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FOREWORD

Intensive agricultural practices relying heavily on chemical pesticides are a
major cause of wide spread ecological imbalances resulting in serious problems of
insecticide resistance, pest resurgence and pesticide residues. There is a growing
awareness world over on the need for promoting environmentally sustainable
agriculture practices.

Integrated Pest Management (IPM) is a globally accepted strategy for
promoting sustainable agriculture. During last century, IPM relied substantially on
economic threshold level and chemical pesticides driven approaches. However,
since the late 1990s there is conscious shift to more ecologically sustainable Agro-
Eco System Analysis (AESA) based IPM strategies. The AESA based IPM focuses
on the relationship among various components of an agro-ecosystem with special
focus on pest-defender dynamics, innate abilities of plant to compensate for the
damages caused by the pests and the influence of abiotic factors on pest buildup. In
addition, Ecological Engineering for pest management - a new paradigm to enhance
the natural enemies of pests in an agro-ecosystem is being considered as an
important strategy. The ecological approach stresses the need for relying on bio
intensive strategies prior to use of chemical pesticides.

Sincere efforts have been made by resource personnel to incorporate
ecologically based principles and field proven technologies for guidance of the
extension officers to educate, motivate and guide the farmers to adopt AESA based
IPM strategies, which are environmentally sustainable. I hope that the AESA based
IPM packages will be relied upon by various stakeholders relating to Central and
State government functionaries involved in extension and Scientists of SAUs and
ICAR institutions in their endeavour to promote environmentally sustainable
agriculture practices.
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FOREWORD

IPM is a holistic approach of crop protection based on the integration of multiple
strategies viz., cultural, physical, mechanical, biological, botanicals and chemical. Over
the years IPM underwent several changes, shifting its focus from damage boundary,
economic injury to economic threshold. Currently most stake holders rely upon
economic threshold levels (ETL) and tend to apply chemical pesticides at the first
instance in the event of a pest attack, though Government of India has advocated need
based and judicious application of chemicals. This approach is likely to cause adverse
effects on agro-ecosystems and increase the cost of agricultural production due to
problems of pest resurgence, insecticide resistance and sustainability.

During the late 90s FAO started advocating Agro-Ecosystem Analysis (AESA)
based IPM. Experience in different countries have since shown that AESA, which takes
into account ecological principles and relies on the balance that is maintained by biotic
factors in an ecosystem has also resulted in reduction in cost of production and
increase in yields. AESA based IPM also takes into account the need for active
participation of farmers and promotes experiential learning and discovery based
decision making by farmers. AESA based IPM in conjunction with ecological
engineering for pest management promotes bio-intensive strategies as against current
chemical intensive approaches, while retaining the option to apply chemical pesticides
judiciously as a measure of last resort.

The resource persons of NIPHM and DPPQ&S have made sincere efforts in
revising IPM packages for different crops by incorporating agro-ecosystem analysis,
ecological engineering, pesticide application techniques and other IPM options with the
active cooperation of crop based plant protection scientists working in State Agricultural
Universities and ICAR institutions. | hope this IPM package will serve as a ready
reference for extension functionaries of Central/ State Governments, NGOs and
progressive farmers in adopting sustainable plant protection strategies by minimizing

the dependence on chemical pesticides.
t;\rxﬁi];u(gh)
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PREFACE

Need for environmentally sustainable agricultural practices is recognised worldwide
in view of the wide spread ecological imbalances caused by highly intensive agricultural
systems. In order to address the adverse impacts of chemical pesticides on agro-ecosystems,
Integrated Pest Management has evolved further from ETL based approach to Agro-
ecosystem Analysis based Integrated Pest Management (IPM).

In AESA based IPM the whole agro-ecosystem, plant health at different stages, built-
in-compensation abilities of the plant, pest and defender population dynamics, soil
conditions, climatic factors and farmers’ past experience are considered. In AESA, informed
decisions are taken by farmers after field observation, AESA chart preparation followed by
group discussion and decision making. Insect zoo is created to enable the farmer understand
predation of pests by Natural Enemies. AESA based PHM also results in reduction of
chemical pesticide usage and conserves the agro-ecosystems.

Ecological Engineering for Pest Management, a new paradigm, is gaining acceptance
as a strategy for promoting Biointensive Integrated Pest Management. Ecological
Engineering for Pest Management relies on cultural practices to effect habitat manipulation
and enhance biological control. The strategies focus on pest management both below ground
and above ground. There is a growing need to integrate AESA based IPM and principles of
ecological engineering for pest management.

There is a rising public concern about the potential adverse effects of chemical
pesticides on the human health, environment and biodiversity. The intensity of these
negative externalities, though cannot be eliminated altogether, can be minimized through
development, dissemination and promotion of sustainable biointensive approaches.

Directorate of Plant Protection Quarantine and Storage (DPPQS), has developed IPM
package of practices during 2001 and 2002. These packages are currently providing guidance
to the Extension Officers in transferring IPM strategies to farmers. These IPM package of
practices, have been revised incorporating the principles of AESA based IPM in detail and
also the concept of Ecological Engineering for Pest Management. It is hoped that the
suggested practices, which aim at enhancing biodiversity, biointensive strategies for pest
management and promotion of plant health, will enable the farmers to take informed
decisions based on experiential learning and it will also result in use of chemical pesticides

only as a last resort & in a safe and judicious manner.
(iﬁquV
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AESA BASED IPM PACKAGE FOR PAPAYA

Papaya-Plant description:

The papaya (Carica papaya L.; Family: Caricaceae), papaw, or pawpaw is native to the tropics of
the Americas, perhaps from southern Mexico and neighboring Central America. It was first
cultivated in Mexico several centuries before the emergence of the Mesoamerican classical
civilizations.

The papaya is a large, tree-like plant, with a single stem growing from 5 to 10 m tall, with spirally
arranged leaves confined to the top of the trunk. The lower trunk is conspicuously scarred where
leaves and fruit were borne. The leaves are large, 501 70 cm in diameter, deeply palmately lobed,
with seven lobes. Unusually for such large plants, the trees are dioecious. The tree is usually un-
branched, unless lopped. They appear on the axils of the leaves, maturing into large fruit - 15i
45 cm long and 101 30 cm in diameter. The fruit is ripe when it feels soft and its skin attains an-
amber to orange hue.

India is the leading papaya producer, with a 38.61 percent share of the world production during
2008i 2010, followed by Brazil (17.5%) and Indonesia (6.89%). Papaya fruit is a source of
nutrients such as provitamin A carotenoids, vitamin C, folate and dietary fiber. Papaya skin, pulp
and seeds also contain a variety of phytochemicals, including lycopene and polyphenols. The
ripe fruit of the papaya is usually eaten raw, without skin or seeds.
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I. PESTS

A. Pests of National Significance

1. Insect pest and mites
1.1 Mealybug: Paracoccus marginatus Williams & Granara de Willink (Hemiptera:
Pseudococcidae)

1.2 Grasshopper: Poecilocerus pictus Fab (Orthoptera: Pyrgomorphidae)

2. Diseases
2.1 Stem or Foot or Collar rot: Pythium spp. Phytophthora spp., Rhizoctonia spp.
2.2 Papayaring spot disease: Papaya Ring Spot Virus
2.3 Papaya mosaic disease: Papaya mosaic virus (Potex virus)
2.4 Anthracnose: Gloeosporium papayae P Henn / Colletotrichum gloesporioides
(Penz.) Penz. &. Sacc

Postharvest diseases

2.5 Anthracnose: Gloeosporium papayae P Henn

2.6 Rhizopus rot: Rhizopus stolonifer (Ehrenb.: Fr.) Vuill.

2.7 Fruit rot: Alternaria alternata (Fr.) Keissl.

2.8 Phomopsis rot: Phomopsis caricae-papayae Petr. & Cif.

2.9 Stem end rot: Botryodiplodia theobromae Leavitt and Munnecke (Lasiodiplodia
theobromae)

3. Nematodes
3.1 Reniform nematode: Rotylenchulus reniformis Linford and Oliveira (Tylenchida:
Hoplolaimidae)

4. Weeds
Grasses
4.1 Large crabgrass: Digitaria sanguinalis L.(Scop.) (Poaceae)
4.2 Yellow foxtail: Setaria glauca (L.) P. Beauv. (Poaceae)
4.3 Goosegrass: Eleusine indica (L.) Gaertner. (Poaceae)
4.4 Bermuda grass: Cynodon dactylon (L.) Pers. (Poaceae)

Broad leaf
4.5 Carrot grass: Parthenium hysterophorus L. (Asteraceae)
4.6 Coat buttons: Tridax procumbens L. (Fabaceae)
4.7 Yellow spider flower: Cleome viscosa L. (Capparidaceae)
4.8 Asthma herb/Spurge: Euphorbia hirta L. (Euphorbiaceae)
4.9 Cock's comb: Celosia argentea L. (Amaranthaceae)
4.10 Pigweed: Amaranthus viridis Hook. F. (Amaranthaceae)
4.11 Goat weed: Ageratum conyzoides L. (Asteraceae)
Sedge
4.12 Purple nutsedge: Cyperus rotundus L. (Cyperaceae)
4.13 Flat sedge: Cyperus iria L. (Cyperaceae)
4.14 Umbrella sedge: Cyperus difformis L. (Cyperaceae)
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5. Birds
5.1. Jungle crow: Corrus macrocercus culminates wagker (Passeriformes:
Dicruridae)
5.2. Myna: Acridotheres tristis L. (Passeriformes: Sturnidae)
5.3. Roseinged parakeet: Psittacula krameri (Psittaciformes  : Psittacidae )

B. Pest of Regional Significance

1. Insect pests
1.1 Cotton whitefly: Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae)
1.2 Scale insect: Aspidiotus destructor Signoret (Homoptera: Diaspididae)
1.3 Aphid: Aphis gossypii Glover, Myzus persicae Sulzer (Hemiptera: Aphididae)
1.4 Fruit fly: Bactrocera diversus Coquillett, B. cucurbitae Coquillett (Diptera:
Tephritidae)
1.5 Grey weevil: Myllocerus viridans (Coleoptera: Curculionidae)
1.6 Stem borer: Dasyses rugosellus

2. Diseases
2.1 Damping off of seedling: Pythium spp. Phytophthora spp., Rhizoctonia spp.
2.2 Powdery mildew: Oidium caricae F. Noack
2.3 Papaya leaf curl disease: Papaya leaf curl virus

3. Nematode
3.1 Root-Gall Nematode: Meloidogyne incognita

II. AGRO-ECOSYSTEM ANALYSIS (AESA) BASED INTEGRATED PEST MANAGEMENT (IPM)
A. AESA:

The IPM has been evolving over the decades to address the deleterious impacts of synthetic
chemical pesticides on environment ultimately affecting the interests of the farmers. The
economic threshold level (ETL) was the basis for several decades but in modern IPM (FAO
2002) emphasis is given to AESA where farmers take decisions based on larger range of field
observations. The health of a plant is determined by its environment which includes physical
factors (i.e. soil, rain, sunshine hours, wind etc.) and biological factors (i.e. pests, diseases and
weeds). All these factors can play a role in the balance which exists between herbivore insects
and their natural enemies. Understanding the intricate interactions in an ecosystem can play a
critical role in pest management.

Decision making in pest management requires a thorough analysis of the agro-
ecosystem. Farmer has to learn how to observe the crop, how to analyze the field situation and
how to make proper decisions for their crop management. This process is called the AESA.
Participants of AESA will have to make a drawing on a large piece of paper (60 x 80 cm), to
include all their observations. The advantage of using a drawing is that it requires the
participants/farmers to observe closely and intensively. It is a focal point for the analysis and for
the discussions that follow, and the drawing can be kept as a record.

AESA is an approach, which can be gainfully employed by extension functionaries and
farmers to analyze the field situations with regards to pests, defenders, soil conditions, plant
health and the influence of climatic factors and their relationship for growing a healthy crop. The
basic components of AESA are:
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Plant health at different stages.

Built-in compensation abilities of plants.
Pest and defender population dynamics.
Soil conditions.

Climatic factors.

Farmers past experience.
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Principles of AESA based IPM:
Grow a healthy crop:

Select healthy seeds and seedlings

Select a variety resistant/tolerant to major pests.

Treat the seed with recommended pesticides especially biopesticides.

Follow proper spacing.

Soil health improvement (mulching and green manuring).

Nutrient management especially organic manures and biofertilizers based on the soil test
results. If the dosage of nitrogenous fertilizers is too high the crop becomes too succulent
and therefore susceptible to insects and diseases. If the dosage is too low, the crop
growth is retarded. So, the farmers should apply an adequate for best results. The
phosphatic fertilizers should not be applied each and every season as the residual
phosphate of the previous season will be available for the current season also.

Proper irrigation.

Crop rotation.
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Observe the orchard regularly (climatic factors, soil and biotic factors):

Farmers should:
1 Monitor the field situations of the orchard at least once a week (soil, water, plants, pests,
natural enemies, weather factors etc.).
1 Make decisions based on the field situations and Pest: Defender ratio (P: D ratio).
i Take direct action when needed (e.g. collect egg masses, remove infested plants etc.).

Plant compensation ability:

Compensation is deyned as the replacement of
associated with increased photosynthetic rates and mobilization of stored resources from source
organs to sinks (e.g., from roots and remaining leaves to new leaves) during active vegetative
growth period. Plant tolerance to herbivory can arise from the interaction of a variety of plant
traits and external environmental factors. The ability of the plant to compensate for the reduced
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