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FOREWORD
VICE CHANCELLOR, TNAU
While farming was more a way of life for our forefathers, it is fast transforming into
market-focus enterprise, which demands the adoption of consumer-safe and eco-friendly
agro-technologies towards market-compliant production of different agri - horticultural crops.
The concurrent need to focus our R&D to widen the available alternative green technology
options is being increasingly recognized in recent years. This is a critical step to empower
our farming community in their selective adoption by which can so cater to assured income
earnings from such production technologies.
The Centre for Plant Protection Studies of Tamil Nadu Agricultural University has
been pioneering in R&D on more market-compliant protection technologies which are both
consumer-safe and also safe to the native agro-biodiversity in the farms. Sun Agro Biotech
Research Centre, Chennai, being a SIRO(Scientific and Industrial Research Organization)
recognized by the Government of India-Dishrags joined hands with TNAU by a MoU signed
in 2012, as R&D partner in joint research themes on biological control, botanical biopesticides and pheromone trapping systems.
This bulletin covers the significant outcomes as overview for the second phase (20152018) of the R&D collaboration which also included fruit fly biodiversity monitoring network
and induced resistance to sugarcane borers by silica application regimes. The second phase
has been marked by some bright spots like first success in shelf life extension in Indian
Trichogramma species/strains induction, identifying more efficient and user-friendly
pheromone trap designs for borer pests in sugarcane, brinjal and rice, besides evolving a
promising botanical bio pesticide formulation based on sweet flag as seed protectant. This
sweet flag product has also been jointly filed for patent and private entrepreneur interest has
been evoked for its commercialisation. It is gratifying that this public-private-partnership in
R&D on eco-friendly insect pest management has emerged as a productive win-win model.
The Director of Centre for Plant Protection Studies and the Heads of Entomology
Department should be congratulated and appreciated for their positive and dynamic
leadership in motivating the team of TNAU scientists involved in this model R&D
collaboration initiative. Of course, the commitment shown by SABRC in such dynamic and
productive R&D collaboration also deserves our appreciations.
We could look forward to sustaining this model for future scientific synergy.

Coimbatore
Dated:

Sd. Dr.K.Ramasamy,
Vice Chancellor

EXECUTIVE SUMMARYFOR SECOND PHASE
This bulletin covers the major outcomes from the second phase (2015-2018) of the ongoing R&D collaboration, while a similar bulletin had covered the first phase highlights.
One achievement is the joint initiative for spatio-temporal mapping of fruit fly
biodiversity by network monitoring across nine benchmark locations in Tamil Nadu. This was
accomplished by stationing two traps each with lures dispensing two para-pheromonesmethyl - eugenol and cue lure-availed from common source and monitoring the weekly trap
collections of the two major fruit fly species complexes for one full calendar year, as a new
baseline information.
Our search for improved trap design for moth pheromones has led to identifying a
waterless (Delta-Plus) trap as more efficient and user-friendly for the early shoot borer in
sugarcane, shoot and fruit borer in brinjal and yellow stem borer in rice, which are now being
deployed for mass trapping impact validation.
Another breakthrough in our joint R&D was on the commonly used biocontrol agentTrichogramma, by successful induction of diapause among T. chilonis strains leading to shelf
life extension for 3-4 months, so providing an impetus to their commercial mass production.
Our collaborative R&D also culminated in holistic development of a promising
botanical bio- pesticide formulation based on sweet flag as seed protectant. This product has
also been jointly filed for patent, while private entrepreneur interest has also been ascertained
towards its commercialisation.
Towards strengthening our R&D efforts in identifying alternative eco-safe options, the
scope for applied silica sources and regimes in inducing resistance to the sugarcane early
shoot borer has also been demonstrated.
Joint convening of scientific conferences and joint supervision of student research
projects have also been successfully accomplished.
It is note-worthy that this public-private-partnership in R&D on eco-friendly insect
pest management has been sustained as a win-win model of productive collaboration.
The illustrations in this bulletin are limited to reflecting the range of accomplishments
and thrust areas of the R&D collaboration.

BACKGROUND

TAMIL NADU AGRICULTURAL UNIVERSITY (TNAU), established by the
Government of Tamil Nadu, with head quarters at Coimbatore-641003,is a leading State
Agricultural University with scientific faculty involved in academic and R&D activities
towards developing and promoting eco-friendly crop protection technologies needed for
sustaining agricultural production, especially for organic and export- focus crops production,
whereas

SUN-AGRO BIOTECH RESEARCH CENTRE (SABRC) is a non-profit,
autonomous scientific society, registered with Registrar of Societies, TamilNadu and
approved by Dept .of Scientific and Industrial Research (DSIR), Govt. of India, as an
Industrial and Research Organization(ISRO), having its principal premises at 3/1978, Main
road, Madanadapuram, Mugalivakkam, Chennai-600125 is focused on R&D of eco-friendly
crop protection technologies like bio pesticides, bio-control agents and insect trapping
systems, besides non-target impact assessment methodology protocols, with internationally
experienced experts as scientific faculty/advisors.
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MoU for R&D collaboration
The MoU was first signed in April, 2012 between TNAU and SABRC with the overall
objectives of sharing and complementing their scientific expertise and jointly develop ecofriendly technologies and products for improved pest management.
Scientists of both TNAU and SABRC were visualized to be encouraged to consult
and jointly propose suitable mutually useful R&D projects for funding from different funding
agencies like DBT,DST etc., duly working out the financial sharing( budget), besides the
outputs to be achieved by each. Facilitation for implementing the joint R&D projects was to
be availed through access to utilization of the facilities available at TNAU and SABRC, duly
complying with the prevailing fee charges/ payment guidelines of both organizations for
laboratory, field and library facilities. Intellectual property rights (IPR)-related outcomes of
such R&D projects to be governed by the guidelines applicable for TNAU collaborating
scientists/institutions; the percentage of project IP share to be also agreed upon, while
submitting the project proposals for granting bodies or in early stages of exploratory
collaboration in own funded projects.
Additional vehicles of visualized R&D collaboration:
 Facilitation to co-supervising of student research (MSc/PhD) projects by awarding
academic approval/recognition for qualified faculty from SABRC.
 Faculty of TNAU and SABRC be invited to offer special lectures for student
benefit-the inviting institution to meet the travel and local hospitality
 Exchange of visits by scientists/short term attachments for specific mutually useful
R&D programs of TNAU or SABRC may be facilitated
 TNAU and SABRC to jointly host national /international conferences related to
eco-friendly crop protection.
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HIGHLIGHTS OF FIRST PHASE (2012-2015)
The following R&D activities were undertaken during this phase
1.

IMPROVEMENTS IN PARAPHEROMONE – BASED TRAPPING SYSTEMS FOR FRUIT FLIES






Established baseline data on year-round relative abundance of fruit fly species at nine
bench mark locations in Tamil Nadu.
Identified white cylindrical trap design as more efficient for improving fruit fly trap
catches in mango- guava ecosystems.
Clarified vial with wick as superior dispenser for methyl eugenol to impregnated
discs.
Explored the scope for development of slow release dispenser systems for fruit fly
attractant

2. LEPIDOPTERAN PHEROMONE TRAPPING SYSTEM IMPROVEMENT
The major aspects covered included the following:




Brinjal shoot and fruit borer (Leucinodes) - Traps and Lure improvement
Sugarcane borer traps and lure improvement
Development of slow release dispenser systems for moth pheromones

3. BOTANICAL BIOPESTICIDES DEVELOPMENT
The focus of studies was on the areas listed below:



4.

Development of sprayable formulation of sweet flag for commercial production
Development of newer formulations for sweet flag
Assessment of dose-age response to nano botanical biopesticides

IMPROVEMENT IN TRICHOGRAMMA MASS PRODUCTION AND UTILIZATION

Major emphasis was on the following aspects:







Improving the scope for utilizing climatically adapted strains.
Trichogramma integration with pheromone traps in brinjal and sugarcane
Study of inter-species competitiveness in Trichogramma
Other activities
Two scientific conferences were jointly convened, one national (at Coimbatore) and
another international (at Madurai).
Co-supervision of one Ph.D., student research project under DBT funding was also
initiated.
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TNAU-SUN AGRO BIOTECH RESEARCH CENTRE COLLABORATIVE R&D:
SECOND PHASE (2015-18) HIGHLIGHTS
1. JOINT R&D ACTIVITIES
THEME.1: PARA-PHEROMONE BASED FRUIT FLIES TRAPPING SYSTEM
IMPROVEMENTS
TNAU collaborating scientists: Drs. T. Elaiyabarathy, N. Natarajan, P.S. Shanmugam,
M. Suganthy, J.M. Jalaludeen and P. Thilagam.
1.1. Comparison of alternative trap types
1.1.1. Study of alternative trap types in mango ecosystem


Location: Regional Research Station, Paiyur, Krishnagiri District



Period: June-July 2016



Treatments compared

T1- Cylindrical white jar trap + Vial with wick
T2-Cylindrical white jar trap + Small ply wood disc (4x1x1cm)
T3-Spherical transparent trap + Small ply wood disc (4x1x1cm)
T4-Conical transparent trap+ Small ply wood disc (4x1x1cm)


Replications: 5



Design: Randomized block design (RBD)

Results:
The vial + wick dispenser was superior in the standard cylindrical white jar trap
Even with disc dispenser, catches were greater in cylindrical white jar trap than in
alternative trap types (Fig 1.1.1)
Fig 1.1.1. Comparison of trap types on catches of B.dorsalis
Maen catch/trap/week
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1.1.2: Study of alternative trap types in cucurbit ecosystem


Period: Nov-Dec, 2015



Location: Pollachi, Coimbatore



Treatments

T1. Standard Cylindrical white jar trap
T2. Delta-yellow trap
T3. Circular plastic sticky trap
T4. Collapsible yellow sheet trap
T5. Transparent conical trap(IIHR model)


Replication: Six



Design: Randomized block design (RBD)

Results:


In our study of different trap designs, the differences in trap catches were
significant, the catches being nearly three times higher in the cylindrical white
jar trap and the least in the locally used transparent jar trap. Fig.1.1.2)

Fig 1.1.2: Trap designs comparison for cucurbit fruit fly complex
Fig 1.1.2.: Comparison of trap types on catches of B.cucurbitae

Maen catch/trap/week
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Further, the delta trap was next in rank, to the white jar trap followed by the
circular plastic plate trap with sticky sheet, while the maximum catch was in
cylindrical plastic jar trap.
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1.2. Slow release system for para -pheromones:
Scope for slow release by metal oxide based nano formulations were tested for methyl
eugenol-based trapping of mango fruit fly complex involving also University of Madras
Treatments:
T1- SiO2NP10-3
T2-ZnO NP10-3
T3-TiO NP10-3
T4- SiO2NP10-5
T5- ZnO NP10-5
T6- TiO NP10-5
T7-Control
Replications: 5
Observation period: 12 weeks
Results:
Development of nano-dispenser for slowing down the release rate of Methyl eugenol
was

investigated in the mango fields using mesoporous metal oxide nano particles (SiO2,

ZnO and TiO2 NPs). Nano sized ZnO and TiO2 particles were synthesized with rod and
spherical shapes, respectively, and characterized by electron microscopy for nano-dispenser
development. Metal oxide NPs were mixed with the synthetic insect attractant, ME in
different concentrations (10-1, 10-3 and 10-5 dilutions) and the degree of dissolution was
analysed. Maximum dispersability of NPs was obtained in higher dilution (10-5) than the
concentrated solutions. The characterization studies have revealed that the presence of weaker
interaction between metal oxide NPs and ME and was efficient to control the release rate of
the attractant in the lure dispenser system.
Fig. 1.2. Fruit fly catches for different metal oxide nano- formulations
1. Overall pattern of trap catches
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2. Weekly pattern of trap catches

Our field study demonstrated the scope for nano-based lure preparation in controlled
release of the attractant, methyl eugenol with metal oxide NPs at 10-3 and 10-5 dilutions for up
to 12 weeks. A significant increase in the number of catches was found only in ME with TiO2
NPs at 10-5 dilution Methyl eugenol with high dilution of SiO2 and ZnO NPs showed the
comparatively less catches than lower dilutions.
Overall, TiO2 NPs showed effective control of ME and maximum number insect
catches in the field study than ZnO and SiO2 NPs. Standardization of appropriate
concentration of TiO2 NPs with the fruit by insect lure, ME for enhanced and effective rate of
release in mass trapping of insect pests of fruits at a cost effective technology is envisaged.
Major outcomes and proposed follow-up:
1. For mango-guava infesting fruit fly complex the combination of white cylindrical
jar trap along with methyl eugenol dispensed in vial with wick has been found to be
superior and can be recommended for monitoring and mass trapping.
2. For cucurbits infesting fruit fly complex, improved Delta trap appearedpromising
and plywood disc appeared moresuitable as lure dispenser. Trap lure combinations
for recommending to farmers isDelta trap plus plywood disc lure dispenser.
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THEME 2: MOTH PHEROMONE TRAPPING SYSTEMS IMPROVEMENTS:
Collaborating TNAU scientists: Drs. Doureisamy, M. Ravi and V. Bhaskaran,
R.P. Soundararajan, G. Preetha ,V.A.Vijayashanthi and Jeyarajan Nelson.
2.1. Pheromone trapping of sugarcane borers:
Waterless (modified delta) trap type jointly identified by three collaborating TNAU
scientists as superior to water basin traps for early shoot borer on sugarcane (Fig.2.1.)

Fig.2.1: Performanceof waterless traps in ESB moth catches (3 locations), 2017
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The field study was taken up under student research project in farmer’s field in
Thiruvallur during 2017, which concluded that Delta trap [variants with access vents gave
significantly greater catches by-2-3 times more than water basin trap and much more
compared to funnel (sleeve) trap (Fig.2.2).
Fig.2.2. Pheromone trapping of Leucinodes in brinjal, Thiruvallur, 2017
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The modified Delta-trap type found superior has been deployed as mass trapping
component in MSc student project and AICRP- Bio control project as IPM component
(ongoing)
2.3. Pheromone trapping of rice yellow stem borer:
Modified Delta (Delta -plus) variants were identified at three TNAU locations
(Coimbatore, Tirurkuppam and Tiruppathysagaram) as superior to the funnel (sleeve) trap for
yellow stem borer moths (Fig.2.3).
Fig 2.3: Moth catches in Delta trap variants for Rice yellow stem borer (Plywood
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2.4. Scope for slow release of moth pheromones:
Exploratory studies were taken up on scope for metal oxide nanoparticles as means of slow
release of the sex pheromone for brinjal shoot and fruit borer. While pilot studies offered
some indications (Prabakaran et al., 2017), there is need for stabilizing the product attributes
as a requisite for further studies.
Major outcomes and proposed follow-up:
1. For pheromone trapping of sugarcane stem borer and brinjal shoot and fruit borer,
Delta trap variants were found to be superior to both water basin trap and funnel
(Sleeve) trap types and so can be recommended for adoption.
2. For yellow stem borer also Delta trap variants were found to be significantly
superior to funnel (sleeve) trap and could be recommended for adoption.
3. For all these target crop ecosystems, their advantage in mass trapping should be
validated, towards promoting wide-area deployment.
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THEME.3. INDUCTION OF DIAPAUSE IN TRICHOGRAMMA CHILONIS

Collaborating TNAU scientists: Drs. Jeyarajan Nelson, Y.S. Johnson Thangaraj and
S. Mohan Kumar

Strains adapted to cold climate were collected (from Nilgiris and Kodaikanal hills in Tamil
Nadu).Systematic dissection of the host egg at different time intervals after oviposition in the

two cold adapted High Altitude Strains (HAS) of T. chilonis led to estimating the frequency
of occurrence of the parasitoid life stages in different time intervals.
The lower developmental threshold estimated was alsofor the test strains as basis for
fixing lowest safe temperature for pre-storage cold exposure.
It was ascertained that diapause induction is possible among the T. chilonis strains and
T. pretiosum with 10- 40 days of pre-storage exposure to a range of 8oC to 12oC followed by
extended cold storage (30C) for at least 30-120 days duration. We illustrate the results on
successful diapause based on adult emergence after the cold storage periods after pre-storage
temperature at 8oC, 10oC and 12oC for 20 days duration (Fig.3).
Fig. 3. Percent adult emergence after cold storage duration of 30 to120 days at 3oC compared to
control, among three strains of T. chiloni besides T. pretiosum.
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The different diapause inducing treatments did not appear to substantially affect the
longevity of the resulting adults.
Further studies on maternal effect in diapause induction towards extending the
duration of cold storage (beyond 120 days) are in progress.
Major outcomes and proposed follow-up:
1. This is apparently the first successful attempt to induce

diapause in T. chiloni

strains, so extending the shelf life upto 120 days.
2. Besides optimising the pre-storage regimes for the strains, additional species could
be assessed similarly.
3. Scope exists for assembling/ developing more cold-adapted strains of T. chilonii for
use in high attitude ecosystems.
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THEME.4. DEVELOPMENT OF SWEET FLAG FORMULATION
Collaborating TNAU scientist: Dr. Jayarajan Nelson
4.1. Sweet flag as repellent/toxicant for fruit fly:
The impact of sweet flag powder extract on the repellent activity on B. cucurbitae
laboratory assay was evident upto atleast four days in lab assays (Fig.4.1)
Fig. 4.1. Sweet flag powder extract on the repellent activity of
B.cucurbitae
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This study result has prompted further studies on push-pull strategy development using sweet
flag as push (Repellent) and parapheromones as pull (attractant) sources in both cucurbit and
mango ecosystems.
4.2. Ovicidal efficacy for Corcyra cephalonica
The study was on Corcyra cephalonica eggs compared sprays of TNAU Sweet flag
(6%)EC with Sun Agro Neem (300ppm) and Ponnem (Neem + Pongam), along with
Malathion (50%EC @2ml/lit) and no spray on eggs of five ages (day1 to day5) .
The results showed that the egg mortality caused by Sweet flag was upto 60 percent in
2-3day old eggs, which was close to the levels (about 70percent) in the chemical insecticide
(malathion) during the same age of eggs (Fig.4.2).
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Fig. 4.2. Ovicidal effect of sweetflag on Corcyra eggs at five ages
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Further, sweet flag appeared to be also superior to the two botanical products
compared and hence identified as very promising candidate for stored grain protection. It is
proposed to extend the collaboration for ensuring their efficacy and safety to other stored
food commodities, so that the range of target habitats and products could be expanded.

Major outcomes and proposed follow-up:
1. Repellence toxicity to fruit fly complex appears promising and should be optimised
for including in push-pull strategy in mango-guava crops.
2. Dose optimisation is required for using sweet flag as ovicide for moth pests in
storage like Corcyra cephalonica.
3. Further R&D to extend to more insect pests in food storage and their safety to
human consumption.
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THEME.5. INDUCED RESISTANCE BY SILICA APPLICATION
Collaborating TNAU scientists: Drs. K.S. Subramanian, Doureisamy,
M. Ravi and V. Bhaskaran
The scope for applied silica in inducing resistance to insect pests has been receiving
attention as alternative to breeding of pest resistant varieties in many crops. Sugarcane and
rice are known to be “silica –hungry” crops.
Sugarcane borers are major constraint to productivity in India and elsewhere and it is
difficult to breed for borer resistance in sugarcane genotypes since sugarcane is a
heterozygous polyploidy. However, the association of higher silica levels with varietal
resistance in sugarcane to early shoot borer (ESB), Chilo infuscatellus has been reported in
India. Based on successes elsewhere in inducing resistance to sugarcane moth borers among
local cultivars by application of silica, we have initiated studies to assess the scope for
applied silica in inducing resistance to the sugarcane borers of importance in Tamil Nadu.
Further, exploratory field trials in South India on scope for silica application in inducing
resistance to shoot borer have already shown that potassium silicate as spraycaused
significant reduction in dead-hearts, besides being comparable to bio pesticide- Bacillus
thuringiensis sprays, with sodium silicate being next in rank. (Prabakaran et al., 2017).
As follow up, replicated field trials were taken up at Cuddalore and Sirugamani on
the infestation levels of the internode borer (INB)- Chilo scchariphagus indicus by
comparing two sources of silica(Potassium silicate and Sodium silicate ) in three regimes( 2
or 3 sprays at 10 or 20ppm) each along with three biopesticides (Bt) sprays for comparison,
besides untreated control, namely T1-Pot.sil.3x10ppm, T2- Pot.sil.2x10ppm, T3Pot.sil.2x20ppm, T4-Sod.sil.3x10ppm, T5- Sod.sil.2x10ppm, T6- Sod.sil.2x20ppm, T7Bt.3sp and T8-Control. It was found that in both the locations, the infestation by the
sugarcane internode borer- was significantly reduced by both sources with two applications
at 20ppm(T3,T6) and comparable to the infestation in bio-pesticide sprayed plots (T7), both
in distribution (on cane-basis) and intensity (on internode basis) (Fig.5.1).
Fig. 5.1. Effect of silica regimes on sugarcane internode borer infestation at Cuddalore, 2017-18
Cane basis

Internode basis
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Results of SEM-EDAX studies: The results of SEM-EDAX showed that potassium
silicate spray caused significant Si accumulation in epidermal layers and cell walls of the
mesophyll, %) also showing lots of voids in mesophyll cells and epidermis, while EDAX
indicated significantly high Si content in Potassium silicate spray treatment compared to
control leaves.
Fig. 5.2. SEM image of non-treated (control) and silica-sprayed sugarcane leaves (cross
section)

Major outcomes and proposed follow-up
1. The impact of applied silica is inducing resistance to internode borer ascertained
and there is scope to test nano silica for maximising the cost – effectiveness.
2. Studies are on-going to locally optimise the applied silica regimes and to understand
the induced resistance mechanisms, besides impact on crop productivity and abiotic
stress tolerance.
3. Testing of alternative silica sources and ascertaining the required silica regimes to
fortify the locally promising sugarcane varieties are also being planned.
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Annex.2. Second phase-R&D activities- events
Collab. Study on Sugarcane Borers at Cuddalore SRS –Dr. Doureisamy (TNAU)

Visit and discussions at SABRC by Dr. Jeyarajan Nelson (TNAU)

18

Stake holder consultation during TANII project at Paiyur

Field Visit to National Mango Research Centre, Paiyur

Field visit discussion at Paiyur by Prof.N.Natarajan(TNAU)

19

Visit forcollaborative R&D activities at Sirugumani SRS (TNAU)

Visit and discussions on R&D collaborations with TNAU at AC&RI Trichy
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Annex.3. Joint conferences convened
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Annex.4.Joint student research projects co- supervised as adjunct faculty:
Years

2014-16

Ph.D/
M. Sc
Ph.D

Topic

Major Supervisor

Diapause induction in
Trichogramma

Status

Dr.J.Nelson

Degree awarded

Dr.S.M..Jalaludeen

In final year

Dr.J.Nelson

In final year

Dr.Swaminathan

completed

Dr. M. Chandrasekaran

completed

Dr.Abdulkhader

completed

Dr.J.Nelson

completed

Bio-ecology and trapping
2016-19

Ph.D

system improvement for mango
fruitfly

2016-19

Ph.D

Botanical biopesticides-nanoformulations development
Pheromone trapping of

2017-18

M. Sc

Helicoverpa in pigeon pea
ecosystem

2017-18

M. Sc

2017-18

M. Sc

Improvement in trap-based
monitoring of guava fruitfly
Cucurbit fruitfly monitoring and
management with traps
Trichogramma impact in brinjal

2017-18

M. Sc

shoot and fruit borer
management
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