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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 agroecosystem 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.

Date : 6.3.2014

(Avinash K. Srivastava)
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भारत सरकार
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कृ षि भवन, नई िदल्ली - 110001

Joint Secretary
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Krishi Bhawan, New Delhi - 110001

FOREWORD

IPM as a holistic approach of crop protection based on the integration of multiple strategies viz., cultural, physical,
mechanical, biological, botanical 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,
through 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 sine show 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. I 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.

(Utpal Kumar Singh)
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Ministry of Agriculture
Government of India
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Director General

Rajendranagar
Hyderabad-500030
http://niphm.gov.in

Telephone : +91-40-24015346,
E-mail : dgniphm@nic.in
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 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, through 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 – Saffron

AESA BASED IPM PACKAGE FOR SAFFRON
Saffron- Plant description:
Saffron (Crocus sativus L.; Family: Iridaceae), world's most costly spice by weight, is native to Mediterranean region.
Saffron spice is derived from the flower part and is commonly known as saffron crocus. Saffron plant grows up to
20–30 cm in height and bears up to four flowers, each with three vivid crimson coloured stigmas, which are the
distal end of a carpel. The dried stigmas are used mainly in various cuisines as a seasoning and colouring agent.
Saffron crop is multiplied by means of corms. The corms are globular ranging from 0.5-5.0 cm in diameter, globose,
flattened at the base, the fibres finely reticulate and extended at the apex of the corm. Cataphylls are 3-5 in
number and are white membranous. The corms produce 6-15 narrow, needle like channeled leaves which are 10cm long, 1.5-2.5-mm wide, glabrous, and surrounded in the lower region by 4-5 scales. The vegetative phase lasts
from November to May. The funnel shaped flowers (7-8-cm long) are borne either singly or in two or three. The
perianth is made up of six segments in two series, violet or reddish purple in colour. Perianth tube is 4-5-cm long,
segment sub-equal, 3.5-5-cm long, 1-2-cm wide, bracts are membranous with long tapering tips. Flowers arise
along with aerial shoots by mid-October to early November. The flowers possess a sweet, honey-like fragrance.
Upon flowering, plants average less than 30-cm in height. A three-pronged style emerges from each flower. Each
prong terminates with a vivid crimson stigma 25–30 mm in length along with 35-50 mm portion of style.

I. PESTS
A.

Pests of National Significance
1.

2.

Insect and mite pests
1.1 Thrips: Anaphothrips obscurus (Müller), Thrips flavus Schrank, Microcephalothrips
abdominalis Crawford (Thysanoptera: Thripidae)
1.2 Mites: Rhizoglyphus echinopus Fumouze & Robin , R. robini Claparédè
(Acarina: Acaridae)
Diseases
2.1 Corm rot/dry rot: Fusarium moniliforme var. intermedium Neish, Fusarium oxysporium
f.sp. gladioli Schlecht. emend. Snyder & Hansen , F. solani, F. pallidoroseum (Cooke)
Sacc, Mucor sp, Rhizoctonia solani J.G. Kühn, Penicillium sp, Phoma crocophila and
Macrophomina phaseolina (Tassi) Goid.
2.2 Bacterial rot: Bacillus sp
2.3 Bulb rot: Sclerotium rolfsii (Curzi) C.C. Tu & Kimbr.
2.4 Root rot: Sporotrdhum narcissi

1

AESA based IPM – Saffron
3.

Weeds
Board leaf
3.1 Tansymustards/ flixweed: Descurainia sophia (L.) Webb ex Prantl (Brassicaceae)
3.2 Peppergrass: Lepidium virginicum L. (Brassicaceae)
3.3 Corn buttercup: Ranunculus arvensis L. (Ranunculaceae)
3.4 Common knotgrass: Polygonum aviculare L. (Polygonaceae)
3.5 Sun Spurge: Euphorbia helioscopia L. (Euphorbiaceae)
3.6 Black medick: Medicago lupulina L. (Fabaceae)
3.7 Lambsquarters: Chenopodium album L (Chenopodiaceae)
3.8 Pinweed: Erodium cicutarium (L.) L'Hér. ex Aiton (Geraniaceae)
3.9 Cruss: Centaurea iberica Trevir. and Spreng. (Asteraceae)
3.10 Wild lettuce: Lactuca spp. (Asteraceae)
3.11 Strawberry clover: Trifolium fragiferum L. (Fabaceae)
3.12 Asthma herb/Spurge: Euphorbia hirta L. (Euphorbiaceae)
3.13 Kashmir salvia: Salvia moorcroftiana Wall. ex Benth. (Lamiaceae)
3.14 Common purslane: Portulaca oleracea L (Portulacaceae)
3.15 Gromwell: Lithospermum arvense L (Boraginaceae)
3.16 Hawks-beard: Crepis sancta L (Asteraceae)
Grasses
3.17 Soft brome: Bromus hordeaceus L. (Poaceae)
3.18 Meadowgrass: Poa alpina L., P. pratensi L. (Poaceae)
3.19 Bluegrass: Poa annua L. (Poaceae)
3.20 Bulbous bluegrass: Poa bulbosa L. (Poaceae)
Sedges
3.21 Purple nut sedge: Cyperus rotundus L. (Cyperaceae)

4.

Nematodes
4.1 Spiral nematode: Helicotylenchus vulgaris Yuen (Tylenchida: Hoplolaimidae)
4.2 Stunt nematode: Tylenchorhynchus sp, Tylenchus thornei (Tylenchida: Belonolaimidae)
4.3 Root lesion nematode: Pratylenchus sp (Tylenchida: Pratylenchidae)
4.4 Pin nematode: Paratylenchus sp (Tylenchida: Tylenchulidae)
4.5 Dagger nematode: Xiphinema sp (Dorylaimida: Longidoridae)
4.6 Mycophagous nematode: Aphelenchus avenae Bastian (Tylenchida: Aphelenchoididae)
4.7 Sheath right nematode:

5.

Rodents
1.
Indian crested porcupine: Hystrix indica Kerr
2.
Voles: Blyth’s vole: Pitymys leucurus Wroughton, Royle’s vole: Aticola roylei Gray
Central Kashmir vole/ True’s vole: Alticola montosa True
3.
Rats: Short tailed Turkestan rat: Rattus vicerex Bonhote
Soft furred field rat: Millardia meltada Gray
4.
Smaller bandicoot: Bandicota bengalensis Gray
5.
Mice: Dark mouse: Mus homourus Hodgson, The Persian mouse: Mus bactrianus Blyth
The fawn-colored mouse: Mus cervicolor Hodgson, Wroughton’s yellow necked field
mouse: Apodemus wardi Wroughton, The miller’s yellow-necked field mouse: Apodemus
rusiges Miller

2

AESA based IPM – Saffron

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:
••
••
••
••
••
••

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 a variety resistant/tolerant to major pests
Select healthy seeds/seedlings/ planting material
Treat the seeds/seedling/planting material with recommended pesticides especially biopesticides
Follow proper spacing
Soil health improvement (mulching and green manuring whenever applicable)
Nutrient management especially organic manures and biofertilizers based on the soil test results. If the
dose of nitrogenous fertilizers is too high the crop becomes too succulent and therefore susceptible to
insects and diseases. If the dose is too low, the crop growth is retarded. So, the farmers should apply an
appropriate amount of fertilizers for best results. The phosphatic fertilizers may 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

Model Agro-Ecosystem Analysis Chart

Date:
Village:
Farmer:

				
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			

Decision taken based on the analysis of field situations
:
:
:
:
:
:
:

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

Farmers should:
•• Monitor the field situations at least once a week (soil, water, plants, pests, natural enemies, weather
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••
••

factors etc.)
Make decisions based on the field situations and Pest: Defender ratio (P: D ratio)
Take direct action when needed (e.g. collect egg masses, remove infested plants etc.)

Plant compensation ability:

Compensation is deﬁned as the replacement of plant biomass lost to herbivores and has been 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 acquisition of resources by the production of new organs or by remobilization of
reserves may also mitigate biotic stress effects.

Understand and conserve defenders:
••
••

Know defenders/natural enemies to understand their role through regular observations of the agroecosystem.
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. Insect zoo concept can be helpful to enhance farmers’ skill to identify beneficial and harmful insects. In this
method, unfamiliar/unknown insects are collected in plastic containers with brush from the field and brought to a
place for study. Each insect is placed inside a plastic bottle together with parts of the plant and some known insect
pests. Insects 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 saffron insect pests can be divided into 3 categories 1. parasitoids; 2. predators; and 3. pathogens.
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. 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.

Decision making:

Farmers become experts in crop management:

Farmers have to make timely decisions about the management of their crops. AESA farmers have learned to make
these decisions based on observations and analysis viz., abiotic and biotic factors of the crop ecosystem. The past
experience of the farmers should also be considered for decision making. However, as field conditions of orchard
continue to change and new technologies become available, farmers need to continue improving their skills and
knowledge.
••
••

Farmers are capable of improving farming practices by experimentation
Farmers can share their knowledge with other farmers

AESA methodology:
••

Go to the field in groups (about 5 farmers per group). Walk across the field and choose 20 plants/ acre
randomly. Observe keenly each of these plants and record your observations:
•• Plant: Observe the plant height, number of leaves, crop stage, deficiency symptoms etc
•• Insect pests: Observe and count insect pests at different places on the plant.
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••
••
••
••
••
••
••

••
••
••
••
••
••

•• Defenders (natural enemies): Observe and count parasitoids and predators.
•• Diseases: Observe leaves and stems and identify any visible disease symptoms and severity.
•• Rats: Count the number of plants affected by rats.
•• Weeds: Observe weeds and their intensity in the field.
•• Water: Observe the water situation of the field.
•• Weather: Observe the weather condition.
While walking in the field, manually collect insects in plastic bags. Use a sweep net to collect additional
insects. Collect plant parts with disease symptoms.
Find a shady place to sit as a group in a small circle for drawing and discussion.
If needed, kill the insects with some chloroform (if available) on a piece of cotton.
Each group will first identify the pests, defenders and diseases collected.
Each group will then analyze the field situation of the orchard in detail and present their observations
and analysis in a drawing (the AESA drawing).
Each drawing will show a plant representing the field situation. The weather conditions, water level,
disease symptoms, etc. will be shown in the drawing. Insect pests will be drawn on one side. Defenders
(beneficial insects) will be drawn on another side. Write the number next to each insect. Indicate the
plant part where the pests and defenders were found. Try to show the interaction between pests and
defenders.
Each group will discuss the situation and make a crop management recommendation.
The small groups then join each other and a member of each group will now present their analysis in front
of all participants.
The facilitator will facilitate the discussion by asking guiding questions and makes sure that all participants
(also shy or illiterate persons) are actively involved in this process.
Formulate a common conclusion. The whole group should support the decision on what field management
is required in the AESA plot.
Make sure that the required activities (based on the decision) will be carried out.
Keep the drawing for comparison purpose in the following weeks.

Data recording:

Farmers should record data in a notebook and drawing on a chart:
••

Keep records of what has happened help us making an analysis and draw conclusions

Data to be recorded:
••
••
••
••

Plant growth (weekly): Height of the plant, number of leaves
Crop situation (e.g. for AESA): Plant health; pests, diseases, weeds; natural enemies; soil condition;
irrigation; weather conditions
Input costs: Seeds; fertilizer; pesticides; labour
Harvest: Yield (Kg/acre); price of produce (Rs./Kg)

Some questions that can be used during the discussion:
••
••
••
••
••
••
••
••
••
••
••
••

Summarize the present situation of the field.
What crop management aspect is most important at this moment?
Is there a big change in crop situation compared to last visit? What kind
of change?
Is there any serious pest or disease outbreak?
What is the situation of the beneficial insects?
Is there a balance in the field between pests and defenders?
Were you able to identify all pests and diseases?
Do you think the crop is healthy?
What management practices are needed at this moment?
When will it be done? Who will do it? Make sure that responsibilities for
all activities are being discussed.
Are you expecting any problems to emerge during the coming week
such as congenial weather conditions for pest buildup?
What are the problems? How can we avoid it? How can we be prepared?

6

AESA based IPM – Saffron
••

Summarize the actions to be taken.

Advantages of AESA over ETL:

One of the problems of the ETL is that it is based on
parameters that are changing all the time, and that are
often not known. The damage or losses caused by a certain
density of insects cannot be predicted at all. In ETL the due
recognition of the role of natural enemies in decreasing pest
population is ignored. Farmers cannot base their decisions
on just a simple count of pests. They will have to consider
many other aspects of the crop (crop ecology, growth stage,
natural enemies, weather condition, etc.) and their own
economic and social situation before they can make the
right crop management decisions. In ETL based IPM, natural
enemies, plant compensation ability and abiotic factors are
not considered. In AESA based IPM emphasis is given to
natural enemies, plant compensation ability, abiotic factors
and P: D ratio.

AESA and farmer field school (FFS):

AESA is a season-long training activity that takes place in the farmer orchard. It is season-long so that it covers
all the different developmental stages of the crop and their related management practices. The process is always
learner-centered, participatory and relying on an experiential learning approach and therefore it has become an
integral part of FFS.

Farmers can learn from AESA:
••
••
••
••
••
••

Identification of pests and their nature of damage
Identification of natural enemies
Management of pests
Water and nutrient management
Influence of weather factors on pest buildup
Role of natural enemies in pest management

FFS to teach AESA based IPM skills:
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B. Field scouting
AESA requires skill. So only the trained farmers can undertake this exercise. However, other farmers also can do
field scouting in their own fields at regular intervals to monitor the major pest situation.
Surveillance on pest occurrence at the main field should commence soon after crop establishment after
transplanting and at weekly intervals thereafter. In each of the fields, select five spots randomly. Select five random
plants at each spot for recording counts of insects as per procedure finalized for individual insects.

For insect pests:

Thrips, mite: Count and record the number of nymphs and adults of thrips present on five terminal leaves per
plant (tapping method also can be used to count thrips).

For diseases:

Whenever scouting is done, be aware that symptoms of plant disease problems may be caused by any biotic factors
such as fungal or bacterial, viral pathogens or abiotic factors such as weather, fertilizers, nutrient deficiencies,
pesticides and abiotic soil problems. In many cases, the cause of the symptom is not obvious. Close examination,
laboratory culture and analysis are required for proper diagnosis of the causal agent of disease. Generally fungal
diseases cause the obvious symptoms with irregular growth pattern & colour (except viruses), however abiotic
problems cause regular, uniform symptoms. Pathogen presence (signs) on the symptoms can also be observed
like fungal growth, bacterial ooze etc. Specific and characteristic symptoms of the important plant diseases are
given in description of diseases section.
Root sampling: Always check plants that appear unhealthy. If there are no obvious symptoms on plants, examine
plants randomly and look for lesions or rots on roots and stems. Observe the signs of the causal organism (fungal
growth or ooze). It is often necessary to wash the roots with water to examine them properly. If the roots are well
developed, cut them to examine the roots for internal infections (discolouration). Count the total number of roots
damaged/infested/infected due to rot and incidence should be recorded.
Leaf sampling: Examine all leaves of each plant for lesions. Leaf diseases cause most damage during the vegetative
and flowering stages of plant growth. Observe for the symptoms and signs on the infected plant parts. Determine
the percent area of leaf infection by counting the number of leaves (leaf area diameter)/plant infected due to
disease and incidence should be recorded.
Stem and flowers sampling: Carefully examine the stem and flowers of plants for symptoms and signs of fungal
or bacterial diseases. The stem, flower should be split or taken apart and examined for discoloration caused by
fungi and bacteria. Count the number of stems and flowers infected due to disease and percent disease incidence
should be recorded.

C. Blue sticky traps:
Set up blue sticky trap for thrips @ 4-5 traps/acre. Locally available empty tins can be painted blue and coated
with grease/Vaseline on outer surface may also be used. Count the number of thrips on the traps daily and take
the appropriate decision regarding management practices.

D. Nematode extraction:
Collect 100 to 300 cm3 (200-300 g) representative soil sample. Mix soil sample and pass through a coarse sieve
to remove rocks, roots, etc. Take a 600 cc subsample of soil, pack lightly into a beaker uniformly. Place soil in one
of the buckets or pans half filled with water. Mix soil and water by stirring with paddle; allow to stand until water
almost stops swirling. Pour all but heavy sediment through 20-mesh sieve into second bucket; discard residue
in first bucket; discard material caught on sieve. Stir material in second bucket; allow to stand until water almost
stops swirling. Pour all but heavy sediment through 200-mesh sieve into first bucket; discard residue in second
bucket. Backwash material caught on 200-mesh sieve (which includes large nematodes) into 250-ml beaker. Stir
material in first bucket; allow to stand until water almost stops swirling. Pour all but heavy sediment through
325-mesh sieve into second bucket; discard residue in first bucket. Backwash material caught on 325-mesh sieve
(which includes small to mid-sized nematodes and silty material) into 250-ml beaker. More than 90% of the live
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nematodes are recovered in the first 5-8 mm of water drawn from the rubber tubing and the sample is placed in a
shallow dish for examination.

III. ECOLOGICAL ENGINEERING FOR PEST MANAGEMENT
Ecological engineering for pest management has recently emerged as a paradigm for considering pest management
approaches that rely on the use of cultural techniques to effect habitat manipulation and to enhance biological
control. Ecological engineering for pest management is based on informed ecological knowledge rather than high
technology approaches such as synthetic pesticides and genetically engineered crops (Gurr et al. 2004 a, b).

Ecological Engineering for Pest Management – Below Ground:
There is a growing realization that the soil borne, seed and seedling borne diseases can be managed with microbial
interventions, besides choosing appropriate plant varieties. The following activities increase the beneficial
microbial population and enhance soil fertility.
••
••
••
••
••
••

Crop rotations with leguminous plants which enhance nitrogen content.
Keep soils covered year-round with living vegetation and/or crop residue.
Add organic matter in the form of farm yard manure (FYM), vermicompost, crop residue which enhance
below ground biodiversity of beneficial microbes and insects.
Application of balanced dose of nutrients using biofertilizers based on soil test report.
Application of biofertilizers with special focus on mycorrhiza and plant growth promoting rhizobia (PGPR)
Application of Trichoderma harzianum/viride and Pseudomonas fluorescens for treatment of seed/seedling/
planting materials in the nurseries and field application (if commercial products are used, check for label claim.
(However, biopesticides produced by farmers for own consumption in their fields, registration is not required).

Ecological Engineering for Pest Management – Above Ground:
Natural enemies play a very significant role in control of foliar insect pests. Natural enemy diversity contributes
significantly to management of insect pests both below and above ground.

Natural enemies may require:
1.
2.
3.

Food in the form of pollen and nectar.
Shelter, overwintering sites and moderate microclimate etc.
Alternate hosts when primary hosts are not present.

In order to attract natural enemies following activities should be practiced:
••

••
••
••
••
••

Raise the flowering plants / compatible cash crops along the orchard border by arranging shorter plants
towards main crop and taller plants towards the border to attract natural enemies as well as to avoid
immigrating pest population
Grow flowering plants on the internal bunds inside the orchard
Not to uproot weed plants those are growing naturally such as Tridax procumbens, Ageratum sp,
Alternanthera sp etc. which act as nectar source for natural enemies
Not to apply broad spectrum chemical pesticides, when the P: D ratio is favourable. The plant compensation
ability should also be considered before applying chemical pesticides.
Reduce tillage intensity so that hibernating natural enemies can be saved.
Select and plant appropriate companion plants which could be trap crops and pest repellent crops. The
trap crops and pest repellent crops will also recruit natural enemies as their flowers provide nectar and
the plants provide suitable microclimate.

Due to enhancement of biodiversity by the flowering plants, parasitoids and predators (natural enemies) number
also will increase due to availability of nectar, pollen and insects etc. The major predators are a wide variety of
spiders, ladybird beetles, long horned grasshoppers, lacewing, earwigs, etc.
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Plants Suitable for Ecological Engineering for Pest Management

Attractant Plants

Alfalfa

Cowpea

Carrot

Sunflower

Buckwheat

French bean

Mustard

Cosmos

Anise

Caraway

Dill

Parsley
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White Clover

Yarrow

Tansy

Marigold

Rye grass

Repellent plants

Ocimum spp

Peppermint/Spearmint

The flowering plants suggested under Ecological Engineering for pest management strategy are known as
attractant plants to the natural enemies of the selected pests. The information is based on published research
literature, however, the actual selection of flowering plants could be based on availability, agro-climatic conditions
and soil types.
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Biodiversity of natural enemies observed in Ecological Engineering field at NIPHM
Biodiversity of natural enemies: Parasitoids

Biodiversity of natural enemies: Predators

Biodiversity of natural enemies: Spiders
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IV. CROP STAGE–WISE IPM
Management
Pre-sowing*

Nutrients

Weeds

Soil borne
diseases
Nematodes

Activity
Common cultural practices:
•• Deep ploughings 2 to 3 times at an interval of 10 to 15 days particularly in summer months.
•• Adopt soil solarization.
•• Apply manures and fertilizers as per soil test recommendations
•• Timely sowing should be done
•• Avoid dense plant populations.
•• At the time of field preparation, adopt raised bed technique.
•• Destroy the alternate or colateral host plants
•• Collection and destruction of plant debris
•• The crop is grown on the same land for 4-5 years after which the calcareous soil needs to be recharged
with nutrients. Aerated soil and good drainage are essential for better corm growth.
•• Use Trichoderma spp. treated well decomposed FYM @ 10 t/acre or vermicompost as per recommendation.
•• Deep ploughings 2 to 3 times at an interval of 10 to 15 days particularly in summer months.
•• Adopt soil solarization.
•• At the time of field preparation, adopt raised bed technique.
•• Timely sowing should be done.
Cultural control:
•• Effective weed control.
•• Eliminate any potentially damaging insect problems.
Cultural control:
•• Cultural nematode control methods are agronomical practices employed in order to minimize
nematode problem in the crops.
Selection of healthy seed material:
•• In plants, propagated by vegetative means we can eliminate nematodes by selecting the vegetative
part from healthy plants.
Adjusting the time of planting:
•• Nematode life cycle depends on the climatic factors. Adjusting the time of planting helps to avoid
nematode damage.
Fallowing:
•• Leaving the field without cultivation, preferably after ploughing helps to expose the nematodes to
sunlight and the nematodes die due to starvation without host plant. This method is not economical.
Deep summer ploughing:
•• During the onset of summer, the infested field is ploughed with disc plough and exposed to hot sun,
which in turn enhances the soil temperature and kills the nematodes.
Manuring:
•• Raising green manure crops and addition of more amount of farm yard manure, oil cakes of neem and
castor, pressmud and poultry manure etc.
Flooding:
•• Flooding can be adopted where there is an enormous availability of water. Under submerged
conditions, anaerobic condition develops in the soil which kills the nematodes by asphyxiation.
Trap cropping:
•• Two crops are grown in the field, out of which one crop is highly susceptible to the nematode.
Antagonistic crops:
••
Certain crops like mustard, marigold and neem etc. have chemicals or alkaloids as root exudates
which repell or suppress the plant parasitic nematodes.
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••

In marigold (Tagetes spp.) plants the α – terthinyl and bithinyl compounds are present throughout the
plant from root to shoot tips. This chemical kills the nematodes.
•• In mustard allyl isothiocyanate and in pangola grase pryrocaterchol are present which kills the
nematodes. Such enemy plants can be grown along with main crop or included in crop rotation
•• Removal and destruction of infected plants
•• Early detection of infested plants and removal helps to reduce nematode spread. After harvest the
stubbles of infested plants are to be removed
Use of resistant varieties:
•• Nematode resistant varieties have been reported from time to time in different crops. Use of resistant
varieties is a very effective method to avoid nematode damage.
Heat treatment of soil:
•• Sterilization of soil by allowing steam is a practice in soil used in green house, seed beds and also
for small area cultivation. Insects, weed seeds, nematodes, bacteria and fungi are killed by steam
sterilization.
Soil solarisation:
•• Hot water treatment of planting material. Hot water treatment is commonly used for controlling
nematodes. seeds and roots of seedlings can be dipped in hot water at 5 0 – 55 ˚C for 10 minutes and
then planted.
Sowing*

Nutrients

Weeds

Mites

Common cultural practices:
•• Apply fertilizers as per soil test recommendations
•• Timely line sowing should be done / avoid late sowing
•• Select healthy disease and weed seed free corms.
•• Adopt proper spacing and high plant populations.
•• Adoption of crop rotation
•• Collecting and burning of diseased corms and plant debris and field sanitation should be practiced.
•• Planting material must be collected from disease free fields and preferably raised in fumigated or solarized soil
Common mechanical practices:
•• Uproot and burn infected plants early enough to avoid further spread of the disease.
•• Seed treatment should be done with Azotobactor / Azospirillum and Phosphate Solubilizing Bacteria @
200 g /acre and VAM inoculum @ 1Kg /acre.
•• If soil test recommendation is not available follow the blanket recommendation of NPK @ 10-12 Kg N,
6-8 Kg of Phosphorus and 6-8 Kg of Potash per acre
•• Apply the recommended N in 2 to 3 splits and full dose of phosphorus and potassium at sowing.
•• Ridges and furrows should be lined properly to facilitate inter-cultural operations.
•• Adopt line sowing and proper spacing
•• Intercropping with short duration pulses like moong been.
•• Follow common cultural, mechanical and biological practices (See page no. 13, 14, 15).
Cultural control:
•• Planting depth of 15 to 20 cm is selected depending on soil texture.
•• Avoid irrigation during summer.
•• Avoid excavation of farms for saffron replanting.
•• Every 2nd years, add 1 to 2 cm depth light soil during the summer to remain constant the depth of the planting
corms.
•• More corms can be used per unit area at the time of the planting to reach the economic harvest in a
shorter time and mites have fewer opportunities to increase populations.
•• Use weed free composted cow manure (experience has proved that sheep and poultry manures are
not suitable for cultivation of saffron).
•• Avoid the planting of corms from infection reported areas.
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Corm rot
•• Follow common cultural, mechanical and biological practices (See page no. 13, 14, 15).
Note: Apply Trichoderma viride/harzianum and/or Pseudomonas fluorescens for treatment of corms and field application (if
commercial products are used, check for label claim. However, biopesticides produced by farmers for own consumption in
their fields, registration is not required).
Vegetative stage
Common cultural practices:
•• Collect and destroy diseased and insect infested plant parts.
•• Provide irrigation at critical stages of the crop
•• Avoid water stress and water stagnation conditions.
Common mechanical practices:
•• Collection and destruction of eggs and early stage larvae
•• Handpick the older larvae during early stages of the crops
•• The infested shoots and seed pod may be collected and destroyed
•• Handpick the gregarious caterpillars and the cocoons which are found on stem and destroy them in
kerosene mixed water.
•• Use blue sticky traps for thrips @ 4-5 trap/acre.
Common biological practices:
•• Conserve natural enemies through ecological engineering
•• Augmentative release of natural enemies
•• Enhance parasitic activity by avoiding chemical spray, when 1-2 larval parasitoids are observed.
Nutrients
•• Apply N as top dressing with irrigation or immediately after rainfall.
Weeds
•• Do the intercultural operations such as hoeing from time to time.
•• Mulches like straw hay, plastic etc. may be used in between the rows to suppress the weed growth.
Thrips, mites •• Follow common cultural, mechanical and biological practices (See page no. 13, 14, 15).
Corm rot
•• As mentioned in the above corm treatment with biological control agent
Bulb rot
•• Follow common cultural, mechanical and biological practices (See page no. 13, 14, 15).
•• For resistant / tolerant varieties consult ICAR Institute / KVK’s / SAU’s.
Cultural control:
•• Avoid injury to the corm due to cultural practices such as digging/lifting of corms from field
Bacterial rot
•• Follow common cultural, mechanical and biological practices (See page no. 13, 14, 15).
•• For resistant / tolerant varieties consult ICAR Institute / KVK’s / SAU’s.
Cultural control:
•• Avoid injury to the root system due to cultural practices such as digging
Reproductive stage
Nutrients
•• Apply recommended manures and fertilizers after each harvest
Weeds
•• Remove left over weeds before shedding of seeds to prevent further spread
Thrips
•• As mentioned in the above vegetative stage.
Corm rot
•• As mentioned in the above stage treating the corms with biocontrol agent

V. RODENT PEST MANAGEMENT
••

Disturb and destroy the habitat (burrows) of the rodents by practicing clean cultivation

••

Minimize the alternate food sources and secured habitation by removing the weeds and crop residues in/
around the fields

••

Practice burrow smoking using paddy straw or other natural smoking materials in ANGRAU/NIPHM
burrow fumigator for 2-3 minutes for each burrow.

••

Encourage the establishment of natural predator like barn owls by establishing barn owl perches/ wooden
boxes in and around the crop fields.
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••

Practice burrow smoking as individual and community, preferably on a campaign approach.

••

Organize community rodent control campaigns using rodenticide poison baits.

••

Practice poison baiting with anticoagulant, bromadilone @ 0.005% (96 parts of broken rice + 2 parts of
edible oil + 2 Parts of 0.25% CB bromadiolone) on community approach.

Management of porcupine:
••

Porcupine is a wild life protected animal killing and hurt the animal is legally accused hence; non-invasive
methodologies will use to manage porcupine damage.

••

Use castor based repellents with water and granule formulations to repel & divert their navigation can
reduce porcupine’s damages in saffron fields.

••

Planting of ginger, garlic, and mint around crop and bio fence around the crop can repel and prevent the
entry of porcupines.

••

Use live traps and release at safe place. Assure forests with plenty of tuber, bulb, corm plants then they
can’t migrate toward saffron fields ultimately reduce the damages in saffron fields.

VI. INSECTICIDE RESISTANCE AND ITS MANAGEMENT
Insecticide resistance: Resistance to insecticides may be defined as ‘a heritable change in the sensitivity of a pest
population that is reflected in the repeated failure of a product to achieve the expected level of control when used
according to the label recommendation for that pest species’ (IRAC). Cross-resistance occurs when resistance to
one insecticide confers resistance to another insecticide, even where the insect has not been exposed to the latter
product.
Causes of resistance development: The causes and rate at which insecticide resistance develops depend on
several factors,including the initial frequency of resistance alleles present in the population, how rapidly the
insects reproduce, the insects’ level of resistance, the migration and host range of the insects, the insecticide's
persistence and specificity, and the rate, timing and number of applications of insecticide made. For instance,
insect pests that survive in large populations and breed quickly are at greater advantage of evolving insecticide,
especially when insecticides are misused or over-used.
General strategy for insecticide resistance management: The best strategy to avoid insecticide resistance
is prevention and including insecticide resistance management tactics as part of a larger integrated pest
management (IPM) approach.
1) Monitor pests: Monitor insect population development in fields to determine if and when control measures
are warranted. Monitor and consider natural enemies when making control decisions. After treatment, continue
monitoring to assess pest populations and their control.
2) Focus on AESA. Insecticides should be used only as a last resort when all other non-chemical management
options are exhausted and P: D ratio is above 2: 1. Apply biopesticides/chemical insecticides judiciously after
observing unfavourable P: D ratio and when the pests are in most vulnerable life stage. Use application rates and
intervals as per label claim.
3) Ecological engineering for pest management: Flowering plants that attract natural enemies as well as plants
that repel pests can be grown as border/intercrop.
4) Take an integrated approach to managing pests. Use as many different control measures as possible viz.,
cultural, mechanical, physical, biological etc. Select insecticides with care and consider the impact on future pest
populations and the environment. Avoid broad-spectrum insecticides when a narrow-spectrum or more specific
insecticide will work. More preference should be given to green labeled insecticides.
5) Mix and apply carefully. While applying insecticides care should be taken for proper application of insecticides
in terms of dose, volume, timing, coverage, application techniques as per label claim.
6) Alternate different insecticide classes. Avoid the repeated use of the same insecticide, insecticides in the
same chemical class, or insecticides in different classes with same mode of action and rotate/alternate insecticide
classes and modes of action.
7) Preserve susceptible genes. Preserve susceptible individuals within the target population by providing
unsprayed areas within treated fields, adjacent "refuge" fields, or habitat attractions within a treated field that
facilitate immigration. These susceptible individuals may outcompete and interbreed with resistant individuals,
diluting the resistant genes and therefore the impact of resistance.
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VII. NUTRITIONAL DEFICIENCY
Iron:

Leaf chlorosis may occur due to iron deficiency (Fe):

Correction measure:

Applying 2 Kg/ha of Fe has been reported to have positive effects on saffron quality and quantity characteristics.

VIII. COMMON WEEDS

1. Tansymustards/ flixweed:
Descurainia sophia (L.) Webb ex
Prantl (Brassicaceae)

2. Peppergrass: Lepidium virginicum
L. (Brassicaceae)

3. Corn buttercup: Ranunculus
arvensis L. (Ranunculaceae)

4. Common knotgrass: Polygonum
aviculare L. (Polygonaceae)

5. Sun spurge: Euphorbia helioscopia
L. (Euphorbiaceae)

6. Black medick: Medicago lupulina L
(Fabaceae)

7. Lambsquarters: Chenopodium
album L. (Chenopodiaceae)

8. Pinweed: Erodium cicutarium (L.)
L'Hér. ex Aiton (Geraniaceae)

9. Cruss: Centaurea iberica Trevir. and
Spreng. (Asteraceae)
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10. Wild lettuce: Lactuca spp.
(Asteraceae)

11. Strawberry clover: Trifolium
fragiferum L. (Fabaceae)

12. Asthma herb/Spurge: Euphorbia
hirta L. (Euphorbiaceae)

13. Kashmir salvia: Salvia
moorcroftiana Wall. ex Benth.
(Lamiaceae)

14. Common purslane: Portulaca
oleracea L. (Portulacaceae)

15. Gromwell: Lithospermum
arvense L. (Boraginaceae)

16. Hawks-beard: Crepis sancta L
(Asterales: Asteraceae)

17. Soft brome: Bromus hordeaceus
L. (Poaceae)

18. Meadowgrass: Poa alpina, P.
pratensi (Poaceae)

19. Bluegrass: Poa annua L.
(Poaceae)

20. Bulbous bluegrass: Poa
bulbosa L (Poaceae)

21. Purple nut sedge: Cyperus
rotundus L. (Cyperaceae)
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IX. DESCRIPTION OF INSECT, MITE AND NEMATODE PESTS
1) Saffron thrips:
Biology:
Egg: Female lays 50-60 eggs at the rate of 4-6 eggs/day. The eggs are laid singly and are inserted in the leaves of host plant
through the slit made by ovipositor. Egg period is 4-9 days.
Nymph: Nymph is mostly located within two grooves on the abaxial side of saffron leaves. The nymphs are very much similar
to the adults. Nymphal period is 4-6 days during which they pass through four instars.
Pupa: The last two nymphal instars (prepupal and pupal) are non-feeding stage and during this period they descend to the
soil. Prepupal and pupal stages spend at a depth of about 2.5-5.0 cm in the soil. Prepupal stage lasts for 1-2 days and pupal
stage for 2-4 days.
Adult: Reproduction is by both sexual and parthenogenetic. The total life cycle from egg to adult is 9-17 days in males and
13-21 days in females. The multigenerational (10/year) thrips spends 1-2 generations on saffron and remaining generations
on different hosts. Adult female lives for 2-4 weeks. Unmated females had longer oviposition periods and lay fewer eggs
than mated ones. Although adult and nymphs are sometimes observed on the exposed surfaces of the leaves and flower
petals, they are of the secretive habit and occur more frequently on the underside of the leaves, or hidden within the shelter
of flowers and beneath bud scales.
Life cycle:

1. http://ip-pest.ucdavis.edu/index/images/Thrip%20Eggs.JPG/image_preview
2. http://extension.entm.purdue.edu/4h/images/402Photo/402PhotoThumbs/4
3b_ThripsNymphsClose.jpg; 3. http://www.ahw.me/p1/thrips_flavus07b.jpg

Damage symptom:
•• Feeding on young leaves results in yellow streak and
as the leaves mature
•• Damage appears as necrotic silvering on leaves
and results into curling, deforming and withering
of leaves and early senescence or deformation of
flowers.
•• The presence of yellow to white spots on saffron
leaves are indication of thrips damage.
•• The severely infested leaves senesce earlier and
result directly in saffron yield reduction.

Natural enemies of thrips:
Predators: Coccinellid, predatory thrips, anthocorid bug, lygaeid bug (Tropidothorax leucopterus) etc.
*For management refer to page number 15.

2) Mite:
Biology:
Mite is a relatively large, milk-colored mite measures up to 1.1 mm. These mites are noticed in large colonies and rarely
as isolated individuals. All stages of the mite can be found throughout the year. Development may occur in 5-6 stages (a
hypopal stage is sometimes produced). In mite species with 6 stages, the life cycle proceeds from egg to larva to protonymph
to hypopus to tritonymph to adult.
Egg: Females lay up to 700 eggs each depending on the host. Eggs are laid either individually or in clusters near damaged
and/or decaying tissue on the bulb surface. The eggs hatch in 2-7 days. The total life cycle from egg to adult could be as
short as 12 days.
Nymph: Six legged larvae emerge from eggs. Within 3-8 days, larvae molt into a nymphal stage with eight legs. The nymphs
feed for up to 6 days and eventually become adults.
Adult: Adults live longer at lower temperatures and males tend to live twice as long as females. Life cycle of male on saffron
corn is 60-115 days and female life cycle is about 40-80 days.
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Life cycle:

1,2,3. http://entomology.osu.edu/bugdoc/Shetlar/462/462_GreenH08/GHP04.
htm

Damage symptom:
•• Damage of mites on the saffron leaves is yellow to white
spots.
•• Leaves that are infected severely by mites turning yellow
sooner and will directly reduce next year saffron production.
•• Since the high population of this pest can be seen in the late
growing season, it seems that chemical control is not required.
Natural enemies of mite:
Predators: Predatory mites, Orius spp. (pirate bug), hover fly,
mirid bug etc.
*For management refer to page number 14.

3) Nematode:
Life cycle:
The life cycle of nematode has six stages. The egg state, J1 or first stage larva, J2 or second stage larva, J3 or third stage larva,
J4 or fourth stage larva and the adult stage. The first four stages are the immature stages and are known as juvenile stages.
The female lays eggs in soil or in plant tissues, singly or in groups as egg mass that hatch out into larvae which are almost
similar to adults in appearance. The first moult occurs within the egg shell and the second stage juvenile comes out by
rupturing the egg shell as J2. The larval cuticle is shed after each moult.
Damage Symptoms:
•• Plant show depletion in vigour.
•• Yellowing of leaves and curling of leaves along the midribs.
•• Production of tillers is inhibited
•• Flowering is poor and delayed
•• Reduction in the number of leaves, height of plants 76 - 90 %.
•• Poorly developed root system, fewer tillers, stunting of plants and reduction in the yields.
•• Stunting of upper internodes, drooping of foliage, curling of leaves withering of leaf-tips and suppressing of ear head
development.
•• Newly emerged leaves turn brown and brittle with ash coloured tips.
•• Reduction in plant height, shorting of flowering time and reduction in crude protein content in grains.
*For management refer to page numbers 13, 14.

Natural Enemies of Saffron Insect and Mite Pests
Predators

1. Lacewing

2. Ladybird beetle

3. Predatory mite

4. Predatory thrips

5. Orius spp.

6. Mirid bug

3. http://www.dragonfli.co.uk/natural-pest-control/natural-enemies; 4. http://biocontrol.ucr.edu/hoddle/persea_mite.html; 5. http://www.fugleognatur.dk/forum/show_message.asp?Me
ssageID=560188&ForumID=33; 6. http://en.wikipedia.org/wiki/File:Orius_insidiosus_from_USDA_2_(cropped).jpg
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X. DESCRIPTION OF DISEASE
1) Corm rot:
Disease symptoms:
•• The first symptom of the disease appears in the form of yellowing of the leaves, which soon dry.
•• Upon the extraction of corms from the site of yellowing of leaves occurs, it can be seen that the corms have brown
discoloured center that extends into the flesh.
•• In severe cases, discolouration extends to the surface of the corm at the nodes and surface lesions are readily visible.
•• Lesions are most common near the base of the corm but may develop anywhere on the structure. They may extend all
the way through the fleshy tissue.
•• The external symptoms appear as sunken dark spots that are hard and rough. They become scaly after corms are dug.
•• Roots attached to infected corms also become brown and decayed. Severely infected corms rot before they sprout
when planted in soil.
Survival and spread:
•• The pathogen perpetuates from one season to another season in the form of mycelium on the diseases saffron corms
or as chlamydospores in infected crop debris or rotten corms in the soil.
•• The pathogen in the soil with debris or rotten corms acts as a source of primary inoculum and is also transmitted from
one place to another.
•• The secondary spread of the disease is through conidia (micro and macro conidia).
Favourable conditions:
•• Excessive soil-moisture, poor draining, monoculturing of saffron crop, longer planting cycle, excessive rainfall, are some
of the other predisposing factor for disease development.
*For management refer to page number 15.

2) Bulb rot:
Disease symptoms:
•• Symptoms appear as brown-to-dark brown sunken, irregular patches below corm scales.
•• Lesions usually 1 mm deep with raised margins. Severely infected corms have foliage that dry from the tip downward.
•• White fungal mycelia appeared on the bulbs that rot at later stages of disease development. Sclerotia formation may
also be observed.
Survival and spread:
•• The pathogen survives in soil and in infected crop residues through sclerotia.
•• The pathogen is seed-borne and it serves as primary source of infection.
•• The soil borne sclerotia also spread through rain splash, irrigation water and implements.
Favourable conditions:
•• Moisture stress and higher temperature favours development of the disease.
*For management refer to page number 15.

3) Bacterial rot:
Disease symptoms:
•• The characteristic symptoms of the disease on saffron plants are emergence of yellowing of leaves and death of plant
•• In the field, the disease is destructive and reduced flowering by about 80%.
•• Infected corms are round, wrinkled, and produce yellowish pigment; while in some case the pigmentation is absent.
Survival and spread:
•• The bacteria survive along with dead plant material, and spread along with the drift of soil and rain splashes
Favourable conditions:
•• Warm temperatures and excessive irrigation or heavy rains favour disease development.
*For management refer to page number 15.
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Disease cycle:
1. Corm rot:

XI. DESCRIPTION OF RODENTS
1) Indian crested porcupine:
••
••
••
••
••
••

Porcupines are rodents body covered by spines are modified hairs protect
them from predators.
Spines/quills appear serial white & black/brown bands.
These are large animals (3 ft long, 14kg weight), terrestrial, creates burrows /shelter
in rock gaps at mountain/hill areas (fossorial habitat), strictly nocturnal animal.
It eats a variety of plants including their fruits, grains, and roots/tubers/corms.
Saffron corms are one of the favorite foods of porcupines. Presence of corm
sheath and distributed soil around the plants and across the fields (rolling
behavior) are indicators of porcupine activity (Shahrokhiet al., 2006).
it is wild life protected animal as per Indian Wild Life Act, 1972.

2) Blyth’s vole:
••
••
••
••
••

Distributed in Himachal Pradesh, Jammu and Kashmir in India at altitudes
above 4,500 msl (Molur et al. 2005).
Long thick grey coat, lighter below and darker above. Fur is tipped and
yellowish brown colour.
It is a diurnal and fossorial vole that inhabits temperate forests, and high
altitude grassy habitats, especially along water courses.
It prefers high rocky mountains with scattered patches of grassland completely
covered in snow part of the year.
It lives in colonies, digs deep burrows, especially in the banks of streams and
lakes.

3) Royle’s vole:
••
••
••

It is commonly known as Himalayan vole.
It is endemic to Himachal Pradesh and Uttaranchal in India.
The upper part is dark in colour and ventral part gray in colour.

http://www.arkive.org/royles-mountain-vole/alticolaroylei/image-G101512.html
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4) Central Kashmir vole:
••
••
••
••
••
••

This species is associated with temperate mountain forests, where it can be
encountered in rocky areas, on cliffs, in caves and among sparse forested areas
It has been recorded from 2,600 m to 4,300 m sl. This species similar to Royle’s
vole except cranial and dental differences.
Small rodents (3 to 9 inch length) resemble a mouse but with a stouter body, a
shorter, hairy tail, a slightly rounder head, smaller ears and eyes. The species is
active throughout vegetative phase of Saffron (Nov- April).
Vole favorite to eat succulent root systems, bulbs, corms and will burrow
under plants or ground cover and eat away until the plant is dead.
Voles attack vegetative primordial at the base of attachment with the corms
leaving radical leaves detached, thus a complete loss to the saffron plants.
The detached corms are taken away as a food material, stored in nearby fields
for their use during summer months when saffron attains dormancy.

5) Lesser bandicoot:
••
••
••
••

It is a robust rodent (200 to 300 g body weight) with a rounded head and a
broad muzzle. Dorsum covered with grey-brownish rough hairs.
Tail is naked, shorter than head and body. Breeds throughout the season and
litter size 6-8 in normal conditions. Nocturnal and fossorial.
Burrows are characterized by the presence of scooped soil at the entrance and
mostly burrow openings are closed with soil.
Hoard the matured food inside the burrows.

6) Soft furred field rat:
••
••

Small rodent weighed 40-60 g with soft fur, dorsum light grey and bicolored
tail equal to the head and body.
Inhabits irrigated fields, found mostly in semi arid areas.

7) Short tailed Turkestan rat:
••
••
••
••
••
••
••

Medium sized (80-120g) slender rodent with bicolor and ringed tail is shorter
than head and body length.
This is most prevalent house dwelling rodent of Kashmir valley and also found
in forest.
Nocturnal in nature; Lives in cottages, interconnected networks in the floor,
wall & roof.
Breeds round the year produce 5-7 litters a year. Gestation period 22 days,
litter size 06 –12 young ones.
Pests of stored grains and fruits in Kashmir.
Occasionally causes damage to saffron in certain pockets.
It is vector for plague & leptospirosis diseases.

8) Dark mouse:
••
••

It is whitish color in under surface
Found in the fields as well as in the houses, Live inside the burrows, below rocks and crevices.
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9) The Persian mouse:
••
••
••

These are small rodents (15 g) with bicolor tail longer than head and body, occur in fields as well as nearby houses in
arid areas.
They are noctournal, fossorial and highly active and have nibbling habit, which result in damage to sacks and foods.
It is omnivorous and causes lot of damage to grains and merchandise.

10) The fawn-colored mouse:
••

Occurs along with Mus bactrianus in the crop fields, houses and godowns.

11) Wroughton’s yellow necked field mouse:
••

It is one of the important pests of the crops in the state distributed in ladakh, gulmarg, Astor, Kishwar and some other
locations above 2440 m. The tail is shorter than head and body length.

12) The miller’s yellow-necked field mouse:
••
••
••

Occurs below 2440m with tail much longer than head and body and is destructive to the crops in the field.
They are nocturnal and fossorial.
They flourish on grass and saffron leaves, flowers.

Damage symptoms:
••
••
••

Rodent problem in saffron is found in early mature and mature stages.
The extent of damage to saffron corms by rodents ranging from 10-50%.
Distributed/dispersed soil around saffron plants, burrows with scooped
soil, many holes, defecated fecal pellets, hoarding of corms, corm sheaths
at burrow entrance, dispersed in field etc. are signs for rodent infestation in
saffron fields.
•• Rodent can damage/eat corms/bulbs at dormant, active state and same
active vegetate leaf stage appeared visible dry patches in saffron field
where rodent taken off, damaged corms in dormancy.
•• Due to traditional longer planting cycle, and mixed cropping with almond
and poor weed management rodent problems exist severe and also breed
often due to the availability of food in the fall months (Oct – March).
* For the management refer page nos. 15, 16.
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XII. SAFETY MEASURES
A. At the time of harvest:
The flowering stage of saffron starts from October and continues for 3 weeks. Each flower lasts only for 48 hours. The vast
amount of labour required for harvesting and on-farm processing in a relatively short period. Saffron flowers should be
picked early morning. The timing of the harvest and speedy processing is important, to retain the quality of saffron. The
optimal harvest time is, therefore early in the morning before there is full sun.The flowers should be cut from the plant
by the fingernails near to the ground. It should be put in a clean basket to avoid contamination of stigma. A good flower
collector can collect as much as 3,000 flowers per hour. After collection, the flowers should be transported to a farm house
or other location where it should be kept in a clean and shady place until further processing.

B. During post-harvest storage:
Separation of Stigma from Saffron Flowers:
Immediate post-harvest processing will give the best saffron spice quality. During the post-harvest processing, the stigmas
are separated from the flowers. The stigmas are bright orange-red and are clearly visible among the lilac petals. It takes
some 450,000 stigmas to make up a kilogram of saffron spice. Workers must process 150,000 – 170,000 flowers to produce
one kilogram of saffron. The deep red stigmas are attached to the flowers by pale filaments called styles. These, as well as
the yellow stamens, are worthless as spice. Many merchants prefer to buy only pure saffron, requiring that the stigmas be
separated from the styles, which has to be done by hand as long as the material is fresh.
The following must be taken into consideration when separating saffron stigma from the flower:
•• Separate stigmas from flowers in a clean environment.
•• Ensure that the place where stigmas are separated from flowers is free from dust.
•• Ensure that the people who do this work keep their hands clean at all times, washing thoroughly with antibacterial soap.
•• Separate the stigmas from the styles depending on the requirement of potential buyers. Some buyers (wholesalers
and retailers) prefer the styles to be included and arrange in bunches. The reason for this is the buyers want to make
sure that saffron is pure and free from adulteration. Because saffron is so expensive, some suppliers are tempted
to adulterate it with cheaper material and dye it all red to pass it off as pure. If buyers can see the styles, they are
confident that the saffron is pure. They can then separate the styles from the stigmas themselves and sell the saffron
under their own labels.
Drying of Saffron:
The stigma must be dried immediately to keep its quality. Drying must be done in a proper way to achieve the right
moisture content level. If it is too moist it may get infected with fungus, especially those causing toxic aflatoxins. If saffron
is too dry it may break easily and turn into powder and weight will be reduced below the trade requirements and farmers
will lose Money. It takes up to a week to dry saffron under this method. Using this method, the following must be taken
into considerations:
•• Air dry saffron in an area free from dust and direct sunlight and in an area where birds have no access
•• Put individual saffron stigma in a drying container like pale, basin, tray or big plate.
•• Cover the container with thin cloth or screen to prevent contamination.
•• When covering the container, make sure that there is good aeration.
•• Drying with electric dryers takes minutes rather than days and makes it easier to control the moisture level (12 % to
14 %) of the saffron.
•• Improved kilns dryers are also available where drying temperature and humidity could be controlled better, making
the quality of dried saffron better but these are currently considered too expensive.
Packaging and Storing of Saffron:
Ideally, saffron should be packed in air-tight and light protected containers like tin cans and dark glasses. However, some
buyers prefer saffron to be packed in a clear glass so that they can make the quality assessment easily without necessarily
removing the saffron from the container. If saffron is packed in a clear glass, it must be stored in a dark place until it is
sold to prevent deterioration and loss of quality. Most plastic bags and solid plastic containers are not recommended in
packing saffron. Although it can also be sealed, the aroma of saffron can still escape and the quality of spice becomes
lower.
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XIII. DO’S AND DON’TS IN IPM
S. No.

Do’s

Don’ts

1

Deep ploughing is to be done on bright sunny days Do not plant or irrigate the field after ploughing, at least
during the months of June and July. The field should be for 2-3 weeks, to allow desiccation of weed’s bulbs and/or
kept exposed to sun light at least for 2-3 weeks.
rhizomes of perennial weeds.

2

Adopt crop rotation and intercropping

Avoid monocropping.

3

Grow only recommended varieties.

Do not grow susceptible varieties.

4

Timely sowing in the season

Avoid late sowing as this may lead to reduced yields and
incidence of pests.

5

Always treat the corms with approved chemicals/bio Do not use corms without treatment with biopesticides/
pesticides for the control of seed borne diseases/pests. chemicals.

6

Sow in rows at optimum depths under proper moisture Do not sow corms beyond 5-7 cm depth.
conditions for better establishment.

7

Maintain optimum and healthy crop stand which would Crops should not be exposed to moisture deficit stress at
be capable of competing with weeds at a critical stage their critical growth stages.
of crop weed competition

8

Use NPK fertilizers as per the soil test recommendation. Avoid imbalanced use of fertilizers.

9

Use micronutrient mixture after sowing based on soil Do not apply any micronutrient mixture after sowing
test recommendations.
without soil test recommendations.

10

Conduct weekly AESA in the morning preferably before Do not take any management decision without
9 AM. Take decision on management practice based on considering AESA and P: D ratio
AESA and P: D ratio only.

11

Install traps at appropriate period.

12

Release parasitoids only after noticing adult moth Do not apply chemical pesticides within seven days of
catches in the pheromone trap or as pheromone trap release of parasitoids.
or as per field observation

13

Preharvest interval should be observed as per CIBRC Do not apply NPV on late instar larva and during day time.
recommendations for different pesticides.

14

Follow the recommended procedure of trap crop Do not apply pesticides on trap crop, otherwise it may not
technology.
attract the pests and natural enemies.

Do not store the pheromone lures at normal room
temperature (keep them in refrigerator).
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XIV. BASIC PRECAUTIONS IN PESTICIDE USAGE
A. Purchase
1. Purchase only just required quantity e.g. 100, 250, 500, 1000 g/ml for single application in specified area.
2. Do not purchase leaking containers, loose, unsealed or torn bags; Do not purchase pesticides without
proper/approved labels.
3. While purchasing insist for invoice/bill/cash memo
B. Storage
1. Avoid storage of pesticides in house premises.
2. Keep only in original container with intact seal.
3. Do not transfer pesticides to other containers; Do not store expose to sunlight or rain water; Do not
weedicides along with other pesticides
4. Never keep them together with food or feed/fodder.
5. Keep away from reach of children and livestock.
C. Handling
1. Never carry/ transport pesticides along with food materials.
2. Avoid carrying bulk pesticides (dust/granules) on head shoulders or on the back.
D. Precautions for preparing spray solution
1. Use clean water.
2. Always protect your nose, eyes, mouth, ears and hands.
3. Use hand gloves, face mask and cover your head with cap.
4. Use polythene bags as hand gloves, handkerchiefs or piece of clean cloth as mask and a cap or towel to
cover the head (Do not use polythene bag contaminated with pesticides).
5. Read the label on the container before preparing spray solution.
6. Prepare the spray solution as per requirement
7. Do not mix granules with water; Do not eat, drink, smoke or chew while preparing solution
8. Concentrated pesticides must not fall on hands etc while opening sealed container. Do not smell
pesticides.
9. Avoid spilling of pesticides while filling the sprayer tank.
10. The operator should protect his bare feet and hands with polythene bags
E. Equipments
1. Select right kind of equipment.
2. Do not use leaky and defective equipments
3. Select right kind of nozzles
4. Don’t blow/clean clogged nozzle with mouth. Use old tooth brush tied with the sprayer and clean with
water.
5. Do not use same sprayer for weedicide and insecticide.
F. Precautions for applying pesticides
1. Apply only at recommended dose and dilution
2. Do not apply on hot sunny day or strong windy condition; Do not apply just before the rains and after
the rains; Do not apply against the windy direction
3. Emulsifiable concentrate formulations should not be used for spraying with battery operated ULV
sprayer
4. Wash the sprayer and buckets etc with soap water after spraying
5. Containers buckets etc used for mixing pesticides should not be used for domestic purpose
6. Avoid entry of animals and workers in the field immediately after spraying
7. Avoid tank mixing of different pesticides
G. Disposal
1. Left over spray solution should not be drained in ponds or water lines etc. throw it in barren isolated area
if possible
2. The used/empty containers should be crushed with a stone/stick and buried deep into soil away from
water source.
3. Never reuse empty pesticides container for any other purpose.
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XV. Pesticide application techniques
Equipments
Category A: Stationary, crawling pests/diseases
Vegetative stage
Insecticides and •• Lever operated knapsack sprayer (droplets of
i) For crawling and
fungicides
big size)
soil borne pests
•• Hollow cone nozzle @ 35 to 40 psi
•• Lever operating speed = 15 to 20 strokes/min
or
•• Motorized knapsack sprayer or mist blower
ii) For small sucking
(droplets of small size)
leaf borne pests
•• Airblast nozzle
•• Operating speed: 2/3rd throttle
Reproductive stage

Insecticides and
fungicides

••
••
••

Lever operated knapsack sprayer (droplets of
big size)
Hollow cone nozzle @ 35 to 40 psi
Lever operating speed = 15 to 20 strokes/min

Category B: Field flying pests/airborne pests
Vegetative stage
Insecticides and •• Motorized knapsack sprayer or mist blower
(droplets of small size)
Reproductive stage fungicides
•• Airblast nozzle
(Field Pests)
•• Operating speed: 2/3rd throttle
Or
•• Battery operated low volume sprayer (droplets
of small size)
•• Spinning disc nozzle
Mosquito/ locust
and spatial
application
(migratory Pests)
Category C: Weeds
Post-emergence
application

Insecticides and
fungicides

••
••

Weedicide

••
••
••

Pre-emergence
application

Weedicide

Fogging machine and ENV (exhaust nozzle
vehicle) (droplets of very small size)
Hot tube nozzle

Lever operated knapsack sprayer (droplets of
big size)
Flat fan or floodjet nozzle @ 15 to 20 psi
Lever operating speed = 7 to 10 strokes/min

Trolley mounted low volume sprayer (droplets of
small size)
Battery operated low volume sprayer (droplets of
small size)
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XVI. Operational, calibration and maintenance guidelines in brief
1.

For application rate and dosage see the label and leaflet of the
particular pesticide.

2.

It is advisable to check the output of the sprayer (calibration) before
commencement of spraying under guidance of trained person.

3.

Clean and wash the machines and nozzles and store in dry place
after use.

4.

It is advisable to use protective clothing, face mask and gloves while
preparing and applying pesticides.
Do not apply pesticides without protective clothing and wash
clothes immediately after spray application.

5.

Do not apply in hot or windy conditions.

6.

Operator should maintain normal walking speed while undertaking
application.

7.

Do not smoke, chew or eat while undertaking the spraying operation

8.

Operator should take proper bath with soap after completing
spraying

9.

Do not blow the nozzle with mouth for any blockages. Clean with
water and a soft brush.
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Important Natural Enemies of Saffron Insect & Mite Pests
Plants Suitable for Ecological Engineering in
Saffron Field

Predators

Lacewing

Predatory thrips

Predatory mite

Alfalfa

Sunflower

Ocimum spp.

Cosmos

Spearmint

Mustard

Marigold

Carrot

Yarrow

Cowpea

Buckwheat

Tansy

Ladybird beetle

Orius spp.

Mirid bug

,
Balaji Scan Pvt. Ltd., Tel : 040-2330 3424

AESA BASED IPM Package

SAFFRON

,

