season.  New shoots develop on these
cut ends profusely after some time. Thinning of
excessive shoots is done during the month of
April and June to allow only 4-6 healthy
outward growing shoots per branch for ideal
canopy development. Care is to be taken that
healthy shoots are retained and weak or
diseased shoots are removed completely from
the base. Monitoring and management of stem
borer is very essential after heading back of
branches. Stem borer can be removed
mechanically with the help of cycle spoke. The
other method for the control of stem borer is
putting Diclorovos soaked cotton in the hole of
stem borer and sealing all holes with mud. The
canopy is regularly monitored and excessive
shoot growth is thinned off and kept healthy by
spraying copper oxychloride to contol
anthacnose and other leaf spots. After two years

of heading back, the trees attain umbrella like
open canopy and become rejuvenated with
development of healthy and productive canopy
and start-bearing fruits. The rejuvenated plants
by this technique again become productive for
another 25-30 years. Orchardists can get
additional income from sale of pruned wood and
intercropping of short duration crops such as
vegetables and flowers in open space of orchard
during the initial years. Fruit yield is enhanced
up to 4-5 times and quality is also improved with
bigger fruit size. Higher yield is due to better
harvesting of solar radiation by the tree canopy.

Top working in mango – Top working can
easily be adopted in trees with poor performance
to upgrade seedling plantations and inferior
varieties with superior high yielding cultivars
as well as quick testing of newly introduce
selections/hybrids. In case of mango, top
working can be practiced in plantations of all
age groups. Provision of polleniser cultivars can
be made in existing plantations through top
working. Role of polleniser cultivars is very vital
in mango during fruit setting as it is a highly
heterozygous and cross pollinated crop.

Rejuvenation Technique

Over crowded orchard Deheading of plants Pasting after
deheading

Thinning of new shoots New canopy development Inter-cropping in orchard
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Cultivar Bombay Green has proved to be good
polleniser for Dashehari and Chausa.

For top working in mango, identified trees
of poor performance should be marked well in
advance. First step for this operation is heading
back of trees at lower heights (up to 3 m), during
severe winter months (December or January).
Heading back operation should be done very
carefully to check the splitting of branches.
Smoothness of cut surfaces is important for
healthy growth and emergence of new shoots. If
number of branches is more than three, then they
should be removed from their base in order to
provide proper space for development of new
shoots. The cut end is pasted with Bordeaux
paste (10%) so that no infection develops. April
onwards, numerous shoots emerge near the
pruned surfaces of branches. Among these
emerged shoots, only 4-6 healthy shoots per
branch should be kept and rest should be
removed in the months of July and August.
Scions of promising mango cultivars and
hybrids should be selected for top working.
These scion shoots are defoliated 10 days prior
to detachment, so that the buds swell and get
activated. Age of scion shoots taken for top
working should be about 8-10 months old. These
scion sticks should be grafted on emerged shoots,
developed on branches of pruned trees by
adopting veneer grafting in the month of August.
Care should be taken that the scion is of the same
thickness as that of the emerged shoots on the
pruned branches of the tree to avoid
incompatibility. Numerous side shoots, which
emerge on the pruned branches after grafting
operation, must be removed regularly as and
when they appear, so that pure commercial
variety is obtained. Plant protection measures
regarding stem borer and leaf eating weevils
have to be attended carefully. Top worked plants
start flowering and fruiting from third year
onwards.

Precautions during pruning and canopy
management operations
1. Large upright branches and trunks should

be cut on a slant angle to prevent water
sogging on the cut surface with the

potential to cause rotting.
2. Large branches and main trunks should

be cut off in sections, rather than in one
cut, where they could fall onto branches
below and damage them.

3. To encourage rapid healing of wounds,
make all cuts clean and smooth. This
requires good, sharp pruning equipment.
Do not leave stubs as die back infection
occurs there.

4. The cut end is pasted with Bordeaux paste
(10%) so that no infection develops.

Good disease management practices
Diseases in mango are potentially

important as it suffers from several diseases at
all stages of its life. All the parts of plant, namely
trunk, branch, twig, leaf, petiole, flower and fruit
are attacked by number of pathogens. These may
be fungi, bacteria or algae and cause several
kinds of rots, die back, anthracnose, scab,
necrosis, blotch, spots, mildew, etc. Some of these
diseases are of great economic importance as
these cause heavy losses in mango production
in some regions. Powdery mildew has been
known to cause a complete failure of the crop in
U.P. in some years. Major diseases of economic
importance and their control measures are
discussed below.

Powdery Mildew [Oidium mangiferae
Berthet.]
Symptoms

The symptoms can be noticed on the
inflorescence, stalk of the inflorescence, leaves
and young fruits. The characteristic symptom
of the disease is the white superficial powdery
growth of the fungus on these parts having
millions of conidia which are borne in chains
on conidiophores and the disease spreads
though air borne conidia.

On leaves : Infection is frequently noticed on
young leaves, when their colour changes from
brown to light green. Young leaves are attacked
on both the sides as small irregular greyish
patches, but on the underneath the symptoms
are generally more conspicuous. Often, these
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patches coalesce and occupy larger areas
turning into purplish brown in colour. At a later
stage, patches become darker in colour. Under
favourable environmental conditions, the
invaded areas are covered with a luxuriant
whitish growth, consisting of mycelial mat and
conidia. The pathogen is frequently restricted to
the area of the central and lateral veins of
infected leaves and such leaves often twist, curl
and get distorted. Recently, it has been observed
that while distortion of leaves is more common
in plains, in the foot hill areas, it shows ashy
brown patches with white powdery growth on
the leaf surface.

On Inflorescence: White superficial powdery
fungus grows on the inflorescence resulting into
its shedding. The sepals are relatively more
susceptible than the petals. The affected flowers
fail to open and may fall prematurely. Dropping
of unfertilized infected flowers leads to serious
crop loss.

On fruits : Young fruits are covered entirely by
the white mildew growth. When it grows,
epidermis of the infected fruits cracks and corky
tissues are formed. Purplish brown blotchy areas
appear on the skin of older fruits. Such fruits
may remain on the tree until they reach up to
pea size and then drop prematurely. Dropping
of immature fruits leads to serious crop loss.

Management
 Pruning of diseased leaves and malformed

panicles reduce the load of primary
inoculums and improve the control
achieved by spraying of mildewcides.

 As the inflorescence infection causes
serious harm, 3 sprays of fungicides
during flowering season are recommended
at 15-20 days interval.

 It has been observed that epidemic of
disease occur when the maximum
temperature reaches 350 C and minimum
temperature 170C during the 3rd and 4th

week of March in northern plains. Hence,
intelligent management is recommended
during this period.

 Although 3 spraying schedule is
recommended for managing this disease,
intelligent management may be achieved
with only 1 or 2 spray on the basis of
forecasting of disease. However, any of the
three fungicides may be used.

 Wettable sulphur (0.2% Sulfex)
 Dinocap (0.1 % Karathane)
 Tridemorph (0.1 % Calixin)

Precautions
 Spraying should be avoided when flower

are in full bloom.
 Spraying interval may be 15-20 days as per

the need.
 Liquid soap may be mixed in the spraying

solution for better effectiveness.

Anthracnose: [Colletotrichum
gloeosporioides Penz. = Glomerella cingulata
(Stons.) Spauld & Schrenk]

Symptoms
The disease is observed on leaves, petioles,

twigs, blossoms and fruits.

On leaves : Characteristic symptoms appear as
oval or irregular vinaceous brown to deep brown
spots of various sizes scattered all over the leaf
surface. Under damp conditions, the fungus
grows rapidly forming elongated brown necrotic
areas measuring 20-25 mm in diameter. Later
the lesions get blighted and rupture and show
‘shot hole’ symptom. Young leaves (light green
stage) are more prone to attack than the older
ones.

On petiole and twig : Petioles, when affected,
turn grey or black. The leaves droop down,
slowly dry up and ultimately fall-off, leaving a
black scar on the twig. Disease produces
elongated black necrotic areas on the twigs. The
very young branches start drying from tip to
downwards showing characteristic symptom of
wither tip.

On blossom: On inflorescence, the earliest
symptoms of the disease are the production of
blackish brown specks on the peduncle and
flowers. Small black spots appear on the
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panicles and open flowers, which gradually
enlarge and coalesce to cause drying of flowers.
The infected flowers fall-off, leaving the more
persistent spikes on the peduncles.

On fruit: Anthracnose develops as latent
infection on fruits while in field or on the tree.
Very minute spots develop, which are not even
visible, but when these fruits are stored, they
develop rot due to anthracnose disease.

Management
 Severely infected twigs from the tree should

be pruned. Diseased leaves, twigs and
fruits, lying on the floor of the orchard
should be collected and burnt.

 Blossom infection can be controlled
effectively by 2 sprays of carbendazim
(0.1% Bavistin) at 15 days interval.

 The foliar infection can be controlled by 2
sprays of copper oxychloride (0.3%) at the
interval of 20 days.

 Pre-harvest sprays with thiophenate
methyl or carbendazim (0.1% Topsin M or
Bavistin) in the field reduce the latent
infection on fruits.

 Post harvest anthracnose can be managed
by treating fruits with hot water at 52±10C
for 20 minutes. The duration of hot water
treatment can be reduced to 10 minutes by
supplementing carbendazim or prochloraz
(both at 0.05%) in hot water.

Dieback : [Lasiodiplodia theobromae (Pat.)
Griffon & Mouble Synonyms =
Botryodiplodia theobromae Pat.]
Symptoms

The disease is noticeable at any time of the
year but it is most conspicuous during the
months of October and November. It is
characterized by drying back of twigs from top
downwards, particularly in the older trees,
followed by drying of leaves, which gives an
appearance of fire scorch. Dark patches are
usually seen on young green twigs. When the
dark lesions increase in size, dying of young
twigs begin. The upper leaves loose their green
colour and gradually dry. Internal browning in

the wood tissue is observed when it is slit open
along with the long axis. Cracks appear on the
branches and twigs and gum exudes before they
die.

When the graft union of nursery plants is
affected, it usually dies. It has also been noticed
that the infection occurs at nodes at variable
distances below growing point and the part of
the twig on both the sides of infection dies.

Management
 Pruning (6-15 cm below the infection site)

followed by pasting or spraying of
Bordeaux mixture (5:5:50) or copper
oxychloride (0.3%) on contends is the most
effective method for control of the disease.

 Scion wood selected for propagation
should be selected from healthy plants and
should be free from infection, while
multiplying the planting materials.

Gummosis

[Lasiodiplodia theobromae (Pat.) Griffon
and Mouble Synonyms: Botryodiplodia
theobromae perfect stage Pat. Physalospora
rhodina Cooke]

Generally those mango trees are affected
by the gummosis, which are planted in sandy/
light soil but its prevalence has also been noticed
in other mango growing soils too. The disease
occurs on stems and branches of mango trees.
The disease is noticed after rainy season
particularly in winters.

Symptoms
 The disease is characterized by the

presence of profuse oozing of gum on the surface
of the affected wood, bark of the trunk and also
on larger branches but more common on the
cracked branches. In severe cases, droplets of
gum trickle down on stem and bark turns dark
brown with longitudinal cracks, rots completely
and later the tree dries up due to cracking, rotting
and girdling effects.

Management
 The diseased bark/portion should be
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removed or cleaned and pasted with
Bordeaux paste or copper oxychloride
paste.

 Application of Copper sulphate @500 gm/
tree (depending upon the age of the tree) in
soil around the tree trunk is recommended.
However, the gummosis is very less in the
orchards receiving regular copper
oxychloride sprays for the control of leaf
spot diseases.

Phoma Blight : [Phoma glomerata (Corda)
Wall. & Hochapf]

Symptoms
It can be differentiated from the

anthracnose, which generally occurs on younger
leaves and are of round spots, while the spots of
phoma blight are angular. Symptoms of this
disease are noticed on matured/old leaves only.
Initially, the lesions are minute, irregular, yellow
to light brown, scattered all over the leaf lamina.
As the lesions enlarge, their colour changes from
brown to cinnamon, and these become irregular
in shape. Fully developed spots are
characterized by dark margin and dull grey
necrotic centres. In severe cases, the spots
coalesce to form the big patches, which result in
withering and defoliation of infected leaves.
Such plants can be identified easily from a
distance with less foliage. Disease is more serve
during the period of November-January.

Management
 As nutrition plays an important role,

balanced nutrition provides resistance
against phoma blight.

 Spraying of benomyl (0.2%) or copper
oxychloride (0.3%) (2 spraying at interval
of 15 days) have been found effective
against this disease.

Sooty Mould
In India, the disease is caused by

Capnodium mangiferae Cke. and Borwn,
Microxyphium columnatum, Leptoxyphium fumago,
Tripospermum myrti, etc. Since, these fungi do
not sporulate on the plant, they are often found

in combination with one another, it is difficult
to identify the specific species which are
involved on a given leaf.

Symptoms
The disease is characterized by the

presence of a black velvety thin membranous
covering on the leaves, stems and fruits. These
range from thin, diffused webs of dark hyphae
to opaque fealty layers. The mycelium of these
fungi are superficial and do not penetrate the
host tissue. In severe cases, the tree appears black
from the distance due to heavy infection. Because
of the production of masses of black mycelium/
spores, which stick on the leaf surface due to
sticky ‘honey dew’, the foliage appears black,
ugly and, hence, the name ‘sooty mould’ is
given. The severity of incidence depends upon
the sugary secretion by insects. During
flowering time if the fungus infects the blossoms,
the fruit setting is also affected and at times even
small fruits drop. Mature fruits having black
patches especially on shoulder region detract
considerably the appearance and marketability
of fruits.

Management
 The orchards in which proper

management of hopper/scale/mealy bug
is done, do not develop sooty mould.

 If honey dew secreting insects (scale insects,
hoppers and mealy bugs) are controlled
properly by suitable insecticides, the mould
dies out for want of a suitable growth
medium.

 Spraying of starch @ 2% is effective in
controlling the disease.

 Spraying of Wettable sulphur +
Monocrotophos + Gum Acacia (0.2% +
0.05% + 0.3%, respectively) control sooty
mould.

 Two to three sprays of Indian oil
formulation No.1 & 2 (3%) at 15 days
interval control the disease.

 Care should be taken that the application
of pesticides should cover both the surfaces
of leaves.
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Black Banded

[Rhinocladium corticolum Massee, perfect
stage Peziotrichum corticolum (Massee)
Subramanian]

Symptoms
The disease is noticed on the midribs/

veins of the leaves, twigs and branches of mango
as black velvety fungal growth. The incidence
of disease is very low on the main branches.
Recently, the disease was reported in severe form
in Gujarat on main branches too. It presents a
characteristic and conspicuous black banded
appearance and thus considered appropriate to
name it as ‘Black banded’ disease. The infected
portions of the bark usually show valvety
mycelial growth and clusters of conidiophores.
The mycelial growth drops off in the summer
months leaving light black bands at the affected
portions. The fungus is confined to the upper
layer of the bark.

Management
 Gunny rubbing on twigs/branches to

remove the black growth and then
application of Bordeaux paste and
spraying of Bordeaux mixture 5:5:50 or
copper oxychloride (0.3%) control the
disease.

Root Rot and Damping Off

[Rhizoctonia solani Kühn, teleomorph :
Thanatephorus cucumeris (Frank) Donk]

Symptoms
The disease is characterised by sudden

dropping of leaves after the emergence of
seedlings from the soil. During prolonged rainy
and humid weather, infection occurs at/or
below the ground level with circular to irregular
water-soaked patches. These patches enlarge
and ultimately girdle the entire base of the plant.
On account of rotting, the diseased tissues
become soft, dark brown or black and the entire
seedling collapse and dies. Fungal mycelia and
sclerotia are densely present on the severely
infected parts. Rotting may spread both above

and below the stem down up to the roots
resulting into disintegration and the plant dies.

Management
 Care should be taken that water should

not stagnate near the root zone.
 Nursery should be raised on elevated beds.
 Nursery beds should be fumigated before

sowing.
 Application of Trichoderma sp. in the

affected nursery is effective.
 During the growing season, Bordeaux

mixture (1.5%) should be sprayed on the
plants and the soil at weekly intervals.

Scab

[Elsinoe mangiferae Bitancourt and Jenkins
= anamorph: Sphaceloma mangiferae
(Bitancourt and Jenkins)].

Symptoms
The scab fungus attacks leaves, panicles,

blossoms, twigs, bark of stems and mango fruits.
Spots are circular, slightly angular, elongated,
2-4 mm in diameter, brown but during rainy
season, lesions differ in size, shape and colour.
Symptoms produced by the disease are very
much like those of anthracnose. On leaves, the
spots are smaller than anthracnose infection and
the surface is covered with a delicate velvety
down. Severe attack causes crinkling and
distortion of the leaves, followed by premature
shedding. Larger spots on young leaves are
greyish in colour surrounded by narrow dark
border. Commonly the centre wither away
leaving irregular shot holes. The blotches on the
stem bark are greyish and irregular in shape.

On young fruits, the infection spots are grey
to greyish brown with dark irregular margins.
As the fruit attains in size, spots also enlarge
and the centre may become covered with crack
fissure and corky tissues. Conidia of the fungus
are produced on the fruit surface until it reaches
maturity.

Management
 Frequent spray of copper oxycholoride
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(0.3%) are effective to protect new flushes
of growth from scab in nurseries.

Red Rust : (Cephaleuros virescens Kunze)

Symptoms
The disease is readily recognized by the

presence of the rusty red fructification of the alga
on the surface of the leaves, veins, petiole and
young twigs. Initially the spots are greenish grey
in colour and velvety in texture, which finally
turn into reddish brown in colour. Spots are
circular to irregular in shape, erumpent,
measuring 2 mm in diameter. When coalesce,
they may be up to 1 cm in diameter. After
shedding of spores, the algal matrix remains
attached to the leaf surface, leaving a creamy
white mark at the original rust spot.

Management
 If vigour of plant is maintained by balanced

nutrients, the disease is less.
 Bordeaux mixture (5:5:50) and copper

oxychloride (0.3%) for the control of algal
disease are effective. As the disease starts
on the onset of rain, it is desired to spray
fungicide twice during the month of July
at 15 days interval.

Lichens

[Strigula elegans (Fee.) Mull. Arg.]

Symptoms
Lichens are found on full grown trees of

mango, mainly on trunks, branches and twigs
in the areas of high humidity, heavy rainfall and
poorly managed orchards. It is seen in the form
of whitish, pinkish, superficial patches of
different shapes on the main trunk, branches,
leaves and twigs of the trees. In general, trees
with severe lichen intensity show, poor growth.
Lichens do not damage trees directly but give
them an ugly look and unhealthy appearance.

Management
 Field sanitation and balanced nutrition

help in checking the disease.
 The lichens can be managed by gunny

rubbing followed by spraying the trunk,
branches, twigs with commercial Caustic
Soda (1.0%).

Bacterial Canker : [Xanthomonas
campestris pv. mangiferaeindicae (Patel,
Moniz & Kulkarni) Robbs, Ribiero &
Kimura]

Symptoms
The disease is noticed on leaves, leaf stalks,

stem, twigs, branches and fruits.

On leaves: On leaves, minute water soaked,
irregular, stellate to angular, raised lesions,
measuring 1-4 mm in diameter are formed. These
lesions are light yellow in colour, initially with
yellow halo but with age, enlarge or coalesce to
form irregular dark brown necrotic cankerous
patches, usually on the lower side, but
occasionally on both sides. On young leaves,
the halos are larger and distinct, while on older
leaves, these are narrow and could be observed
only against light. Under severe infections, the
leaves turn yellow and drop off. Canker on leaf
stalks sometimes progress superficially along
with midrib.

On twigs and branches : On twigs, branches
and stem freshly developed lesions are observed
as water soaked, dark brown, raised with
longitudinal fissures exposing the vascular
tissues mostly filled with gummy substance,
which oozes outwards. The infections are deep
seated. Black discolouration of underlying
tissues with cracked bark are also characteristic
symptoms.

On fruits : On fruits, the symptoms are quite
conspicuous. Water soaked dark brown to black
coloured lesions are observed, which gradually
develop into cankerous, raised or flat spots.
These spots grow bigger usually up to 5 mm in
diameter, which covers almost the whole fruit.
These spots often, burst extruding gummy
substances containing highly contagious
bacterial cells. Sometimes, the exposed flesh in
cankerous spots attracts insects and



35

subsequently involved by secondary
microorganisms, which initiates rotting. Fruit
dropping was observed to be more when cankers
develop near the stalk end. Severely infected
fruits crack and become brown in colour. In
some excessive infected fruits, pulp and stones
are also found infected.

Management
 Regular inspection of orchards and

sanitation are recommended as preventive
measures against the disease. The
diseased fruits/twigs/leaves should be
collected and destroyed (burnt or placed
under soil).

 Selection of stones from healthy fruits for
root stock is advisable.

 Three sprays of streptocyclines (200 ppm)
at 10 days intervals reduce the leaf/fruit
infection.

 Streptocycline (300 ppm) along with copper
oxychloride (0.3%) is found more effective,
if incidence is severe.

Post Harvest Fruit Rots

Anthracnose

[Colletotrichum gloeosporioides Penz. =
Glomerella cingulata (Stons.) Spauld &
Schrenk]

Symptoms
The post harvest infection starts from the

field as latent infection. On stored fruits, black
spots are produced. Initially the spots are round
but later coalesce to form large irregular blotches.
Sometimes, it covers the entire fruit surface. The
spots have large deep cracks in which fungus
penetrates deep into the fruit, causing extensive
rotting. Under moist conditions, the blackened
areas become covered with minute pinkish
reproductive bodies of the fungus. Staining,
russetting and tear streaking, involving only the
skin of the fruit, are attributed to the same
fungus.

Management
 The major strategies in controlling post

harvest anthracnose are scheduled
preharvest sprays with thiophanate methyl
or carbendazim (Topsin M or Bavistin
0.1%) in the field to reduce the latent
infection and treatment of the fruits with
hot water alone or hot water with
fungicides after harvest to eradicate the left
over latent infection. Hot water treatment
alone at 52±10C for 30 minutes gives good
control of anthracnose. However, the
duration of hot water treatment can be
reduced to 15 minutes by supplementing
it with fungicides, viz., carbendazim or
thiophanate methyl (Bavistin or Topsin M
0.05%).

Stem end Rot

[Diplodia natalensis Pole Evans]

Symptoms
The disease starts on fruit at the base of the

pedicel. A circular brown area develops near
the stem end, which gradually starts developing
as dark brown to black area towards the lower
portion of the fruit and later even cover the entire
fruit surface. The rotting is so fast that the entire
fruit rots within 2-3 days. The disease may start
on fruit from some point other than the stem end,
when fruit gets bruises. The disease is observed
on ripe fruits only.

Management
 Pre harvest spray of carbendazim or

thiophanate methyl (Bavistin or
Topsin M 0.1%) 15 days before harvesting
control the post harvest rot due to stem end
rot.

 As the disease starts from the stem end, it
is desired that the harvesting of fruits is
done carefully. If the fruits are harvested
along with 5cm stalk, the disease is
checked. If fruits are harvested without
stalk, the opening should be closed with
wax.

 Disease can be controlled by
dipping the fruits in hot water 52±l0C with
0.05% carbendazim for five minutes.
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Black Rot
[Aspergillus niger Van Tiegh]
Symptoms

Affected fruits show characteristic
yellowing with irregular dull greyish spots,
which develop into black necrotic area with
growth of black mould. Tissues below and
around the spots disintegrate and emit foul
odour. The fruits rot very fast. The rotting may
start from any point but injury is essential for
the start of rot. It may also start from the stem
end as there remains natural opening.

Management
 It is desired that the harvesting of fruits is

done carefully as any injury to fruit
predisposes it to the attack of Aspergillus
rot.

 Fruits should not be allowed to touch soil.
 Fruit harvesting and handling should be

done carefully in clean manner.
 Disease can be controlled by dipping fruits

in hot water 52± 10C with 0.05%
carbendazim for five minutes.

Good insect management practices
Mango is attacked by more than 492 species

of insects in the world. Out of these, 298 species
of insect and mites recorded as major and minor
are fruit feeder (87), foliage feeder (127) and feeds
on inflorescence (26), buds (33) and branches
and trunk (25).  They cause about 20 to 100 per
cent loss in severely infested orchards. In the
era of WTO, current world emphasis is on
quality fruit production both for local and export
markets. Although mango is affected by large
number of insect pests but some are of great
economic importance and are responsible for
high loss in mango production in our country.

Major insect pests and their
management strategies
Mango Hopper [ Idioscopus clypealis, I.
nitidulus and Amritodus atkinsoni]
Nature of damage

Mango hoppers are most destructive insect
pests of mango. Nymphs and adults insects

puncture and suck the sap of tender parts,
thereby reducing the vigour of plants and
particularly destroying the inflorescence and
causing fruit drop.  Heavy puncturing and
continuous draining of the sap causes curling
and drying of the infested tissue. They also
damage the crop by excreting a sweet sticky
substance which facilitates the development of
sooty mould fungi adversely affecting the
photosynthesis activities of leaf.

Management
 Avoid dense planting.
 Pruning of overcrowded and overlapping

branches in December.
 Orchards should be kept clean by regular

ploughing and removal of weeds.
 Conservation of bio-

control agents like
predator,  Mallada
boninensis, Chrysopa
lacciperda, egg parasite,
Polynema spp,
Gonatocerus, sp
Tetrastichus sp and
fungus, Verticillium
lecani.

 First spray of
imidacloprid (0.005 %)
when panicles are 8-10
cm long and, if 5-10 hoppers per panicles
are present followed by second spray of
thiamethoxam (0.005 %) or propanophos
(0.05 %) after fruit set and third need based
spray of carbaryl (0.2 %) before maturity of
fruits.

Mealy Bug: [Drosicha mangiferae]

Nature of damage
Nymphs and adults suck the plant sap and

reduce the vigour of the plant and destroy
inflorescence and cause fruit drop. Excessive
and continuous draining of the plant sap causes
wilting and finally drying of infested tissue.
They also excrete honey dew, a sticky substance,
which facilitates the development of sooty
mould fungi. The female adult crawls down the

Bio-control of
hopper
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tree in April-May and enter the soil and lay eggs
which hibernate till mid December.

Management
 Ploughing of orchard in November-

December.
 Banding of tree trunk

with 30 cm wide
alkathene (400g)
30cm above ground
level and application
of Beauveria bassiana
product (2 g/l, 1x107

spores/ml) or five per
cent NSKE in second
week of December
around tree trunk.
Apply grease on lower
end of alkathene band.

 Conservation of biocontrol agents, viz.
fungus, Beauveria bassiana, predators.
Menochilus sexmaculatus, Rodolia fumida and
Sumnius renardi.

 Raking of soil around tree trunk and

mixing with chlorphyriphos dust 1.5% @
250 g / tree during second week of
December, if bioagents, viz. Beauveria
bassiana or NSKE were not applied.

 If nymphs ascended on tree, spray
carbosulfan (0.05%) or dimethoate (0.06% ).

Inflorescence Midge: [Erosomyia indica
Grover]

Nature of damage
The pest attacks mango crop from

January–May.  It attacks the crop at three
different stages. The first attack is at floral bud
burst stage. The larvae tunnel the axis of
inflorescence and destroy it completely. The
mature larvae make small exit holes in the axis
of the inflorescence and slip down into the soil
for pupation. Second attack starts at the fruit set
as young maggots bore into these tender fruits
which slowly turn yellow and finally drop.

The third attack is on tender new leaves
encircling the inflorescence. The most damaging
one is the first attack in which the entire

Scale insect
infestation
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inflorescence is destroyed. The inflorescence
shows stunted growth and its axis bends at the
entrance point of the larvae. It finally dries up
before flowering and fruit setting. The symptom
of this pest is appearance of tiny black spots on
inflorescence.

Management
 Deep ploughing of orchard in November

to expose pupae and diapausing larvae to
sun’s heat which kill them.

 Monitoring of larval population on white
paper in April-May and dusting of
chlorpyriphos (1.5 %) dust on soil below
the tree canopy for its control.

 Spray dimethoate (0.06%) at bud burst
stage.

Fruit Flies : [Bactrocera dorsalis Hendel and
B. zonata]
Nature of damage

This is one of the most serious pests of
mango in the country which has created
problems in the export of fresh fruits. Its
infestation is more in southern states than in
the northern ones.  The female punctures the
outer wall of the mature fruits with the help of
its pointed ovipositor and insert eggs in small
clusters inside the mesocarp. After hatching, the
larva feeds on the pulp of fruits which appear
normal from outside, but drops down finally.

The mature maggots fall down into the soil
for pupation. The emergence of fruit fly starts
from April and the maximum population is
recorded during May-July, which coincides with
fruit maturity. The population declines slowly
from September-December.

Management
 Collection and disposal of infested and

fallen fruits.
 Ploughing of orchard during November –

December to expose pupae to sun’s heat
which kill them.

 Hanging of methyl eugenol wooden block
traps soaked in ethanol, methyl eugenol
and malathion (6:4:1) during fruiting

period from April to August @ 10 traps/
ha.

 Early harvesting of mature fruits.
 To control adult flies during severe

infestation, spray carbaryl (0.2%) or
fenthion (0.05%) commencing at
preoviposition period and repeat at 15
days interval.

 Hot water treatment of fruits at 48±10C for
60 min.

 Radiation of fruits at 400 Grays using
Cobalt-60.

Leaf Webber : [Orthaga euadrusalis
Walker]

Nature of damage
This pest is attaining serious proportions

in northern states.  Old orchards with dense
canopies harbour more insects than open
orchards. Its infestation starts in the month of
April and goes up to December. Initially
caterpillars feed on leaf surface by scrapping.
Later they make web of tender shoots and leaves
together and feed within. The infestation is
severe in shady conditions.

Management
 Mechanical removal

of leaf webs infested
with leaf webber by
leaf web removing
device and burning
them.

 Ploughing of
orchard done earlier
in November-
December for mealy
bug control will kill
its pupal population also.

 Two to three sprays commencing from last
week of July with carbaryl (0.2%) or
quinalphos (0.05%).

Stem Borer : [Batocera rufomaculata]

Nature of damage
Damage is caused by the grub which feeds

Web removing device
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inside the stem thereby killing the tree. The grub
after hatching from the eggs first feed on the bark
and makes irregular cavities. It makes tunnels
which may either be boring upward resulting
in drying of branches and in severe cases attack
the peripheral region or may go deep down into
the pith of the tree. When the stem or any branch
is attacked the sap and masses of frass exude
from the bored hole.

Management
 Keep orchard clean and healthy
 Clean hole and put solution of dichlorvos

(0.05%) in each hole and plug them with
wet soil.

Shoot Borer : [Chlumetia transversa
Walker]

Nature of damage
Larvae enter the mid rib of leaves and then

enter into the young shoots through the growing
points by tunneling downwards, excrete out
excreta through the entrance hole and the shoot
becomes hollow. Larvae bore into the young
shoots resulting in drooping of leaves and
wilting of shoots. Larvae also bore into the
inflorescence stalk.

Management
 Attacked shoots should be clipped off and

destroyed.
 Spraying of carbaryl (0.2%) or quinalphos

(0.05%) at fortnightly intervals from the
emergence of new flush.

Shoot Gall Psylla : [Apsylla cistellata]

Nature of damage
It is a very serious pest of mango in many

parts of India, particularly in the humid areas.
The activity of the pest starts from August.
Nymphs emerge during August - September and
suck the cell sap from adjacent buds. As a result
of feeding, the buds develop into hard conical
green galls. The galls are usually seen during
September-October.  Consequently there is no
flowering and fruit set. Nymphs pass the winter
inside the galls. There is only one generation of

the pest in a year. Usually seedlings escape the
damage, while older plants of 5-10 years of age
suffer every year. The affected trees acquire
diminished growth and yield.

Management
 Galls with nymphs should be collected and

destroyed.
 Spray quinalphos (0.05%) and dimethoate

(0.06 %) at fortnightly intervals starting
from mid August.

 Spraying of 2, 4 – D (150 ppm, i.e., 150 mg/
lit of water) during October, which opens
the galls and nymphs come out and are
killed with cold.

Scale Insects

Nature of damage
The nymphs and adult scale suck the sap

of the leaves and other tender parts and reduce
the vigour of the plants. They also excrete
honeydew, which helps in the development of
sooty mould on leaves and other tender parts of
the tree. In case of severe infestation growth and
fruit bearing capacity of the tree are affected
adversely.

Management
 Pruning of the heavily infested plant parts

and their immediate destruction.
 Spray of dimethoate (0.06 %) at 15 days

interval.

Stone Weevil : (Srernochetus mangiferae)
This insect is widely distributed in tropics.

In India the pest is common in southern India.
Another species, S. jrigidus, is commonly found
in Assam and Bengal. Stone weevil attacks only
mango. Varieties such as Alphonso, Totapuri,
Neelum, etc. are most susceptible.

Nature of damage
Eggs are laid on the epicarp of partially

developed fruits or under the rind of ripening
fruits. Newly emerged grubs bore through the
pulp, feed on seed coat and later cause damage
to cotyledons. Pupation takes place inside the
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seed. The pulp adjacent to the affected stone is
seen discoloured when the fruit is cut open.

Eggs are minute and are of white colour.
Adult weevils are 5 to 8 mm long, stout and dark
brown in colour. Life-cycle is completed in 40 to
50 days during June-July. Adults hibernate from
July to Januarytill next fruiting season. There is
only one generation in a year.

Management
Following methods have been found

effective in keeping the pest population under
check.
 Spray of carbaryl (0.2%) or fenthion (0.1%)

on stem branches and fallen leaves during
winter to kill hibernating adult weevils.

 Spray fenthion (0.1%) or deltamethrin
(0.0025%) at the time of egg laying when
fruits are of marble size.

Good management practices for mango
disorders

Malformation
Mango malformation is widely prevalent

in northern India, particularly in Punjab, Delhi
and Western U.P., where more than 50 per cent
of the trees suffer from this malady. The
malformed panicles are characterised by a
compact mass of flowers, more greenish in
colour and sturdy in nature bearing only male
flowers. Consequently, these panicles remain
unproductive and divert all the nutrients
towards their growth. As a result, the panicle
remains on the tree for a considerable period
without any fruit set.

The complex nature of the malady has been
attributed to many factors like cultural practices,
nutrition, mites, virus, fungal, harmonal
imbalance, etc. The exact cause and control is
yet to be established, however, association of
fungus Fusarium mangiferae is reported by
several workers.

Management
 Regular removal of malformed panicles

(vegetative or floral) reduces the incidence

of malformation in subsequent years.
 Remove the affected panicles by pruning

at an early stage. This gives rise to new
panicles, which are generally productive.

 The incidence of malformation can be
reduced substantially by a single spray of
NAA (200 ppm) or Planofix (90 ml/20 l)
during the first week of October followed
by deblossoming at bud burst stage.

 Prune old and malformed shoot and spray
chelated Zn++ (100 ppm) and Cu++ (40 ppm)
during flower bud differentiation and
flowering stage combined with the spray
of carbendazim (0.1%) during November–
December.

Black Tip
Among the physiological disorders, black

tip is a serious problem, particularly in the
cultivar Dashehari. The affected fruits become
unmarketable and reduce the yield to a
considerable extent. A characteristic depression
followed by yellowing of tissue occurs at the
distal end of the fruit in the early stages of
development. Gradually, the colour intensifies
into brown and finally turns black. At this stage,
further growth of the fruit is arrested and black
spot at the tip gradually spreads to the upper
part of the fruit.

It has been reported that the gases like
carbon-monoxide, sulphur dioxide and ethylene
constituting the brick kiln fumes are known to
give rise the symptoms of black tip. The extent of
damage depends upon the distance, direction
and the number of brick kilns operating in the
vicinity of orchards.

Management
 The incidence of black tip can be

minimised by spray of Borax (1%) or other
alkaline solution like caustic and washing
soda. The first spray of Borax (1%) should
be given positively at pea stage followed
by two more sprays at 15 days interval.
Mango orchard should be established
atleast 3 km away from the brick kiln and
if brick kilns are nearby, height of its
chimneys should be increased.
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Internal Necrosis
Internal necrosis is a problem in mango

fruits. First, water soaked greyish spots develop
on the lower side of the fruit. Later, the spots
enlarge and develop into dark brown necrotic
area. The internal tissues start disintegrating
and the pericarp and mesocarp are
disintegrated exposing the flesh. Fruit also split
exposing the internal tissues which gives
appearance of rotting of tissues and yellow
coloured droplets come out. Stones also show
browning. Affected fruits drop easily. Such fruits
cannot be marketed and affect the economy of
growers.

Management
 The incidence of internal necrosis can be

minimized by the application of borax at
the rate of 500g per tree and foliar spray of
borax (1%) where internal necrosis is more
prevalent. The first spray should be done
positively at pea stage followed by two
more sprays at 15 days interval.

Clustering (Jhumka)
During the recent past clustering of fruits

at the tip has posed a serious threat to mango
orchardists. This is characterized by a cluster of
fruitlets formed at the tip of the panicle giving a
bunchy (jhumka) appearance. These fruitlets are
dark green with a deeper curve in the sinus-beak
region than the normal developing fruit. After
attaining the size of pea or marble, further
growth of the fruit is restricted and they remain
on panicle for some time and finally drop.
Preliminary observations have revealed that this

is more of a physiological in nature as no pests
and diseases were found associated with it.
Small clustered fruits have aborted embryo.
Those panicles which show clustering do not
carry any fruit on the side rachis and those
panicles which carry fruits in the side rachis
generally do not show the symptoms of
clustering.

Management
 As this problem seems to be associated with

the problem of pollination, spray of
insecticides and fungicides during full
bloom or during pollination needs to be
avoided. It is also advisable to increase the
pollinators population by keeping bee
hives, etc. in the orchard.

Biennial bearing / Irregular bearing
The term biennial, alternate, intermittent

or irregular bearing generally signifies the
tendency of mango trees to bear a heavy crop in
one year (‘On’ year) and very little or no crop in
the succeeding one (‘Off’ year). Most of the
commercial varieties of north India, namely
Langra, Chausa and Dashehari, are biennial
bearers while, south Indian varieties like
Banaganpalli, Neelum and Totapuri are known
to be regular bearers. When a tree produces
heavy crop in a season, it gets exhausted
nutritionally and becomes unable to put forth
new flush thereby failing to yield in the season.
Biennial bearing in the past has been attributed
to the causes like genetical, physiological,
harmonal imbalance environmental, nutritional,
etc.

Important Disorders

Internal necrosisBlack tip ClusteringVegetative
malformation

Floral
malformation
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Management
 The application of paclobutrazol @ 3.2 ml/

m canopy diameter through soil drenching
during the month of September has been
found to ensure regular bearing in mango.
Response of paclobutrazol varies with the
variety. Fruiting in mango cv. Dashehari
could be regulated by the application of
full dose of paclobutrazol in the first year
followed by half dose in the second year.
However, in cultivars Chausa and Langra
regular application of paclobutrazol is
required. The application of paclobutrazol
results in increase of fruit yield by 25 per
cent during ‘On’ year and 60 per cent
during ‘Off’ year.

Fruit drop
The initial fruit set varied from 23.5 to 74.5

fruits per panicle, however, despite this heavy
initial number, fruit retention at harvest varied
between 0.4 and 0.8 fruits per panicle. The
intensity of fruit drop varies from variety to
variety. Among the commercially grown
varieties, Langra is more susceptible to drop,
while Dashehari is the least. The fruit drop is
more or less a continuous process and can be
classified into three phases: (i) Pinhead drop,
(ii) Post-setting drop, (iii) May month drop. The
earlier drops are insignificant compared to May
month drop, which affects the final yield
significantly and needs more attention.

Besides many factors for the fruit drop, the
main factor at early drop is due to the low level
of auxins and gibberellins and high level of ABA
and ethylene.

Investigations of the pattern of movement
and distribution of 14C photosynthates at
various stages of flowering and fruit
development have shown that the immediate
and direct cause for the heavy drop of fruit at
pea and marble stages is due to the competition
of developing fruits for the photo-assimilates
among themselves and with the newly emerging
vegetative growth. Embryo abortions, climatic
factors, disturbed water relation, lack of
nutrition, disease and pest and harmonal

imbalance are the major factors that lead to fruit
drop.

Management
 The extent of fruit drop can be reduced

significantly by mulching and irrigation
during fruit development, use of plant
growth regulators and anti-transpirants,
timely and effective control measures
against major pests and diseases, proper
nutrition, etc.  The spray of NAA (20ppm)
at pea stage of fruit is beneficial.

Softening of tissue (Jelly seed )
The problem of jelly seed have been

recorded in several mango varieties. However,
Dashehari cultivar of mango is found more
susceptible to this disorder as compared to other
cultivars like Chausa and Langra. In this
disorder, the pulp near the stone becomes jelly
like with tissue disintegration while the outer
pulp near the peel is normal. The taste of fruit
becomes repulsive and loose table quality. From
the outer appearance fruits look normal. Its
incidence is more in Lucknow region
particularly in late harvested fruits.

Most of the prone orchards of this disorder
have been found with imbalance of nutrients.
Among the nutrients, P and Zn deficiency were
more prevalent. Slow movement of nutrients
particularly Ca++ to the fruits from soil and leaf
through transpirational stream in Dashehari at
maturity was found to be one of the reasons for
this disorder.

Management
 An integrated approach is found effective

for the control the softening of tissue. This
includes application of black plastic mulch
(100µ thick) in the basin of tree during the
month of October-November and foliar
spray of calcium chloride dihydrate (2.0%)
and potassium sulphate (1.0%), one month
before harvesting of fruits along with
application of 250g Borax per tree in soil
during the month of November.

 It is desirable to harvest fruits at proper
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maturity (not late) and make it to ripe in
storage rather than to allow on plants.

Spongy tissue
Alphonso mango, which is the main export

cultivar, suffers from a serious malady known
as spongy tissue or internal breakdown in the
ripe fruits.  This disorder renders the fruit unfit
for consumption and hence, it has become a
bottleneck in export and expansion of its
cultivation in the state of Maharashtra and
Gujarat where it is grown commercially.  There
are many biochemical changes associated with
spongy tissue, however, no conclusive results
have been obtained to control this malady.
Convicting heat arising from soil and intense
solar radiation are reported to be the main cause
for this disorder and mulching with paddy straw
and dry leaves were found effective for its
control.

Good weed management practices
Cyperus rotundus, Oxalis corriculata,

Chinopodium album, Launea pinnatifida, Erigron
bonariansis, Cirsium arvenses, Euphorbia thymefolia
are prominent weeds in mango nurseries, while
Saccharum spontaenum, Pluchia wallichera,
Malvestrum coromendelianum, Imperata
arundinaceae and  Agerastum conizoides are
prominent in the orchards. Sorghum halepense,
Cynodon dectylon,  Leptochloa filiformis, Eragrostis
minor,  Digitaria sanguinalis,  Euphorbia hitra,
Parthenium hysterophorus are common weed, both
in nurseries and orchards.

Management
Management of weed in mango orchard

can be done manually, mechanically, by use of
organic or inorganic mulches and with
herbicides. Manual eradication of weeds is
uneconomical and mechanical weeding in
nursery is not possible, so control of weeds by
herbicides is the other option. In established
orchard weed management in interspace can
effectively be done by ploughing the orchard 2-
3 times in a year. Organic and inorganic mulches
are good for the management of weed in basin
of the tree as besides the management of weed

in basin, it conserves moisture and improves the
soil and plant health. Hence, integrated
management of weed is recommended in mango
orchard.
 Glyphosate @ 7.5 – 10.0 ml/litre was found

very effective to control  the weed flora in
nursery as well as orchard. Its effect persists
up to 11/2 year in orchard soil.

 Polyethylene film (black UV stabilized 100µ
thick) is effective for the weed control in
nursery and basin of trees in addition to
improving the soil health and moisture
conservation.

Good Post harvest Management
Practices

Maturity indices
The fruit should be harvested after

attaining optimum maturity. In general, harvest
maturity in mango is reached between 12-16
weeks after fruits set, depending upon the
variety. Maturity in Dashehari and Langra
cultivars of mango reaches after 12 weeks of fruit
set, while in Mallika, Amrapali and Chausa it
takes 15 weeks after fruit set. Alphonso, Pairi
and Langra varieties mature when their specific
gravity is more than 1.0. At the time of maturity
the fruit shoulders out grow the stem end and
the colour of the skin becomes light green, the
stone hardens and pulp colour changes from
white to creamish white.

The harvesting of fruit at immature stage
will result into poor quality, uneven ripening
and shrinkage, whereas harvesting at over
maturity stage will result into lower shelf life.
Hence, harvesting of fruits at proper maturity is
prerequisite for greater profitability.  However,
if fruits are to be transported to long distances,
slightly less matured fruits should be harvested.

Harvesting
Rough handling of mango during

harvesting can result in skin and fruit damage,
which needs to be avoided. The mango fruits
should be harvested with 8-10 mm stalk,
preferably above the first node of the stem, with
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the help of clippers
or harvester
developed by the
Institute (CISH,
Lucknow). It
consists of a leaf
shaped frame, V-
blade of high carbon
steel, divider to
guide fruits and a
nylone pouch to
receive the fruit. The
fruits not reached by
hand are harvested
by the use of picking
poles or platforms. The fruits should be
harvested in the morning hours to avoid heat
build up in the fruit pulp. To protect the fruit
appeal to consumer, de-sapping is needed. This
may be carried out by clipping the stem below
the node and placing the fruit with the stem
downward on the sheets/news papers in the
field or on a desapping unit for 10-20 minutes. If
the fruits are harvested with a stem, the latex
flow will be negligible and fruits can be placed
directly in the perforated plastic crates. It is
preferred that only three to four layers of fruits
are kept in the crates and, if possible, cushioning
material should be used in the base and between
the layers to prevent bruising. The use of gunny
bags and sacks for keeping harvested fruits
should be avoided. Harvested fruits should be
kept under the shade. Care should be taken that
harvested fruits are not left under the direct sun
light or rain either in the field or during
transportation. Diseased, culls, bruised and
damaged fruits should be sorted out in the field
itself.

Post-harvest handling
The post-harvest losses are estimated in

the range of 25-30 per cent. These losses occur at
various stages of post-harvest handling and
marketing. So, an utmost care needs to be taken
during harvesting, handling and storage of this
highly valued fruit. The bruised and injured
fruits develop brown to black spots during
storage making the fruits unattractive. Moreover,

injuries to the peel or to the stalk end serve as
avenues for invasion of pathogens and lead to
rotting of fruits.

Remarkable improvements have been
made in post-harvest handling, packaging and
storage of mangoes. Adoption of these improved
post-harvest technologies by the orchardists will
not only prevent the enormous post-harvest
losses but also enhance the quality supply of
mangoes for a prolonged period and will ensure
profitable returns.

Grading
The need for grading in mango has become

imperative in the context of expanding demand
in domestic as well as export markets. The fruits
are graded according to size, weight, maturity
and freedom from any mechanical blemishes or
physiological defects. The immature, diseased
and damaged fruits should be sorted out.
Grading is generally done manually by visual
inspection according to size and colour. The
mechanical graders can also be used to grade
fruits according to size and weight. Since, there
is a wide variation in shape, size and weight of
commercial cultivars of mangoes, they should
be graded accordingly, e.g., the grades for
Deshehari mangoes, on the basis of weight, are
>300 g, 250-299g, 200-249g, 150-199g and below
150g. Other varieties may be graded similarly
for better realization of prices. The topping
malpractice, where 25 per cent of the better
quality bigger fruits are placed at the top of each
package, should not be done.

Hot water immersion
Prior to packaging, immersion of fruits in

hot water is best quarantine treatment. The
dipping of mangoes in carbendazim (0.05%) at
52±20C for 10 minutes is found effective in
controlling the post-harvest diseases, viz.
anthracnose (Colletotrichum gloeosporioides) and
stem end rot (Diplodia netalensis). If the need is
there to avoid the use of carbendazim, then hot
water treatment may be given for 30 minutes.

Hot water immersion has also been found
successful in treating mangoes infested with fruit

Mango Harvester



45

fly. The control of fly can be achieved by heating
the core of the fruit to 43- 46.70C with an exposure
time of 35-90 minutes. The vapour heat treatment
(VHT) is another method to control fruit fly. The
recommended treatment is to expose the
mangoes to 43-460C in saturated air (95% RH)
for 8 hours and then holding the temperature
for a further 6 hours.

Packaging
The mango fruits are usually packed in

baskets made of locally available materials like
bamboo, arhar, etc., or wooden boxes using
newspaper, leaves or dry grass as cushioning
material or filling in gunny bags or directly in
the trolly. These packages are used for short
distance transport and marketing the fruits
internally. The quality of fruits in these packages
deteriorates fast due to uneven ventilation.
Hence, these practices should be avoided.
Telescopic type corrugated fibre board (CFB)
boxes with 0.5 per cent ventilation having
external dimensions of 40 x 30 x 10 cm. (length,
width and height) have been developed by the
Institute and found most suitable for packaging
of 4 kg mango fruits. The quality of fruits can
further be enhanced by using paper shred or
foam sleeves in packaging of mangoes in CFB
boxes. These boxes have also been found most
appropriate for export of mangoes.

Mango fruits are packed in single layer,
preferably in CFB boxes, placing the fruits
leaning one side rather than directly on the base.
Furthermore, mangoes should be packed with
the distal end facing downward or slightly on
one side. The care should be taken that boxes
are neither over - nor under - filled during
packing. Only a single variety should be packed
in a box. The labeling requirements of the boxes
for individual markets should be followed and
proper labeling should be done.

Pre-cooling
Generally, the temperatures are very high

during the harvest season of mangoes. It becomes
imperative to remove the field heat as well as
cool the fruits prior to long term storage. Field

heat is minimized by harvesting the fruits in early
morning hours and keeping them under shade
before transporting or packing, storage and
marketing. For storage, the fruits are precooled
by air, hydro or vacuum cooling systems.
Usually, mango fruit meant for export or long
distance transport in reefer containers are
aircooled. Precooling of mangoes at 12-150C prior
to cold storage and pretreatment with
carbendazim, have been found helpful in
prolonging the shelf life of fruits.

Storage
The shelf life of mature mangoes has been

found to be 6 to 12 days under ambient
conditions, according to the varieties. The pre-
storage treatments of growth regulators (GA3,
Vit. K-3) and waxing (Talprolong, Semperfresh)
extends the shelf life of mango fruits for 3-4 days
under ambient conditions. The safe low
temperature storage for Dashehari, Mallika and
Amrapali has been found to 120C, while for
Langra and Chausa it is 15 and 10 0C,
respectively, with 85-90% RH. The shelf life of
these fruits under cold conditions has been
found between 2-3 weeks. The shelf life of mango
cvs Alphonso and Baneshan under cold
conditions (130C) may further be enhanced up
to 30-35days if the fruits are packed in controlled
atmosphere (CA) storage of 5 per cent CO2 and 5
per cent O2. Storage of fruits below recommended
temperatures result in chilling injury. The
chilling injury may be alleviated in Alphonso
and Baneshan mangoes by CA storage at 80C
for 6 weeks. Semi ripe fruits of Dashehari
mangoes could be stored for 15 days and fully
ripe for 7 days in good condition at 120C and 85-
90% RH. Individual modified atmosphere (MA)
packing of Baneshan mangoes in FEBAX B film
extended the storage life to 25 days at 130C
followed by one week ripening under ambient
conditions.

Ripening
To capture early market and get

remunerative prices, farmers usually harvest
mango fruits prior to optimum maturity and use
calcium carbide for forced ripening, though it is
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not a good practice and is banned in the county
due to its health hazardous nature. Hence, this
practice needs to be avoided. The ripening of
even mature fruits with calcium carbide, most
of the time, is uneven as only the colour of the
skin changes, while fruit remains acidic at the
distal end with low carotenoid development. If
the amount of chemical is increased, the fruits
become over ripe and tasteless. As this treatment
is hazardous for health, alternative ripening
aids like Ethrel /Ethephon or ethylene gas
should be used to ripen the fruits. The early
harvested (pre mature) fruits can be ripened
uniformly by dipping the fruits in 750 ppm (a.i.)
Ethrel in hot water at 52±20C for 5 minutes. The
concentration of Ethrel can be reduced to 100-
500 ppm depending upon maturity and variety.
Alternatively, fruits are exposed to ethylene gas
at a concentration of 10 to 100 ppm (0.001 to
0.01%) in airtight rooms for 24 hrs at 20-250C
and 90-95%  RH. Build up of carbon dioxide is
avoided as it reduces the effect of ethylene and
will have a detrimental effect on fruit ripening.
Under optimum conditions, the air should be
changed regularly (after every 4-6 hrs) and
ethylene reapplied. After the ethylene treatment,
fruits are kept at 18-250C with 85-90% RH for
optimum ripening.

Transportation
The transportation of mangoes is usually

done by roads for internal market. If the mango
is grown within a radius of 8-10 km of the market,
the transportation of fruits by horse driven carts,
jeeps and mini trucks is a quite common. The
huge quantities of fruits are transported mainly
by road and rail. The air and sea routes are used
for mango export. Cold chain transport, i.e.,
reefer vans and refrigerated containers, where
the crop is pre-cooled directly after harvest and
kept at a constant low temperature, is being
practiced for distant markets. Though, this
system involves a high capital expenditure but
it ensures a high level of quality maintenance
and reduced physical losses. For transporting
the fruits to distant markets by truck, care should
be taken about proper stacking of the boxes,
covering the truck with tarpaulin leaving proper
ventilation and moving the produce during
cooler part of the day.   The transshipment of
fruits through sea needs extra care as the
transportation period is fairly long. Proper
monitoring of the temperature, humidity and
ventilation in the container is required during
sea transport of fruits.

For further details, please contact:

Director, Central Institute for Sub-tropical Horticulture, Rehmankhera, P.O. Kakori,
Lucknow-227 107, Uttar Pradesh, India (Tel:0522-284 1022-24; Fax: 0522-284 1025;
Web site: WWW.cishlko.org; Email; cish.lucknow@gmail.com)
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