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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;‘r&éﬂ;@h)



National Institute of Plant Health Management

Dr.K. SATYAGOPAL IAS Department of Agriculture & Cooperation FE
Director General Ministry of Agriculture Rajendranagar,
Telephone : +91-40- 24015346, : Hyderabad- 500030.
E-mail - dgniphm@nic.in Government of India gt g

Tele-Fax : +91-40- 24015346,

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.

(K. SATYAGOPAL)
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AESA based IPM Package for Turmeric
Introduction of Turmeric: Curcuma longa L.

Description

Turmeric is the boiled, dried, cleaned and polished rhizomes of Curcuma longa. The plant
is a herbaceous perennial, 60-90 cm high, with a short stem and tufted leaf. There are 7 to
12 leaves, the leaf sheaths forms the pseudo stem. The lamina is green above and pale
green below and has a length of 30-40 cm and width 8-12 cm. Inflorescence is a central
spike of 10-15 cm length. 1-4 flowers are born in axil of the bract opening one at a time.
About 30 flowers are produced in a spike. Seeds are produced in capsules and there will
be one to numerous sunken capsules in an inflorescence.

Origin and Distribution

It is a native of India. Apart from India, it is cultivated in Pakistan, Malaysia, Myanmar,
Vietnam, Thailand, Philippines, Japan, Korea, China, Sri Lanka, Nepal, East & West
Africa, South Pacific Islands, Malagasy, Caribbean Islands and Central America. In India,
it is cultivated in the States of Andhra Pradesh, Maharashtra, Orissa, Tamil Nadu,
Karnataka and Kerala. Turmeric is a tropical crop cultivated from sea level to 1200 meter
MSL. It grows in light black, black clayey loams and red soils in irrigated and rainfed
conditions. The crop cannot stand water logging or alkalinity.

Uses

Turmeric is used to flavour and to colour foodstuffs. It is a principal ingredient in curry
powder. Turmeric oleoresin is used in brine pickles and to some extent in mayonnaise and
relish formulations, non-alcoholic beverages, gelatins, butter and cheese etc. The colour
curcumin extracted from turmeric is used as a colourant. Turmeric is also used as a dye in
textile industry. It is used in the preparation of medicinal oils, ointments and poultice. It is
stomachic, carminative, tonic, blood purifier and an antiseptic. It is used in cosmetics. The

aqueous extracts has biopesticidal properties.

http://www.indianspices.com/html/s062etur.htm
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l. PESTS

A. Pests of National Significance:

1. Insect pests:
1.1Shoot borer: Conogethes punctiferalis (Guenée) (Lepidoptera: Crambidae)
1.2Rhizome scale: Aspidiella hartii (Cockerell) (Hemiptera: Coccoideae)

2. Diseases:

2.1 Rhizome rot: Pythium graminicolum or P. aphanidermatum (Edson)
2.2 Leaf spot: Colletotrichum capsici Syd.
2.3 Leaf blotch: Taphrina maculans E. J. Butler

3. Weeds:
3.1 Major Kharif weeds

Broadleaf weeds

3.1.1 Pigweed: Amaranthus viridis Hook. F. (Amaranthaceae)
3.1.2 Swine cress: Coronopus didymus (L.) Sm. (Brassicaceae)
3.1.3 Black nightshade: Solanum nigrum L. (Solanaceae)

3.1.4 Common purselane: Portulaca oleracea L. (Portualacaceae)
3.1.5 False amaranth: Digera arvensis Forssk. (Amaranthaceae)
3.1.6 Carrot grass : Parthenium hysterophorus L. Asteraceae

Grassy weeds

3.1.7 Rabbit/Crow foot grass: Dactyloctenium aegyptium (L.) Beauv. (Poaceae)
3.1.8 Crabgrass: Digiteria sanguinalis (L.) Willd. (Poaceae)

3.1.9 Barnyard grass: Echinochloa crusgalli (L.) Scop. (Poaceae)

3.1.10 Chinese lovegrass: Eragrostis unioloides (Retz.) Nees. Ex Steud. (Poaceae)
3.1.11 Goosegrass: Eleusine indica (L.) Gaertner (Poaceae)

Sedges

3.1.12 Purple nutsedge: Cyperus rotundus L. (Cypraceae)
3.1.13 Flat sedge: Cyperus iria L. (Cypraceae)

3.2 Major Rabi weeds
Broadleaf weeds

3.21 Lamb s qGhanmopodum:album L. (Chenopodiaceae)
3.2.2 Scarlet Pimpernel: Anagallis arvensis L. (Primulaceae)
3.2.3 Sweet clover: Melilotus indica (L.) All. (Fabaceae)

3.2.4 Fine leaf fumitory: Fumaria parviflora Lam. (Fumariaceae)
3.2.5 Corn spurry: Spergula arvensis L. (Caryophylliaceae)

Grassy weeds

3.2.6 Blue grass: Poa annua L. (Poaceae)

B. Pests of Regional/ minor Significance:

1.

Insect pests:
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1.1 Bihar hairy caterpillar: Spilosoma oblique Walker (Arctiidae: Lepidoptera)

1.2 Rhizome fly: Mimegralla coeruleifrons Macquart (Micropezidae: Diptera)

1.3 Leaf roller: Udaspes folus Cramer (Hesperiidae: Lepidoptera )

1.4 White grub: Holotrichia spp. (Scarabaeidae: Coleoptera)

1.5 Lace wing bug: Stephanitis typicus Distant (Tingidae: Heteroptera)

1.6 Thrips: Panchaetothrips indicus (Bagnall)

1.7 Leaf beetle: Lema praeusta. Fab., L. signatipennis (Chrysomelidae] Coleoptera)
2. Diseases:

2.1 Bacterial wilt: Ralstonia solanacearum C. Martin and E. R.. French)

2.2 Dry rot: Rhizoctonia bataticola (Taubenh.) E.J. Butler)
3. Nematodes:

3.1 Root-knot nematode : Meloidogynae sp.

3.2 Burrowing nematode: Radopholus similis

3.3. Lesion nematode: Pratylenchus spp.

4 Animal and rodent pests
In some areas, rodents damage the turmeric crop by making holes in the turmeric fields.
Sometimes, monkeys, buffaloes, wild boar and other grazing animals also destroy the turmeric
cultivation by grazing or trampling over it.

Il AGRO-ECOSYSTEM ANALYSIS (AESA) BASED INTEGRATED PESTS MANAGEMENT
(IPM)
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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. sun, rain,
wind and soil nutrients) 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 forces the participants 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
Plant health at different stages
Built-in compensation abilities of plants
Pest and defender population dynamics
Soil conditions
Climatic factors
Farmers past experience

=A =4 =444

Principles of AESA based IPM:

Grow a healthy crop

1 Select a variety resistant/tolerant to major pests

1 Treat the seed with recommended pesticides especially biopesticides

1 Select healthy seeds and seedlings

9 Follow proper spacing

1 Soil health improvement (mulching and green manuring)

1 Nutrient management through fertilizers 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 rate of
fertilizers 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.

1 Proper irrigation

1 Crop rotation

Observe the field regularly (climatic factors, soil and biotic factors)

12



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

T
1

- y.y i 4y
http://i1.ytimg.com/vi/5dn0Eyp3QTc/hgdefault.jpg
Plant Compensation ability

Compensation is deyned as the repl acscamkehad been f
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. Several studies have documented such compensation through
increased growth and photosynthetic rate.

Understand and conserve defenders
1 Know defenders/natural enemies to understand their role through regular observations of
the agro-ecosystem
1 Avoid the use of chemical pesticides especially with broad-spectrum activity

Insect zoo

In field various types of insects are present. Some are beneficial and some may be harmful.
Generally farmers are not aware about it. Predators (friends of the farmers) which feed on pests

are not easy to observe in crop field. Il nsect

identify beneficial and harmful insects. In this method, unfamiliar/unknown predators are collected
in plastic containers with brush from the field and brought to a place for study. Each predator is
placed inside a plastic bottle together with parts of the plant and some known insect pests. Insects
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in the bottle are observed for certain time and determined whether the test insect is a pest (feeds
on plant) or a predator (feeds on other insects).

Pest: Defender ratio (P: D ratio):

Identifying the number of pests and beneficial insects helps the farmers to make appropriate pest
management decisions. Sweep net, visual counts etc. can be adopted to arrive at the numbers of
pests and defenders. The P: D ratio can vary depending on the feeding potential of natural enemy
as well as the type of pest. The natural enemies of turmeric pests can be divided into 3 categories
1. parasitoids; 2. predators; and 3. pathogens. The important natural enemies in turmeric are given
inecological engineering table on page ¢é.

Model agro-ecosystem analysis chart

Decision taken based on the analysis of field situations
Soil conditions ;
Weather conditions
Diseases types and severity
Weeds types and intensity
Rodent damage (if any)
No. of insect pests
No. of natural enemies
P: D ratio :

The general rule to be adopted for management decisions relying on the P: D ratio is 2: 1.
However, some of the parasitoids and predators will be able to control more than 2 pests.
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Wherever specific P: D ratios are not found, it is safer to adopt the 2: 1, as P: D ratio. Whenever
the P: D ratio is found to be favourable, there is no need for adoption of other management
strategies. In cases where the P:D ratio is found to be unfavourable, the farmers can be advised to
resort to inundative release of parasitoids/predators depending upon the type of pest. In addition
to inundative release of parasitoids and predators, the usage of microbial biopesticides and
biochemical biopesticides such as insect growth regulators, botanicals etc. can be relied upon
before resorting to synthetic chemical pesticides.

Feeding/egg laying potential of different parasitoids/predators

Predators/ Parasitoids Feeding potential/ Egg laying capacity

Predatory rate of adult coccinellid on aphids is 50 aphids per
day

1% instar larva can consume 15-19 aphids/day
2" instar larva can consume 45-52 aphids/day
3" instar larva can consume 80-90 aphids/day
In total life cycle they can consume approx. 400 aphids.

Each larva can consume 100 aphids, 329 pupa of whitefly and
288 nymphs of jassids

15 & 2" nymphal instars can consume 1 small larva/day

Zi 3" & 4™ nymphal instars can consume 2 to 3 medium
i larvae/day

Reduviid bug 5" nymphal instar & adult can consume 3 to 4 big larvae/day
In total life cycle they can consume approx. 250 to 300 larvae

5 big larvae/day

Predatory rate of adult is 20-35 phytophagous
mites/female/day

Predatory mite
http://www.eduwebs.org/bugs/predatory _mites.htm

Egg laying capacity is 100-200 eggs/female. 1-8 eggs/larva

Bracon hebetor

Egg laying capacity is 20-200 eggs/female.

Trichogramma sp
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