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FOREWORD

The North East region of India is a natural abode for diverse flora and fauna. The
conducive environment of the North East India has made the region a natural home for
sericigenous insects as well as their host plants. Four types of commercially exploited silks,
viz., mulberry, muga, eri and oak tasar are available in this region besides numerous
commercially un-exploited sericigenous insects such Attacus atlas, Samia canningie, Cricula
trifenestrata, etc.

Brahmaputra river valley of Assam is considered as original home of cultivated eri
silkkmoth. The silk produced by eri silkworm is considered economically the third most
important silk in the world after mulberry silk and Chinese Tasar. The North Eastern region of
India alone produces more than 98 % of the total amount of eri cut cocoons and spun silk in
the country. Besides these, the eri culture has also undertaken in Uttar Pradesh, Andhra
Pradesh, Tamil Nadu and Odisha. The production and demand of eri silk is increasing day by
day and its production has reached all time high i.e. more than 4600 MT during 2014-15.
Muga silk is endemic to North East region producing golden coloured exquisite silk. The
muga raw silk production has been also increasing gradually up to 158 MT during 2014-15
which is the highest reported so far. The muga silkworm is facing certain biotic and abiotic
challenges hindering its potential raw silk production. Impact of global warming coupled with
climate changes and environmental pollution on muga silk industry cannot be ignored.

The Central Muga Eri Research and Training Institute under Central Silk Board is the
leading institute mandated to carry out basic as well applied research, developmental as well
as extension support for the growth of muga and eri silks industry in the country. The institute
has been focusing on development of farmers’ friendly technologies in the areas of silkworm
rearing management, host plant improvement and management, development of improved
breeds, pest & disease management, etc. and its diffusion and dissemination through
farmers’ participatory mode and in coordination with State Department of Sericulture.

| am happy to note the institute could fulfill its goal in a remarkable extent during
2016-17. The institute has developed first high yielding eri silkworm breed C2 which was
approved by Hybrid Authorization Committee of CSB and widely accepted by the eri farmers.
The Central Silk Board was awarded prestigious National award in e-governance on
“Innovative use of GIS Technology in e-Governance” in which the institute was one of the
major stakeholder in implementing the project. The institute has developed Seri Model
Villages in Jorhat, Golaghat and Sivasagar districts of Assam focusing women
empowerment, additional income and employment generation through technological
interventions both pre and post cocoon sectors as well as product design, diversification and
natural dyeing of eri silk.

The institute has also carried studies on identification and evaluation of superior
genotypes of perennial food plant Ailanthus, evaluation of wild muga silkworm for
enhancement of fecundity and shell yield, development of forecasting and forewarning
system for pest and diseases, ex-situ conservation of muga silkworm germplasm and
integrated nutrient management package for castor, long term preservation of eri and muga
silkworm seed, etc. More thrust was given on training and transfer of technologies to the
doorsteps of farmers and institute implemented programmes such Seri-Model Village,
Farmers’ Field Schools, Cluster Promotion Programmes on muga and eri covering large
numbers of farmers in Assam, Meghalaya, Nagaland, West Bengal and Uttar Pradesh. More
than 5000 farmers, DOS staffs, officials of Insurance companies and NGOs were trained
under various training programme. The institute and its nested units also organized a
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numbers of technology awareness programme, Reshom Krishi mela, field days, exhibition,
group discussions, frontline demonstration, etc. The institute also strengthened its
infrastructural facilities by establishing Sericigenous Insect Repository which is first of its kind
in NE Region.

It gives me immense pleasure to record my deep sense of gratitude to Prof. Bolin
Kumar Konwar, Vice Chancellor of Nagaland University and Chairman, Research Advisory
Committee (RAC) and all the members of RAC of the institute for their invaluable guidance
and suggestions to keep up the momentum of spirit and involvement in frontier areas of R&D
and to tackle the problems of muga and eri silks industry.

| would like convey my thanks to Competent Authority of Central Silk Board,
Bangalore for providing support for development of the institute to carry out the R&D
activities in fulfilling the vision of the organization. | sincerely acknowledge and appreciate
the supports and cooperation extended by Department of Sericulture of all North Eastern
States in implementing developmental and extension communication programmes
effectively. | also sincerely appreciate all the collaborating institute and funding agencies
such as Dibrugarh University, Gauhati University, NEIST, Jorhat, IIT, Kharagpur, IARI, New
Delhi, Assam Agricultural University, Jorhat, Department of Science & Technology,
Government of India and Department of Biotechnology, Government of India whose
cooperation and support enabled the institute a frontier R&D institute in the country. Last but
not the least | would like to convey my heartfelt thanks and gratefulness to the farmers for
cooperation and sharing challenges faced in grassroots level for carrying out need based
and useful research and extension services in eri and muga silk sectors.

Dr. B.K. Singh
Director
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INTRODUCTION

CMER&TI, LAHDOIGARH AT A GLANCE

Central Muga Eri Research & Training Institute is a R&D institute in the field of
muga and eri culture, which is under the control of Central Silk Board, Ministry of
Textiles, Government of India. The institute has been successfully undertaking entire
gamut of R&D activities to cater the needs of the on-farm and post-cocoon sector of
muga and eri culture. Muga and eri culture is a rural industry of all the North Eastern
States and parts of the country. The institute is strengthening the infrastructural
facilities in recent years for conducting research in the frontier lines. The main
objectives of the institute are to evolve new technologies for increasing the
productivity of muga and eri silkworms and thereby transforming these cultures from
the state of traditional culture to a profit making and sustainable enterprises.

A. MANDATE OF THE INSTITUTE

% To act as an apex Research Institute for providing R&D support for muga and
eri culture.
To conduct basic, strategic and applied research to increase production and
productivity of silkworms and their host plants.
To conduct socio-economic research for assessing sustainability of newly
developed technologies.
To percolate the research findings to the end users through extension and
training mechanism.

X/
L X4

X/
L X4

X/
L X4

B. HUMAN RESOURCES (including extension units)

Scientists 36
Technical staff 57
Administrative Staff 57
Supporting Staff 37
Total Staff 178

The institute is located at Lahdoigarh, 16 km east of Jorhat, Assam, well
connected with road. It has extension units in the North Eastern States, West Bengal,
Uttar Pradesh and Andhra Pradesh. Scientists are working in close coordination
towards the development of farmer’s friendly technologies, their application in field,
evaluation and fine tuning of the technologies and its dissemination. Research and
Developmental activities of this institute are carried out under twelve divisions.There
is a Project Monitoring Cell (PMC) in the institute for planning and monitoring of the
institutional R&D activities.
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The administrative activities are carried out by ten sections viz., Establishment,
Accounts & Bill, Stores and Purchase, Library, Vehicle, Construction, Labour,
Computer, Hindi and Receipt & Dispatch.

To facilitate effective transfer of technologies developed by the institute and
their validation in the field, Regional Research Stations and Research Extension
Centres (REC) are established. Regional Muga Research Station (RMRS) is located
in one of the major muga growing zones of Assam namely, Boko in the district of
Kamrup. The station has been carrying out region specific adaptive research suited to
the regional requirements besides providing training to farmers and grass root level
extension workers. The RECs have the responsibilities of transferring technologies to
the beneficiaries and also to provide all technological and input support to them.
Besides these, REC, Tura in Meghalaya is sharing the responsibility of maintaining
basic stocks of muga silkworm. Two Regional Eri Research Stations (RERS) are
located at Mendipathar (Meghalaya) and Shadnagar (Andhra Pradesh) with similar
responsibilities for eri. There are two RECs for eri, located at Diphu (Karbi Anglong,
Assam) and Fatehpur (Uttar Pradesh). There is a composite REC located at
Mongaldoi, Assam and one at Navsari, Gujarat.

C. EXTENSION NETWORK

CMER&TI
Lahdoigarh, Jorhat

RMRS, Bokoe
(Assam)

RERS, Mendipathar
(Meghalaya)

REC, Coochbehar REC, Tura REC, Kokrajhar
(Muga) (West Bengal) (Muga) (Meghalaya) (Muga &Eni) (Assam)

Field Laboratory, Titabar
(Muga & Eri) (Assam)

REC, Lakhimpur REC, Diphu REC, Fatehpur REC, Balijan
(Muga) (Assam) (Eri) (Assam) (En) (Uttar Pradesh) (Erifuga) (AP)
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D. ORGANIZATIONAL SET-UP

CENTRAL SILK BOARD

DIRECTOR

G.C.C. Chenijan (Eri

Project Monitoring and Coordination .
Section

Host plant improvement

Administration and management |

Agronomy and Soil
Establishment ]

Chemistry
Silkworm Improvement | |
LabourCell and Management
. I Silkworm Seed
Receipt&Dispatch |— —
P P Technology
OL - Hindi ] Silkworm Rearing
Management ]
ConstructionCell
Entomology —

Accounts and Bill ] Host Plant Pathology ||

Store & Purchase —

Vehicle Cell J

Silkworm Pathology  |—

Biotechnology -

Computer 1 Post Cocoon
Technology -
Library | Extension & Training

E. SCIENTIFIC PERSONNEL (As on 31 March 2016)
|. MAIN INSTITUTE

1. Dr. K. Giridhar Director Retired 30.11.2015
2. Shri B. Choudhury Scientist — D
3.  Shri P.K. Handique Scientist — D Retired 31.12.2015
4.  Shri D. Goswami Scientist — D
5. Dr. R. Das Scientist — D
6. Mrs. Ranuma Das Scientist— D
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7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
27.

Dr. N.I. Singh

Shri G. Rajkhowa
Shri D. Mech

Dr. K. Neog

Dr. M.C. Sarmah
Dr. Urmimala Hazarika
Mrs. M.D. Senapati
Dr. B.N. Sarkar

Dr. M. Chutia

Dr. D.K. Gogoi

Dr. Rajesh Kumar
Dr. S. A. Ahmed
Shri D.K. Jigyasu

Dr. K. Subadas Singh
Dr. G. Subrahmanyam
Shri Rajal Debnath

Dr. Vinodakumar S. Naik
Dr. Ranjini M.S.

Dr. P. Sangannavar

Shri Jevan B.

Shri Vijay N.

Il. RMRS, BOKO, Assam

01

Dr. S. Paliwal

02 Shri A.K. Gogoi
03 Shri L. Sonowal

Scientist— D
Scientist— D
Scientist— D
Scientist— D
Scientist— D
Scientist— D
Scientist — C
Scientist — C
Scientist — C
Scientist — C
Scientist — C
Scientist — C

Scientist- B
Scientist- B
Scientist- B
Scientist- B
Scientist- B
Scientist—- B
Scientist- B
Scientist— B
Scientist- B

Scientist — D
Scientist — D
Scientist — B

lll. RERS, MENDIPATHAR, Meghalaya

01

Shri P.N. Borgohain

02 Dr. H. Barman

Scientist — C
Scientist — B

IV. RERS, SHADNAGAR, Andhra Pradesh

01

Dr. T. Ravi Verma

V. REC, LAKHIMPUR, Assam

01

Shri S. Saikia

Scientist — D

Scientist — D

VI. REC, COOCHBEHAR, West Bengal

01

Shri S. N. Bagchii

02 Dr. N. Biswas

VII. REC, TURA, Meghalaya

01

Mr. G.K. Bharali

Scientist — D
Scientist — D

TA

Viil. REC, KOKRAJHAR, BTC, Assam

joined on Nov. 2016

Do
Do
Do
Do
Do
Do
Do
Do
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01 Mr. J. Hazarika TA

IX. REC, FATEHPUR, Uttar Pradesh
01 Dr. A.U. Khan Scientist — D

X. REC, Diphu, Karbianglong, Assam
01 Mr. D. Khonikar TA

XI. REC, NAVSARI, Gujarat
01 Mrs. Hemlataben Patel TA

XIl. REC, BALIJAN, Arunachal Pradesh
01 Mr. S. Pertin TA

F. DELEGATED AND NON-DELEGATED UNITS OF CMER&TI

DELEGATED UNITS

% Central Muga Eri Research & Training Institute, Lahdoigarh, Assam (Main
Institute)

% Regional Muga Research Station, Boko, Kamrup, Assam

% Regional Eri Research Station, Shadnagar, Andra pradesh

NON-DELEGATED UNITS

% Regional Eri Research Station, Mendipathar, Meghalaya
Research Extension Centre, Tura, Meghalaya

Research Extension Centre, Coochbehar, West Bengal
Research Extension Centre, Kokrajhar, Assam
Research Extension Centre, Diphu, Assam

Research Extension Centre, Lakhimpur, Assam
Research Extension Centre, Fatehpur, Uttar Pradesh
Research Extension Centre, Balijan, Arunachal Pradesh

X/ X/ X/ X/ X/ X/ X/
L X X R X I X R X X X4
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)90 (, TR0 AENE(, ) SO0 TemT(, HEREE) LEH (IR BagqR 3.9 (H
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a¥ 2015-16 TONET T FIOU 3THUE T TRIETT HEIH, AB0ENG TAISHHA
&THI Frel # GUERON Yol 3R som el ariFer,wiseT aRee sgeietor v Afgersit
1 37Teher Tefaferat 3R TAEROT 37egeher 3R Sifash HTY o fFeet-oe=t &Tal & Fdy
WH 00 F T FeEanam IRIGEm, 0078, &1 fodr agman ¢ IRIE-w,
.o &Y. 1 facdia FgmEa0 5 T TRIAGHN hEFddd guTEr ¢ ol & |08
IRITAW THFET 0TS Y05 IRIGIBIT TR & | SHAIAEY FF1 WA 00 gaRk02
AT IRAGAN Ty EY. eann 1 IRAGA03ETAMT I I §| SHHIAHD FEAH
# 38 RuE geqd Hmh! aftr ok 2 fRaffa seiwdT, e gox soisaT, &g
D aw,$ ANJAIERANHEHH, STl FAHEROT HEhAT 3R FTRAGTOT HEhAv S
0 IHTeT fRINIRI0 FEIT FETI T 3TEYE d FRIGTOT HEAH, TGS GaRnfey v
ITHUH H YFd THE 3Tt hUHEIART fAeTad 0ABaang |

@red dleT JUR, Seuree 3T e
> 3T 0 AfeT o F Serelr Rufa & 3eriamt 3R Fr rhizospheric e @n
g fhT 37T rhizobacteria HUTh FHg HOHHAA biofertilizer FIET 7 Igam T
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S0 $.0A.0A INM JEEndes! [qenfad fhansng s 3Rl @t @nfae f@wiver
30 A v g RO T AMOF050% doh TCHEISTIRRALG |

> T WHASIC IH AT Iiadt 00 =D 379, 0B TH0bioassay, oid IEHE 56
3R qOvoT fARENUT FIAET g IH0IF0TH Ailanthus grandis (ITTEH Borpat) FOHT
3ol IREHAHET HET Giun g 3R taFaedi excelsa (03EHE) H HY 3960 360
gRUTH 9E0InE A0 WHSIE IH it 39907 fha0s0gedig | IIHHEE
SAE0TIYR, STREE STeE-IPTHFRINagajangka d FRIPFIAE Morangial 3R
faergferan fSreme 03T Barekuri & Ailanthus 0 T WIFHIC GHE H RO
0sTEHDe forw dren oietor 0 IS fohan sran o s 250 fRamt o erfder fohan
TG0 3T HBpeT Shesl WH 3T 11.83 Tohel@IH/0.51 U0 FTehel Shdol TE oo
3R 3.47g FU HFHe Tofel FOHR 100 NIVHTATH FIFT F 037 I TS|

> Ailanthus grandis @0 D3IHAFIR 0T # fT 0ERIAIN RIS Tl Ao
st & T fraE 88 f9fad fanrang | AR Tama aRvn ol dadis
39I0T FT D SHATEFR 0IUH JETXHUT AT LE0 T 0T &

> &THI W 3THYE FiFg, AMAIR H Fe SNERY faehi F0AMI 0T, MR AW,
chemoassay 3{R bioassay #0 YX T HedEhe! [FADIIDAANSHD ¢ JORT FIHEY
Yseh URTEATAT # IUYF FFe SAEBEY FIET H TG i 17|

WHFIE GUR, 3cU1eT AR GRam

HIT0 3TOOEETOT FHIT0 HOOEETVT Iggel [l fhanarng fSeeaneamn48 sermqRED

$OT HHIR i Ticiehel TH FMA020 MAT o A THAF (7 WD) F W@ o

SINHSANE | THA0T 35 (24-72 T 0BT 3R J0ie FUH W FHE Tidhe THH

=070 € 31X 75-85% R.H. I Ef&Td fhansinaerdog 15 D&t sofer] |

> 0 300 EETOT Y e faenfla fhanarang fSawnds send RE0OT et
ORET & Yidehel THE TSHlA0HA IHAE (7 O..HmM) 7 20 BT de w@fara fHao
STOEHANE | NP TUNRCUHA & Foet-fe=1 0 F (24-27 "een) FIOERO15
D&t T 7 THAF 7 M. AENTU075-85 % 0 LTI, H HE Tidened THH ISH00
WIETd R0 S0 Hhdng U0 faefad dieadeh dnams 0 qfd 3R gHEsiee 3700
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3YSIBYST (H&F) d¥070.12 # 300TYE (%) IEIIR0SF fAg=or & Jo=mnd
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HIGHLIGHTS OF ACHIEVEMENTS (2015-16)

The Central Muga and Eri Research & Training Institute, Lahdoigarh, Jorhat along with its
network of nested Research stations & units viz., RMRS, Boko; RERS, Shadnagar; RERS,
Mendipathar and RECs located at Lakhimpur, Coochbehar, Tura, Diphu, Kokrajhar and
Fatehpur provides R& D support in muga and eri sectors for the development of the
industries. During 2015-16, 4 CSB funded, 4 DBT funded and 5 DST funded research
projects under different categories viz., environmental challenges and global warming,
drudgery reduction & women friendly technologies and eco-friendly & organic farming were
undertaken at the institute and its regional stations, out of which 8 projects were concluded,
and 5 projects are being continued. Moreover, 2 projects have been newly approved by CSB
and 1 by DBT. In addition, 2 regular programmes, extension communication programmes like
Field day, Krishi mela, Awareness programmes, Transfer of Technologies programmes and
Training programmes were conducted at the institute during the period under report. The
major achievements in Research at CMER&T]I, Lahdoigarh are as follows:

Host Plant Improvement, Production and Protection

» A consortium of rhizobacteria isolated from rhizospheric soil of castor growing in wild
condition at different parts of Assam were identified as potential biofertilizer. From this
consortium, an INM formulation /package has been developed which can reduce 50% of
the recommended inorganic NPK dose in castor cultivation.

» Ailanthus grandis (Borpat) has been identified as the best perennial host plant based on
biomass production, bioassay, biochemical and nutritional analysis of leaves for eri
silkworm rearing. A. excelsa (Borkesseru) is also performing well and can be utilized.
Field trials have been conducted in Borpathar (Golaghat), Nagajangka & Morangial
(Jorhat) and Barekuri (Tinsukia) covering 250 farmers for popularization of Ailanthus
grandis in eri silkworm rearing. The average cocoon shell yield recorded as 11.83 kg
/100 dfls with single shell weight of 0.51g and single cocoon weight of 3.47g.
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» Three Kissan nurseries have been developed in three SMVs namely Dadhara,
Tamulisiga, Barekuri for mass multiplication of Ailanthus grandis. Mising Autonomous
Council has initiated mass plantation of Borpat for utilization in ericulture.

» Castor genotypes were evaluated based on growth parameters, physiological
parameters, chemoassay and bioassay at RERS, Shadnagar and identified suitable
genotype for semi-arid conditions of Andhra Pradesh.

Silkworm improvement, Production and Protection

» Muga egg preservation schedule has been developed by which 48 hr old embryos can
be preserved at low temperature (7 ‘C) for 20 days without any adverse effects on
hatching. Eggs of mix ages (24-72 hr) can also be preserved at 7° C and 75-85 % R.H.
up to 15 days without any adverse effect on hatching and rearing performance.
Developed technology will facilitate large scale commercial grainage for bulk supply of
eggs and synchronized hatching.

» Developed high yielding breed of muga silkkworm, CMR-1 showed average fecundity
(nos.) of 166 and hatching (%) of 72.28 against 155 and 68.38 respectively, in control.
The breed, CMR-2 showed average fecundity (nos.) of 164 and hatching (%) of 70.12
against 155 and 68.38, respectively in control. Multilocational trials of the breeds are
under progress.

» Muga silkworm gut-microflora were morphologically and biochemically characterized.
The most efficient cellulase, lipase and antagonistic gut-bacteria were identified as
Bacillus cereus strain MGBO011, Bacillus stratosphericus strain MGBO05 and Bacillus
atrophaeus strain MGB14, respectively. Treatment of beneficial gut bacteria consortia
increased average larval weight by 10.3 %, male cocoon weight by 5.9 %, female
cocoon weight by 14.35 %, male shell weight by 10.34 %, female shell weight by 17.34
%, male SR by 5.62 %, female SR by 3.43 % and ERR by 27.2% in comparison to the
control (untreated silkworms).

» The selected localities of North-eastern states of India were surveyed for collection of
Insect Fauna associated with muga ecosystem from two primary host plants (Som-
Persea bombycina, Soalu - Litsea monopetala). Four groups of insect’s viz., Coleoptera,
Lepidoptera, Hemiptera, Hymenoptera were collected. Database entry was made for 970
specimens of Insect fauna associated with muga ecosystem. Two hundred and three
species were identified up to species and genus level. Other specimens were identified
upto family and genus level.

» Large scale popularization and adoption of eri C2 breed was conducted among more
than 800 farmers through Awareness programme, Skill training, Demonstration and
Group discussion and supplied more than 1 lakh quality C2 breed dfls. The eri silk
production and productivity has been improved by 32 %

» Three bacterial pathogens were identified causing diseases of muga silkworm through
sequencing of the 16SrDNA. Pathogens are identified to be Lysinibacillus shaericus,
Serrtia marcescens and Enterococcus casseliflavus.

» Forecasting and forewarning system for pests and diseases of muga host plants and
silkworm have been developed. During 2015-16, 28 messages (20 Assamese and 8
English) have been sent to 71030 farmers.

» A new wooden collapsible strip type mountage for mounting ripened eri silkworm. It
takes very less time for harvesting (100 cocoons / minute against 10 cocoons /minute in
jali). In 90 x 60 cm size montage, around 500 ripened worms can be mounted for cocoon
formation with 99% cocoon recovery. The mountage can be used for 5-6 plants.

» For conservation of genetic resources of muga silkworm, eight wild genetic resources
are being maintained under ex-situ condition at GCC, Damalgre, West Garo Hills,
Meghalaya.

Sericulture Extension
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» For dissemination of technologies in muga and eri culture, 4 muga and 4 eri SMV with
100 beneficiaries in each SMV and one PCT SMV covering 62 beneficiaries were
implemented during 2015-16. Improvement was noticed in respect of cocoon production,
raw silk production and income generation among the farmers. Cumulative impact
assessment from the rearing performance during 2015-16, revealed that level of cocoon
production is enhanced by 28.0 % in Muga SMV and 40.8% in Eri SMVs.

» Under Transfer of Technology (TOT) programme on Integrated Technology Package of
muga culture, 508 farmers were covered. Demonstration programmes on integrated
technology package of muga culture and on job practical training at the field of Lead
farmers in 4 different muga FFS were conducted. Impact assessment result showed that
adopting the latest technologies by the farmers, average muga cocoon yield was
increased from 50 to 61 cocoons per dfl.

» 300 farmers were covered in the demonstration programmes on Integrated Technology
Package of eri culture and on job practical training at the field of Lead farmers in 3
different eri FFS. Impact assessment result showed that adopting the latest technologies
by the farmers, average eri cocoon (shell) yield was increased from 7.5 kg to 9.50 kg per
100 dfls.

» 4143 farmers were sensitized with the technologies developed by the institute on muga
and eri culture through implementation of Seri Model villages and different training
programmes organized at the institute.

» Institute organized a National Seminar ‘Problems & prospects of muga and eri silk
sectors’ at IIE, Guwahati during 25-26" February, 2016.

» Institute conducted one Krishimela, 12 Technology Awareness Programmes, 12 Field
day and 10 Group Discussions among the sericulturists.

Human Resource Development

» A total of 3571 beneficiaries were trained on different seri- technologies under different
Training Programmes. Organized Farmers skill training of 6 days duration covering 480
farmers, Farmers skill training of 3 days duration covering 100 farmers, NIAM sponsored
training programme covering 30 farmers, Tech. Orientation Programme for 24 farmers
under CSS-CBT and conducted Orientation training to 16 SOs/SAs. Further, the
institute organized training for the beneficiaries under SMVs & FFS, Farmers Training
Programme sponsored by DOS-UP, Refresher Training Programme to RSPs and
Foundation Training to CSB Young Scientists.

» Organized one national level workshop cum training programme on “Advanced
diagnostic techniques of infectious diseases in insects” was organized at the institute
during 21st -23 March, 2016 where 31 scientists / scholars/ students from different
organizations participated.

» Under Institutional Biotech Hub project, one workshop on “Diversity, exploration,
Taxonomy and management: Advanced tools and techniques for Lepidopteran insects
was organized Two demonstration and one awareness programmes were conducted
and 225 nos. of students from nearby School and Colleges participated

Land utilization programmes
» Supplied 6000 Som and 6400 nos. of kesseru seedlings as per demand.
» Reared 1497 muga dfls as commercial and 2384 dfls as seed crops. Thereby produced
39918 commercial cocoons and 61501 seed cocoons.
» Reared 441 eri dfls and thereby produced 33.6 kg eri cocoons.
» Produced and supplied 19917 muga and 3915 eri dfls

Infrastructure development & others
» Insect Repository is being maintained.
» Video conference room has been established
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» High speed National Knowledge Network (NKN) internet connection has been provided
in the institute.

» Five CCTV camera have been installed in the main office & training campus to bring
down the no. of security guards.

» Data base on the Blood Group of all CSB employees and their family members has been
prepared.

» Created 1000 farmers database for m-Kisan Portal

» Renewed ISO 9001: 2008 certificate for the institute during October, 2015

» Received ISO 9001: 2008 certificate for RMRS, Boko during November, 2015

Publications:

» The institute published 2 issues of CMERTI Sericulture News (English) and 2 issues of
Hindi newsletters, Annual Report for 2014-15, 2 extension manual, 11 nos. of leaflets /
technical bulletins and 3 nos. of books / manuals. Besides, the scientists of the institute
published seven research articles in reputed journals and 32 research articles in the
proceedings of various seminar/conference/workshop.

Achievements of Regional Sericultural Research Stations

Regional Muga Research Station, Boko, Assam

» S3 and S6 morphotypes of som are being multiplied in large scale at RMRS, Boko for
supply to the field. 25600 saplings of S3 and S6 morphotypes of som have been
supplied during the year.

Conducted one Krishimela, 3 Technology Awareness Programmes, 3 Field day and 10
Group Discussions among the sericulturists.

Organized Farmers skill training of 6 days duration covering 314 farmers.

Reared 760 muga dfls as commercial and 2576 dfls as seed crops. Thereby produced
28557 commercial cocoons and 8955 seed cocoons.

Produced 11240 muga dfls and supplied 8974 dfls as per demand.

g V VYV VY

egional Eri Research Station, Mendipathar, Meghalaya

One Research Project entitled “Socio-economic upliftment of farmers through adoption
of improved technologies and skill development in eri culture” was approved by RAC and
sent to DST, New Delhi for approval.

Conducted one Krishimela, 4 Technology Awareness Programmes, 4 Field day and 7
Group Discussions among the sericulturists.

Organized Farmers skill training of 6 days duration covering 240 farmers.

Raised 7500 kesseru seedlings supplied 43 kg castor seeds and 7100 nos. of kesseru
seedlings as per demand.

Reared 500 eri dfls and thereby produced 33.7 kg eri cocoons

Produced 9845 eri dfls and supplied 9345 dfls as per demand.

100 farmers were sensitized with the technologies developed by the institute on eri
culture through technology adoption programme of the station.

A\

VVYVY VV VY

Regional Eri Research Station, Shadnagar, AndhraPradesh

» One Research Project entitled “Eri silkworm (Samia ricini Donovan) rearing and cocoon
production in relation to host plant castor genotypes (Ricinus communis Linn.) raised
under rain-fed conditions in semi-arid region” was concluded and Final report was sent
to Central Office. As a future course of Action, multilocational trials of the selected castor
genotypes have been suggested.

Planned for field trial of eri eco race SR-025 at semi-arid conditions of Andhra Pradesh.
Organized Farmers skill training of 3 days duration covering 50 farmers

Conducted 2 Technology Awareness Programmes, 3 Field day and 6 Group Discussions
among the sericulturists.

Y VYV
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» Reared 200 eri dfls and thereby produced 35 kg eri cocoons.
» Produced and supplied 200 eri dfls as per demand

Achievements of Research & Extension Centres

Research & Extension Centre, Coochbehar

» Conducted one Krishimela, 4 Technology Awareness Programmes, 4 Field day and 8
Group Discussions among the sericulturists.

Organized Farmers skill training of 6 days duration covering 150 farmers.

Raised 5000 som / soalu seedling /sapling and supplied 3000 nos. of som seedlings
Reared 530 muga dfls as commercial and 600 dfls as seed crops. Thereby produced
5600 commercial cocoons and 6538 seed cocoons.

Produced 1400 muga dfls and supplied 1320 dfls as per demand.

I VvV VVvVyv

esearch & Extension Centre, Tura

Conducted 2 Technology Awareness Programmes, 2 Field day and 7 Group Discussions
among the sericulturists.

Organized Farmers skill training of 6 days duration covering 51 farmers.

Raised 5000 som / soalu seedling /sapling and supplied 3000 nos. of som seedlings
Reared 1000 muga dfls as seed crop and produced 27064 seed cocoons.

Produced 2145 muga dfls and supplied 2045 dfls as per demand.

I VVVYV VY

esearch & Extension Centre, Lakhimpur

Conducted 2 Technology Awareness Programmes, 3 Field day and 5 Group Discussions
among the sericulturists.

Organized Farmers skill training of 6 days duration covering 90 farmers.

Raised 5000 som / soalu seedling /sapling and supplied 263 nos. of som seedlings
Reared 320 muga dfls as commercial and 297 dfls seed crop and thereby produced
1295 commercial 2352 seed cocoons.

» Produced 553 muga dfls as per requirement

YVVYVY V

Research & Extension Centre, Kokrajhar

» Conducted 1 Technology Awareness Programmes, 1 Field day and 6 Group Discussions
among the sericulturists.

» Reared 200 muga dfls as commercial and thereby produced 3903 commercial cocoons.

Research & Extension Centre, Fatehpur
» Conducted 3 Technology Awareness Programmes, 2 Field day and 7 Group Discussions
among the sericulturists.

Research & Extension Centre, Diphu

» Conducted 2 Technology Awareness Programmes, 1 Field day and 4 Group Discussions
among the sericulturists.

» Supplied 18 kg Castor seeds as per demand.

» Reared 150 eri dfls and thereby produced 7.9 kg eri cocoons.

» Produced 2000 eri dfls and supplied 1398 dfls as per demand.

Achievement in infrastructure development

% Insect Repository is established at the institute and tried to maintain in coordination
with the Biodiversity Board.

% Orders have been placed with CPWD for muga grainage building.

% Video conference room has been established

« For NKN internet connection, computer and other accessories have been procured
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% CCTV has been installed in the campus
+ Digital EPBX has been installed

Others

s Renewed ISO 9001: 2008 certificate for the institute during November, 2015.
% Received ISO 9001: 2008 certificate for RMRS, Boko during December, 2015

FINANCIAL TARGET AND EXPENDITURE

(Rupees in lakhs)

Consolidated provision
Estimated budget Actual expenditure
Particulars Capital Capital
Recurring| assets | Salary Recurring | assets | Salary
Total Total
GIA-31 GIA-35 | GIA-36 GIA-31 GIA-35 | GIA-36
Non-plan 0.00 0.00|1125.53|1125.53 0.00 0.00|1125.53|1125.53
Normal
plan NE 342.61| 756.30 0.00]1098.91 342.61( 756.30 0.00]1098.91
Plan 21.46 6.80 0.00( 28.26 21.46 6.80 0.00| 28.26
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Total

364.07

763.10

1125.53

2252.70

364.07

763.10

1125.53

2252.70
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Research Advisory Committee of CMER&TI, Lahdoigarh
Chairman

Prof. Bolin Kr. Konwar
Vice Chancellor, Nagaland University, Lumami — 798 627, Nagaland

Members

Dr. N. Muraleedharan

Director, Tocklai Tea Research Institute, Jorhat - 785008
Prof. D.K. Jha

Head, Dept. of Botany, Gauhati University, Guwahati

Dr. T.C. Bora

Scientist-G & Head,

Biotechnology Division, North East Institute of Science & Technology,
Jorhat

Prof. S.K. Dutta

Dept. of Entomology, Assam Agriculture University, Jorhat, Assam.
Dr. Kailas Chandra

Scientist ‘F’ & Additional Director, Zoological Survey of India,
New Alipore, Kolkata-700 053

Director (HQ)

Central Silk Board, CSB, Bangalore

Director

CSTRI, Bangalore

Director of Sericulture

Govt. of Assam, Khanapara, Guwahati-781 004, Assam
Director of Sericulture

Govt. of Nagaland, Kohima

Director of Sericulture

BTAD, Bodoland Territorial Council, Kokrajhar, Assam.
Director of Sericulture

Govt. of Manipur, Project Management Complex,
Sangaipat, Imphal East, Manipur, Imphal-795 0048
Director of Sericulture

Govt. of Mizoram, Aizawl — 796 001.

Scientist— D

Muga Silkworm Seed Organization, Central Silk Board,
Dargah Road, Near Sijubari Mazar,

Hatigaon, Guwahati-781 038

Joint Secretary (Tech)

Regional Office, Central Silk Board,

Dargah Road, Near Sijubari Mazar, Hatigaon, Guwahati-781 038
Conservator of Forests

Jorhat, Assam

Sri Hema Gogoi

Muga Farmer, Bogorijeng, P.O. Pulibor, Golaghat, Assam.
Smt. Lakhimai Lahon

Eri Farmer, Borholla Grant, Titabar, Assam

Member Convener




CMERTI, Annual Report 2015-16

Director, CMER&T]I, Lahdoigarh, Jorhat.

ACHIEVEMENT OF THE RESULT FRAMEWORK DOCUMENT (2015-16)

Target/Criteria Value Achi
Ver eve
Exc | vy men Progr
o Rel | elle | Goo | Goo Poo | t -
°b‘e5°t"’e Wt 4| Actions | # Isn‘('jfg:fosr Unit | .| nt | d | d | Far| r | dui| *%"
' Wt. | 100 | 90% | 80% | 70% | 60% | ng tfotal
% the
quar
ter
1| Conduct | 22 | 1 | Research |i | Total on- going | No. 1 15 13 12 11 10 15 152
scientific, Projects- Projects
technical codedby | i | Projects No. | 2 6 5 4 3 2 3 78
and CO i | Concluded
economic i | Projects Initiated | No. | 1 3 2 1 0 0 3 4a
research [
to i
enhance New Projects | No. | 2 3 2 1 0 0 0 02
productio i | taken up at
n, v| RMRS's/RERSs
productivi v| No of No | 2 | 2 1 0 0 010 58
ty and technologies/
quality of innovations
Indian developed
silk. v | New technologies | No | 2 2 1 0 0 0 0 3a
i | forfield testing
v | Equipment/ No 2 1 0 0 0 0 1 1a
i | machinery newly
i | developed for
sericulture
mechanization
2 | Evaluation | i | Progress of the| % | 0.5 | 100 | 90 | 80 70 | 60 | 12.5 | 102.5
of research projects a
improved based on the pre-
varieties of determined
muga and milestones
eri  host | i | High vyieldng /| No. | 2 2 1 0 0 0 0 2a
plants and | i | new host plant
its varieties
disseminati evaluated
ng to field
3 | Developing | i | Progress of the | % | 0.5 | 100 | 90 | 80 70 | 60 0 1002
improved research projects
breeds and based on the pre-
its determined
disseminati milestones
ontofield |i | Improved breeds | No. | 2 1 0 0 0 0 0 2a
i | developed
4 | Improveme | i | Progress of the | % | 05| 100 | 90 | 80 | 70 | 60 | 20.5 | 100a
nt in the research projects 6
productivit based on the pre-
and determined
quality of milestones
muga and | i | Productivity % 2 12 10 8 6 4 0 | 3245
eri i | improvement &
silkworms
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Integrated | i | Progress of the| % | 05| 100 | 90 | 80 | 70 | 60 5 1002
Pest and research projects
Disease based on the pre-
Manageme determined
nt and its milestones
disseminati | i | Technologies /| No. | 2 2 1 0 0 0 0 4a
ontofield | i | solutions
developed
2| Commerc | 6 Sericulture | i | Technologies No. | 3 14 12 10 8 6 18 18P
ialization technologi commercialized/p
of es opularized
products including i | No.of No. | 3 1 0 0 0 0 0 e
and chemical i | technologies
Technolo taken up patented
gies for
commercia
lization
Ipatenting
3| Field level | 28 Interventio Number of Seri- Nu 1 9 8 7 6 5 9 9b
Interventi ns through | i | model Village mbe
ons for main identified r
Quality Institutes i | No. of farmers No | 2 | 850 | 800 | 750 | 700 | 650 | 862 | 862°
and level i | adopted
productivi i . MT | 2 | 50 | 45 | 40 | 35 | 3.0 | 1.01 | 6.317
ty i Expected raw silk 7 a
. | Output
Improvem i P
ent Large i|No. of dfls|Nos| 2 | 100 | 800 | 700 | 600 | 500 | 284 | 1065
through scale proposed for 000 | 00 | 00 | 00 | 00 | 90 | 72a
Informatio popularizat large scale
n, ion of C2 popularization
Education breeds
and Interventio Number of | Nu | 1 7 6 5 4 3 9 b
Communi ns through | i | Blocks/Districts mbe
cation RMRS/ adopted r
RERS/RE |i| No of farmers | No. | 2 | 625 | 600 | 575 | 550 | 525 | 259 | 1442
C level i | covered .
i | Raw silk Output MT | 2 | 25| 20 | 1.8 | 16 | 14 | 0.68 | 3.12a
i
i
New i | Popularization of | Acr | 2 | 200 | 150 | 125 | 100 | 90 | 72.3 | 181.1
plantation improved ~ host | es 3a
with plant  varieties
improved among the
varieties farmers
100 % i | Number of Nu | 3 | 140 | 130 | 125 | 120 | 110 | 451 | 2498
Adoption i | farmers covers mbe 0 0 0 0 0 é
of under 100% r
Technologi adoption of
es technology
amongst
different
stake
holders
i | No of farmers No | 3 | 140 | 130 | 120 | 110 | 100 | 415 | 2238
i | covered under 0 0 0 0 0
i | DBT
i Nu | 2 7 6 5 4 3 7 70
Number of FFS mbe
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Krishi v| No. of | No 2 4* 3 2 1 0 5 4a
Melas programmes
conducted
v| No. of farmers | No 2 | 125 | 105 | 900 | 800 | 700 | 130 | 1709
i | covered 0 0 9
v| Post programme | % 2 9 | 80 | 70 5 | 50 | 90 90¢
i | follow up
i
i | No. of Farmers Nu | 2 | 140 | 130 | 125 | 120 | 115 | 100 | 2406
Developm databage created | mbe 0 0 0 0 0 0 0
for m-Kisan r
ent of data
IT ! base and Portal .
Initiatives 4 |1 technology Preparation of 2 15- | 01- | 15- | 01- | 15- | 15- 15-
under IT | . Techrjology Dat 05- | 06- | 06- | O7- | O7- | 05 | O05-
initiatives | | descn.ptor o 201 | 201 | 201 | 201 | 201 | 201 | 2015
i | adoption 5 5 5 5 5 5
document
Capacity | 4 | 1 | Capacity i | Beneficiaries No | 2 | 200 | 180 | 160 | 140 | 120 | 101 | 3571
Building 2 | building trained under 0 0 0 0 0 6 @
among structured
the stake programmes,
holders need based
programme etc.
i | Beneficiaries No | 2 | 400 | 350 | 300 | 250 | 200 | O | 740
i | placed in silk
sector after
training
Revenue | 4 | 1| Generation | i | Revenue Rs. | 4 30 28 26 24 22 | 151 | 28.22
Generatio 3 | of funds as generation in 6 a
n per XI| lakh
Plan
guidelines
Strengthe | 5 | 1| Utilization | i | Effective Acr | 1 45 | 40 | 35 | 30 | 25 0 | 55.69
ning 4 | of existing utilization of | es g
institution land cultivable land for
al holdings assigned
framewor mandates
k to 1| Utilization | i | Extent of | % 1 100 | 98 95 90 85 | 100 | 100¢
support 5| of service | i | utilization of
ongoing buildings faciliies for the
research (laboratory core purpose of
and , rearing assigned
related house, mandates
program grainages,
mes staff
quarters,
hostels,
guest
house etc)
1| Optimum i | Utilization of | % 1 100 | 98 | 95 90 85 | 100 | 100¢
6 | utilization | i | scientific
of i | manpower  for
manpower research
activities
1 | Utilization | i | Expenditure Rs. 2 6.0 | 55 5 45 4 9.30 | 11.27
7 | ofGrants | v| under  Central | In 0 2a
Sector Schemes | Cror
e
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5| Maintena | 2 | 1 | Production Dfls  production | Nu 2 | 320 | 300 | 250 | 240 | 230 | 517 | 2056

nce of 8 | & supply of and supply mbe 0 0 0 0 0 5 8a
breeders nucleus r of
stock seeds to dfls

basic seed

farms of

CSB &

States for

further

multiplicati

on

6 | Publicatio | 5 | 1| Facilitating | i | Publicaton  of | Nu 2 30 28 | 26 24 22 18 34a

n of R&D 9 | the research articles | mbe
innovatio scientists by the Institute | r
ns and and the (first author)
package technologi | i | Printing and | Nu 1 4 3 2 1 0 5 5a
of sts to i | circulation of | mbe
practices publish books/ manuals r
for innovation by the Institute
knowledg sand (only one
e package of claimant)
dissemina practices i | Printing and | Nu 1 2 1 0 0 0 1 2a
tion forwider | i | publicaton  of | mbe

use i | extension r

manuals

i | Publication of | Nu 1 7 5 4 3 2 11 142
v | technical bulletins | mbe

| leaflets r
7 | Disease 2 | 2| Identifythe | i | Instances where | Nu 2 11 10 9 8 7 0 172
forecastin 0 | disease such  activities | mbe
g& occurrence were undertaken r
forewarni in advance
ng & forewarn
the
beneficiari
es with
remedial
measures
8| Improvem | 4 | 2 | To i | Machineries and Nu 2 4 3 2 1 0 0 4a
entin 1| undertake technologies mbe
Post programm demonstrated in r
Cocoon es for the field
Technolo improving | i | Stakeholders Nu 2 25 20 18 15 12 0 302
ay the post i | covered for field | mbe
cocoon testing r
technologi
es of muga
and eri
silkworm
€0Ccoons
9| Collabora | 4 | 2 | Identifying | i | Projects takenup | No. | 4 2 1 0 0 0 1 4a
tive 2 | potential for collaborative
Research R&D research
Program institutes in
mes with India and
other abroad
R&D and
organizati undertakes
onsin collaborati
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India and ve
abroad research
programm
es for the
benefit of
both the
countries
1| Efficient 2 | Timely On time Dat | 1 22- | 23- | 24- | 25- | 26- | 22- | 22-
0| functionin 3 | submission submission e Apr- | Apr- | Apr- | Apr- | Apr- | Apr- | Apr-
g of RFD of draft 15 15 15 15 15 | 15 15
system RFD for
2015-16
2 | Timely On time Dat | 1 01- | 02- | 03- | 04- | 05 | 4- 4-
4 | submission submission e May | May | May | May | May | Apr- | Apr-
of results A5 | 15 | 15 | 15 | 115 | 15 15
of 2014-
15
1| Administr 2 | Implement % of % 1 100 | 98 | 95 90 85 | 100 | 100¢
1| ative 5 | mitigating implementation
Reform strategies
for
reducing
potential
risk of
corruption
2 | Implement Target date for | Dat | 1 13- | 28- | 13- | 28- | 13- | 8- 8-
6 | 1SO 9001 renewal of ISO| e Oct- | Oct- | Nov | Nov | Dec | Oct- | Oct-
as per the 9001 at Institute 15 15 | 15 | 15 | -15 & 15
approved Action Plan for | Dat 1 22- | 07- | 22- | 07- | 22- | 16- 16-
action renewal of ISO| e Nov | Dec | Dec | Jan- | Jan- | Nov | Nov-
plan. 9001 at RMRS 15 | 15 | 15 | 16 16 | -15 15
Boko
2 | Identify, Implementation Dat | 1 01- | 02- | 03- | 04- | 05- | O1- | O1-
7 | design and of identified | e May | May | May | May | May | May | May-
implement innovations 15 | 15 | 15 | 15 | 15 | -15 15
major
innovation
s
1| Improving 2 | Implement Independent % 1 100 | 98 | 95 90 85 | 100 | 100
2 | internal 8 | ation of audit of
efficiency Sevottam implementation of
/ Citizen’s charter
responsiv Independent % 1 100 | 98 | 95 90 85 | 100 | 100
e- ness / audit of
service implementation of
delivery public grievances
of the redressal system.
organizati
on
1| Ensuring 2 | Timely Percentage of | % | 05| 100 | 98 | 95 | 90 | 85 | 100 | 100
3| complianc 9 | submission ATNs submitted
e of the of ATNs on within due date (4
Financial Audit months)  from
Accounta paras of date of
bility AG & presentation  of
Framewor Internal report
k Audit
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3 | Timely i | Percentage of | % [ 05| 100 | 98 | 95 | 90 | 8 | 100 | 100
0 | submission ATRs submitted

of ATRs to within due date (6

AG & CSB, months)  from

HQ. date of

presentation  of
report

Early i | Percentage of | % | 05| 100 | 98 | 95 | 90 | 8 | 100 | 100
1| disposal of outstanding

pending ATNs disposed

ATNs on off during the

Audit year

paras of

AG

reports.
3 | Early i | Percentage of | % [ 05| 100 | 98 | 95 | 90 | 8 | 100 | 100
2 | disposal of outstanding

pending ATRs disposed

ATRs on off during the

AG year

reports.

10 100
0 .00

a-cumulative total of all the quarter; b-highest among the quarter, c-average of all quarters, * Revised target as per
order issued by CBT Division, CSB, Bangalore
** Excluding two delegated units RERS, Shadnagar and RMRS, Boko




CMERTI, Annual Report 2015-16

LIST OF THE R&D PROJECTS

Sl. No. | Project code Title of the project Duration Scientists
involved
CONCLUDED PROJECTS
1. APS - 5856 | Development of egg preservation | April, 2011 | D. Goswami, N.I
schedule in muga silkworm, - June, Singh,
Antheraea assamensis Helfer 2015 M.D. Senapati
2. ARC-5864 Studies on the insect fauna August, | R. Kumar, G.
associated with muga ecosystem 2012 - Rajkhowa
in North East India with emphasis | July, 2015
on the illustrated diagnostics
3. AIP-5861 Molecular approaches in | June, 2012 | D.K. Gogoi, R.
characterization and utilization of — Oct. Kumar
gut microflora from  muga 2015
silkworm Antheraea assamensis
for enhancing productivity of
muga culture in North Eastern
India (In collaboration with IARI,
New Delhi)
4. PRP-5862 Screening of microbial flora | July, 2012 | D.K. Gogoi
(potential bio-fertilizer) of castor | —June.,
rhizosphere and development of 2015
INM package in ericulture (DST-
FTYS, New Delhi)
5. AIB - 5851 Development of high vyielding | Feb., 2011 | N.l. Singh, D.
muga silkworm breed through — Dec., | Goswami
population improvement 2015
6. PIN-5871 Development of Bio-intensive January | Maitry  Daimari
Module for Organic Muga Silk 2015- and S. A. Ahmed
Production December
2015
7. AlB- 5869 Popularization of new eri breed | October | S.A. Ahmed, MC
C2 at farmers’ field 2014- Sarmah
September
2015
ONGOING PROJECTS
1 Establishment of Institutional | Dec. 2010 | M. Chutia, R.
Biotech Hub (Phase-Il) —Nov., | Das
2015
2 ARP-5867 Characterization, transmission | July, 2013 | M.  Chutia, R.
and cyto-pathology of infectious —June, | Kumar
flacherie and cytoplasmic 2016
polyhedrosis virus in  muga
silkworm Antheraea assamensis
Helfer
3 APR-5865 Etiology of bacterial diseases and March, M. Chutia, R. Das
molecular characterization of the | 2013-Feb.,
pathogens of muga silkworm in 2016
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NE India

4 APR-5866 Sustainable eri silkworm rearing: March, S.A. Ahmed,

evaluation of Ailanthus species 2013- | M.C. Sarmah,
June, 2016 | P.K.  Handique,
B.N. Sarkar

5 ARP-5868 Isolation and characterization of | May, 2014 | K. Neog, B. G.
antifungal peptides from Muga —June Unni, A. K.
Silkworm  Antheraeaassamensis 2017 Ghosh, S. C.
Helfer Kundu

6 AIT 5872 Whole Genome Sequencing and 2015- K. Neog
functional genomics of Golden 2018 (From
Silk Moth Antheraea assamensis CMERA&TI)
(collaborative project).

7 AlIB-5879 Development of suitable | November, | B.N. Sarkar, M.C.
combinations/hybrids of  eri 2014 - Sarmah, S.A.
silkworm with sustainable | October, | Ahmed
performance for commercial 2017
exploitation

8 ARP 5874 Development of Decision Support March SA Ahmed,
System for Early Warning of | 2016- | Ranjana Das,
Selected Muga Silkworm | February
Diseases & Pests with Geospatial 2019
Technique

9 MOE 5873 Enhancement of rural economy March Ranjana Das, D
through technology intervention 2016- Goswami, D
for sustainable muga culture in | February | Mech, M. Chutia
Upper Brahmaputra Valley of 2019
Assam

REGULAR PROGRAMMES

1 CMERTI- RP1 | Induction of Indoor rearing | Jan. 2011 K. Neog
technique for Antheraea| onwards
assamensis Helfer through field
trials.

2 CMERTI- RP4 | Forecasting and forwarning for | Jan. 2014 R. Das
pest and disease of muga host| onwards
plants and silkworm
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ACHIEVEMENTS IN CONCLUDED PROJECTS

Project code: APS-5856
Project Title: Development of egg preservation schedule in muga silkworm, Antheraea
assamensis Helfer.

Total Project Cost (Rs) : 7.96 lakhs
Project Period : April 2011-June 2015
Investigators : D. Goswami, Principal Investigator

N.L.Singh, Co- Investigator
M.D.Senapati, Co- Investigator
Objective:
To develop suitable technology for short and long term preservation of eggs of muga
silkworm

Progress/ Achievements
Isolation of embryo of muga silkworm eggs and preparation of embryo chart

Muga silkworm eggs were collected from the Muga Silkworm Improvement Section,
Central Muga Eri Research and Training Institute, Central Silk Board, Jorhat, India. To
isolate the different embryonic developmental stages of muga silkworm in different ages, the
standard technique developed by Vemananda Reddy et al. (2003) for mulberry silkworm was
followed with slight modification as the eggs of muga silkworm has thick chorionic layer
covered with thick gummy substances.

The zero age eggs of muga silkworm, A. assamensis were collected and incubated at
26 = 2 °C and relative humidity of 75-85 % for different durations from 24 hr to till hatching
and the stages of embryonic development at the different ages were studied at an interval of
12 hr. The egg samples of different age groups were boiled in 3 — 4 % KOH solution for 2-3
minutes and then washed in 60 ‘C warm water. Care was taken so that KOH does not
dissolve the embryo. The embryo was then kept in distilled water maintained at room
temperature in a transparent glass petridish and kept under the dissecting stereo zoom
microscope. The water was squirted by using a Pasteur pipette over the eggs to release
embryos. The egg shell was removed from the micropylar end using a sharp surgery blade.
With the help of a pointed needle and soft brush, the embryo was freed from the yolk
material. After isolation of different stages, embryos were preserved in 70 % alcohol in the
small glass vial for preparation of permanent slide. The photographs of different ages of
embryos were taken under the stereo zoom microscope.

Like in most other insects, life of muga silkworm begins as an independent egg. Each
egg is manufactured within the female's genital system and is eventually released from her
body through an ovipositor, a component of her external genitalia. The cell's cytoplasm is
usually distributed in a thin band just inside the vitelline membrane and in diffuse strands that
run throughout the yolk. The egg cell's haploid nucleus lies within the yolk, usually close to
one end of the egg. The egg's anterior/posterior polarity is determined by the relative
positions of the nucleus and the oosome. The egg is covered by a protective "shell" called
the chorion made of protein secreted before oviposition by accessory glands in the female's
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reproductive system. The chorion is perforated by microscopic pores called aeropyles that
allow respiratory exchange of oxygen and carbon dioxide with relatively little loss of water.
The micropyle, a special opening near the anterior end of the chorion, serves as a gateway
for entry of sperm during fertilization.

Embryogenesis is a developmental process that usually begins once the egg has been
fertilized. After two hours of oviposition, male and female pronuclei unite at a definite position
near the anterior pole to form zygote (Takami, 1969). The zygote yields about 5000 daughter
nuclei through 12-13 cycles of mitosis without cytokinesis. The cleavage nuclei migrate
through the yolk toward the perimeter of the egg. They settle in the band of periplasm where
they engineer the construction of membranes to form individual cells and a one-cell-thick
layer, the blastoderm is formed. Blastoderm cells on one side of the egg begin to enlarge and
multiply. This region, known as the germ band is where the embryo's body will develop. The
rest of the cells in the blastoderm become part of a membrane that forms the yolk sac. Cells
from the serosa grow around the germ band, enclosing the embryo in an amniotic
membrane.

At the cellular blastoderm stage, when secondary membrane is formed between
blastoderm cells and the yolk system, some cleavage nuclei migrating towards egg periphery
are prevented from entering into the periplasm and they remain attached to the secondary
yolk membrane. These become vitellophages. Cleavage nuclei remaining in yolk becomes
the centers of yolk granules to supply nutrition to the developing embryo. Yolk membrane
folds during late germ band stage after which the yolk system divided into masses each
enclosing one or several nuclei and yolk organelles. This process is known as yolk
segmentation (Miya, 1984).

The embryonic developmental stages in Bombyx mori were serially numbered from 1-30
(Takami & Kitazawa, 1960). The embryonic developmental stages in eri silkworm, Samia
ricini has been studied and identified the suitable stage for cold preservation (Sarkar et al.,
2012). The fertilization is considered as stage-1, Cleavage is stage -2 and Blastoderm is
stage -3. The earliest embryonic stage that can be isolated and removed is from stage 4, i.e.
germ band onwards.

The chronological variations during embryonic development of normal eggs were
recorded from 24 h to till hatching. Thirteen different embryonic stages were detected and
among these stages the longest stage viz. Hei - B stage was observed at 68 hr to 72 hr old
embryo.

Stage-4: This stage is called germ band, which develops to an embryo. A group of cells
attaches to the inside at a specific region of the germ band. The cytoplasm of these cells
appears denser than that of germ band cells. These are primordial germ cells. The germ
band is concave on the inner side and the shape is of an oval plate. In muga silkworm, it
forms within 24 hr of oviposition. Throughout 22-28 hr, the germ band becomes slender and
elongated and by 28-34 hr, a long narrow depression called the primitive groove or streak or
median plate is formed along the mid portion of the germ band on upper side. By 24-36 hr,
the development of embryo was well differentiated into head and trunk region.

Stage-5, 6 & 7: The embryo gradually contracts to the shape of Dharuma (Japanese
doll). Gradually the head and tail region can be identified. After 48 hr, segmentation of the
body is clearly visible. The head end is called the protocephalon and the tail end is called
caudal lobe. This stage is continued from 36 hr to 60 hr in muga silkworm egg.

Stage-15: In 68 hr to 72 hr of age, the embryo reaches this stage wherein the
metamerism of mesoderm is completed and mesoderm is arranged segmentally. In 72 hr,
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embryo showed three well differentiated distinct regions of the body i.e. head, thorax and
abdomen. The segmentations with enough length and the amniotic fold covering the embryo
were clear and serosa was completely covered with the yolk. The embryo was slender with a
well-defined head and caudal region. The head has a clear cut depression in the middle.
Mesoderm segments are clearly visible.

Stage-16-20: In 84-96 hr, rudiments of appendages appear in thoracic region and
cephalic region formed by the beginning of stomodaeum.

Stage-21: The process of blastokinesis begins in 108-120 hr after oviposition. Embryo
starts to move around. Blastokinesis first start in the abdominal region and extend toward
heads. Posterior abdominal segments are first turned vertically so that the abdominal region
as a whole forms a straight line. The abdominal region then turns towards anterior side and
reaches the level of prothorax. The anterior and posterior ectodermal invaginations extends
to form the fore gut and hind gut respectively.

Stage-22: The head capsule formation was completed after 132 hr and mouthparts got
matured. Three segmented antennae with antennal setae, the mandibles and labrum are well
developed. Yolk mass inside the eggs serves as a source of nutrients for the developing
embryo and also help in holding the embryo on its surface as a necessary foundation.

Stage-23: After 144 hr lateral walls complete and tips of labrum and labium become
segmented. Thoracic legs become segmented with claws at distal end. Rudiments of the
setae develop on the body surface.

Stage-24: At about 156 hr, entire body of embryo is covered by strong setae and
embryonic moult occurs in this stage. The caudal horns also occur in this stage.

Stage-25-29: After about 168 hr, mandible become sclerotised and pigmented at distal
ends larval eyes (i.e. ocelli) appear as six brown spot on either side of head. The spiracles
are clearly visible on the sides of the body. Head capsule and mouth appendages are
sclerotised and well pigmented. The amnion and serosa disappear by fragmentation. Embryo
ingests the embryonic membranes and sensitive for adverse environmental condition. Entire
body of embryo becomes sclerotised.

Stage-30 (Newly born muga larvae): Fully developed muga silkworm larva comes out
from the egg cell on the 8th day of oviposition rupturing the anterior part of egg shell by the
mandibles and swallowing the portion of the chorion in the early morning of exposure to light.
Newly born larvae are generally blackish or brownish in colour. Generally healthy larvae are
blackish brown in colour with distinct yellow lines at the intersegment region. Head portion is
shining black with elongated spot and larval body is yellowish with blackish tubercle.

Present finding indicates that, the embryonic development starts within a few hours of
egg laying and it requires proper incubation for healthy development of embryos. Any change
in temperature can hamper the development, hatching and rearing performance. Embryonic
development and hatching were hampered at the stressed temperature and humidity
condition because high temperature and low humidity were unfavorable condition for
embryonic development (Dinesh et al.,, 2012). Due to global warming, this type of condition
prevails during seed crop grainages of summer seasons of A. assamensis. Higher
temperature and low humidity during embryonic development leads to death of embryo
during early age. Temperature stress caused poor egg laying, delay and poor hatching,
depression of eggs and death of fully formed larvae inside egg. The result of the present
study help to find out the particular embryonic stage suitable for long term egg preservation
which will help to skip the unfavourable season and can synchronize rearing with availability

of leave.
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Effect of refrigeration on the hatchability

Muga silkworm eggs of different embryonic ages (24hr, 36hr, 48hr, 60hr, and 72hr
and mix ages from 24hr to 72 hr) were preserved at 5°C for different durations to observe
their hatching performance after long term preservation.

In 10 days of preservation at 5°C, embryo of 24 hr showed 67.83% hatching against
75.32% of control which was significantly lower than that of control (P<0.01& P<0.05).
Similarly, in 10 days of preservation at 5°C, embryos of 36hr showed 71.32% hatching which
was not significantly different to that of control (P<0.01& P<0.05). ). Hatching performance of
69.37% of embryos of 48hr was not significantly different than that of control
(P=<0.01&P<0.05). Embryos of 60hr, 72 hr and mixed ages of 24hr to 72hr showed hatching
of 65.27%, 61.87% and 63.27% respectively which were significantly lower than that of
control (P<0.01&P<0.05).

In 20 days of preservation at 5°C of embryos of 24hr, 36hr, 48hr, 60hr, 72hr and mix
ages, hatching were recorded as 65.42, 69.78, 69.95, 65.3, 64.72 and 65.07 respectively
which were significantly lower than that of control (P<0.01 & P<0.05). However, hatching
performance of embryos of 36hr and 48hr was at par to that of control (P<0.01& P<0.05).

However, from 30 days of preservation onward at 5°C, hatching performance of
embryos of different ages and mixed ages (24hr to 72hr) were significantly lower than that of
control (P<0.01 & P<0.05).

Table: Hatching performance of different aged embryos preserved at 5°C

Duration of Embryonic age CD

preservation 24hr 36hr | 48hr 60hr | 72hr | Mixed | Control | 5% | 1%
10 days 67.82 | 71.32 | 69.37 65.27 | 61.87 | 63.27 | 75.32 | 4.76 | 6.45
20 days 65.42 | 69.78 | 69.95 65.3 | 64.72 | 65.07 | 75.32 | 3.54 | 4.62
30 days 34.47 41.2 | 31.75 32.87 | 29.5| 329 | 7532 |4.41|5.77
40 days 25.87 31.02| 30.4 28 |25.12 | 2525 | 75.32|3.66 | 4.78

Observing the extremely low hatching performance of the eggs beyond 20 days of
preservation at 5°C, the unhatched eggs of the preserved lots were dissected after releasing
from the BOD incubator and observed under the microscope. It was found that embryos were
fully developed inside the egg shell but could not emerge out of the egg shell. In view of the
industries’ need for preserving eggs of mix ages (24hr to 72hr), the experiment was modified
by preserving eggs of mix ages at three different temperature ranges i.e. 5°C, 7°C and 10°C
for different durations. Muga silkworm eggs are generally harvested after 72hr of egg laying.

The result of the hatching performances of the different durations of the preservation
of the eggs of mixed ages at three different temperature viz. 5°C, 7°C and 10°C are presented
in table-2. As evidenced from the table, at 5°C the eggs of the mixed ages can be preserved
up to 5 days without affecting the hatching performance. At 7°C, the eggs can be preserved
for a maximum period of 15 days with hatching of 71.85% which is not significantly different
from that of control (P< 0.05). Similarly at 10°C, the eggs of mixed ages can be preserved for
a maximum duration of 6 days with hatching of 70.00% without significant difference from
that of control (P< 0.05). It was observed that, while preserving the eggs at 10°C beyond 6
days the embryos developed inside the BOD incubator and some of the embryos hatched
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from the eggs after about 15 days of preservation. The embryos, though developed fully
inside the egg shell at 10°C could not break the egg shell and cannot be hatched which may
be due to weakness of the developed embryo at 10°C. Another reason for unsuccessful
preservation of eggs for longer duration may be due to the low relative humidity (<60%)
inside the BOD incubator at low temperature which affected the development of the young
embryos. Thus, from the analysis of the table, it is found that among the three different
temperatures of preservation of the eggs of mixed ages, 7°C is the most effective
temperature for preservation.

Table: Hatching performance in different days of preservation of muga silkworm eggs
(mixed) at different temperature and duration

Temperature Hatching performance in different days of preservation (%) CD
0 4 8 12 16 20 5% | 1%
5°C 75 |71 53.5 52.75 445 29.75 3.75 | 2.82
7°C 75 |73.25 72.25 72.25 69 5%ZB 3.20 | 2.41
10°C 75 | 71 65 51.25 4.56 | 3.41
Control 75 |75 75 75 75 75
CD 1% 2.51 4.24 3.55 3.27 3.75
CD 5% 1.81 3.06 2.56 2.32 2.66

After confirming the suitable temperature and duration of preservation of the eggs of

mixed ages, 400 dfls were preserved at 7°C for 15 days and bioassay of the preserved eggs
was conducted in four different locations by rearing 100 dfls per location during ‘Chatua’
crop’2015 and the rearing performances were compared with that of control.

Table: Bioassay result of preserved egg during Chatua Crop, 2015

Location Nos. of dfl Hatching % E.R.R. % Cocoon weight (g)
T C v C T C T C
I 100 100 72.00 75.00 54.60 54.65 5.42 5.45
Il 100 100 73.00 74.00 51.60 52.00 5.7 5.65
I 100 100 70.00 71.42 53.97 54.5 5.65 5.55
vV 100 100 72.00 75.00 52.72 52.05 5.55 5.65
Average 71.75 73.86 53.22 53.3 5.58 5.57
CD (P<0.05) 1.73 0.63 0.16
CD (P<0.01) 1.83 0.93 0.24

T: Treatment, C: Control

It is observed from the above table-3 that hatching percentage in the different
locations was not significantly different from that of control (P< 0.05). In effective rate of
rearing (ERR), significant differences were not observed between the preserved and the
control eggs in the different locations (P<0.05 & P< 0.01). Similarly, in cocoon weight also
there was no significant difference between the preserved and the control lots. The above
result of the bioassay showed that preservation of eggs at 7°C did not affect the survivability
and cocoon weight of the muga silkworm. Therefore, it is deduced that muga silkworm eggs
of mixed ages (24hr to 72hr) can be effectively preserved at 7°C up to 15 days in BOD
incubator.
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Project Code: ARC 5864
Project Title: Studies on the insect fauna associated with Muga-ecosystem in North
East India with emphasis on the illustrated diagnostics
Total Project Cost (Rs.) : Rs. 19.25 Lakhs
Project Period : August, 2012-July 2015
Investigators : Dr. Rajesh Kumar Principal Investigator
Mr. Girin Rajkhowa Co-investigator

Objectives:
1. Exploration, collection and preservation of insect fauna associated with Muga-
ecosystem in North East India.
2. Identification, morphological characterization and documentation.
3. Development of computerized diagnostic tools and inventorization of insect fauna

Objective — I: Exploration, collection and preservation of insect fauna associated with
muga ecosystem in North East India

Methodology adopted:

The standard methodology was used for sampling and data collection of insects in muga
ecosystem (Oldroyd, 1958; Ross, 1949). The collection was made by visiting selected
localities with the help of portable light traps at night, net sweeping and other methods during
day time. Field photographs were taken before collecting the insects. Mature and immature
stages were collected from the selected localities in muga ecosystem for studying the life
cycle in the laboratory. The collection was made through the following methods:

a) Net Collection: A sweep net collection methods was adopted to collect the adults of
four group of insects.

b) Aspirator: Aspirator methods were adopted to collect small insects (micro moths,
weevils and other sucking pests).

c) Handpicking: The larval stages were collected by Handpicking method in vials and
jars.

d) Butter paper envelope: Lepidopteran insects were collected through this method.

e) Light Trap collection (black light, UV light, Mercury vapour lamps): All three types of
light traps were installed in the field during night time to collect the four group of
insects. Two light traps are battery operated (black light and UV light) and one is DC
power operated.

f)  Pit fall trap: Pit fall trap methodology was adopted to collect different type of ants
available in the field.

g) Yellow sticky traps: Yellow sticky trap methodology was adopted to collect the
sucking pests.

h) Leaf litter sampling: Leaf liter was observed to collect the mature and immature
stages of pests.

Forty four localities were surveyed to collect insect pests from August, 2012 to July,
2015 in six states viz., Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram and
Nagaland.
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Table: Localities surveyed in six states of North Eastern India

Sl. No. States Location of collection

1 Arunachal Pradesh |Pashighat, Roing, ltanagar, Nirjuli, Ziro

2 Udalguri (BTC), Tamulpur (BTC), Lakhimpur, Tejpur,
Tinisukia, Jorhat, Golaghat, Bogori, Bokaghat, Moran,
Sivasgar, Nazira, Dibrugarh, Goalpara, Sadiya, Khwong,

Assam Jungle Block, Titabar, Mariani, Mangaldoi, Tupia,

3 Manipur Imphal, Urkhul

4 Meghalaya Barapani, Shillong, Mawflong, Nongpoh (Khasi Hills); Tura,
Damalgiri, Silsela, Balpakram National Park, Bagmara, Kanai,
Dalu (Garo Hills), Mawsentei, Mergner

5 Mizoram Aizawl

6 Nagaland Mokockchung, Zuniboto

Objective — II: Identification, morphological characterization and documentation

Database entry was made for 970 specimens

203 species was identified upto genus and species level.

Other specimens identified upto family and genus level.

The selected localities of North-eastern states of India were surveyed for Insect
Fauna associated with muga ecosystem from two primary host plants (Som-Persea
bombycina, Soalu - Litsea monopetala) (Family : Lauraceae).

The four insects groups were focussed to study the faunal biodiversity, because these
are economically important groups in Seri-ecosystem.

Four groups of insects were collected viz., Coleoptera, Lepidoptera, Hemiptera,
Hymenoptera. Other group (Diptera, Mantodea, Neuroptera, Odonata) of insects were
also collected and reported, because other insects were found more destructive.

1500 photographs had been taken from Microscope.

A 3045 field photograph was taken for all insect pests, predators.

Table: Total number of identified species order and state wise
Order Assam | Mizoram | Arunachal | Meghalaya | Manipur | Nagaland
Pradesh

Coleoptera 48 12 7 41 6 11
Lepidoptera 81 60 52 73 49 55
Diptera 3 1 1 1 1 1
Hemiptera 35 11 9 32 8 8
Hymenoptera 19 9 9 13 9 9
Isoptera 1 0 0 0 0 0
Odonata 1 0 0 0 0 0
Neuroptera 4 0 0 0 0 0
Mantodea 2 0 0 2 0 0
Total species 174 84 69 149 64 75
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Objective lll: Development of illustrated diagnostic tools and inventorization of insect
fauna

All identified insect is being maintained at CMERT]I, Lahdoigarh

>

>

A sucking pest, Pyrops candalaris (Fulgoridae : Hemiptera) — first report feeding on
soalu (Litsea monoptetala) —-manuscript accepted in Munis Entomology and Zoology
Three parasites have been observed belongs to genus Brachymeria. Upto species
level is under process.

Tortricid, geometrid and noctuid caterpillar collected and reared in laboratory and
identification is in under process.

First report of Radhica elisabethae (Lepidoptera: Lasiocampidae) feeding on som
plantations from India (Meghalaya and Nagaland) in muga ecosystem — Manuscript
Submitted.

Five new pests, predator, and parasites reported.

One cerambycid borer, Oberea sp. (Cerambycidae: Coleoptera) has been reported for
the first time feeding inside the branches of som plantations (Persea bombycina) and
identified by Russian Scientist Dr. Mikhail Danilevsky. This species similar to Oberea
oculta, which is found in India, but head and antenna are black in O. oculta and yellow
in collected species. The final identification is under process. This pest’s adults
available during April to June on Som plantations. This pest is compared and found
new and will be published as new species.

Lamprolabus pseudobispinosus (Coleoptera: Atellabidae) reported for the first time
from India and identified by Dr. Andrei Legalov, Russian Scientist. He reported L.
pseudobiospinosus as new species from China in 2005. In 2011, It has been reported
from Meghalaya feeding on soalu plantations (host plant of muga silkworm) and
published Rajesh Kumar, G. Rajkhowa and A. B. Barapatre, 2012.

Some new pests have been observed, among them one pest is identified as Stem Gall
making weevil on som (Persea bombycina) and material was supplied to Dr. V.V.
Ramamurthy, which was published as new species. This type of gall making weevil has
been reported for the first time by Synorchestes indicus Ayri & Ramamurthy, sp. nov.
(2012). This is the first substantiated gall-making habit reported in this tribe.
(Reference: Shaloo Ayri, Hiroaki Kojima & V.V. Ramamurthy, 2012. Flea weevils of the
genus Synorchestes Voss (Coleoptera, Curculionidae, Curculioninae, Rhamphini), with
description of a second species from India. Zootaxa, 3568: 74—80 (2012).

A new record of Xylotrupes gideon (Linnaeus) (Coleoptera: Scarabaeidae) on
Persia bombycina, Kost. from India

Reported for the first time dipteran parasite for Zezura multistrigata (Lepidoptera:
Cossidae) (borer of som and soalu) and developed field diagnostic keys.

.............................. P

Project Code: AIP - 5861
Project title: Molecular approaches in characterization and utilization of gut microflora

from muga silkworm Antheraea assamensis for enhancing productivity
of muga culture in North Eastern India (in collaboration with I1ARI, New

Delhi)
Project Period : June 2012 - Oct. 2015
Funding Agency : DBT, New Delhi
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Total Budget allocation : Rs. 30.73 Lakhs
Project Investigators : D.K. Gogoi, Principal Investigator
R. Kumar, Co- investigator
Objectives
1. Enumeration of gut microbial diversity in different morphotypes and accessions of
muga silkworm A. assamensis.
2. Characterization of gut microbial isolates using 16s rRNA probes and culture
dependent techniques.
3. Evaluation of positive influence of consortium of gut microbial isolates on the growth,
development and economic parameters of A. assamensis.
4. Assessing the antagonistic activity of gut microbial isolates against entomopathogens
of A. assamensis.
Highlights of achievements

Survey and collection of Muga silkworm larvae

Periodical survey and collection of muga silkworm eco-races was carried out during
the different muga crop seasons (both commercial & seed crop) throughout Assam and its
neighbor states. Collection was done as per the standard methodology and immediately
brought to the laboratory for further study. Muga silkworm larval samples were collected in
3 4™ and 5" instar from different government farm, farmer’s field and wild natural habitats.
All the relevant data like source of seed, races, date of brushing, host plant and
meteorological data of the collection site were recorded during the collection.

The 4™ and 5" instar larvae of Muga silkworm were dissected and the gut-microflora
was isolated as per the method described by Khyade and Marathe (2012) with a little
modification, in the laboratory. The larval samples were kept under starvation for 24 h so that
no faecal particle remains in the alimentary tract. The larvae were anesthetized with a
chloroform soaked cotton pad and surface sterilized with 70 % ethanol. The entire alimentary
canal of the larvae was dissected out aseptically in a UV laminar flow chamber (Labotech,
India). The isolated digestive tract was washed with sterile, cold 0.9 % NaCl solution and cut
into small pieces with a sterile scalpel, homogenized in 0.1 M Potassium Phosphate buffer
and incubated at 37 °C for 1 h. The sterile homogenate was centrifuged at 10,000 rpm
(REMI, C24-BL) for 10 minutes and the supernatant was taken as stock for preparation of
dilution up to 10°°.

The gut bacteria was isolated by pour plate method using Nutrient agar (Hi-media
Ltd., Mumbai) and Brain heart infusion agar (Hi-media Ltd., Mumbai) containing different
substrate The plates were incubated (OVFU, O-CIS-4D) at 32 "C for 24 to 48 h.
Enumeration was done by total viable colony count and expressed as the number of colony
forming units (CFU) in 1 ml of homogenate sample.

Morphological and biochemical characterization:

The isolates were tested in terms of Gram reaction and biochemical characteristics
(Holt et al., 1994) and further identified on the basis of pigment, colony form, elevation,
margin, texture and opacity (Smibert and Krieg, 1981). Biochemical tests performed for both
Gram positive and negative bacteria were Citrate utilization, Lysine utilization, Ornithine
utilization, Urease, Phenylalanine deamination, Nitrate reduction, H.S production, Glucose,
Adonitol, Lactose, Arabinose, Sorbitol, Malonate, Voges proskaur, ONPG, Catalase,
Arginine, Sucrose, Mannitol and Trehalose by using Biochemical Test Kit (Hi-media Ltd.,
Mumbai) as per the methodology of Bergey’s Manual of Determinative Bacteriology.

Altogether, 360 bacterial strains were isolated from the Muga silkworm gut
homogenates prepared from the collected larval samples. Out of them, 240 nos. were gram
positive rods, 60 gram negative rods, 34 gram positive coccus and 26 gram negative coccus.
They were found to be arranged in different orientations under microscope..

All the bacterial isolates exhibited diverse biochemical properties during the analysis

for the biochemical tests as per qualitative biochemical tests..
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Screening for enzymatic activity
Amylase

Amylase test was carried out by inoculating/streaking the gut-bacteria into medium
containing starch 20 g, (NH4)>.SO, 1 g, glucose 1 g, NaCl 1g, MgSO,.7H,O 1 g, sodium
thiosulphate 1 g, K.2HPO, 2 g, Agar 20 g and H,O 1 |. The plates were incubated at 32 °C for
5 days and a few drops of iodine solution (iodine 1 g, KI 2 g and H,O 300 ml) poured over the
colonies. Destaining of blue colour around the colonies indicated positive test for amylase.
Qualitative estimation of amylase producing bacteria was calculated as hydrolysis capacity
(HC) i.e. the ratio of diameter of clearing zone and colony (Hendricks et al., 1995).
Cellulase

Cellulose degrading ability of the isolated gut bacteria was performed by streaking on
the Cellulose Congo-red agar media (KH,PO, 0.5 g, MgSO, 0.25 g, CMC 2 g, agar 15 g,
Congo-red 0.2 g and Gelatin 2 g, distilled water 1 | ; pH 6.8-7.2). Colonies showing
discolouration of the Congo-red were considered as positive cellulose-degrading bacteria.
Hydrolysis capacity was calculated as per the method mentioned above.
Xylanase

The test for xylanase activity was carried out by streaking the bacteria on NA medium
plate supplemented with 0.01 % xylan. The plates were incubated for 24 h and 10 ml of
Congo-Red (1mg/ml H,0) was added followed by incubation at 32 °C for 15 minutes. The
Congo-red was poured off and added 10 ml of 1M NaCl solution and again incubated for 15
minutes. Appearance of clear zone around the colonies indicated positive test for xylanase.
Pectinase

Screening for pectinase was performed by using Pectinase Screening Agar Medium
(PSAM) with the composition of pectin 10 g, (NH4).HPO, 3 g, KH,PO, 2 g, K;HPO, 3 g,
MgSO, 0.1 g, Agar 15 g, H-O 1 |; pH 4.5. The cultures were incubated at 37 °C for 24 h and
then flooded with 50 mM iodine solution. After incubation for 15 min., appearance of clear
zone around the growth of the bacteria confirmed positive pectinase test.
Lipase

Lipase test was carried out by inoculating the isolates in tributyrin agar medium (pH
6.0) containing peptone 5 g, yeast extract 3 g, tributyrin 10 ml, agar 15 g and H,O 15 ml. The
plates were inoculated at 32 °C for 48 h. A clear zone developed around the colonies of fat-
splitting organisms indicated lipase positive reaction. Lipase HC was calculated as the ratio
of diameter of clearing zone and colony.
Further, the results of the tests for amylase, cellulase, xylanase, pectinase and lipase

are represented below. Isolate no. MGS-5 showed positive results for all the enzymatic
tests, whereas isolate nos. MGB-10 and MGB-12 exhibited prominent cellulolytic activity.

Table: Enzymatic activities of the gut-bacteria isolated from the digestive tract of A.

assamensis.
Isolate Hydrolysis Capacity
Amylase Cellulase Xylanase Pectinase Lipase

+/- HC +/- HC +/- HC +/- HC +/- HC
MGBS2 + 1.125 - NA - NA + 1.049 + 1.013
MGBS3 + 1.206 - NA - NA - NA + 1.087
MGS4 + 1.023 + 1.021 + 1.018 - NA + 1.048
MGS5 + 1.217 + 1.226 + 1.261 + 1.112 + 1.067
MGS6 + 1.184 - NA - NA - NA + 1.091
MGBS8 - NA - NA + 1.214 - NA + 1.214
MGS9 + 1.321 - NA + 1.118 + 1.034 + 1.143
MGS13 + 1.162 + 1.014 - NA - NA + 1.031
MGBS6 + 1.084 - NA - NA - NA - NA
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MGB10 - NA + 1.012 - NA - NA + 1.333
MGB12 - NA + 1.157 + 1.164 - NA - NA
MGB14 + 1.114 - NA - NA - NA - NA
MGB1 ++ 1.416 . NA - NA ] NA + 1.051
MGB2 - NA - NA - NA - NA ++ 1.416
MGBS2 - NA - NA - NA + 1.048 - NA
MGS3 - NA - NA ++ 1.25 + 1.14 ++ 1.6
MGB5 ++ 3.529 ++ 1.5 - NA ++ 1.2 + 1.06
MGS9 ++ 1.81 - NA ++ 1.25 ++ 1.56 ++ 1.142
MGBS10 - NA - NA - NA + 1.2 ++ 1.461
MGB10 - NA - NA ++ 1.33 +++ 2.45 ++ 1.46
MGS13 - NA ++ 1.07 - NA + 1.36 + 1.03
MGS17 - NA + 1.086 - NA - NA + 1.375
MGS18 ++ 2 - NA - NA - NA + 1.153
MGB19 - NA - NA - NA - NA - NA
MGBO01 - NA ++ 2.4 - NA + 1.16 - NA
MGB02 - NA ++ 1.22 - NA - NA - NA
MGBO05 ++ 1.272 ++ 2 - NA + 1.16 - NA
MGBO06 - NA ++ 2 - NA ++ 1.22 ++ 1.6
MGB09 - NA ++ 1.22 - NA - NA + 1.230
MGB22 - NA - NA - NA + 1.06 - NA
MGB30 - NA - NA - NA + 1.10 - NA
MGB43 + 1.026  ++ 1.20 - NA - NA - NA
MGB58 - NA - NA - NA - NA + 1.23
MGB83 - NA - NA - NA + 1.24 - NA
MGB107 - NA - NA + 1.148 - NA - NA
MGB134 + 0.982 - NA - NA - NA + 1.11
MGB146 - NA + 1.010 - NA - NA - NA
MGB168 + 1.210 - NA - NA - NA - NA
MGB190 - NA - NA - NA + 1.18 - NA
MGB195 ++ 1.310 - NA - NA - NA + 1.15
MGB215 + 1.114 + 1.000 - NA - NA - NA
MGB265 - NA - NA + 1.153 - NA - NA
MGB274 ++ 1.234 - NA - NA - NA + 1.20
MGB330 - NA - NA - NA ++ 1.02 - NA
MGB341 ++ 1.260 - NA - NA - NA + 1.14

HC = Hydrolysis capacity - the ratio of diameter of clearing zone and colony

Quantitative assay of gut-bacteria of A. assamensis for cellulolytic activity

Pure cultures of cellulolytic bacteria were individually maintained on CMC
supplemented minimal agar slants at 4°C. The cultures were inoculated in a broth containing
0.03% MgSOQ,, 0.2% K;HPO4, 1% glucose, 0.25% (NH4).SO, and 1% peptone at pH 7 for
24h of fermentation period, these vegetative cells were used as inoculum source.

For cellulase enzyme production, fermentation medium was prepared using sucrose
1%, KoHPO,4 0.2%, MgSO, 0.03%, Peptone 1% and (NH4).SO, 0.25%. The medium was
inoculated with 1ml of inoculum incubated in shaker at 35°C temperature for 24 hrs. with
agitation speed 140 rpm. The fermented broth was centrifuged at 14,000xg for 10 min. at
4°C.The clear supernatant obtained used as crude enzyme source.

Estimation of cellulase activity

Cellulase activity was assayed using dinitrosalisic acid (DNS) reagent by estimation
of reducing sugars released from solubilised in 0.05 M phosphate buffer at pH 8.Crude
enzyme was added to 0.5 ml of 1% CMC in 0.05 M phosphate buffer and incubated at 50° C
for 30 min. Reaction was stopped by addition of 1.5ml of DNS reagent and boiled at 100°C in
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water bath for 10min. Sugars liberated were determined by measuring absorbance at 540
nm. Calibration curve was prepared from different serial concentration of glucose. Cellulase
production was estimated by using glucose calibration curve. Cellulase activity is expressed
as the quantity of enzyme, which is required to release 1umol of glucose per minute under
standard assay conditions.

The results showed that isolate no. MGBO011 has released highest cellulase (0.0821)
during in-vitro assay. In addition, isolate no. MGB03 (0.07) and MGBO06 (0.067) showed
considerably higher cellulolytic activity.

Quantitative assay of gut-bacteria of A. assamensis for lipase activity

Quantitative lipase assay of gut-bacteria of A. assamensis was done as per the
standard method of Winkler & Stuckman, (1979). The pure culture of lipase producing gut-
bacteria were inoculated into the culture broth with the composition (g), peptone 0.2,
NH;H.PO, 0.1, NaCl 0.25, MgS0O,.7H,0 0.04, CaCl,.2H,O 0.04, olive oil 2 ml, Tween-80 1/2
drops, distilled water 100 ml and pH 7.

Overnight seed cultures were inoculated into the 250 ml Erlenmeyer flasks containing
100 ml media and incubated at 32°C in rotary shaker for 150 rpm. Culture broth were
collected after 24 hrs and centrifuged at 10,000 rpm for 10 min at 4°C. The cell
filtrate/supernatant was used as a source of extra cellular lipase.

The stock solution of substrate (20 mM) i.e. p-nitrophenyl pulmitate (b-NPP) was
prepared in HPLC grade iso-propanol. The reaction mixture contained 75 pl of p-NPP stock-
solution, 5-50 pl of test sample (crude enzyme of gut-bacteria) and Tris buffer (0.05 M, pH
8.5) to make final volume 3 ml. The reaction mixture was incubated at 45°C for 20 minutes in
a water bath. Then, the reaction was stopped by adding 1 ml of chilled (-20°C)
acetone:ethanol (1:1). Control tube was taken, which contained heat-inactivated enzyme
(boiled for 5 minutes in water bath) and incubated simultaneously with the assay.

The absorbance of the heat-inactivated lipase was subtracted from the absorbance of
corresponding test samples. The absorbance of the p-nitrophenol released was measured
spectrophotometrically (Systronic uv-vis) at 410 nm. The unknown concentration of p-
nitrophenol released was determined from a previously prepared reference curve of p-
nitrophenol (2-20 pl/ml in 0.05 M Tris buffer, pH 8.5). Each of the assays was performed in
triplicate and one unit (IU) of lipase activity was defined as micromole(s) of p-nitrophenol
release by hydrolysis of p-NPP by one ml of enzyme at 45°C under assay condition.

The results revealed that isolate no. MGB14 has got maximum lipolytic activity
(19.21) during in-vitro assay. In addition, isolate no. MGB02 (17.85) and MGS19 (11.97) also
showed considerably higher lipase activity. Accordingly, isolate no. MGB14 has been
selected for formulation of the probiotic consortia and its genomic DNA was sent for 16S
rDNA sequencing for species level identification.

Quantitative assay of gut-bacteria of A. assamensis for pectinase activity

Pectinase activity of the gut bacteria was assayed quantitatively by following the method
of Kashyap et al 2000. The isolates that showed pectinase activity during qualitative
screening were inoculated into 50 ml of YEP medium (Yeast extract 10g/L and pectin 2.5 g/L
& pH 7.2) then incubated at 37° C in rotary shaker (150 rev/min). Culture broth were collected
after 36 hrs and centrifuged at 10,000 rpm for 10 min at 4° C. The cell filtrate/supernatant was
used as a source of extra cellular Pectinase. Polygalacturonic acid was used as substrate for
pectinase assay by the colorimetric method of Miller (1959). From the supernatant 100 pl is
taken in a test tube and was incubated with polygalacturonic acid (1% w/v) in triplicate at 40°
C for 10 minutes under static condition. Then added 400 pl of DNSA [2 gm DNSA + 40 ml 2 N
NaOH (diluted in 100 ml distilled water ) + 60 gm potassium sodium tartrate (made up the
volume to 200 ml) and the mixture was boiled for 15 minutes. Mixture was finally diluted to 5
ml with deionized water]. Then the colour developed was measured by colorimeter at 530 nm.
Pectinase activity was determined in unitml-'min.”" by calibrating a standard curve prepared
from the serial dilution of galacturonic acid (20 mg in 20 ml H,0).
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Based on the in-vitro assay result, isolate no. MGS09 has got highest (0.21)
pectinase activity. However, isolate no. MGBS02 (0.198), MGS05 (0.196), MGB10
(0.196).196), MGBO05 (0.197) and MGBO0O1 (0.190) also have got considerably higher
pectinolytic activity. Accordingly, isolate no. MGBO09 has been selected for formulation of the
probiotic consortia and its genomic DNA was sent for 16S rDNA sequencing for species level
identification.

Quantitative assay of gut-bacteria of A. assamensis for xylanase activity

The muga silkworm gut-bacteria with xylanase activity were inoculated to the 50 ml
activation medium (Xylan 20.0 g/L, peptone 5.0 g/L, NaCl 5.0 g/L, Yeast extract 2.0 g/L, beef
extract 1.0 g/L, pH 7) and incubated in an orbital shaker at 32°C and 120 rpm for 24 hours.
After required incubation, 1 ml culture broth was inoculated into the 50 ml fermentation media
(Xylan 20.0 g/L, peptone 2.0 g/L, yeast extract 2.5 g/L, CaCl,.2H,O 0.005 g/L, MgCl,.6H.O
0.005 g/L, FeCl3 0.005 g/L, K;HPO, 2.5 g/L, KH,PO, 1.0 g/L, NaCl 0.10 g/L, (NH4)2SO, 2.0
g/L) and again incubated at 32° C and 120 rpm in orbital shaker for 24 hours. Then, the broth
culture was centrifuged at 10,000 rpm for 10 min at 4° C. The cell filtrate/supernatant was
used as a source of crude enzyme for xylanase assay (Mahilranjan et. al., 2012).

The stock solution of substrate (0.6%) i.e. xylan was prepared in distilled water. The
reaction mixture contained xylan, distilled water and the enzyme solution. At first 0.5 ml xylan
was taken in a test tube with equal volume of distilled water. Then, 1 ml of crude enzyme (i.e.
culture filtrate) was added to the mixture and incubated at 30° C for 30 minutes. The reaction
mixture was allowed to cool and 2 ml of DNS was added to it. Then the test tubes were
boiled in water bath for 5 minutes and the absorbance of the reddish colour developed was
measured in 550 nm against blank as reference. In the blank tubes crude microbial enzyme
was added in the final step after stopping the reaction by DNS solution. The enzyme
released in units per ml per minutes was calculated by calibrating a standard curve prepared
from the serial dilution of xylose sugar.

The results revealed that isolate no. MGS01 has got maximum (0.041) xylanase
activity during in-vitro assay. In addition, isolate no. MG0O3 (0.033), MGS10 (0.032) and
MGO02 (0.025) also showed considerably higher xylanase activity. Accordingly, isolate no.
MGSO01 has been selected for formulation of the probiotic consortia and its genomic DNA
was sent for 16S rDNA sequencing for species level identification.

Screening of gut-bacteria for antimicrobial activity:

The muga silkworm gut-microflora was screened for their antagonistic properties
against three pathogenic microorganisms: Escherichia coli, Bacillus subtilis and
Pseudomonas aeruginosa. The gut-bacteria were cultured on Nutrient broth medium for 48
hrs. at 32° C in shaking incubator and centrifuged at 10000 rpm. The culture filtrate was used
for antibacterial bioassay by Agar well diffusion method. Zone of inhibition (mm) was
recorded by measuring the clear zone produced around agar well/cup.

Table: Antimicrobial activity of muga silkworm gut-bacteria against pathogenic
microorganisms.

Isolate No Inhibition Zone Diameter (mm)
E. coli B. subtilis P. aeruginosa
MGBO1 27 30 -
MGB03 - 15 -
MGBO05 17 40 19
MGBO06 - - 30
MGBO07 - 25 -
MGB09 - 24 -
MGB12 15 20 -
MGS03 30 25 -
MGB24 - - 18
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MGB47 - 20 -
MGB78 19 - -
MGB118 20 - -
MGB136 - 18 -
MGB163 - 24 -
MGB182 17 19 -
MGB231 19 - -
MGB236 - 20 -
MGB248 - 21 -
MGB252 19 - -
MGB264 - 22 -

Extraction of crude bioactive compound

The muga gut bacteria which showed good anti-microbial screening activity were
further studied for extraction of crude bio-active molecule by ethyl acetate extraction method
of Bordoloi et al 2001. Culture broth and ethyl acetate were mixed thoroughly in 1:1 ratio
using a separating funnel by vigorous manual shaking. The aqueous layer was discarded
and solvent layer was allowed to dry in-vacuo. A thin film of desired compound will be left
and was dissolved in Dimethyl sulfoxide (DMSQO) and made ready for filling up Agar well to
observe the antimicrobial activity of the isolates.

In-vitro antimicrobial bioassay screening showed that 20 isolates of A. assamensis
gut-bacteria have got antagonistic property against the three entomo-pathogens. Among the
isolates, MGBO05 produced inhibition zone in agar well assay against E. coli (17 mm), B.
subtilis (40 mm) and P. aeruginosa (19 mm). Simultaneously, isolate no MGB05 was
screened for its antimicrobial activity against the selected gut-bacterial isolates. The isolate
did not show antagonistic property against the selected beneficial gut-bacteria.

Identification of beneficial gut bacteria

The identification of the beneficial gut-bacteria selected for formulation of probiotic
consortium was carried out by polyphasic approach, i.e. based on morphological,
biochemical and molecular characterization.

Cultural characters of the pure isolates was studied on the basis of colony elevation,
margin, form, texture and opacity (Smibert and Kreig, 1981).The morphological study was
conducted by Gram staining microscopy method using Gram staining kit (Hi-media K0O01) as
per the method described by Holt et al (1994). The stained bacterial cells were observed
under Phase contrast microscope (Olympus, CKX41) to monitor the Gram reaction, shape,
orientation etc. Biochemical characterization was carried out by culture depended techniques
as per the Bergey’s Manual of Determinative Bacteriology and by using Biochemical Test Kit
(Hi-media Ltd., Mumbai, India).

Molecular identification

Molecular identification of the selected potential gut-bacteria was carried out by 16S
rDNA homology analysis. Isolation of the genomic DNA of the potential A. assamensis gut-
bacteria was done by standard methodology (Marmur, 1961) by using Genomic DNA
extraction kit manufactured by SRL Pvt. Ltd., Mumbai (India). The DNA purity and quantity
were checked by spectrophotometer at 260 and 280 nm. PCR amplification of 16S rDNA was
done with bacterial universal forward primer 16SF and reverse primer 16SR as described
earlier by Weisberg et al, 1991. The PCR for the 16S rRNA gene was performed with initial
denaturation at 95°C for 2 min followed by 35 cycles consisting of 95°C for 1min, 55 °C for
1min and 72 °C for 1.5 min, followed by a final extension step of 5 min at 72 °C. The PCR
products were purified by using a QlAquick PCR purification kit (Qiagen) according to the
manufacturer’s instructions. The partial sequencing of the 16S rDNA gene was carried out
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through the courtesy of DNA sequencing service, Merck Millipore (Bangalore GeNei™),
Bangalore, India.

The partial 16S rDNA sequence was aligned against representative reference
sequences of the most closely related members obtained from the National Centre for
Biotechnology Information database (http:/www.ncbi.nlm.nih.gov/BLAST). By using
CLUSTLW, a phylogenetic tree was also constructed by the Neighbour Joining method
(Saitou and Nie, 1987). The gene sequences identified were submitted to NCBI GenBank
and accession numbers were obtained.

Based on morphology, biochemical properties, closest homology (%) of 16S rDNA
and phylogenetic tree, the potential A. assamensis gut-bacteria selected for probiotic
consortium are identified as follows:-

Culture dependent Gut Bacteria

DNA was extracted from pure cultures of gut bacterial isolates from muga silkworm A.
assamensis and PCR was performed using 16s rRNA primers (27F-
“AGAGTTTGATCCTGGCTCAG” and 1492R“AAGGAGGTGATCCAGCCGCA”). The
sequence data were edited to retain only high-quality sequences and were compared with
the BLAST algorithm to 16S rDNA sequences as compiled and implemented in NCBI
(Searches employed both ends of the 16S molecule when available; bacterial species were
identified based on their similarity with existing sequences). Generic identity of about 86 gut
bacterial isolates was established through 16srRNA primers submitted to GenBank vide
accession numbers, KJ672302 —KJ672387. Out of the 86 isolates, 46 isolates were identified
based on rDNA sequence were comprise of genus Bacillus and is the most dominant group
present in muga silkworm gut. An additional 21 isolates were identified to genus Serratia sp.
i.e. Enterobacteriaceae, from the sequence data; only four isolates of genus Alcaligens were
found.

Culture independent gut bacteria

Gut bacterial diversity of muga silkworm was also assessed through next generation
sequencing approaches. Amplicon sequencing of V3 region of 16s rRNA genes was done on
lllumina MiSeq platform. Bioinformatics analysis has revealed that Actinobacteria, Firmicutes
and Proteobacteria being the dominant gut bacterial phyla with the identification of over
>1000 Operational Taxonomic Units (OTUs) of gut bacterial strains.

Culture and preparation of the consortium:

The selected gut-bacteria of A. assamensis were cultured separately on nutrient broth
medium for 48 hrs. in shaking incubator at 32° C. Then, the 48 hrs. old culture broth were
centrifuged and cells were collected separately. The cells of the five different gut-bacteria
were resuspended on sterile distilled water with final microbial load 108 cfu and utilized for
feeding to silkworm (CMERTI-I).

Treatment of beneficial gut-bacteria (CMERTI-I) on A. assamensis:

Altogether 300 nos. of 2™ instar A. assamensis larvae were taken and reared on
Persea bombycina (host) plants in 3 replications (100 each on different host plants).
Simultaneously, 100 worms were also reared as control without treatment. Consortium of 5
selected gut-bacteria solution with a microbial load 10° cfu was sprayed on P. bombycina leaf
during 3 instar of rearing. Second round of spraying was also performed in 10 days of
intervals. Relevant rearing data were recorded during the growing period of the larvae.

Nos of worms brushed, Larval weight (matured silkworm), nos. of cocoon harvested,
ERR%, average cocoon weight (& &%), shell weight (3 &%) and SR% (& &?) etc. The first
field trial to asses the impact of the gut-bacteria consortium (CMERTI-l) was conducted
during the month of October-November’ 2014 at Field Laboratory of CMER&TI located at

Titabar.
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The average larval weight was recorded higher (10 gm) in the A. assamensis
silkworms treated with beneficial gut-bacteria combinations (Bacillus cereus MGB011+
Bacillus atrophaeus MGB14 + Bacillus cereus MGS09 + Bacillus stratosphericus MGBO5 +
MGSO01) then the control (8.97 gm). As such, average cocoon weight (34.3 gm & $5.34 gm),
shell weight (30.32 gm & 90.40 gm) and silk ratio (47.52% & 97.53%) were also found
higher in the treated silkworms in comparison to control i.e. in untreated silkworm rearing.
The effective rate of rearing (ERR) was calculated, where it was recorded higher (67%) in the
A. assamensis silkworms treated with beneficial gut-bacteria combinations then the control
(52.67%). The first field trial results revealed that the ERR% of A. assamensis has been
increased by 27.2% against the control. Accordingly, the average larval weight (10.3%),
cocoon weight (35.9% & 9©14.35%), shell weight (310.34% & 217.34%) and SR% (£5.62%
& 93.43%) also increased in the treated in comparison to the untreated silkworms.

Second field trial to asses the impact of the gut-bacteria consortium (CMERTI-I) was
conducted during the month of January-February’ 2015’ at Field Laboratory of CMER&TI
located at Titabar.

The average larval weight increased (9.79 gm) when treated the beneficial gut-
bacterial consortium CMERTI-I against control (8.69 gm). Similarly, average cocoon weight
(33.56 gm & 94.94 gm), shell weight (20.31 gm & 90.39 gm) and silk ratio (38.74% &
©6.93%) were also enhanced while treated with the same consortium. The effective rate of
rearing (ERR) was calculated, where it was recorded higher (76%) in the A. assamensis
silkworms treated with CMERTI-I then the control (56%). The results revealed that the ERR%
of A. assamensis has been increased by 35.7% against the control. Accordingly, the
percentage of increase over control was determined for average larval weight (12.5%),
cocoon weight (36.6% & 9210%), shell weight (313.5% & 95.4%) and SR% (36.6% &
©02.36%).

Third field trial to asses the impact of the gut-bacteria consortium (CMERTI-I) was
conducted during the month of June-July’ 2015’ at Farm no. 3 of CMER&T]I, Lahdoigarh.

The feeding of the beneficial gut-bacteria consortium CMERTI-I enhanced average
larval weight (9.08 gm) of muga silkworm over the control (8.35 gm). As such, average
cocoon weight (44.72 gm & 95.61 gm), shell weight (30.36 gm & ©0.48 gm) and silk ratio
(39.07% & 28.87%) were also recorded higher in the treated silkworms in comparison to the
control i.e. in untreated silkworm rearing. The effective rate of rearing (ERR) was also found
higher (71.6%) in the A. assamensis silkworms fed with CMERTI-I then the control (61.7%).
Supplementation of CMERTI-I enhanced the ERR% of A. assamensis by 8.98% against the
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control. Likewise, percentage of enhancement in different parameter are, average larval
weight (8.74%), cocoon weight (37.76% & 933.25%), shell weight (321.21% & 223.07%)
and SR% (420.93% & $2.90%) against the untreated silkworms.
Assessment of the consortia developed by IARI, New Delhi

The collaborating institute, IARI, New Delhi has developed to consortia (IARI-1 & IARI-
Il) of beneficial gut-bacteria of A. assamensis. The field trials were conducted by the same
procedure at Field Laboratory, Titabar. First field trial to assess the impact of consortia IARI-I
and IARI-Il was carried out at Field Laboratory of CMER&TI located at Titabar during the
month of April-May’ 2015.
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The average larval weight was increased in the A. assamensis silkworms treated with both
the beneficial gut-bacteria consortia IARI-I (9.97 gm) and IARI-II (10.02 gm) in comparison to the
untreated silkworm (8.13 gm). As such, average cocoon weight and shell weight were recorded
higher both in the IARI-I and IARI treated silkworms then the control. On the contrary, the
absolute silk ration (%) was found lower in the IARI-I and IARI-II treated silkworms than the
control. The ERR% of the crop was highest (91%) in the IARI-I treated silkworms, which has been
followed by IARI-Il (78%) and control (65%), respectively. The percentage of increase in ERR%
over control was 40% and 20% while treated with IARI-I and IARI-Il consortia. IARI-I and IARI-II
improved the silkworm larval weight during experimental rearing by 22.63% and 23.25%
respectively.

Similarly, percentage of increase over control for other parameter are cocoon weight (IARI-
| 315.40% & 917.38%; IARI-1l 3.66% & $19.34%) and shell weight (IARI-1 36.12% & 912.35%;
IARI-II 33.21% & $5.08%) found to be significant.

Subsequent trial to assess the impact of consortia IARI-I and IARI-Il was carried out
at Farm no. 3 of CMER&TI, Lahdoigarh during August-September’ 2015.

Larval weight was recorded higher (8.94 gm) in the A. assamensis silkworms treated
with IARI-1I then the control (8.54 gm), whereas no significant increase over control was recorded
in the 1ARI-I treated larvae. Similarly, both the consortia did not exhibit significant impact on the
male cocoon weight, but the female cocoon weight was increased while treated with IARI-I (5.11
gm) and IARI-Il (4.88 gm). As such, male silk ratio was higher (8.22%) in the IARI-Il treated A.
assamensis silkworm then control. However, in female cocoon the absolute silk ratio was
increased while treat with IARI-1 (9.5%) and IARI-II (9.43%).

The percentage of increase in ERR% over control was 19.44% and 6.94% while
treated with IARI-I and IARI-II consortia.

Similarly, for other parameter percentage of increase over control was cocoon weight
(IARI-l 32.27% & 218.84%; IARI-Il 35.0% & 913.49%) and shell weight (IARI-l 314.48% &
025.64%; IARI-Il 317.95% & 917.95%) found to be significant.
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Project Code: PRP-5862
Project Title: Screening of microbial flora (potential bio-fertilizer) of castor rhizosphere
and development of INM package in Ericulture
Total Project Cost (Rs.) : Rs. 18.80 (lakhs)
Project Period : July 2012-June 2015
Investigators : Dr. Dip Kumar Gogoi, Principal Investigator
Dr. Kartik Neog, Co-investigator
Objectives:
i) Benchmark survey for microorganisms with biofertilizer potentialities prevalent to
castor rhizosphere and experimental virgin plot.
i) Analysis of soil biological properties of experimental virgin plot.
i) Selection and identification of potential strains by polyphasic approach.
iv) Formulation and application of biofertilizer package with different treatment
combinations in RBD for field trial.
v) Study of various growth parameters in specific time period of the growing castor
plant.
vi) Post record survey of the microbial status in the experimental field.

Achievements
Analysis of soil biological properties of experimental plots (Pre-experiment)

The soil pH of the collected samples from two plots was recorded within the range of
6.3t06.7. The average soil respiration activity in both Plot no.8 and 10, per 100 gm of
soil was found more during summer in comparison to that of the others at different time
intervals i.e. 24 hrs. (18.28 mg/100g), 48 hrs. (18.97 mg/100g) and 72 hrs. (19.54 mg/100g),
respectively. Similarly, the amount of carbon released calculated out from the evolved CO. in
different time interval for both the plots was also higher (4.72 mg/100g) in summer and
followed by winter (4.14 mg/100g), spring (3.84 mg/100g) and autumn (3.59 mg/100gq),
respectively. Irrespective to the season, the results revealed that the amount of CO,
evolution increases with prolonged incubation period. Plot wise evaluation of soil respiration
showed better activity in Plot no.8 than Plot no. 10. The soil respiration was positively
correlated with environmental parameters like temperature, humidity etc. in different
seasons.

Table : Correlation of soil respiration and amount of released carbon with environmental
parameters in various seasons of the year.

Parameter Correlation/ CO: evolution Carbon released
Significance (mg/1009) (mg/1009)
Plot 8 Plot 10 Plot 8 Plot 10
Temperature Correlation 0.043 0.062 0.043 0.058
(°c) Significance 0.957 0.938 0.957 0.942
(Level: 0.01)
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Humidity Correlation 0.241 0.274 0.245 0.267
(%) Significance 0.759 0.726 0.755 0.733
(Level: 0.01)

The average soil dehydrogenase activity (DH) in both the experimental plots was
found more during summer season which has been followed during autumn, spring and
winter season, respectively. The comparative study showed better DH activity in Plot 10 than
that of Plot 8 throughout the year. Significantly, highest DH activity in Plot no 10 (0.796 pg/10
ml) and 8 (0.535 pg/10 ml) was recorded during summer season, whereas the lowest activity
was found in winter season both in Plot no 10 (0.553 pg/10 ml) and Plot 8 (0.315 pg/10 ml).
The statistical analysis showed positive co-relation between the environmental parameters
(temperature and humidity) and soil DH activity in various seasons for both the plots.

Acid phosphatase (AP) activity was also estimated in spring, summer, autumn and
winter seasons for the soil samples of Plot no.10 and 8. Although AP activity is more during
summer season, no significant (p > 0.05) difference was observed in all the seasons for both
the plots. However, the AP activity in Plot no.10 (35.06 pg/ml) is significantly more than Plot
no. 8 (32.45 pg/ml), especially in summer. Lowest AP activity was found in Plot no. 10 (30.16
pug/ml) and Plot no. 8 (28.63 pg/ml) was found in autumn season. So far as statistical
analysis is concerned, positive co-relation was observed between the environmental
parameter and AP activity.

Table: Correlation of soil dehydrogenase and acid phosphatase activity with environmental
parameters in various seasons of the year

Parameter Correlation/ Soil dehydrogenase Acid phosphatase
Significance (ng/10ml) (ng/ml)
Plot 8 Plot 10 Plot 8 Plot 10
Temperature Correlation 0.835 0.904 0.258 0.136
c) Significance 0.165 0.096 0.742 0.864
Humidity Correlation 0.566 0.221 0.322 0.241
(%) Significance 0.434 0.779 0.678 0.759

Significant level: 0.05

Isolation of biofertilizer potential castor rhizobacteria

Altogether, one hundred twenty two (122) nos. of rhizosphere soil samples of castor
plant were collected from different locations of Assam such as Kazhiranga, Majuli,
Sivasagar, Jorhat, Golaghat, Sodiya, Digboi, Tinsukia, Tingrai and foothills of Nagaland.

Pure culture of fourteen Azospirillum sp., twenty Azotobacter/Achromobacter sp.,
twenty two phosphate solubilizing bacteria (PSB) and fifteen Pseudomonas sp. were
isolated from the collected castor rhizosphere samples by standard Serial Dilution
Technique using Okon’s, Ashby’s, Pikovskaya and King’'s B/Pseudomonas isolation agar
media, respectively.

Population of Azospirillum sp., Azotbacter sp. and Achromobacter sp. was higher in
the castor rhizosphere samples collected from Kaziranga National Park. On the other hand,
majority of PSB and Pseudomonas sp. were isolated from the soil samples of Majuli river
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island, Jorhat. In addition, significantly higher population of PSB was found in the castor
rhizosphere collected from Sodiya, foothills of Nagaland and Digboi.

The Azospirillum and Azotobacter/Achromobacter isolates were observed under
microscope as Gram negative, small-rod and oval shaped bacteria. All the isolates exhibited
diverse array of biochemical reactions during biochemical characterization.

Among the PSB, most of the isolates were Gram positive rod shaped bacteria of
different sizes. Very few are found to be Gram negative, coccus shaped phosphate
solubilizing bacteria arranged in different orientations. As such, Pseudomonas isolates were
found to be Gram negative small rod shaped bacteria having different biochemical
properties.

Qualitative Screening of microflora

Screening of the biofertilizer potential castor rhizobacteria revealed that most of the
isolates have got nitrate reductase, phosphate solubilization and PGPR activity. The
Azosprillum, Azotobacter, Achromobacter, Pseudomonas and PSB isolates, which have
significantly positive screening results, were selected for subsequent quantitative assay.

PSB isolate no. MAJ PSB 12 showed highest phosphatase activity with solubilization
index 3.0 and 3.66 at 48 and 96 hrs. of incubation, respectively. Similarly, isolate no. KAZ
AZP 01, MAJ AZB 07, MAJ AZB09, MAJ AZB 13 and KAZ AZB 01, 05 showed better nitrate
reductase activity than the rest of the isolates in qualitative screening. Pseudomonas isolate
no. MAJ PIA3 produced highest inhibition zone (mm) while tested for their in-vitro antifungal
activity against five common plant pathogens. Besides, rest of the Pseudomonads also have
got considerable amount of antifungal property against five test organisms viz. F.
monoliformes, F. oxysporum NCIM 1281, R. solani, F. oxysporum Ciceri and F. oxysporum
lycopersicum.

Table: Screening of nitrate reductase activity of the isolates

Sl. Azospirillum sp. Activity Sl. Azotobacter sp. Activity
No. No.
01 KAZ AZPO01 +++ 01 KAZ AZBO01 +++
02 KAZ AZP02 + 02 KAZ AZB02 ++
03 KAZ AZP03 ++ 03 KAZ AZB03 ++
04 KAZ AZP04 + 04 KAZ AZB04 +
05 KAZ AZP05 + 05 KAZ AZB05 +++
06 KAZ AZP06 + 06 KAZ AZB06 ++
07 KAZ AZPQ7 + 07 MAJ AZB07 +++
08 KAZ AZP08 + 08 MAJ AZB08 ++
09 MAJ AZP09 ++ 09 MAJ AZB09 +++
10 MAJ AZP10 + 10 MAJ AZB10 ++
11 MAJ AZP11 + 11 MAJ AZB11 +
12 SOD AZP12 + 12 MAJ AZB12 +
13 NGL AZP13 ++ 13 MAJ AZB13 +++
14 ARN AZP14 + 14 MAJ AZB14 +
15 ARN AZB15 +
16 ARN AZB16 +
17 ARN AZB17 +
18 DGB AZB18 +
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19 DGB AZB19
20 NGL AZB20

*+++ High, ++ Moderate, + Low

Table : Screening for Antifungal activity of the Pseudomonas isolates.

Inhibition zone diameter (mm)

Pseudomonas :
isolates F. F. F. R. solani  F. oxysporum
monoliformes  oxysporum oxysporum lycopersicum
NCIM 1281 ciceri

Control NA NA NA NA NA

MAJ PIAO1 13 00 00 12 14

MAJ PIAO2 00 15 00 12 19

MAJ PIA03 26 35 31 28 30

MAJ PIA04 18 20 14 16 15

MAJ PIA05 10 00 08 15 12

MAJ PIA06 00 12 00 16 00

MAJ PIA07 00 18 18 12 00

MAJ PIA0O8 21 00 00 15 00

Quantitative assay of the castor rhizobacteria

Nitrate reductase activity was assayed among the selected Azospirillum, Azotobacter
and Achromobacter isolates. Among the Azospirillum sps., isolate no. KAZ AZP01 released
highest nitrate reductase (37.05 units/ml), followed by KAZ AZP02 (24.90 units/ml) and KAZ
AZPQ7 (20.7 units/ml) respectively. Accordingly, translation of nitrite formed by Azospirillum
sps. could be expressed as KAZ AZP01> KAZ AZP02> KAZ AZP07> ARN AZP14> MAJ
AZP09> KAZ AZP05> KAZ AZP03> NGL AZP13> SOD AZP12> MAJ AZP10.

So far as, nitrate reductase activity among the Azotobacter and Achromobacter
isolates is concern, activity was highest (17.70 units/ml) in KAZ AZBO05, followed by KAZ
AZB01 (16.65 units/ml) and KAZ AZB03 (15.45 units/ml), respectively. The translation of
nitrite formed by Azotobacter/Achromobacter sps. could be expressed as KAZ AZB05> KAZ
AZB01> KAZ AZB03> DGB AZB19> MAJ AZB14> DGB AZB18> MAJ AZB07> KAZ AZB04>
MAJ AZB08> MAJ AZB09.

Based on the above results, the most efficient nitrate reducer KAZ AZP01 and KAZ
AZBO05 were selected for species level identification and utilized for subsequent formulation
of INM package in castor cultivation.

In-vitro phosphate solubilization by the PSB isolates was assessed based on
available PO, concentration in broth culture on different time interval. The soluble P
concentration in the NBRIP medium after 96 h of incubation was estimated ranging between
30.6 + 0.78 mg/L and 9.10 + 0.67 mg/L. Simultaneously, significant decrease of pH of the
medium up to 5.4 from an initial pH of 7.0 was observed after 96 h. Out of the fifteen PSB
isolates, isolate no. MAJ PSB12 showed highest P solubilization (30.6 + 0.78 mg/L) with
maximum drop in pH to 5.4, followed by KAZ PSB03 with soluble P concentration 21.10 £
0.44 mg/L. Minimum concentration of soluble P (9.10 + 0.67 mg/L) was recorded in the
culture of MAJ PSB03 with culture medium pH 7 after 96 h of incubation at 30° C. Based on
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the assay result MAJ PSB12 was identified through rDNA homology and further considered
for implementation in field trial.

Plant growth promoting activity

Most of the isolates taken under consideration were found to be positive against 1AA,
GA; and ACC deaminase activity test. Among the Azospirillum isolates highest PGP activity
of the above three parameters were found in KAZ AZP01 as 26.51 mg/l, 5.990 mg/I and
0.011 pg/10ml/min., respectively. Besides, KAZ AZP03 for IAA (18.50 mg/l) and GA; (4.07
mg/l) production and KAZ AZP02 for ACC deaminase activity (0.010 pg/10ml/min.). also
have got considerably higher plant growth promoting ability in comparison to others. Highest
amount of 1AA (27.87 mg/l), GA; (7.0 mg/l) and ACC deaminase (0.027 pg/10ml/min) was
produced by KAZ AZB05 among the Azotobacter/Achromobacter isolates followed by the
isolate KAZ AZB03 for IAA (22.58 mg/l), KAZ AZB01 for GA; (3.30 mg/l) and KAZ AZB02 &
MAJ AZB08 for ACC deaminase activity (0.005 pg/10ml/min.) Similarly, among the PSB
isolates MAJ PSB12 synthesized highest amount of I1AA (24.60 mg/l), GAs (3.921 mg/l) and
ACC deaminase (0.015 pg/10ml/min.) followed by MAJ PSBO05 for IAA (21.19 mg/l), KAZ
PSB0O1 for GA; (3.417 mg/l) and MAJ PSB11 for ACC deaminase activity (0.011
pg/10ml/min.). Accordingly, among the Pseudomonads, isolate no. MAJ PIAO3 showed
highest 1AA (27.84 mg/l), GA; (8.21 mg/l) and ACC deaminase activity (0.014 pug/10ml/min.)
which was followed by MAJ PIAQ7 for IAA (22.49 mg/l) and GA; (5.88 mg/l). MAJ PIAO1 also
found to have considerably better ACC deaminase activity (0.011 pg/10ml/min.)

Selection and identification of potential isolates

Most efficient Azospirillum isolate KAZ AZP01 is a small rod-shaped, size (length 2.5-
2.8 uM x width 1.1-1.3 uM), gram-negative bacteria. A total of 1446 bp of 16S rRNA gene of
the strain KAZ AZP01 was amplified and sequenced by using their respective primers.
Comparison of these test sequences against NCBI GenBank database was performed with
BLAST. As per the BLAST result the 16S rDNA sequence of isolate KAZ AZP01 has 99%
sequence similarity with Azospirillum brasilense strain SP245. Hence, the N, reducing isolate
no. KAZ AZP01 was finally identified as Azospirillum brasilense strain KAZ AZP01. Similarly,
isolate no. KAZ AZBO05 is also a gram negative, rod shaped aerobic bacteria, which had 99%
16S rDNA sequence homology with Achromobacter xylosoxidans strain M66. Based on
morphology, biochemical properties and rDNA homology result, the isolate was identified as
Achromobacter xylosoxidans strain KAZ AZBO05. Subsequently, phylogenetic tree were
constructed, which shows the relationship between the individual query isolates and closely
homologous group of bacteria.

Based on biochemical characterization the most efficient PSB isolate was positive in
hydrolysis of starch, urease, catalase, nitrate reductase, phosphatase, methyl red, gelatin
liquefaction, indole, and arginine whereas showed negative VP test, citrate, H.S production
and ONPG test. The bacterium, MAJ PSB12 assimilated glucose, arabinose, maltose,
mannitol, glycerol, sucrose, and trehalose however did not utilized xylose, adonitol,
galactose, gluconate, lactose, melibiose, rhamnose, ribose, sorbitol and xylitol.

A total of 1404 bp of 16S rRNA gene of the strain MAJ PSB12 was amplified and
sequenced by using their respective primers. Comparison of these test sequences against
NCBI GenBank database was performed with BLAST. As per the BLAST result the 16S
rDNA sequence of isolate MAJ PSB12 has 99% sequence similarity having highest score i.e.
2514 bits with Bacillus firmus NBRC 15306. Subsequently, a 16S rDNA gene sequence was
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aligned and phylogenetic tree were constructed, which shows the relationship between the
isolate MAJ PSB12 and closely homologous group of bacteria. Based on the 16S rDNA
homology to B. firmus, the isolate MAJ PSB12 was referred as Bacillus firmus strain MAJ
PSB12 with NCBI Gene Bank accession no. KM068057. The DNA G+C content of strain
MAJ PSB12 was determined as 41.0 mol %.

Based on the assay results, the most efficient Pseudomonas isolate MAJ PIA03 was
identified upto species level through 16S rRNA gene homology. The genomic DNA of MAJ
PIAO3 was sent and 16S rDNA sequence has been obtained through the courtesy to
Bangalore Gen®, Bangalore, India. The sequence has been aligned with the closest
homology by using the BLAST tool of NCBI (National Centre for Biotechnology Information).
The phylogenetic tree showed closest homology of the strain with Pseudomonas aeruginosa
NBRC 12689 and hence identified as Pseudomonas aeruginosa strain MAJ PIA03. The 16S
rDNA sequence was finally online submitted to NCBI with accession no. KM875456.

The selected biofertilizer potential castor rhizobacteria were identified by polyphasic
approach for further field trial and formulation of INM package as follows:

Sl. Isolate Source Location Scientific name NCBI
No. number accession no.
01 KAZAZPO1 Castor Kaziranga Azospirillum Under progress
rhizosphere National Park  brasilense strain
KAZ AZPO01
02 KAZAZBO05 Castor Kaziranga Achromobacter KP298705
rhizosphere National Park xylosoxidans
strain KAZ
AZB05
03 MAJPSB12 Castor Majuli Bacillus firmus KM068057
rhizosphere strain MAJ
PSB12
04 MAJ PIAO3 Castor Majuli Pseudomonas KM875456
rhizosphere aeruginosa
strain MAJ
PIAO3
Field trial

The selected biofertilizer potential rhizobacteria viz. Azospirillum brasilense strain
KAZ AZP01, Achromobacter sp. strain KAZ AZBO05, Bacillus firmus strain MAJ PSB12 and
Pseudomonas aeruginosa strain MAJ PIAO3 were mass cultured in liquid culture broth. Ten
different treatment combinations were prepared and applied in the castor plants as
mentioned in the methodology section.

Two consecutive field trials under optimum growing conditions were conducted
which resulted significant enhancement on various growth parameters over control while
treated with biofertilizer potential microbial consortia.

In plot 8, maximum (59.9 £ 22.51) castor leaves yield per plant was recorded while
treated with Tg, whereas in plot 10 leaf number was highest (77.90 + 14.20) in treatment no
Ts. Nos. of leaf production per plant was significantly higher in T4 (P8:55 £ 12.01; P10: 49.10
+ 13.33), T (P8: 59.9 + 22.51; T10: 61.2£17.67) and T, (P8: 57.4 £ 5.1; P10: 77.9 + 14.20)
as compared to control (T1) in both the plots. The nos. of leaves were 45.5 and 43.7 in plot




CMERTI, Annual Report 2015-16

no 8 and 10, respectively, while the castor plants were treated with organic manure/FYM (1
Kg/plant).

Fresh leaf weight in gm per plant was recorded highest while treated with T in both
the plots (P8: 485 + 47.67; P10: 707 + 81.28), followed by T, (P8: 484 + 76.48; P10: 615 +
54.47) and Tg (P8: 469 + 66.47; P10: 518 = 97.07). The treatment 1, i.e. existing
recommended dose produced slightly in lower side (P8: 239 + 13.9; P10: 491.5 £113.48) so
far as fresh leaf weight is concerned. The castor leaf moisture content (in gm) was higher in
the plants supplemented with Ty (P8: 421.80 £ 50.96; P10: 612.70 = 68.32) on both the plots,
which have been followed by T, (P8: 420.90 = 71.73; P10: 543.20 £ 62.46) and Tg (P8:
409.90 +61.47; P10: 489.40 + 58.65), respectively.

The leaf biomass (in gm) per plant has also been enhanced significantly due to
application of biofertilizer consortia. The plants with Ty input produced maximum biomass
(dry weight) in plot 8 (74.10 + 35.44) as well as plot 10 (113.30 + 25.16) in comparison to
other treatments including control). Significantly, the average percentage leaf biomass
increase over control in plot 8 was 152.04%, 114.96%, 114.62%, 101.02% and 98.20% when
Te, Ts, T1o, Ts and T4, were applied, respectively. In plot no. 10, leaf biomass (%) increased
over control was recorded as 78.57%, 71.40%, 67.01%, 26.77% and 24.65% while
supplemented with Tg, Tg, T10, T5s and T, respectively.

Accordingly, the average stem base diameter (in cm) of castor plant was also more
in Tg (2.7940.23) and Ty (4.17+0.42) of plot 8 & 10, respectively in comparison to the control
(P8: 1.97 = 0.35; P10: 3.56 £ 0.55). However, there was no significant difference between
the treatment applications and control was observed in terms of stem base diameter.

Besides, castor stems were also recorded to be longer (in meter) while treated with
T (2.23 £ 0.31) and Ty (2.66 + 0.32) at plot nos. 8 and 10, respectively in comparison to
other treatments. Result showed that the stems are stronger in castor plants treated with
biofertilizer potential microflora.

In both the experimental plots, the primary root length (in cm) was found to be
longest in Ty (P8: 56.30 + 26.73; P10: 70.40 = 21.46), which have been followed by T, (P8:
55.20 £21.77; P10: 56.60 + 15.77). Root biomass per plant was highest in Tg (65.30 £ 33.57)
at plot 8 whereas in plot 10 it was found maximum (172.70 £ 65.31) in T,.

From the above results, it has been observed that biofertilizer potential microbial
consortia in combination with reduced dose (30-50%) of inorganic NPK, significantly
enhanced the growth and leaf yield in castor plant.

Post record survey of the microbial status in the experimental field

The results revealed that the amount of CO, evolution increases with prolonged
incubation period. Plot wise evaluation of soil respiration showed better activity in Plot 8 than
Plot 10 per 100 g of soil at different time intervals i.e. 24 h (20.24 mg/100g), 48 hrs. (23.39
mg/100g) and 72 hrs. (27.72 mg/100g), respectively. The soil respiration activity in the
experimental plots has been increased in post experimental analysis in comparison to
benchmark survey. It reflects that, soil microbial population was increased due to application
of biofertilizer input on castor plants.

During post experimental analysis, the comparative study showed better DH activity
in Plot 10 than that of Plot 8. Significantly, highest DH activity in Plot no 10 (0.878 pg/ml/hr)
and in Plot 8 (0.775 pg/ml/hr) was recorded, whereas the lowest activity in Plot no 10 was
found (0.841 pug/ml/hr) and in Plot 8 it was 0.688 ug/ml/hr.
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Acid phosphatase (AP) activity was also estimated for the soil samples of Plot no.10
and 8 after completion of field trial. However, in Plot no.10 (33.64 pug/ml/min.) the AP activity
is significantly more in comparison to Plot no. 8 (31.79 pg/ml/min.). Lowest AP activity in Plot
no. 10 was found to be 32.70 pg/ml/min. and in Plot no. 8 it was 29.30 pg/ml/min.

The soil dehydrogenase activity has been enhanced in both the experimental plots
treated with of biofertilizer consortia. On the contrary, no significance difference was
observed between pre and post experimental acid phosphatase activity in plot 8 and 10.

Development of INM package

Based on the qualitative and quantitative assay, four most efficient biofertilizer
potential rhizobacteria namely Azospirillum brasilense strain KAZ AZP01, Achromobacter
xylosoxidans strain KAZ AZBO05, Bacillus firmus strain MAJ PSB12, Pseudomonas
aeruginosa strain MAJ PIAO3 were considered for formulation of INM package in ericulture.
These bacteria were isolated from the rhizosphere soil of native castor plants growing
naturally in Northeast India.

Among ten different treatment combinations, application of Ty has got significant
impact on growth and yield of castor plant in comparison to control and other combinations.
Normal recommended dose (FYM/Cowdung-1000g + Urea-13g + SSP-25g + MOP-3g) for
castor plant in ericulture was considered as control. Soil treatment through input of
biofertilizers can enhance the crop yield and reduces soil pollution by curtailing the chemical
fertilizer dose and eventually lead to sustainable agriculture. Hence, based on findings of the
field trial, Treatment-9 i.e. the combinations of four selected rhizobacteria with 50% reduced
dose of inorganic fertilizer is recommended as eco-friendly and effective Integrated Nutrition
Package for systematic castor cultivation in sustainable eri sericulture.

The recommended INM package for systematic castor cultivation in ericulture under
the project is as follows:

S/N Constituent Fertilizer type Formulation Quantity
per plant
01 | Azospirillum brasilense In carrier (e.g. 500 gm
strain KAZ AZP01 vermicompost)
02 | Achromobacter , . and inert material
xylosoxidans strain KAZ Biofertilizer (e.g. Charcoal) in
AZB05 1:1 ratio with final
03 | Bacillus firmus microbial load 10®
strain MAJ PSB12 cfu.

04 | Pseudomonas aeruginosa
strain MAJ PIAO3

05 | FYM (Cow-dung) Organic fertilizer Compost 500 gm
06 | Urea Pure 6.5 gm
07 | SSP Inorganic Pure 12.5gm
08 | MOP fertilizer Pure 1.50 gm
.............................. P

Project Code: AIB 5851
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Project Title: Development of high yielding muga silkworm breed through population

improvement
Total Project Cost (Rs) : 7.05 lakh
Project Period : February, 2011-December, 2015
Investigators : Dr. N. I. Singh, Principal Investigator

D. Goswami, Co —Investigator
Objective
To develop new breeds of muga silkworm with high survivability and high shell weight

Progress /achievements

In order to develop high yielding muga silkworm breeds with high survivability and high
cocoon shell weight, wild seed cocoons of muga silkworm were collected from different
places viz. Mendipathar, South Garo Hills and West Garo Hills, Tura, Imphal Manipur,
Kaccharipathar, Golaghat and conserved in ex situ in the GPB of the Institute for utilization in
the breeding programme. Eight Germplasm accessions were collected and the rearing
performances of these accessions were evaluated in the different seasons to select the best
Genotype to utilize in further selection breeding. Among the eight Genotypes, the average
fecundity ranged from 135 to 172 eggs with the highest shown by the Genotype Aa-MM.
Average hatching percentage ranged from 69.87% to 83.33% with the highest recorded in
the Genotype Aa-TM. Average cocoon yield per dfl in the Genotype ranged from 90 cocoons
per dfl in the Aa-KA to 110 per dfl in the Genotype Aa-MM while the highest effective rate of
rearing was registered by the Genotype Aa-SD (92.85%) and the lowest by the Genotype
Aa-TM (77.14). Average cocoon weight in the female ranged from 6.28g to 7.22g with the
highest recorded by the Genotype Aa-MM while the male cocoon weight ranged from 4.13g
to 5.05g with the highest recorded by the Genotype Aa-TM. The highest average female
cocoon shell weight of 0.75g was registered by the Genotype Aa-TM and the lowest of 0.47¢g
by the Genotype Aa-IM while in the male highest cocoon shell weight of 0.52g was shown by
the biotype Aa-TM with the lowest of 0.35g by the by the Genotype Aa-SD. The average
filament length ranged from 289m to 411m in the different Genotype with the highest
recorded by Aa-TM and lowest by the Genotype Aa-SD.

Besides, three Germplasm accessions viz. Aa-01, Aa-02 and Aa-03 were obtained from
RMRS, Boko for utilization in the breeding programme. The rearing of these three muga
silkworm accessions was evaluated during Jarua and Chatua crops.

The analysis of variance revealed significant differences among the genotypes in all
the important economic characters studied.

The components of genetic variation such as variances of genotype and phenotype
together with genotypic coefficient of variation (GCV), Phenotypic coefficient of variation
(PCV), heritability in broad sense (h2) and genetic advancement are studied. The single
cocoon shell weight in the female showed highest PCV (19.252%) and GCV (20.795%) and
high estimated heritability (86%) followed by cocoon shell weight of the male with PCV
(13.669%), GCV (15.89%) and heritability (67%) and in fecundity, PCV of 10.282%, GCV of
10.695% and highest heritability 92% were recorded. The GCV was near to PCV for most of
the characters, indicating a highly significant effect of genotype on phenotypic expression
with very little effect of environment. In the present study, heritability of the different
characters ranged from 0.63(number of cocoons per dfl) to 0.93(male cocoon weight). High
heritability estimates indicate the presence of large number of fixable additive factors and
hence these characters may be improved by selection.




CMERTI, Annual Report 2015-16

The phenotypic (r,) and genotypic (rg) correlations among the different characters are
analysed. It is observed from the table that ry are generally higher than the r, values in most
of the characters. Fecundity showed significant positive correlation with number of cocoons
per dfl and female cocoon weight while negative correlation with ERR which indicated that
simultaneous selection of fecundity and cocoon weight would be effective for improvement of
cocoon yield. Hatching percentage exhibited significant positive correlation with number of
cocoons per dfl. Significant positive correlations were observed between the characters,
number of cocoons per dfl and ERR. Female and male cocoon weights were found to have
significant positive correlation with shell weight and filament length. Cocoon shell weight of
both sexes showed significant positive correlation with filament length. Thus for improvement
of filament length, cocoon weight and shell weight in both the sexes should be
simultaneously selected.

Table: Performance of different economic characters in muga silkworm Genotypes

Genotyp| Fecundit | Hatchin | No.of | E.R.R | Femal | Femal | Male Male | Single
e y g cocoon . e e cocoo | cocoo | Cocoon
% S % Cocoo | Cocoo n n Filamer
Per dfl n n Weigh | Shell | Length
weight | Shell t Weigh | (m)
(9) | Weight | (9) t
) (9
Aa-SD 138 76.05 97 9285 | 6.71 0.50 4.28 0.35 289
Aa- 140 75.75 96 91.20 | 6.30 0.54 413 0.35 302
Blue
Aa- 172 80.20 110 80.55 | 6.80 0.48 4.70 0.49 388
MM
Aa-GA 135 77.77 92 87.73 | 6.28 0.52 4.50 0.46 350
Aa-TM 168 83.33 108 7714 | 6.54 0.75 5.05 0.52 411
Aa-IM 165 69.87 98 85 6.54 0.47 4.39 0.47 328
Aa-KA 145 74.53 90 8342 | 7.22 0.72 4.86 0.47 393
Aa-SM 170 70.05 94 78.94 | 6.99 0.57 4.39 0.45 343
CD 2.75 1.96 12.80 | 5.45 | 0.008 0.02 | 0.007 | 0.008 | 35.72
(5%)
CD 4.03 2.87 23.30 | 9.36 | 0.011 0.03 0.01 0.013 | 52.31
(1%) 5

Table: Components of genetic variability in respect of 9 characters in muga silkworm,
A. assamensis

Parameters | Genotypic | Phenotypic | Genotypic | Phenotypic | Heritability Genetic
variance Variance | Coefficient | Coefficient (Broad Advance as
of Variation | of Variation Sense) % of mean
Fecundity 250.71 271.27 9.314 9.688 0.92 17.32
Hatching % 18.77 29.2 6.184 7.713 0.64 8.01
Cocoons 45.09 71.58 7.143 9.00 0.63 9.57
per dfl
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E.R.R. %

32.69

42.51

7.243

8.259

0.77

10.60

Female
Cocoon
weight

0.105

0.115

4.635

4.851

0.91

8.19

Female
shell weight

0.012

0.014

19.218

20.758

0.86

31.38

Male
Cocoon
weight

0.093

0.10

6.946

7.203

0.93

11.40

Male
Cocoon
shell
weight

0.0037

0.005

19.218

20.758

0.74

20.78

Filament
length

1788.95

2650.87

12.331

15.018

0.67

17.34

Table : Genotypic and phenotypic co-relation of the different traits in Muga silkworm

Hatching | No.of | ERR% | Female | Female | Male |Male shell|Filament
Character % cocoon cocoon shell | cocoon | weight length
/dfl weight | weight | weight
Fecundity | r, | -0.07 | 0.75* | -0.78* 0, 77063 0.07 0.37 0.54 0.40
r¢ | 0.39 |0.845™ | -0.89** | 0.837** | 0.08 0.40 0.66 0.54
Hatching | rp 0.74* 0.24 0.23 0.24 0.50 0.26 0.38
% g 0.85** | 0.25 0.29 0.39 0.61 0.27 0.56
No. of cocoon| r, 0.77* -0.16 -0.072 0.33 0.29 0.27
/dfl ry 0.75* | -0.15 | -0.004 | 0.42 0.40 0.43
ERR% o -0.38 -0.42 -0.65 -0.71 -0.64
g -0.42 -0.48 -0.76* | -0.89** -0.92**
Female o 0.78* 0.363 -0.24 0.32
cocoon g 0.74* 0.374 0.25 0.37
weight
Female fo 0.675 -0.75* 0.77*
shell weight | r, 0.757* | 0.83* 0.84**
Male o 0.82* 0.832*
cocoon g 0.84** 0.905**
weight
Male shell | 1, 0.765*
weight rg 0.842**

fp - phenotypic
fy - genotypic

*Significant at 1% level
**Significant at 5% level

Development of High Yielding Recombinant Inbred Lines(RIL): Two Genotypes viz. Aa-
SD and Aa-TM possessing high values of the desired traits viz. Survivability and cocoon shell
weight along with high heritability (broad sense) and high genetic advance in percent over
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mean of the traits to be selected have been identified as parents for evolution of high yielding
breeds. The Genotype Aa-SD possessing highest ERR of 92.85% was crossed with the
Genotype Aa-TM possessing highest values of cocoon shell weight (0.75g in female and
0.52g in male).

In the F1 hybrid of the selected parents Aa-SD and Aa-TM, fecundity, ERR, cocoon
weight and shell weight were recorded as 160 eggs, 82.68%, 7.67g in female and 5.47¢g in
male with 0.75g in shell weight in female and with 0.58g in shell weight in male
respectively. Segregating Progenies of the F2 hybrid Aa-SD X Aa-TM were raised. High
segregation was observed in the F2 generation. It was observed that in F2, the Effective
Rate of Rearing (ERR %) ranged from 67.74 to 90.26 % with 18.67% CV, cocoon shell
weight in female, ranged from 0.58 to 0.85 g with 18.30 % CV and in male, it ranged from
0.44-0.68 g with 20.75% CV showing that there is wide scope for selection of improved
breeds. From the analysis of the rearing data of hybrid, it was observed that the selected
hybrid progenies showed higher survivability and higher shell weight than the other lines.

Table: Rearing performance of F2 hybrid in 9 important characters.

PARENT/ Fec. Hat. Cocoon | E.R.R Fem. Fem. Male Male
HYBRID Y% yield ! Coc. Shell Coc. Shell
/DFL % Wt.(g) | Wt(g) | Wt(@) | WL(9)
Aa-SD XAa-TM 160 76.48 101 [ 8268 | 7.67 0.75 5.47 0.55
(F1)
Aa-SD 138 76.05 97 9285 | 6.71 0.50 4.28 0.35
Aa-TM 168 83.33 108 [ 7714 | 6.54 0.75 5.05 0.52
Aa-SD X [Average | 156 71.63 91 80.31 | 7.24 0.71 5.15 0.53
Aa-TM "Range | 140- [64.81-79.73| 81-105 | 67.74- |6.29-8.38] 0.58-0.85 | 4.58- | 0.44-0.68
(F2) 175 90.26 6.23
SD 17.45]  10.96 7.61 949 | 1.36 0.14 0.99 0.11
CV (%) | 11.18] 15.30 836 | 11,82 | 1867 1830 | 19.22 | 20.75

From the segregating F2 generation, progenies possessing high ERR and high
cocoon shell weight were selected and reared cellularly in the subsequent generations
followed by directional selection of superior recombinant inbred lines(RIL) having high
cocoon shell weight and high survivability. Directional selection was employed primarily
based on high survivability and high shell weight while keeping the other yield contributing
parameters above the average standard value in each generation. The rearing
performances of the subsequent generations of the recombinant inbred lines (RILs) during
the different generations and seasons were analyzed. In each generation, data like fecundity,
hatching percentage, cocoon yield, effective rate of rearing (ERR %) cocoon weight and
cocoon shell weight were recorded.

Data were analyzed and compared with that of control. In the selected breed,
fecundity ranged from 150 eggs during chotua crop to 220 eggs during Jarua crop, hatching
ranged from 55.86 % in Aherua crop to 79.74% during Kotia Crop, lowest ERR of 36.72 %
was recorded during Jarua crop while it was > 50% in all the seasons and generations with
highest of 62.59 % during Jethua crop. Similarly, in single cocoon shell weight, lowest of
0.55 g in female and 0.42 g in male were recorded during Jarua crop while it was > 0.60 g in
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female and > 0.48 g in male during all the seasons and generations. The selected breed
performed best during the two commercial crops (Jethua and Kotia). In the 18" generation,
the breed showed average cocoon yield of 86 per dfl against 65 cocoons per dfl of the
control (33.87% improvement) and similarly, it showed improvement of 14.54 % in female
cocoon shell weight and 17.78 % improvement in male cocoon shell weight. As observed,
rearing performance of the selected Breed (CMR-1) were significantly better than that of
control during all the seasons in most of the parameters (P<0.01).

Table: Rearing Performance of Selected Breed (CMR-1) in different Generations and
seasons

Season | Breed/Cont | Fecundity | Hatchin | Cocoon ERR | Female | Femal Male Male
rol g% yield/DFl % Cocoo | e Shell | Cocoo | Shell
n Weight n weight
weight weight

Jethua CMR F3 191 78.13 93 62.15 | 7.29 0.62 5.25 0.50
Control 159 73.45 69 58.78 | 6.80 0.60 4.76 0.48

Aherua F4 180 78.71 87 62.02 | 7.14 0.62 5.20 0.50
Control 162 71.28 52 4454 | 6.80 0.60 4.69 0.48

Bhodia F5 168 71.34 73 60.67 | 7.55 0.66 5.27 0.54
Control 152 68.37 45 42.70 | 6.54 0.58 4.75 0.48

Kotia F6 178 76.26 83 61.63 | 7.96 0.67 4.94 0.55
Control 162 69.54 61 53.88 | 6.80 0.61 4.64 0.51

Jarua F7 220 70.74 95 61.21 6.48 0.55 3.96 0.44
Control 170 70.89 66 5478 | 5.70 0.47 3.67 0.37

Chotua F8 156 70.81 61 55.16 | 6.48 0.61 4.37 0.48
Control 145 72.29 47 45.04 | 6.23 0.54 3.76 0.44

Jethua F9 178 72.61 81 62.59 | 6.82 0.66 4.60 0.54
Control 166 7214 65 53.98 | 6.55 0.59 4.54 0.54

Aherua F10 165 67.89 67 59.83 | 7.02 0.65 4.86 0.50
Control 152 59.55 49 5447 | 6.40 0.56 4.58 0.45

3hodia F11 156 61.16 49 5115 | 7.08 0.64 4.93 0.53
Control 140 53.00 31 41.63 | 6.51 0.55 4.53 0.44

Kotia F12 168 65.26 67 6144 | 6.74 0.61 4.65 0.48
control 142 61.03 43 50.14 | 6.37 0.54 4.44 0.44

Jarua F13 209 70.95 54 36.72 | 6.38 0.55 4.14 0.42
control 163 71.50 26 2216 | 5.93 0.48 3.93 0.37

Chotua F14 150 71.67 59 5455 | 6.57 0.62 4.57 0.50
Control 142 70.38 44 4495 | 6.11 0.54 4.08 0.42

Jethua F15 170 73.71 63 51.07 | 6.93 0.64 4.72 0.54
Control 157 70.33 46 41.80 | 6.40 0.55 4.46 0.46

Aherua F16 166 55.86 51 55.04 | 6.82 0.64 4.85 0.53
Control 149 50.08 31 40.96 | 6.45 0.56 4.56 0.45

3hodia F17 165 62.06 53 5185 | 7.25 0.65 4.95 0.52
Control 146 54.35 37 4757 | 6.52 0.57 4.56 0.45

Kotia F18 205 79.74 86 52.38 | 6.86 0.63 4.82 0.50
Control 175 74.78 65 49.65 | 6.51 0.55 4.53 0.45
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CD

(P<0.05)

3.22

1.482

2.620

2.268

0.122

0.016

0.095

0.013

4.23

1.947

3.444

2.980

0.185

0.021

0.125

0.017

(P<0.01)

Development of Superior Recurrent Backcross Line (RBL): Recurrent backcrossing of
the hybrid Aa-SD X Aa-TM was done with the parent Aa-TM for introgression of high shell
weight genes in the subsequent backcrosses. The backcrossing was repeated for 6™
successive generations to introgress the high shell weight genes into the Recurrent
Backcross Line and develop a Congenic Line with maximum homozygocity like the receptor
parent. From 7" to 17™ generations, directional selection was employed primarily based on
high survivability and high shell weight while keeping the other yield contributing parameters
above the average standard value in each generation. In each generation, data like
fecundity, hatching percentage, cocoon yield cocoon weight and cocoon shell weight were
recorded. Data were analyzed and compared with that of control.

In Backcross (BC1) the fecundity, ERR, female cocoon weight, male cocoon weight
and shell weight in both female and male were recorded as 158, 80.75%, 7.14g, 4.98g, 0.68g
and 0.50g respectively. Highest fecundity of 215 eggs was observed at BC6 and lowest
fecundity of 150 eggs were recorded at BC10 and BC13. It recorded the lowest ERR of 19.49
% BC12 during Jarua Crop while in all the other generations and seasons the ERR % was
recorded > 50%. The single cocoon shell weight in commercial crops were > 0.60 g in female
cocoons and >0.50 g in male cocoons. Cocoon Shell weight was lowest in Jarua crops. In
the 17" generation, the breed showed average cocoon yield of 73 per dfl against 65 cocoons
per dfl of the control (12.31 % improvement) and similarly, it showed improvement of 10.00
% in both female and male cocoon shell weight. As observed, the selected backcrossed line
performed significantly better than that of control in all the seasons in most of the parameters
(P<0.01).

Table: Rearing Performance of Selected Backcrossed Line (CMR2) in different Generations and
seasons

Season | Breed/Control | Fecundity |Hatching | Cocoon ERR |Female |Female | Male Male
% yield/DFl % Cocoon | Shell |Cocoon | Shell

weight | Weight | weight | weight

Chotua BC1 158 70.42 70 63.06 6.95 0.72 4.95 0.51
Control 155 68.47 41 38.44 6.57 0.57 4.84 0.47

Jethua BC2 172 75.06 85 64.84 6.86 0.61 4.65 0.50
Control 159 73.45 69 58.78 6.80 0.62 4.76 0.48

Aherua BC3 169 74.22 74 59.22 7.01 0.61 4.97 0.52
Control 170 75.29 69 41.17 7.25 0.64 4.92 0.51

Bhodia BC4 165 71.77 73 61.81 7.00 0.62 5.00 0.50
Control 152 68.36 45 42.69 6.54 0.57 4.75 0.48

Kotia BC5 175 72.93 77 60.38 7.28 0.70 4.89 0.58
Control 162 69.54 60 53.88 6.80 0.61 4.64 0.51

Jarua BC6 215 71.45 84 54.54 6.51 0.54 4.00 0.45
Control 170 70.88 66 54.78 5.70 0.47 3.66 0.37

Chotua BC7 155 70.90 61 55.17 6.50 0.61 4.24 0.47
Control 145 72.30 47 45.04 6.23 0.54 3.76 0.45

Jethua BC8 180 73.30 82 61.72 7.20 0.76 4.60 0.59
Control 166 72.14 65 53.98 6.55 0.59 4.54 0.50

Aherua BC9 165 67.88 68 61.08 6.70 0.63 4.96 0.52
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Control 152 49.20 54 54.47 6.40 0.56 4.58 0.45

Bhodia BC10 150 60.46 47 51.74 7.14 0.66 5.00 0.54
Control 140 53.00 31 41.63 6.51 0.55 4.53 0.45

Kotia BC11 166 65.82 67 61.60 6.94 0.64 4.70 0.51
Control 142 61.03 43 50.14 6.37 0.54 4.44 0.44

Jarua BC12 190 73.88 27 19.49 6.33 0.52 4.03 0.42
Control 163 71.49 25 22.16 5.93 0.48 3.93 0.37

Chotua BC13 150 71.06 54 50.46 6.39 0.60 4.19 0.47
Control 142 70.38 44 49.95 6.11 0.54 4.08 0.42

Jethua BC14 165 77.68 67 52.34 6.96 0.64 4.67 0.51
Control 157 70.33 46 41.80 6.40 0.55 4.46 0.46

Aherua BC15 166 53.82 46 51.25 6.77 0.63 4.89 0.52
Control 150 50.10 31 40.96 6.45 0.56 4.56 0.45

Bhodia BC16 162 55.39 46 51.50 6.89 0.63 4.87 0.52
Control 146 54.35 37 47.57 6.52 0.57 4.56 0.45

Kotia BC17 179 75.42 73 54.07 6.75 0.60 4.78 0.50
Control 175 74.78 65 49.65 6.51 0.55 4.54 0.45
CD | (P<0.05) 3.117 1.382 2.442 2.310 | 0.108 | 0.016 0.085 | 0.123
(P<0.01) 4.097 1.816 3.310 3.036 | 0.142 0.021 0.112 | 0.016

Trial rearing: Preliminary trial rearing of the breed
better rearing performance than that of control during Jethua, Bhodia and Aherua Crops.

conducted at different places showed

However, field trial rearing of 50 dfls of each of the Muga Breed CMR1 and CMR2
during Jarua Crop, 2013-14 at MSSO Tura showed poor yield of only 19 cocoons per dfl
and 17 cocoons per dfl respectively.

Table: Result of preliminary trial rearing of muga breed (CMR-1) during 2013-14.

Place Bree | Crop No. [Fecundity Hat. | No. | ERR | Fem. |Fem | Male | Male

d/ Of Y% Of % | Coc. |Shell | coc. | shell

Contr dfls/g coc. Wt | Wt | wt. | wt.(Q)

ol per @ | @ [ (9
dfl
/9

Lahdoigah Breed | Jethua | 50 179 72.72 | 80 61.53 | 6.80 | 0.66 | 4.70 | 0.56
2013 dfls

P4 unit- | Breed | -do- 50 160 85.00 | 80 59.05 | 7.66 | 0.64 | 4.62 | 0.44
Mendipathar dfls

P4- Tura- Bree | -do- 50 160 60.00 | 70 73.43 | 8.24 | 0.68 | 4.82

d dfls

Control | -do- 50 165 70.30 | 64 55.17 | 6.50 | 0.58 | 4.50 | 0.50
dfls

Lahdoigarh | Breed |Aherua | 50 166 67.71 | 67 60.19 | 6.93 | 0.64 | 4.86 | 0.51
13 dfls

P4- Tura Breed | -do- 50 173 90.00 | 78 50.40 | 7.62 | 0.72 | 4.48 | 0.50
dfls

Control Control | -do- 50 152 69.58 | 49 54.46 | 6.38 | 0.56 | 4.64 | 0.46
dfls

P4-Tura Breed | Bhodia | 450 182 93.00 | 35 30.48 | 8.20 | 0.71 | 4.22 | 0.42




CMERTI, Annual Report 2015-16

gm (127/9)
dfls
Lahdoigarh | Breed | -do- 50 155 61.30 | 49 51.20 | 7.05 | 0.64 | 4.90 | 0.52
dfls
Control | -do- 50 140 53.00 | 34 45.82 | 6.65 | 0.55 | 4.60 | 0.44
dfls
Aosendang | Breed | Jethua, | 80 dfl | 170/ 71.85 | 52 43.81 | 7.75 | 0.66 | 4.70 | 0.50
Nag. 2014 (100 | 135 dfl
9) eggs/g (42
9)
CMER&TI Breed | Jethua, | 100 170 75.00 | 65 50.94 | 6.85 | 0.64 | 4.68 | 0.53
2014 dfls
Control | Jethua, | 100 160 70.62 | 48 42.47 | 6.45 | 0.56 | 4.45 | 0.45
2014 dfl
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Project Code: PIN-5871

Title of the Project: Development of Bio-intensive Module for Organic Muga Silk
Production (KIRAN- Societal Research Fellowship)

Project period : January 2015 to December 2016
Total Cost of the Project : Rs 3.3 Lakhs
Investigators : Maitry Daimari, Investigator

Dr. S A Ahmed, Mentor

Objectives

1. Identification of reliable and actual factors of muga production decline through field
survey.

2. ldentification of strategies to alleviate the field problems of muga silk production and
productivity.

3. Development of bio-intensive organic silk production module to overcome large scale
dependence of inorganic inputs in muga eco-system and to reduce mortality of muga
silk.

Summary/ achievements
Survey, collection of samples (Larvae, soil and leaves)

Survey was conducted in three muga potential district of Assam i.e., Dibrugarh,
Sivasagar and Jorhat during January 2015 to April 2015. A questionnaire was prepared to
collect primary information and interviewed personally to know the indigenous practices
adopted during rearing, seed production diseases and pest management. From each district
two villages were selected. From Sivasagar district Sukafa Nagar and Mathurapur, from
Dibrugarh district, Khawang and Tinkang and from Jorhat district Kochari gaon and
Madhabpur were selected. Information was collected covering 132 i.e., 44 farmers in each
district. Most of the farmers surveyed were associated with more than 25 years with muga
culture. Collected the sample of soil, larvae and leaves and sent the samples of larvae to IIT,
Guwahati for residual analysis

Documentation of ITK
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Documentation of Indigenous Knowledge Practices (ITKs) in respect of muga
silkkworm rearing, host plant management, pest, diseases and predator management have
been done. Plant extract of Ageratum conyzoides (Gandhali bon),Mentha arvensis (Podina)
and Cymbopogon citrates (Gadh birina) are used to control uzy fly , Tapor tanga (Garcinia
xanthochymus) for degumming process, Azadirechta indica as anti- flacherie , turmeric
powder is used as red ant repellent etc.

Muga silkworm rearing

The experimental rearing was carried out during Bhodia (Aug-Sep) crop season. Out
of 50 DFL, 25 DFL were reared adjacent to the tea garden and 25 DFL were 300 meter apart
from tea garden to find out the affect of pesticide used in tea gardens on muga larvae. From
the experiment it was observed that the larvae perform same schedule up to 4™ moult. When
pesticide was sprayed at the tea garden the larvae which are reared nearby tea garden was
instantly stopped feeding , after 3 hours black colored fluid secrete from mouth and the body
of larvae turn black within 4-5 hours. After 7-8 hours larvae were died. Rest of the larvae
performed late moulting and emerge abnormal moth. Larvae which are apart from the tea
garden (control) had no any symptom and they have normal development.

Preparation of organic module

Application of the ITKs in CSB Experimental farm (farm no 3) with suitable refinement
along with improved technologies has been done. Rearing of 75 DFL has been been
conducted during Kotia crop ( Oct-Nov) .The rearing plot was prepared by applying organic
inputs, viz., vermi-compost and bio-pesticides .During rearing two phyto-chemicals
namely,T1(20% solution of the extract of Ocimum sanctum) and T2 (20% solution of the
extract of Azadirechta indica) were used to control disease. The results indicated that the
performance of T1 treated lot shows better results (ERR 61.65% ) as compared to T2
(ERR 49.47%) against 46.99% ERR in the control.

Project Area
Dibrugarh district
Tingkhang: Tingkhang is a taluk and assembly constituency of Dibrugarh district of Assam
and is today an important tea cultivation and oil exploration area of Assam. It belongs to the
block —Tingkhang and the village covers 2km breadth and 4.5 km length. Total 850 families
lives in this village.
Khawng: It belongs to the block Tilai Nagar and area covers 5 km length and 4 km breadth.
Total 800 families lives in the village.
Sivasagar district
Sukafa: It is a village panchayat located in the Sivsagar district of Assam state. The latitude
26.11 and longitude 91.83 are the geo-coordinate of the Sukafa. Sukafa Nagar belongs to
the block Najira Chang-moni and covers 300 families. Total area of the village is 1km breadth
and 1.5km in length.
Mathurapur: Mathurapur is a village few kilometers apart from Sukafa Nagar. It belongs to
the block Lakua and cover 500 families. Total area of the village is 2km breadth and 3.5km in
length.
Jorhat district

Kachari Gaon: It is an Indian village located in Titabor Tehsil and belongs to the
Jorhat district of Assam. Kochari Gaon covers 2km length and 2km breadth and 174 families.
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Madhabpur: Madhabpur belongs to the block Titabar. It covers 2.5km length and 4km
breadth and 200 families.

The present study emphasizes the results according to survey in Jorhat, Sivasagar
and Dibrugarh districts. The study reveals that in Sivasagar and Dibrugarh district muga
culture is their primary occupation and provides the farmers income of rupees approximately
40,000.00-50,000.00 per year. In Jorhat district paddy -cultivation was their primary
occupation and in off time farmers engaged themselves in muga or eri culture to utilize their
time and to meet their general demand. Out of 132 farmers field surveyed 57.57 % (76)
belongs to OBC, 40.15 %

(53) belongs to Schedule Tribe, 1.51 %( 2) belongs to General and 0.75 % (1) belongs to
Schedule Cast. Out of 132 farmers 45.81% (75) are male rearers and 43.18 % (57) are
female rearers.

Methodology

To assess the basic status of muga farmers through field survey, a structured
questionnaire was prepared. Traditional knowledge on muga silk culture with regards to
rearing, host plant management, disease and disease management, seed production, etc.
were collected from traditional muga farmers of Dibrugarh, Sivasagar and Jorhat districts.
Dibrugarh and Sivasagar districts are major muga growing districts of Assam and both of the
districts are reservoir of indigenous traditional knowledge. From each district two villages are
selected. From Sivasagar district, Sukafa Nagar and Mathurapur, from Dibrugarh district,
Khawang and Tinkang and from Jorhat district, Kochari Gaon and Madhabpur villages were
selected. From each district 44 muga farmers were selected for collection of data.
Information was collected covering 132 farmers of Jorhat, Sivasagar and Dibrugarh
districts.Most of the farmers surveyed were associated with more than 25 years with muga
culture. A questionnaire was prepared to collect primary information and interviewed
personally to know the indigenous practices adopted during rearing, seed production
diseases and pest management. Collected samples of soil, Som (Persea bombycina) leaves
and muga silkworm which are subjected for residual analysis.

For collection of base line data for the period of 2012 to 2014,132 farmers are
selected from Dibrugarh , Sivasagar and Jorhat district. From each district 44 farmers are
selected to collect the information regarding their productivity within three years, their field
problems and indigenous traditional knowledge applied in the field. Most of the farmers have
more than 25 years of experiences in muga rearing and specially Dibrugarh and Sivasagar,
both two districts are reservoir of traditional knowledge (ITK). Collected the ITKs from them
and document all the ITKs and developed an organic module in CSB experimental farm to
improve productivity at farmer’s level.

Conclusion

Muga culture is as old as Assamese culture. It is a tradition and pride of Assam.
However, in recent days it is facing various problems and ITKs may contribute to a greater
extent in developing eco-friendly technologies or to solve the field problems encountered in
recent days. So, it is very important to document the ITKs, focus to refine the same or to
integrate with improved practices in muga culture and development of bio—intensive module
such as vermicompost, organic manure, bio-fertilizers, safer bio-control agents, safer natural
plant extracts, organic disinfectants, organic degumming process and pesticide residual
problems, etc are urgently required for enhancing production of organic muga silk..
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The present short duration study was taken up to understand the available ITKs with
muga farming communities and documented 41 ITKs in different processes of silk cultivation
such as host plant managements, seed production, rearing, pest and disease management.
It was also focused to understand basic problems of muga culture. The farmers reported that
one of the major challenges of muga silkworm rearing during Chotua (Feb-March) and
Jethua (May-June) crop is Uzy fly which caused crop damage up to 60-70 % at 4° and 5"
instars larval stage. However, the farmers faced a major problem of muga silkworm mortality
up to 85% during Aherua (Jun-Jul) and Bhodia (Aug-Sep) crops during 2012 to 2014 mostly
due to pesticide applied in nearby tea gardens and field crops. Apart from this, several pests
such as spiders, red ants, bugs, wasps and diseases like flacherie and muscardine are
reported. Hence, a pilot study was initiated to manage uzy fly, red ants, and flacherie disease
by using plant extract and conducted rearing during Kotia crop, 2015 which provided an
encouraging result for developing specific phyto formulation. Besides these, to overcome the
problems of pesticide contamination in muga eco-system, an antidote/detoxifying chemical
have been identified and tested in eri and muga silkworm. A phyto-analogue of the identified
detoxifying chemical have also been identified which need to be refined and tested in various
level to develop a full proof technology. As this work was taken up to understand the
scientific process to take up research projects, it is required to take up a full project with
minimum duration of 3 years for developing a suitable bio-intensive module for muga
silkworm rearing.

Table: Rearing parameters for the rearing of Bhodia (August-September) crop
(M=Male, F=Female, H=Hatching, dfl=Disease free laying , D/B=Date of bushing, L/D=Larval
duration, Fl= Flacherie , Gr = Grasserie, Pb=Pebrin, ERR=Effective Rate of Rearing)

Sl. | Source of DFL Dfls |Fecundi | Worms Mortality pattern Larval |Coco | ERR
no (9) ty brushed ( No.) weight | on (%)
(No) | (No) (@  |(No)
Fl Gr | Pb |Others | M F
1 Muga silkworm | 25 | 143 358 0.0 [ 0,0 | 0.0 | 338 10. | 14. | 20 5.58
reared adjacent 07 |25
to tea garden
2 Control 25 | 145 362 43 0.0 | 0.0 | 69 11. | 16. | 250 | 69.0
53 |18

Table : Cocoon assessment (Muga silkworm reared adjacent to tea garden).

Cocoon Avg. Cocoon weight Avg. Shell weight Silk ratio
(9) (9) (%)
Male cocoon 414 0.42 10.14
Female cocoon 6.01 0.56 09.31

Table : Cocoon assessment (Control)

Cocoon Avg. Cocoon weight Avg. Shell weight Silk ratio
(9) (9) (%)
Male cocoon 4.34 0.43 9.91
Female cocoon 7.07 0.61 8.77

Table: Rearing performance of muga silkworm treated with phyto-chemicals
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Treatment | Dfl Av. Worms Av.Disease incidence | Av. Larval weight [Cocoon | Av.

s fecundity | brushed (No.) (gm) (No) | ERR

(9) FI. Gr | Pb | Other M F (%)
T1 15 | 149.06 678 166 [0 |0 |8566|10.55 |17.84 |418 61.65
T2 15 | 152.16 659 2033|0 |0 89 | 9.69 16.73 | 326 49.47
Control 15 | 149.06 732 39.33|0 |0 106 | 10.27 | 16.62 | 344 46.99
+S.D 1.78 1331 | 18830 |0 | 1090|9438 |067 |16.28 |12.43

(M=Male, F=Female, dfl=Disease free laying, Rep=Replication, Fl= Flacherie, Gr
Grasserie, Pb=Pebrin, ERR=Effective Rate of Rearing)

Table: Cocoon assessment (Treatment wise)

Treatment Cocoon | Av. Cocoon Weight | Av. Shell Weight | Silk Ratio
(9) (9) (%)
T1 Male cocoon 4.61 0.49 10.62
Female cocoon 7.04 0.69 9.80
T2 Male cocoon 4.31 0.45 10.44
Female cocoon 6.18 0.56 9.06
Control Male cocoon 4.35 0.43 9.88
Female cocoon 7.12 0.61 8.56
.............................. P

Project Code: AIB 5869
Project title: Popularization of new eri breed C2 at farmers’ field

Project Period : October, 2014- September, 2015
Funding Agency : CSB, Bangalore

Total Budget Allocation : Rs. Lakhs

Project Investigators : S.A. Ahmed, Principal investigator

M.C. Sarmah, Co-Investigator
Objectives
1. To popularize the new eri silkworm breed C2 in the farmers’ level for
enhancement of eri silk production.
2. To ensure continuous production and supply of seeds of eri silkworm C2 breed
through farmers’ participatory method

Highlights of achievements

Conducted awareness programme at Koliapani, Tinsukia, Amsoi (Morigaon) and
Danichapori under Dadhara SMV covered 400 farmers. Four batches of training were
organized and covered 120 farmers at Dhansripar (Dimapur), Makum (Tinsukia), Danichapori
(Golaghat), Dhanubhanga (Goalpara) and Nagaland in eri host plant management and
improved rearing techniques. One technology demonstration programme on C2 breed
rearing was also organized. More than 20000 eri C2 breed were distributed to farmers under
SMV.Farmers’ groups have been identified for producing large quantity of eri C2 breed.
Training on seed production was organized during April, 2015.

.............................. P
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Multi-locational trial

PIE 5853: Collection, characterization, evaluation and conservation of perennial host plants for eri

silkworm rearing.

Scientist involved: Dr. M.C. Sarmah, Sc-D, Dr. B.N. Sarkar, Sc-C and Dr. S.A Ahmed, Sc-C.

Objective: To recommend high yielding kesseru genotypes HF -008 and HF-005 for commercial

exploitation.

Progress

Selection of location: Three Assam State Sericulture departmental farms Borduar, ESG of Kamrup
district, Dhanubhanga, ESG of Goalpara district and Tupia, ECC of Sonitpur district were selected for
multilocational trial programme. Prior to conduct trial programme formal permission from Department

of Sericulture, Assam was obtained.

Execution of the trial programme

Prior to conduction of programme format for data collection was circulated to each farm in-
charges. Identification of selected genotypes was done in each farm. Rearing and leaf yield data were
collected as per format. Three seasons rearing data were complied. Eri silkworm breed C2 was
utilized to conduct the bioassay. Leaf biomass production is presented in Table 4. Thus it was found

that both the accessions showed the result during trial programme in conformity with institute result.

Table: Bioassay data of kesseru during Autumn crop Nov, 2015 (Average of 3 farm’s data)

Particulars HF 008 HF 005 Mix population
Av. number of worms/dfls brushed 1500/5 1500/5 1500/5
Feeding behaviour Regular Regular Regular
Moulting behaviour Regular Regular Regular
Larval duration (days) 21 21 21
Wt. of mature larva (g) 8.60 8.45 8.35
No. of cocoon harvested 1250 1230 1210
Cocoon yield/dfls (no) 250 246 242
Cut cocoon yield/100 dfls (kg) 10.0 8.85 6.78
ERR (%) 83.33 82.00 80.66
Good cocoon (%) 96.33 95.00 89.67
Single cocoon weight (g) 3.25 3.50 2.80
Single shell weight (g) 0.40 0.36 0.28
Cocoon shell ration (%) 12.31 10.28 10.00

Table: Bioassay data of kesseru during winter crop Dec, 201

5-Jan 2016 (Average of 3 farm’s data)

Particulars HF 008 HF 005 Mix population
Av. number of worms/dfls brushed 1500/5 1500/5 1500/5
Feeding behaviour Regular Regular Regular
Moulting behaviour Regular Regular Regular
Larval duration (days) 35 36 36

Wt. of mature larva (g) 7.80 7.65 7.45

No. of cocoon harvested 1235 1225 1170
Cocoon yield/dfls (no) 240 235 225

Cut cocoon yield/100 dfls (kg) 9.12 8.46 6.30

ERR (%) 82.33 81.67 78.00
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Good cocoon (%) 95.66 95.00 88.66
Single cocoon weight (g) 3.12 2.89 2.60
Single shell weight (g) 0.38 0.36 0.28
Cocoon shell ration (%) 12.18 12.46 10.77

Table: Bioassay data of kesseru during spring crop Feb -Mar 2016 (Average of 3 farm’s data)

Particulars HF 008 HF 005 Mix population
Av. number of worms/dfls brushed 1500/5 1500/5 1500/5
Feeding behaviour Regular Regular Regular
Moulting behaviour Regular Regular Regular
Larval duration (days) 24 24 25
Wt. of mature larva (g) 8.50 8.20 7.80
No. of cocoon harvested 1260 1240 1220
Cocoon yield/dfls (no) 255 250 240
Cut cocoon yield/100 dfls (kg) 10.71 10.00 8.40
ERR (%) 84.00 82.67 81.33
Good cocoon (%) 96.33 95.00 89.67
Single cocoon weight (g) 3.55 3.40 2.90
Single weight (g) 0.42 0.40 0.35
Cocoon shell ration (%) 11.83 11.76 12.07

Table: Average leaf biomass yield at 3 locations (Av. 3 seasons data)

Locations Leaf biomass yield /plant (kg)

HF 008 HF 005 Mix population
Autumn 4.05 3.89 3.45
Winter 2.60 2.51 2.28
Spring/Summer 4.45 4.20 3.62
Total leaf production/year (kg) 11.10 10.60 9.35
Potential leaf yield/ha/year (spacing 27.75 26.50 23.38
2x2 m) (MT)
Institute result leaf yield/ha/year 27.57 26.72 25.00
MT)
Deviation (%) 0.65 (+) 0.82 (-)




CMERTI, Annual Report 2015-16

ONGOING R&D PROJECTS

Project Title: Establishment of Institutional Biotech Hub (Phase-Il)

Duration : April 2014 - Dec., 2016
Funding agency : DBT, New Delhi
Project investigators : M. Chutia, Principal Investigator

R. Das, Co-investigator
Objectives
1. To create basic infrastructure facility for advanced research activities in the field of
biological science
2. To create awareness for basic science among the young generation through
workshop, training etc.

Highlights of achievements
% “Advanced diagnostic techniques of Infectious disases in insects” was organized at
the institute during 21st -23" March, at CMER&TI, Lahdoigarh, Jorhat, Assam. The
workshop was attended by post graduate students, research scholars and young
faculty member, delegates, including special invitees from universities and research
institutes including Central Muga Eri Research & Training Institute (CMER&TI),
Central Silk Board (CSB), Jorhat.

% A total of 31 participants attended the event including young faculty members,
research scholars and post graduate students from Assam Agricultural University,
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Jorhat; Gauhati University; Rain Forest Research Institute, Jorhat; J.B. College,
Jorhat etc.
% Three college students utilised the Biotech hub laboratory for the completion of
graduate level internship project
One research scholar from Kharagpur IIT visited the biotech hubs and utilized the
laboratory facility.
Four demonstration programme were conducted during the period from 2015-16.
Threeundergraduate students from Central College, Jorhat, pursuing their internship
project on Biochemical analysis of food plants of muga silkworm.

R/
0’0

0’0

0’0

Sl Demonstration/Teaching School/College/Institute
No.
1 Demonstration of the wusefulness and| Nakachari Junior College,
application of different sophisticated| Jorhat & 105 nos students.
instruments of Pathology Section was given to
the school students
> Demonstration and awareness programme was| AAU, Jorhat & 22 nos
organized in Pathology section for the school| students.
students to motivate the gathering knowledge
on Muga silkkworm with reference to disease
incidence which is the endemic to Assam as
well as North Eastern region.
3 Teaching on preparing minor school project on| KVK,  ONGC, Cinnamara,
the life cycle of Muga silkworm Jorhat & 7 nos visitors.

4 Demonstration programme on microbes which| North Bengal University & 29
is responsible to infect in muga cultivation as| visitors
well as their physical nature

.............................. P

Project code: ARP-5867

Project title: Characterization, transmission and cyto-pathology of infectious flacherie
and cytoplasmic polyhedrosis virus in muga silkworm Antheraea
assamensis Helfer

Project period : July, 2013 - June 2016

Funding Agency : DBT, New Delhi

Total project cost : Rs.26.35 Lakhs

Project investigators : M. Chutia, Principal investigator

R. Kumar, Co- investigator

Objectives
1. Characterization of infectious flacherie and cytoplasmic polyhedrosis virus in muga
silkworm.

2. To study the transmission pattern of the viral agents.
3. To study the cyto-pathology of midgut and silk gland from infected larvae.

Highlights of achievements

Isolation of Virus
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The viral isolates were obtained from the midguts of infected larvae collected. The midguts of
the diseased larvae were homogenized to collect the crude extract. This extract was used for
isolation of viral agent.

Purification of Polyhedral Bodies

Then we have purified the polyhedra from infected larvae by Sucrose-Density-
Gradient centrifugation according to a modification (Qanungo et al., 2000) of the method
Hayashi & Bird (1970).

Isolation of Total Genomic RNA

The samples were first homogenized in liquid nitrogen in sterile morter pestle
followed by Trizol reagent. Finally, RNA pellet was then washed with 70% ethanol and
centrifuged. Pellet was dried and dissolved in DEPC water and stored at -80°C. Integrity of
RNA was confirmed by 1% agarose gel electrophoresis. The process is being further
repeated.
We have also tried to detect Nuclear Polyhedrosis Virus in infected muga silkworm. It is a
dsDNA virus. So, we have isolated viral DNA from the collected samples.

Extraction of OBs
At first, the OBs were extracted from individual diseased larvae for characterization of

Nuclear Polyhedrosis Virus. To each cadaver 1ml sterile distilled water was added and
disrupted by vortexing. Extract was filtered through cheese cloth. The filtrate was centrifuged
at 15,000xg for 5 min. The supernatant was removed. Pellet was washed with 2 ml distilled
water and centrifuged. The pellet was resuspended in 1ml of sterile distilled water and stored
at 4°C. These OBs were then observed under light microscope.
Isolation of Viral DNA and PCR

DNA extraction was performed by using viral DNA isolation kit according to the protocol
given with the kit. The DNA yields were stored at -20°C until use.

Then we have performed the PCR to identify the polyhedrin gene in viral DNA, by using
previous reported degenerate primers.
Electrophoresis of PCR Product

We have performed agarose gel electrophoresis to concentrate the PCR product to
discrete a band on the gel. The PCR product was analysed by one percent agarose gel
electrophoresis.

.............................. P
Project code: APR - 5865

Project title: Etiology of bacterial diseases and molecular characterization of the
pathogens of muga silkworm in NE India

Project period : March 2013-February 2016
Funding Agency : DST, New Delhi

Total project cost : Rs. 27.37 Lakhs

Project investigators : M. Chutia, Principal investigator

R. Das, Co- investigator

Objectives
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1. Isolation of bacterial pathogens through standardization of cultural media from
diseased cadavers of muga silkworm.

2. To study the biochemical and molecular characterization of the pathogens.

3. To study the epidemiology of the disease.

Highlights of achievements

Collection of sample and Isolation of bacteria:

Diseased cadavers of muga silkworm were collected from different parts of N.E India like
Nangpoh (Megalaya), Boko (Kamrup), Lakhimpur & Bahgarh (Sivasagar).The samples were
surface sterilized with 0.1% mercuric chloride solution and washed thrice with distilled water.
After sterilization, silkworms were dissected to collect the contents from surface of foregut,
midgut, and hindgut. Serial dilution was carried out from which 10, 10 dilutions were plated
on nutrient agar plates and the plates were incubated for 24 hr at 37 °C.

1) The Diseased cadavers of muga silkworm were collected and the samples were
surface sterilized with 0.1 % mercuric chloride solution and washed thrice with
distilled water.

2) After sterilization the silkworms were dissected to collect the contents from surface of
foregut, midgut, and hindgut.

3) Serial dilution was carried out from which 10, 10°® dilutions were plated on nutrient
agar plates and the plates were incubated for 24 hr at 37 °C.

4) The various media used for the isolation of the bacteria from the diseased cadavers
of muga silkworm are as follows:

X3

*

HiCrome Bacillus Agar
MYP Agar Base

EMB Agar

Cetrimide HiVeg Agar Base
Azide Blood Agar Base
Streptococcus Agar Base
Pseudomonas Agar

X3

*

X3

*

X3

*

X3

*

X3

*

X3

*

Pathogenicity test of the bacterial isolates:

The isolated pathogens are used for pathogenecity test in laboratory based on
artificial environment viz. moisture, humidity, temperature, etc. Isolated Bacterial pathogens
are injected and also feeded to healthy larvae to observe the disease intensity by following
Koch’s Postulates.

After performing pathogenicity test, 3 Nos. of bacteria were found to be pathogenic
and are named as Patho-1, Patho-2, and Patho-3, respectively.

Disease symptoms and the pathogenic bacterium

The infected larvae became lethargic and motionless, soft and flaccid, inactive
and vomited gut juice. The larvae released chain type excreta and exhibited rectal
protrusion as well. Larval head and thorax became translucent and paralyzed. After
death, the larval body turned slightly hard and blackish in colour with foul smell. The
isolated pathogen was a gram-positive, rod-shaped, non-motile spore forming
bacterium with the active cell size of 2.4-3.2 x 0.5-0.8 um. It was positive towardsstarch
hydrolysis, methyl red test, phenylalanine deamination, ornithine utilization, lysin
utilization and oxidase test while there were negative results for citrate utilization,
gelatin liquefaction, H,S production, arabinose test, lactose test, trehalose test, adonitol
test, urease test, catalase test, glucose test, sorbitol test and Voges-Proskauer
test.These observations are in accordance with the reported biochemical characters of

Lysinibacillus sp.
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Molecular identification

Consensus sequence of 1427 bp 16S rDNA gene was used to carry out BLAST
alignment search tool of NCBI genbank database and based on sequence data, the
pathogenic bacterium was identified as Lysinibacillus sphaericus strain (AAA-13)
(similar to JUN-6 GenBank Accession Number: KF228925.1) based on nucleotide
homology and phylogenetic analysis. The nucleotide sequence data were submitted to
the NCBI with accession number KP888564.

Pathogenicity

The isolated L. sphaericus strain (AAB-13) was confirmed to be pathogenic after
re-inoculation in mature larvae which was administered per os. The pathogen was so
virulent that the visual symptoms, such as cessation of feeding, vomiting, lethargic
movement efc. were displayed within 6-12 h after inoculation.The larvae died within 2-3
days after infection. However, the degree of virulence may depend on the inoculum
concentrations, host plants variability and quality, and prevailing environmental
parameters (Das et al., 2010). The inoculum load of 210° CFU/ml (LD50, 8.2 x 10%
was observed to be sufficient for causing mortality of the larvae. To find out the
virulence of AAB-13, the LD50 was determined in 4" instar larvae. Larvae were
inoculated orally for establishment in the gut, with different doses, and their deaths
were recorded for 3 days after challenge. The LD50 of the AAB-13 isolates was 9.4 x
10° at 48 h, whereas it was 8.2 x 10* at 72 h. The virulence was much higher and
proportionate to the inoculum concentration and also differed at different time point.

Disease epidemiology

It was observed that the disease appeared throughout the year (2013-14) with
the intensity varyiing in different months. This was because of the environmental
factors particularly the temperature variations round the year. The season wise
variations of relative humidity (82 = 10 %) and precipitation (11.92 mm) were not
significantly different (data not shown) in the sites. Extremely heavy rainfall and wind
may affect the silkworm larvae during outdoor rearing if proper precaution (e.g., use of
nylon net) is not taken. The disease was recorded throughout the year in the rearing
fields and the infection percentage varied from season to season. Temperature
variations were not significantly different in the rearing sites (n=4, r’=0.98, P<0.001),
but varied season wise. The per cent disease infections (PDI) were negatively
correlated with the temperature but not dependent on the RH (r?=0.16). The disease
was more prevalent during summer months (June-August) when temperature rises up
to 30-35°C. However, higher temperature and RH were the most important factors for
disease development.

.............................. P

Project code: APR - 5866
Project title: Sustainable eri silkworm rearing: evaluation of Ailanthus species

Project period : March 2013—June 2016

Funding Agency : DST, New Delhi

Total project cost : Rs. 18.74 Lakhs

Project investigators : SA Ahmed, Principal Investigator

M.C. Sarmah, Co- investigator
P.K. Handique, Co-investigator
B.N. Sarkar, Co-investigator

Objectives
1. To evaluate and biochemical analysis of different Ailanthus germplasm
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2. To evaluate and define superior genotype (s) / species of Ailanthus through bioassay
for eri silkworm rearing.
3. To extend the information on silkworm nutrition of different Ailanthus species.

Highlights of achievements

Carbohydrate was found highest in semi mature leaves of Castor (44.55 %), which
was at par with A. grandis (46.97 %) in all maturity level. High content of lignin was found in
tender leaves of castor (69.63 %) which was at par with borpat (59.57 %) and lowest in
borkesseru (13.33 %). Crude protein highest in borkesseru (16.25%) and lowest in kesseru
(6.82 %), which was found nearly equal in both castor and borpat (8.55 - 9.76 %). Crude fat
was recorded highest in castor (8.10 %) and was at par with A. grandis (7.60 %) and lowest
in A. excelsa (5.10 %). Content of B-sitosterol (mg/g) recorded highest in semi-mature
leaves (69.63) followed by mature (45.95) and tender leaves (31.34) of A. grandis compared
to other food plants which was at par with castor (66.58). Chlorogenic acid which is
considered as anti-herbivore chemicals recorded lowest in both A. excelsa (0.28 %) and A.
grandis (0.43 %) than Kesseru (1.92 %) and castor (1.04 %) in all maturity level. Phytic acid
was found comparatively highest in both castor (4.08 %) and borpat (2.89 %) than kesseru
(1.29%). Crude fibre content was observed highest in semi mature leaves of Kesseru and
was at par with A. grandis (19.54 - 25.51 %) and the castor recorded the lowest i.e., 8.47 %.
Total phenol recorded comparatively lower in A. grandis (1.09 %) than castor (2.40%) and A.
excelsa (2.49 %) in all maturity level. Low tannins contents were recorded in A. grandis (0.42
%) and A. excelsa and Kesseru (0.35 %) compared to Castor (2.40 %).

The lowest larval period (18.33 £ 0.58 days) was observed during July-August season
in the treatment of Castor (I-1l) + Ailanthusgrandis (IlI-V) i.e., To , which was at par with A.
grandis feeding from brushing till spinning (T1). The highest cocoon yield per 100 dfls (14.36
* 1.44 kg) was recorded in the treatment T, with average single shell weight (g) of 0.52 +
0.04 and effective rate of rearing (%) of 90.15 + 3.14. The highest silk recovery of 86.70 %
recorded in T, with 11.50 % of boil off loss which was due to less content of sericin in
A.grandis fed cocoon. Hence, A. grandis can be effectively utilized throughout the year in eri
silkworm rearing and as the best supplement to castor during late stage rearing i.e., 3 to 5"
instars. It was also found that T, (Castor + Borpat) is the best treatment among all other
combinations.

The efficiency of conversion of ingested (ECI) in percent found highest in mature
larval stage of castor (18.08 £ 0.02) which is at par with borpat (17.19 + 0.06). The lowest
ECI was recorded in borkesseru (0.11 £ 0.001). The efficiency of conversion of digested
(ECD) in percent is highest in castor (1.724+0.012) in later stage and lowest in borkesseru
(0.088 = 0.002), where borpat (1.522+0.018) the second highest among them. The
approximate digestibility (AD) in percent highest in early stage of borkesseru (97.745 +
0.102) and lowest in castor (42.187 + 0.038) and borpat (45.12 + 0.015). The growth rate
(GR) in percent is highest in 2™ instar larva of borpat (0.028 + 0.001) and lowest in
borkesseru and kesseru (0.004+0.002). The consumption index (Cl) in percent was highest
in early stage of borkesseru (50.962 + 0.129) and lowest in kesseru (0.472 £ 0.028).

.............................. G

Project code: ARP-5868

Project title: Isolation and characterization of antifungal peptides from Muga Silkworm
Antheraeaassamensis Helfer

Project period : May, 2014 — June 2017
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Funding Agency : DBT, New Delhi
Total project cost : Rs.78.28 Lakhs
Project investigators : Kartik Neog, Principal Investigator

B. G. Unni, Principal investigator (NEIST, Jorhat)
A.K. Ghosh, Principal investigator (liT, Karagpur)
S. C. Kundu, Co-investigator (liT, Karagpur)
Objectives
1. lIsolation and purification of antifungal peptides from the haemolymph of fungal
challenged  muga silkworms Anthereae assamensis Helfer.
2. Biochemical characterization of isolated antifungal peptides.
3. Determination of mode of action of antifungal peptides against various fungi of
Candida and Aspergillus sp

Highlights of achievements

Cells of Candida albicans cells through third abdominal leg, and after 48 hrs of
injection, haemolymph were collected. After removal of haemocytes through centrifugation,
protein were extracted from the haemolymph using methanol: acetic acid: water (90: 1: 9)
protein content was estimated and analyzed by Tricine SDS-PAGE. Tricine SDS-PAGE
analysis showed induction of some protein bands of low molecular weight after fungal
injection. After evaporation of methanol and freeze drying, samples were used for
antimicrobial assay in pour plate method. Zone of inhibition show antifungal activity. Further
analysis of extracted protein sample through reverse phase HPLC showed different peaks
indicating presence of different proteins / peptides in the extracted sample. Proteins in each
peak were analyzed and got total 25 antifungal peaks and 24 antibacterial peaks. Percent of
inhibition showed good antibacterial activity than antifungal. Mass spectroscopy results of in-
gel digestion showed similarity with chitinase, putative protein turandot and putative odorant-
binding protein. Further experiments are required to analyze these proteins more critically.

Comparison of polypeptide in non-immune and immune haemolymph extracts

To obtain a haemolymph extract free from high molecular mass proteins an acidic /
methanol extraction was done and analyzed by Tris-Tricine SDS-PAGE. The result showed
several polypeptides of molecular mass below 21 kDa. In the extract of immune haemolymph
additional peptide bands with molecular mass 3 and 14 kDa were detected when compared
to the extract prepared from non-immune haemolymph. This suggested that additional bands
contained peptides appearing in the haemolymph in response to immune challenge.

21kDg—
14kDa—"|
ekDa—""|

3KDa— |

Induced
bands

Fig. Lane 1: protein molecular marker, Lane 2: Immunized haemolymph extract, Lane 3:
non-immunized haemolymph extract.

Antifungal assay of haemolymph
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Antifungal assay of haemolymph was also done by spread plate method using Candida
albicans. A clear zone of inhibition was observed around the well containing crude
haemolymph extract and fluconazole but not around 0.1% TFA alone indicating presence of
antifungal compound in the haemolymph.

Fractionation of immune haemolymph extract by gel filtration chromatographyand
analysis of its antimicrobial activity

The first step of purification was done by gel filtration on a column of Superdex G-30 with 50
mM ammonium acetate, pH 5, as elution buffer and following picks were collected.

— UV

Pressure

Retention time (min)

o 10 15 20 25 30 35 40 45 S0 = S0 (=1=] 70 7o 80 85 9

most of the proteins came out in the void volume. Antifungal assay of collected FPLC
fractions was done by spread plate method, Candida albicans was spread on solidified PDA
agar plate. But no zone of inhibition was observed in any collected fractions.

Fractionation of immune haemolymph extract by HPLC and analysis of its
antimicrobial activity:

Due to ineffective fractionation of haemolymph extract by size exclusion chromatography,
purification of immune and non-immune haemolymph extract was done through reversed
phase C-18 chromatography (HPLC) column. This has allowed effective separation of
proteins into several (28) peaks. The obtained fractions were collected, lyophilized and
tested for antimicrobial activity. For the immunized haemolymph extract 19 fractions showed
antimicrobial (8 antifungal and 12 antibacterial) activity, fraction nos. 1 and 12 showing both
antibacterial and antifungal activity.

Table. Antimicrobial activity of HPLC fractions of immune haemolymph extract

Fraction Anti- Candida albicans activity(% of Anti- E. coli activity (% of
no growth inhibitor) growth inhibitor)
1 77.67 85.53
2 21.88 -
3 21.88 -
4 7.68 -
5 - 21.28
6 - 35.74
7 4.05 -
8 7.53 -
9 11.30 -
10 - 16.32
11 - 47.10
12 12.89 21.90
13 - 23.76
14 - 20.66
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15 - 23.55
16 - -
17 - 36.77
18 - 40.49
19 - 22.11
.............................. P

Project Code: AIT-5872

Project Title: Whole Genome Sequencing and functional genomics of Golden Silk
Moth Antheraea assamensis (Collaborative project with SBRL, Kodathi,
IIT, Guwahati, ISC, Bangalore and CDFD, Hyderabad)

Project Period : 3 years (20154-18)
Funding Agency :CSB

Total Budget allocation : Rs. 11.20 lakhs.
Scientists involved : Dr. Kartik Neog (PI)

Objectives

1. To perform whole genome sequencing of prototype of A. assamensis and its
assembly.

2. To analyze transcriptome profile of specific larval tissues of A. assamensis after
bacterial infection and control normal larvae.

3. Identification of functional gene makers associated with silk quality from silk gland by
RNA sequencing
Summary of the findings/achievements:
1. Alocal stock of muga silkworm was collected and being maintained in the institute.
2. Cocoons of the stock have been sent to SBRL, Kodathi, Bangalore for analysis.

3. 72 cocoons of wild origin of muga silkworm was collected from foothills of Nagaland
and Assam border.

4. 15 nos. of cocoons of the wild stock have been sent to SBRL, Kodathi, Bangalore for
analysis.

2. Works done / achievements made during the year (2015-16) under report

A local stock of muga silkworm was collected and being maintained in the institute.
Cocoons of the stock have been sent to SBRL, Kodathi, Bangalore for analysis. 72 cocoons
of wild origin of muga silkworm was collected from foothills of Nagaland and Assam border.
15 nos. of cocoons of the wild stock have been sent to SBRL, Kodathi, Bangalore for
analysis. Process for DNA and sequencing analysis by the collaborating institutes
particularly. SBRL, Kodathi is under progress

.............................. P

Project Code: AIB-5879
Project title: Development of suitable combinations/hybrids of eri silkworm with
sustainable performance for commercial exploitation
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Project Period : November, 2014 - October, 2017
Funding Agency : CSB, Bangalore

Total Budget Allocation : Rs. 3.80 Lakhs

Project Investigators : B.N. Sarkar, Principal investigator (I)

M.C. Sarmah, Principal investigator (ll)
S.A. Ahmed Co-investigator

Highlights of achievements

Summary of the findings / achievements
% Isolation of six pure line strains and rearing up to 5" generations has already been
completed.
< Seven crosses viz. YP x GBZ, YZ x GBS, GBZ x YS, YS x GBS, YZ x YS, GBZ x YP
and GBS x GBZ has been prepared based on established combining ability.

< The crosses viz. YP x GBZ, YZ x GBS, GBZ x YS, YS x GBS, YZ x YS, GBZ x YP
and GBS x GBZ, breed dfls has been supplied to the seven farmers of Tamulisiga
and Dadhara to evaluate the performance of cross breeds at farmers level. Rearing of
the cross breed has been completed. Simultaneously the parents strain were
maintaining at institute level.

Performance of generation wise rearing of isolated pure line strains in different period:
1°' generation: (December, 2014 — February, 2015)

Strains Hatching | Larval wt. (g] Cocoon wt. (g] Shell wt. (g] Fecundity(nos.
(%)
YP 86 7.00 3.10 0.51 358
YS 82 6.80 2.95 0.46 349
YZ 89 7.40 3.20 0.54 360
GBP 83 6.90 2.88 0.43 349
GBS 80 6.70 2.75 0.44 344
GBZ 85 7.10 2.85 0.50 355
St. dev. 3.19 0.25 0.17 0.04 6.16
C. Level (95.0% 3.35 0.26 0.18 0.05 6.46
2" generation:(March, 2015 - April, 2015)
Strains Hatching | Larval wt.(g) Cocoon wt.(g] Shell wt.(g) Fecundity(nos
(%) )
YP 85 6.90 3.00 0.48 345
YS 83 6.60 2.85 0.43 335
YZ 88 7.10 3.10 0.51 354
GBP 82 6.40 2.78 0.42 336
GBS 80 6.30 2.79 0.42 333
GBZ 86 6.90 2.88 0.46 344
St. dev. 2.90 0.32 0.13 0.04 7.99
C. Level (95.0% 3.04 0.33 0.13 0.04 8.38
3" :generation(May, 2015 - June,2015)
Strains Hatching | Larval wt.(g) Cocoon wt.(g] Shell wt.(g) Fecundity(nos
(%) )
YP 85 6.90 3.10 0.49 344
YS 83 6.80 2.98 0.44 334
YZ 89 7.20 3.15 0.51 358
GBP 82 6.40 2.78 0.42 336
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GBS 81 6.70 2.95 0.45 337
GBZ 86 6.90 2.97 0.46 349
St. dev. 2.94 0.26 0.13 0.03 9.25
Confidence 3.09 0.28 0.14 0.03 9.71
Level
(95.0%)
4™ :generation(July, 2015 - Aug,2015)
Strains Hatching | Larval wt.(g] Cocoon wt.(g) Shell wt.(g) Fecundity(nos.
(%)
YP 83 7.00 3.10 0.50 351
YS 83 6.60 2.85 0.43 335
YZ 87 7.20 3.16 0.52 358
GBP 82 6.40 2.78 0.42 336
GBS 80 6.30 2.79 0.42 333
GBZ 87 6.90 2.99 0.48 348
St. dev. 3.33 0.36 0.16 0.04 10.25
Confidence 3.49 0.47 0.17 0.05 10.76
Level
(95.0%)
5" :generation(Sept,2015 - Nov,2015)
Strains Hatching | Larval wt.(g)] Cocoon wt.(g)] Shell wt.(g)| Fecundity(nos
(%) )
YP 83 7.80 3.45 0.52 361
YS 84 6.90 3.00 0.46 345
YZ 87 7.60 3.46 0.55 364
GBP 80 6.72 3.10 0.42 346
GBS 81 6.80 3.12 0.44 343
GBZ 85 7.20 3.30 0.56 358
St. dev. 2.58 0.45 0.19 0.06 9.20
Confidence 2.71 0.47 0.20 0.06 9.65
Level
(95.0%)
.............................. P

REGULAR PROGRAMMES

Project title: Induction of Indoor rearing technique for Antheraea assamensis Helfer
through field trials.

Project period : Oct., 2011 onward

Funding agency : Central Silk Board, Bangalore
Project Investigator : K. Neog, Principal investigator
Objectives

1. Development of a comprehensive package for rearing muga silkworm under indoor
conditions for its early larval instars.
2. Domestication of muga silkworm through complete indoor rearing

Highlights of achievements
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Indoor rearing up to 2" instar: 45 dfls were first brushed indoor with 72 % hatching. Up to
2" instar 95 % survivability was observed, after which the worms were reared outdoor under
nylon nets till spinning. 500 worms were utilized for experimental poses, and a total of 720
good cocoons were harvested. 430 cocoons are kept for grainage.

Complete Indoor rearing for domestication:5 dfls of 14" generations of the same stock
were brushed in this month with 72 % hatching. 78 nos. of good cocoons were obtained. 37
cocoons are kept for continuation of the next generation.

Average 5" instar male larval weight in outdoor was 6.712 g and female larval weight
was 8.569 g; whereas in case of complete indoor rearing, male and female larval weight was
6.176 g and 8.515 g, respectively.

Average male cocoon weight under outdoor condition was recorded to be 3.847 g
while it was 5.293 g for female cocoons. In case of complete indoor rearing, male and female
cocoon weight was 4.121 g and 5.418 g, respectively.

.............................. P

Project title: Forecasting and forwarning for pests and disease of muga host plants
and silkworm

Project Period : January, 2014 onwards
Funding Agency : Central Silk Board, Bangalore
Project Investigator : R. Das, Principal investigator

M. Chutia, Co-Principal Investigator

Objective
1. Development of forecasting and forewarning system for pests and diseases of muga
host plants and silkworm to provide timely forewarn that muga farmers able to take
disease management strategies against the host plant and silkworm diseases and
pests

Highlights of achievements

Fungal disease in muga silkworm was recorded during December — January with
more than 10 %. Bacterial disease was recorded throughout the year and found maximum
(10 %) during June-July and December. Viral disease was also recorded during Feb-March,
June —Aug and Nov-Dec, in Lower Assam. Uzi infestation was recorded more than 60 % in
all the locations.

Pest and diseases are one of the major causes for reduction of muga production.
Major foliar diseases of muga food plant som are leaf spot (Phyllosticta perseae,) red rust,
(Cephaleuros parasiticus), anthracnose (Colletotrichum gloeosporioidesf) and grey blight
disease (Pestalotiopsis desiminata). In soalu brown blight (Colletotrichum gloeosporioides)
and grey blight (Pestalotiopsis thea) are major diseases.

The major pests were recorded stem borer (Zeuzera indica) and leaf gall (Aspondylia
sp&Pauropsylla beesoni) on som and soalu. Uzi flies (Exorista sorbillanse / Blepharipa
zebina) are the major pest of muga silkworm.

The flacherie (Bacillus thurimgensis) and muscardine (Beauveria bassiana) disease
are major disease of muga silkworm.

The diseases and pest cause a huge loss (10-43%). Accordingly on the basis of data
recorded during the period forewarning calendar was developed. It is reported that leaf spot
disease of som was observed from May to November but diseases intensity was more than
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10PDI during July — August while in case of soalu, it was recorded more than 10% during
July-August. Red rust was recorded with less than 10 PDI in som and soalu. Anthracnose
disease was recorded in som from May to December with more than 10% PDI during
August-September. Similarly, grey blight disease was recorded highest (more than 10%)
during — September and September-October in som and soalu, respectively.

.............................. P

IMPORTANT EVENTS

Vanya Reshom Krishimela at the main institute

Vanya Reshom Krishimela,of CMER&TI, Lahdoigarh was organized on 11th
February, 2016 (Thursday) at Dergaon of Golaghat district of Assam. Above 400 sericulture
farmers including participants from NGOs, SHGs, DOS staff and Entrepreneurs from different
districts of Assam viz., Sivasagar, Dibrugarh, Golaghat, Jorhat efc. took part in the event. In
the inaugural session, Shri B.Choudhury, Director I/C of the institute welcomed the invited
guests and other patrticipants of Krishimela. He highlighted about the achievements made by
the institute in the R&D sector including the extension activities and has impact on increasing




CMERTI, Annual Report 2015-16

trend of raw silk production both in muga and eri sector. He expressed that Vanya Reshom
Krishimela is a big platform for participation of muga and eri farmers and expressed his
happiness for active participation of large number farmers’ in the Krishimela.

On the occasion an exhibition was also organized on different technologies on pre
and post cocoon sector evolved by the institute were displayed. Several Entrepreneurs,
SHGs participated in the exhibition and displayed their products including diversified fabrics.
All dignitaries and farmers were impressed on the innovations of the new technologies,
products etc. developed by the institute as well as SHGs. The exhibition was inaugurated by
Honb’le Chief Guest, Prof & Head L.K. Hazarika, Dept. of Entomology and Dean College of
Sericulture, Assam Agricultural University, Jorhat.

The inaugural session of the Krishimela was inaugurated by an invocation presented
by artists of the institute. Dignitaries like Dr. B.K. Singh, Scientist-D and Head, MSSO,
Guwahati, Shri S. Deori, Joint Secretary (Tech), Regional office, CSB, Guwahati and Shri
P.K. Das, Joint Director, Upper Assam, Jorhat, Department of Sericulture, Govt. of Assam,
took part in the Vanya Reshom Krishi Mela. The function was formally inaugurated by
lightening of a lamp. Dr. B.K.Singh, Scientist-D, MSSO, Guwahati on his speech opined that
technical session of krishimela helps in dissemination of latest technologies developed by the
institute. He told that MSSO is playing significant role in production and supply of muga and
eri seed to the farmers. Though MSSO is having capacity to produce 2 lakhs dfls per year,
but they able to produce 6 lakhs dfls last year for their dedication and hard work. MSSO is
functioning now in Public Private Partnership (PPP) mode for development of seed
production strategy. Shri S. Deori, Joint Secretary (Tech), RO, Guwahati spoke on
developmental schemes of Central Silk Board. He expressed that after discontinuation of
CDP now more ambitious project initiated like NERTPS is being implemented. He expressed
that 8 projects worth of Rs.136 crores submitted to Central Government and already been
approved. He stressed upon technology dissemination from lab to field. Shri P.K. Das, Joint
Director of Sericulture, Upper Assam, Jorhat and opined about scope of product
diversifications like preparation of jacket, sari, tie and blending of eri yarn with other silk like
muga and mulberry can enhance economical gain of farmers. Shri S.N. Konwar, a
progressive farmer as well as president of Reshom Palak Santha expressed that large
gathering in the Krishimela reflexes about interest of famers in muga and ericulture. He
appealed the Department of Sericulture, Govt of Assam to work hard for development of
muga and eri farmers.

In the speech of Hon’ble Chief guest Pr. L.K. Hazarika mentioned about Gl of muga
silk. He expressed that at present a golden revolution is needed for upliftment of vanya silk
industry. This is possible through entrepreneurship development along with unstinted support
from Central Silk Board and Assam Sericulture Department. Development of high yielding
race, improved food plants and financial support can bring overall improvement of muga and
eri farmers. He also opined that consumption of pupa can tackle protein deficiency among
poor farmers. Association of private farmers along with Govt agency can solve the problem
of seed sector of the industry. He offers his thanks to farmers for their active participation. He
also praised for displaying of diversified products in the exhibition.

Different press media persons took part on the occasion. A technical session was
organized in the occasion and scientists of the institute viz., Dr. Ranjana Das, Scientist-D, Dr.
S.A Ahmed, Scientist-C and Shri G. Rajkhowa, Scientist-D presented and demonstrated
about different improved technologies both in muga and eri sector through audiovisual aids.
A fruitful interaction took place between farmers and the scientists. Feed back of Vanya
Reshom Krishimela was also collected from the farmers in prescribed format, which is
enclosed as Annexure-l.

The meeting was ended with vote of thanks.

Sadhbhavana Diwas
The birth anniversary of late Prime Minister of India, Shri Rajiv Gandhi was observed
as 20/08/2015 “Sadhbhavana Diwas” in the institute. All the Scientists/Officers/staff of the
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Institute assembled in the Conference Hall at 11:00 am on 20/08/2015 and took the
Sadhbhavana Pledge administered by Shri B. Choudhury, Director In-charge.

Blood Donation Camp

On the occasion of National Voluntary Blood Donation Day, the Institute had
organized a Voluntary Blood Donation Camp successfully at its office premises on
01.10.2015 in association with Jorhat Medical College. All the employees of CMER&TI,
Lahdoigarh, and GEC, Chenijan Farm came forward in the Camp and after a thorough
medical check-up by the Doctors, 10 employees of this institute have donated their blood
voluntarily.

Swachh Bharat Abhiyan

After launching the “Swachh Bharat Abhiyan” by the Hon’ble Prime Minister of
India, cleanliness drives have been conducted by the Institute as a continuous ongoing
process in and around its office premises, Campus, Farms and Quarter Complexes. Special
attention had been given and sanitized all the common areas like laboratories, canteen,
washrooms, toilets, corridors and stairs, where regular cleaning and maintenance are
required. Sufficient numbers of Dust Bins have been kept in proper places. All the unwanted
old files, news papers, records etc. have been weeded out. Jungle cutting/ cleaning in all the
farms have also been done in a regular basis. Special Cleanliness Drives have been
conducted by the Institute on 02.10.2015 and also during the periodfrom 25.09.2015 to
31.10.2015 and 18.12.2015 to 27.12.2015 under “Swachh Bharat Abhiyan”.

Vigilance Awareness Week

Vigilance Awareness Week, 2015 was observed at CMER&TI, Lahdoigarh during the
week from 26th to 31.10.2015. On 26.10.2015, all the Officers and Staff of the institute have
taken the “Pledge” of Vigilance Awareness Week administered by Shri B. Choudhury,
Scientist-D. The messages received from the Hon'ble President, Vice President, Prime
Minister, Home Minister, Comptroller & Auditor General of India, Chief Vigilance Officer have
been read out by the Scientists and officers. As a part of the Vigilance Awareness Week,
essay writing and debating competitions on the theme of the Awareness Week - “Preventive
Vigilance is a tool for Good Governance” were organized by the Institute on 29.10.2015 in
which the employees of the Institute participated with full enthusiasm. The concluding
function of the Awareness Week on 31.10.2015 was chaired by Shri B. Choudhury, Scientist-
D and Dr. D.K. Dev Sharma, Sub-Divisional Medical & Health Officer, Jorhat graced the
function as the Chief Guest.

DBT sponsored national workshop-cum-training programme

A three-days DBT sponsored national workshop-cum-training programme on
“Advanced diagnostic techniques of Infectious disases in insects” was organized at the
institute during 21st -23™ March, at CMER&TI, Lahdoigarh, Jorhat, Assam. The workshop
was attended by post graduate students, research scholars and young faculty member,
delegates, including special invitees from universities and research institutes including
Central Muga Eri Research & Training Institute (CMER&TI), Central Silk Board (CSB),
Jorhat.

A total of 31 participants attended the event including young faculty members,
research scholars and post graduate students from Assam Agricultural University, Jorhat;
Gauhati University; Rain Forest Research Institute, Jorhat; J.B. College, Jorhat etc.

Sri B. Choudhury, Director i/c of the institute in his welcome address informed about
the activities of the institute, research areas and facilities together with its mandate areas.
CMERA&TI is the only institute in the country and in the country doing research and
developmental activities in the field of Vanya silk i.e. muga and eri silkkworm. He expressed
the role of Central Silk Board especially CMER&TI, Lahdoigarh in sericulture sector specially
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its new technologies which are presently being disseminated to the farmers for higher silk
recovery. Mr. B. Choudhury, Scientist-D of the institute informed that the main objective of
the programme is to motivate young generations and to provide an idea about the recent
developments in seri-biotechnology sector and hands on training on basic techniques related
to seri-biotechnology. Dr. (Mrs). R. Das, Dr. M. Chutia, Dr. Rajesh Kumar, Dr. D.K. Gogoi Dr.
G. Subrahmanya, Sri Jeevan B of CMER&TI, Lahdoigarh delivered lectures on different
aspects of silkworm diseases and its diagnostics techniques in the workshop.

Dr. RSC Jayaraj, Director, Rain Forest Researc Institute, Jorhat attended the
velidictory function of the event and encouraged the participants for their future. The
participants were also informed about the available facilities at CMER&TI, provision of
subsidies to procure reeling machines, procuring good dfls (disease-free laying, eggs) and
seedlings of host plants etc. Laboratory experiments and field demonstration and field visit to
the participants including the Insect Repository was arranged in each day of the workshop.
The trainees were exposed to first-hand experience on modern tools that can be adopted for
research programmes.

CMER & TI, Lahdoigarh CSB Member Secretary

Hon’ble Member Secretary of Central Silk Board, Bengaluru, Dr. H. Nagesh Prabhu
visited CMER&TI, Lahdoigarh on 16" October, 2015. The Member Secretary appreciated the
efforts of the institute towards R&D activities and extension works. He opined that CMER&T],
Lahdoigarh is the only institute that can promote Muga & Eri culture in the country in general
and state in particular.

Research Council Meeting

The 47" Research Council Meeting of CMERTI, Lahdoigarh was held on 17" August,
2015 under the Chairmanship of Dr. K. Giridhar, Director of the institute. He emphasized on
the field oriented, farmers’ friendly research projects and requested the scientists to carry out
the activities effectively.

Research Advisory Committee Meeting

The 30" Research Advisory Committee Meeting of CMERTI, Lahdoigarh was held on
23" December 2015. The meeting was chaired by Prof. Bolin Kr. Konwar, VC, Nagaland
University and participated by Dr. P. Jaya Prakash, Director (Tech.) of CSB, Bengaluru, Dr.
N. Muraleedharan, Director of Tocklai Tea Research Institute, Jorhat, Dr. T. C. Bora, Retd.
Scientist of Biotechnology Division, NEIST, Jorhat, Prof. D. K. Jha, Dept. of Botany, Gauhati
University; Sri D. J. Bora, Deputy Director of Sericulture, Govt. of Assam, Sri J. Deka, Deputy
Secretary (Tech.), Regional Office, Guwahati; Dr. B. B. Sinha, Sc.-D, MSSO, Guwabhati, Sri
Soni Vijay Kumar, Sc.-C, RSTRS, Khanapara, Sri Hema Gogoi, muga farmer, Golaghat;
Smt. Lakhimai Lahon, eri farmer, Titabor; all the Scientists of the Institute and Regional
Stations. Sri B. Choudhury, Director incharge of the institute highlighted the R&D activities
and achievement of the institute during the last six months.

Extension Officers’ Meeting

The 2™ EOM was held on 28™ November, 2015 to review the progress of extension
activities conducted by the main institute, its regional stations and different RECs. Sri R.
Satish Kumar, Director (Finance), CSB, Bengaluru attended the meeting. He appreciated the
extension activities undergoing in various levels and assured possible financial grants from
the Central Office.

Renewal of ISO Certificate

The 2™ Surveillance Audit of the institute under ISO 9001 : 2008 was conducted by
the Certification Boddy on 8" October, 2015 and renewed the certificate which is valid up to
November, 2016. 2" Surveillance Audit was held on 16th November,2015 at RMRS, BOKO

to renew the certificate for another one year.
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Inauguration of VC room

Video Conference facility has been established at CMERTI, Lahdoigarh in 2015. The
VC room was inaugurated by Dr. H. Nagesh Prabhu, Member Secretary, Central Silk Board,
Bengaluru on 16" October, 2015. The first VC session was held on 30" November, 2015 in
which discussion was held with Central Office, Bengaluru.

Hindi Workshop
T FHIN T IEUE T TRIGTOT HEAH, AEIETG,SIHGE 7 M 30.12.2015 @0

JaTET 11.00 OSTUfR=tT FHRIED 0 AT g5 foaer srezerdn st Moty aadas 0 q2o
JHEY 08T 0T 390 SEAFEOH 0 AT IEHAND ATFRT dU0 PR IHTHND FHEFTIT
TfAfd, SHEE Fara A 35T FAR, IR-YET a0 TU0viegiah dwum, STHeE 39y
& 18 gt SR TUIHAURAT ABFT HEAFOH HOT g0 FEAH 7 7d 5ged 9
Fafaer-0Y 0 FHEERNA IGHIWND Rl I FTUXOT0 U0 FFET SHEEIT & IHHND By 0
AT JIOTFAs FESN F0RE JHGET DAFER Te g SEREI0 IJiod fhanrm
A ST AR, TGN TR, 6, STHEE ARG AT, T THX SaXITAG-HHT
R IGEHINOTIDT 9090 T 0 081, T80 F Fef-asil I iR=ir #0 RBSIT 37T aH U Sl
JUNIET T SET T 3TeTT-37619T IAGNW 10 X TIETR TEmeant a0 4 31 FAX &0
IIAEEEIH 0 0RE el fh Frayg TReX FRHEEAT 7 HERT HAIRIGe! H0IGHND Fer
QO T 0 DRI H0ITIET AN TATE §| HeTUET et HiAEh Tt 7 T Hias off g0
Tora! g1 38 3faRed gEra 31 a0 FATmAT S0 9fASToT T2U0 J0E, JH0T TU0 Yk
0 ) gdern & 3<Avt gEmEhr ifFarEan s G0y & 3faerd HRmE0 IR0 GEAH 4 IH @M
&.18.37 FMU=Iam TdE FILIH SERIBIRITANA fhanIrm

EXTENSION AND TRAINING ACTIVITIES
EXTENSION EVENTS

Training under SMV

CMER&TI organised a training programme w.e.f. 5" to 8" October, 2015 for 4 days
under Seri Model Village (SMV) to educate the beneficiaries of Charaideo, Sivasagar about
the new technologies related to muga food plant cultivation and muga silkworm rearing. 50
muga farmers were benefited from the training programme. Sri N. Borgohain,
Superintendent, Sonari, DOS Assam participating the training programme underlined the
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need to adopt latest technologies developed by the Research Institute for better production
of quality cocoons. Sri Sumbit Konwar, Extension Officer, Sonari, DOS Assam delivering
lecture hoped that such training programme will enhance the skill of muga rearer to
implement the technology in field. Dr. Ranjana Das, Sri D. Goswami and Smt. Ranuma
Das, Scientists of the institute educated the trainees about latest technologies developed by
the institute for muga food plant cultivation and muga silkworm rearing.

Organization of Exhibition

Central Muga Eri Research & Training Institute, Lahdoigarh, Jorhat, Assam organized
a day long exhibition programme at Regional Agricultural Research Station, Titabor, Assam
on November 6, 2012. Improved technologies of muga and eri host plant cultivation and their
management, muga and eri silkworm rearing, muga reeling and eri spinning and different
diversified products of muga and eri were attractively displayed in the exhibition. Sri N.M
S.Deka, Honble’ Minister of Agriculture in Assam, Dr. K.M Bujorbaruah, Honble’ Vice
Cencellor, AAU, Jorhat, Assam and more than 1000 farmers were visited the exhibition stall
to see and learn different technologies of muga and eri culture. Many of the farmers and
youth groups from different parts of Assam were found to show their kin interest to take up
muga and eri culture newly with the technologies after visit the exhibition stall. Sri D.
Goswami, Sri D. Mech, Scientist-C and Sri SA Ahmed, Scientist —-B of CMER&T]I, Lahdoigarh
actively took part for demonstration the technologies displayed in exhibition invited by RARS,
Titabor on the occasion of its Farmer’s day.

Technology Awareness Meet at RERS, Mendipathar

A Technology Awareness Meet on Ericulture was organized at the premises of
“Charaibaha Yubak Sangha”,Charaibaha, Kamrup; Assam on 11" August, 2015. The meet
was organized by RERS, Mendipathar; Meghalaya with the support of the State Sericulture
Dept. Govt. of Assam. A total of 100 eri farmers of the area participated in the camp.
Besides, 8 other dignitaries from different organizations were present in the Awareness
Meet.Welcoming the gathering, Sri P. N. Borgohain, Scientist of RERS gave a brief account
on the scientific technologies involved in ericulture starting from systematic plantation of eri
host plants, improved silkworm rearing technology and post cocoon technology. Other
dignitaries appealed the farmers to accept this traditional eri culture in a scientific way
towards commercialization and as a source of family income.

Another Technology Awareness Meet cum Exhibition on ericulture was organized by
RERS, Mendipathar at the Deochar village, Kamrup, Assam on 2ond August, 2015. Nine
dignitaries from different private organizations, NGO and State Sericulture Department, Govt.
of Assam were present in the meet. The meeting was chaired by Sri Dinesh Kalita, Head
Master, D. N. D High School, Deochar. Sri S. Paliwal, Scientist of RMRS, Boko gave a detalil
account on the present status of ericulture in Assam and NE States. Sri Rohit Kalita, a
progressive eri weaver of Deochar, explained about his ideas regarding management of his
private handloom weaving industry engaging 400 nos. of handloom weavers to join in the
path of self- reliance. Sri A. K. Gogoi, Scientist of RMRS explained about the package &
practices of systematic Kesseru plantation. Sri Keshab Kalita, an official from the Dept. of
State Sericulture, Govt. of Assam, urged the farmers to involve more actively in this
economically viable culture by generating self-employment. Sri Bimal Kalita, Sri Benudhar
Kalita and Sri Rupam Kalita, social workers of the Deochar area spoke on the occasion. Sri
Srikant Thakuria, a Retired Teacher of Deochar Primary School actively participated in the
event. Total 128 nos. of eri farmers of Deochar, Nowapara, Paneri, Banhjani, Natun Simna
area of Kamrup district attended the program. In the exhibition, various exhibits were vividly
displayed depicting importance of ericulture for the human society.

Awareness Meet at REC, Lakhimpur
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REC, Lakhimpur organized an awareness programme on 23 July, 2015 at
Dusutimukh, Narayanpur, Laklhimpur. 55 muga rearers and graineures from the district took
part in the function. The programme was chaired by Sri Dambaru Saikia, Asst. Manager of
Sericulture, Naharani, Lakhimpur; Dr. K. Neog, Scientist from CMER&TI, Lahdoigarh; Sri
Gopal Bhuyan, Asst. Manager, Narayanpur; Sri Nagen Saikia, S. D, Dusutimukh, Lakhimpur;
Sri N. M Rahman and Kumud Gogoi, Tech. Asst’s from SSPC, MSSO, Narayanpur were
present in the programme. Sri S. K. Saikia, In-Charge, REC, Lakhimpur urged the farmers for
adopting advanced technologies developed by Research Institute to cope up with changing
scenario of global warming, pest and disease incidences, competition for land by other
sectors etc. Dr. K. Neog, in his speech appraised about latest achievements made by
CMERA&TI. He also made the farmers aware about the website of the institute and “The Silk
Portal” launched by CSB and explained the farmers how to get benefit out of it.

Sri Bulton Borah, a private graineur and progressive farmer of the region pointed out
that seed supply in required quantity and quality is the main problem in muga culture,
followed by non hatching of eggs of Aherua and Bhadia crops, large scale mortality of worms
by flacherie disease during Aherua and Bhadia crop rearings and uzi fly infestation during
Chatua crop. Sri Dambaru Saikia in his presidential address pointed out that, the top position
of Lakhimpur district on production of muga cocoons and yarn would remain unaltered only if
the farmers change their traditional attitude and apply new technologies in muga culture.

Exhibition on Ericulture at Dhopdharr

An exhibition on ericulture was organized at Dhopdhara, Goalpara, Assam on 12"
August, 2015. The exhibition was organized by RERS, Mendipathar to motivate the farmers
towards ericulture. In addition of 85 farmers, dignitaries from different organizations, SHG,
NGO'’s and Officials of Dept. of Sericulture participated in the event.

Farmers Training Programme at Jaljori, Golaghar

A four days eri training programme was organized at Farmers Field School, Jaljori,
Golaghat w.e.f. 8" to 11" September, 2015 in two batches covering 100 farmers. In the
training programme, eri silk industry, its potentiality, scope of development, improved eri
silkworm breed/ race and rearing technology, different types of eri host plants, improved
method of cultivation and maintenance, improved eri seed production technology and
potentiality of Borpat for eri silkworm rearing and eri seed production through Private
Graineurs System were covered.

Farmers Training Programme at Udalguri, BTC

Two days Farmers Training Programme was organized on 28" and 29" October,
2015 at Bhurachuburi village, Sastrapara of Udalguri District of BTC, Assam. Dr. M.C.
Sarmah, Dr. B.N. Sarkar and Sri D. Mech, Scientists took part in the Training programme. A
total of 53 participants were present in the programme. Sri D. Mech, Sc-D, Coordinator of
FFS, Udalguri explained the objective and impact of Eri Farmers Field School, Udalguri,
BTC, Assam. He told that, Udalguri is now become one of the potential zone of eri cocoon
production. Dr. M.C. Sarmah and Dr. B.N. Sarkar, scientists explained about eri host plant
cultivation, package of eri silkworm rearing for healthy cocoon harvest. In the training
programme, the advantage of rearing high yielding eri breed C2, the benefit of wooden
collapsible mountage for cocooning of eri silkworm, maintenance of harvest time for cocoon
after spinning, maintenance of suitable temperature and RH in the cocooning hall for proper
cocooning were highlighted. Mrs. Punnya Doimari (lead farmer of FFS, Udalguri) expressed
that she produced 8,000 eri dfl’s in the spring crop, 2015 and generated a good income by
selling the dfl’s to Govt. agency.

Field day organized at Barekuri
A Field Day Programme was organized at SMV, Barekuri on 21° August, 2015. More
than 100 farmers actively participated in the programme. Dr. K. Giridhar, Director, CMER&TI,
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Dr. D.K. Gogoi and Dr. S.A. Ahmed, Scientists participated in the programme. Dr. S.A.
Ahmed emphasized on adoption of new technologies such as disinfection, feeding
techniques, rearing of improved breed (C2), platform rearing, using of improved mountage
etc. for quality cocoon production for socio-economic up-liftment of eri farmers. He
appreciated the efforts of eri farmers in developing the model eri village in the remote corner
of Assam through adoption of the technologies. Many farmers interacted and highlighted
their experiences. They informed that chawki rearing with Castor followed by late stage
rearing (3" instar) with Borpat gave the best results.

Field day at Nambarjuli, Kamrup

A Field Day was organized on 30™ August, 2015 by RERS, Mendipathar at
Nambarjuli, Kamrup. Sri Hari Charan Rabha, the village head of Nambarjuligaon chaired the
meeting and total of 67 eri farmers participated in the programme. Ten dignitaries from the
State Sericulture Dept, Govt. of Assam, social workers and the scientific staff of CSB were
present on the occasion. Farmers interacted in the discussion with the CSB scientists
regarding their problems facing on ericulture.

Demonstration at Charaideo

CMER&TI conducted a technology demonstration programme on maintenance of
som plantation and application of organic fertilizer on 21*' August, 2015 at Bormathurapur,
Charaideo in Sivasagar district. Sri Dulal Goswami, Dr. Ranjana Das and Smt. Ranuma das,
Scientists demonstrated the technology of pest and disease control in muga food plants,
silkworm rearing and application of vermicompost in som plants 34 nos of farmers from
Bormathurapur area participated in the programme.

EXTENSION ACTIVITIES IN BRIEF

» For dissemination of technologies in muga and eri culture, 4 muga and 4 eri SMV with
100 beneficiaries in each SMV and one PCT SMV covering 62 beneficiaries were
implemented during 2015-16. Improvement was noticed in respect of cocoon production,
raw silk production and income generation among the farmers. Cumulative impact
assessment from the rearing performance during 2015-16, revealed that level of cocoon
production is enhanced by 28.0 % in Muga SMV and 40.8% in Eri SMVs.

» Under Transfer of Technology (TOT) programme on Integrated Technology Package of
muga culture, 508 farmers were covered. Demonstration programmes on integrated
technology package of muga culture and on job practical training at the field of Lead
farmers in 4 different muga FFS were conducted. Impact assessment result showed that
adopting the latest technologies by the farmers, average muga cocoon yield was
increased from 50 to 61 cocoons per dfl.

» 300 farmers were covered in the demonstration programmes on Integrated Technology
Package of eri culture and on job practical training at the field of Lead farmers in 3
different eri FFS. Impact assessment result showed that adopting the latest technologies
by the farmers, average eri cocoon (shell) yield was increased from 7.5 kg to 9.50 kg per
100 dfls.

» 4143 farmers were sensitized with the technologies developed by the institute on muga
and eri culture through implementation of Seri Model villages and different training
programmes organized at the institute.

» Institute organized a National Seminar ‘Problems & prospects of muga and eri silk
sectors’ at IIE, Guwahati during 25-26" February, 2016.

» Institute conducted one Krishimela, 12 Technology Awareness Programmes, 12 Field
day and 10 Group Discussions among the sericulturists.

TRAINING ACTIVITIES
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A total of 3571 beneficiaries were trained on different seri- technologies under different
Training Programmes. Organized Farmers skill training of 6 days duration covering 480
farmers, Farmers skill training of 3 days duration covering 100 farmers, NIAM sponsored
training programme covering 30 farmers, Tech. Orientation Programme for 24 farmers
under CSS-CBT and conducted Orientation training to 16 SOs/SAs. Further, the
institute organized training for the beneficiaries under SMVs & FFS, Farmers Training
Programme sponsored by DOS-UP, Refresher Training Programme to RSPs and
Foundation Training to CSB Young Scientists.

Organized one national level workshop cum training programme on “Advanced
diagnostic techniques of infectious diseases in insects” was organized at the institute
during 21st -23 March, 2016 where 31 scientists / scholars/ students from different
organizations participated.

Under Institutional Biotech Hub project, one workshop on “Diversity, exploration,
Taxonomy and management: Advanced tools and techniques for Lepidopteran insects
was organized Two demonstration and one awareness programmes were conducted
and 225 nos. of students from nearby School and Colleges participated

UNITWISE EXTENSION ACTIVITIES

# | Programme Target for the year Progress till end of Remarks
2015-16 quarter
Physical | Financial | Physical | Financial
1 | Workshop/ seminar
CMERA&TI, 1 2.00 1 2.00
Lahdoigarh
2 | Organization of Krishimela= 4 (Unit cost Rs. 1.00 lakh)
CMERA&TI, 1 1.00 1 1.00
Lahdoigarh
RMRS, Boko 1 1.00 1 1.00
RERS, Mendipathar 1 1.00 1 1.00
REC,Coochbehar 1 1.00 1 1.00
Total 4 4.00 4 4.00
3 | Technology Awareness Programme - 20 nos (Unit cost Rs. 0.20 lakh)
CMERA&TI, 4 0.80 12 1.41
Lahdoigarh
RMRS, Boko 3 0.60 3 0.60
RERS, Mendipathar 2 0.40 4 0.60
RERS, Shadnagar 2 0.40 2 0.40
REC, Tura 1 0.20 2 0.40
REC,Coochbehar 2 0.40 4 0.40
REC, Lakhimpur 2 0.40 2 0.40
REC, Fatehpur 2 0.40 3 0.50
REC, Kokrajhar 1 0.20 1 0.20
REC, Diphu 1 0.20 2 0.40
Total 20 4.00 35 5.31
4 | Field day (Unit cost Rs. 0.20 lakh)
CMERA&TI, 4 0.80 12 1.05
Lahdoigarh
RMRS, Boko 3 0.60 3 0.60
RERS, Mendipathar 2 0.40 4 0.50
RERS, Shadnagar 2 0.40 3 0.40
REC, Tura 1 0.20 3 0.30
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REC,Coochbehar 2 0.40 4 0.40
REC, Lakhimpur 2 0.40 2 0.40
REC, Fatehpur 2 0.40 2 0.40
REC, Kokrajhar 1 0.20 1 0.20
REC, Diphu 1 0.20 1 0.20
Total 20 4.00 35 4.45
5 | Group Discussion =70 nos (Unit cost Rs. 0.01 lakh)
CMERA&TI, 10 0.10 10 0.10
Lahdoigarh
RMRS, Boko 10 0.10 10 0.10
RERS, Mendipathar 7 0.07 7 0.07
RERS, Shadnagar 6 0.06 6 0.06
REC, Tura 5 0.05 5 0.05
REC,Coochbehar 8 0.08 8 0.08
REC, Lakhimpur 7 0.07 7 0.07
REC, Fatehpur 7 0.07 7 0.07
REC, Kokrajhar 6 0.06 6 0.06
REC, Diphu 4 0.04 4 0.04
Total 70 0.70 70 0.70
TRAINING PROGRAMMES
# | Name of the Programme Target Cumulative Progress
(Up to Mar 2016)
Physical Financial Physical | Financial (Rs.
(Nos.) (Rs. in (Nos.) in Lakh)
Lakh)
1 | Farmers Skill Training (6 days )
CMERA&TI 600 22.50 621 19.934
RMRS, Boko 300 11.25 314 11.250
RERS, Mendipathar 300 11.25 300 11.250
REC, Coochbehar 150 5.625 163 5.625
REC, Tura 150 5.625 150 5.625
REC, Lakhimpur 150 5.625 150 5.625
Total 1650 61.875 1698 59.309
2 | Farmers Skill Training (3 days)
CMERA&TI 200 4.000 225 3.950
RERS, Shadnagar 100 2.000 125 2.000
REC, Fatehpur 100 2.000 100 2.000
Total 400 8.000 450 7.950
2 | Exposure visit 90 2.250 90 2.250
3 | Tech. Orientation 75 2.250 24 0.670
Programme
4 | Training Programme funded by agency other than CSB
DOS Staffs of UP 65 1.790 65 1.790
NIAM sponsored training 150 5.000 90 2.940
programme
5 | Training Impact 1 2.000 0 0
Assessment
6 | Sericulture Resource 4 13.00
Centre 0 0
7 | Training Capex - -
8 | Other Misc. Training Programme
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Orientation training to 0.160 16 0.160
SOs/SAs

Foundation Training to CSH 4.910 60 4.330
Young Scientists

Refresher training to RSP 204 5.100 190 4.330

PLAN FOR LAND USE AND RESOURCE CONSERVATION (As per earlier Action Plan)

A | Raising of seedlings/ sapling (nos) Target Achievement | Remarks
Som / Soalu seedling
1 | CMER&TI, Lahdoigarh 20000 -
2 | RMRS, Boko 20000 50000
3 | REC, Lakhimpur 5000 5000
4 | REC, Coochbehar 5000 5000
B | Raising of Kesseru seedlings
1 | CMER&TI, Lahdoigarh 25000 15000
2 | RERS, Mendipathar 10000 7500
3 | REC, Kokrajhar 5000 S
C | Supply of Som seedlings
1 | CMER&TI, Lahdoigarh = 15000 6000
2 | RMRS, Boko 20000 25600
4 | REC, Lakhimpur 3000 263
5 | REC, Coochbehar 5000 3000
D | Supply of Castor seeds (Kg)
1 | RERS, Mendipathar 40 43
2 | REC, Diphu 40 18
E | Supply of kesseru seedlings
1 | CMER&TI, Lahdoigarh 25000 6400
2 | RERS, Mendipathar 5000 7100
F | Silkworm rearing
Muga Commercial rearing (gm Dfl)
1 | CMER&TI, Lahdoigarh 3035 1497
2 | RMRS, Boko 2500 760
3 | REC, Lakhimpur 500 320
4 | REC, Coochbehar 500 530
5 | REC, Kokrajhar 400 200
Muga Seed crop rearing (gm Dfl)
1 | CMER&TI, Lahdoigarh 1700 2384
2 | RMRS, Boko 700 2576
3 | REC, Lakhimpur 400 297
4 | REC, Tura 600 1000
5 | REC, Coochbehar 600 600
Eri silkworm rearing (dfl)
1 | CMER&TI, Lahdoigarh 550 441
2 | RERS, Shadnagar 400 200
3 | RERS, Mendipathar 500 500
4 | REC, Kokrajhar 200 -
5 | REC, Diphu 200 150
REC, Fatehpur 100 -

100




CMERTI, Annual Report 2015-16

(0]

Cocoon production

Muga Commercial cocoons (Nos.)

1 | CMER&TI, Lahdoigarh 183000 39918
2 | RMRS, Boko 150000 28557
3 | REC, Lakhimpur 30000 1295
4 | REC, Coochbehar 30000 5600
5 | REC, Kokrajhar 24000 3903
Muga Seed cocoons (Nos.)
1 | CMER&TI, Lahdoigarh 68000 61501
2 | RMRS, Boko 28000 8955
3 | REC, Lakhimpur 16000 2352
4 | REC, Tura 24000 27064
5 | REC, Coochbehar 24000 6538
Eri cocoons (Kg)
1 | CMER&TI, Lahdoigarh 48 33.6
2 | RERS, Mendipathar 40 33.7
3 | RERS, Shadnagar 32 35.0
4 | REC, Kokrajhar 16 -
5 | REC, Diphu 16 7.9
6 | REC, Fatehpur 8 -
H | Muga dfl production (gm)
1 | CMER&TI, Lahdoigarh 17000 19917
2 | RMRS, Boko 8000 11240
3 | REC, Lakhimpur 3000 553
4 | REC, Tura 4000 2145
5 | REC, Coochbehar 4000 1400
Eri dfl production (No.)
1 | CMER&TI, Lahdoigarh 2000 3915
2 | RERS, Mendipathar 7000 9845
3 | RERS, Shadnagar 2000 200
4 | REC, Diphu 2000 2000
| | Dfl supply
Muga dfl supply (gm)
1 | CMER&TI, Lahdoigarh 17000 19917
2 | RMRS, Boko 6800 8974
3 | REC, Lakhimpur -
4 | REC, Tura 4000 2045
5 | REC, Coochbehar 4000 1320
Eri dfl supply (No.)
1 | CMER&TI, Lahdoigarh 1650 3915
2 | RERS, Mendipathar 7000 9345
3 | RERS, Shadnagar 2000 200
4 | REC, Diphu 2000 1398

Other Achievements
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1)

The institute graded as “excellent” in RFD achievement during 2015-16 and secured
93.5 score in total.

Developed Insct Repository for insect fauna of seri-ecosystem and wild silk moths
of North East India AT Entomology Section, CMER&T]I, Lahdoigarh

Dr. M. Chutia, Scientist C of CMER&T!I received Post Doctoral Fellowship in the
University of Leciester, UK and worked on bacteriophages those infect clinical and
environmental strains of Clostridium difficile and Pseudomonas aeruginosa
and their therapeutic application from February 2015 to January 2016. The work
carried out by Dr. Chutia was highlighted by the University Press and British Media
(BBC News) for his novel techniques used in the study to treatment of bacterial
infection.
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RESEARCH PUBLICATIONS
(2015-16)

Research articles/ Book Chapter

1.

2.

10.

11.

12.

13.

Ahmed SA, Singh NI, Sarkar CR (2015) Role of forest biodiversity in conservation of
non-mulberry silk in India. Munis Entomology & Zoology, 10 (1): 342-357.

Bhuyan D, Dutta K, Sarmah MC, Sarkar BN, Neog K (2015) Effect of differential
feeding on eri silk worm Samia ricini (Donovan) and its pupal protein concentration.
International Journal of Education and Science Research. |l (5): 21-24.

Das AK, Khanikor B, Neog K (2016) Biology of Cotesia dictyoplocae Watanabe
(Hymenoptera: Braconidae) a parasitoid of Antheraea assamensis Helfer
(Lepidoptera: Saturniidae). Journal of Entomology and Zoology Studies 4(2): 236-
240.

Das R, Das K (2016) Effect of abiotic factors on infestation of uzifly in different instar
muga silkworm, Antheraea assamensisi Munis Entomology and Zoology, 11, No. 1,
January 2016

Dash C, Ahmed SA, Giridhar K (2015) Women empowerement through technological
interventions in ericulture: A case study in Upper Assam, Journal of Community
Mobilization and Sustainable Development , 9(2):124-128

Gupta A, Das AK, Neog K, Verghese A (2016). First report of Cotesia dictyoplocae
(Watanabe) (Hymenoptera: Braconidae) from India, a larval parasitoid of Antheraea
assamensis Helfer (Lepidoptera: Saturniidae). Florida Entomologist (accepted).
Kumar R, Chutia P, Gogoi B, Ahmed M, Rajkhowa G (2015) A new record of Bibasis
gomata (Lepidoptera: Hesperiidae) on kesseru, Heteropanax fragrans (Roxb.) from
India. Munis Entomology & Zoology, 10 (2): 502-505

Kumar R, Mittal V, Chutia P, Ramamurthy VV (2015) Taxonomy of Fulgoraecia
melanoleuca (Fletcher, 1939), (Lepidoptera: Epipyropidae) in India, a biological
control agent of Pyrilla perpusilla (Walker) (Hemiptera: Lophopidae). Zootaxa, 3974
(3): 431-439.

Mech D, Kumar R, Singh NI, Goswami D, Das R, Giridhar K (2015) Impact of Front
Line Demonstration on Muga Cocoon Yield at Farmers’ Level in Assam, India. Asian
Journal of Agricultural Extension, Economics & Sociology 8(2): 1-8, 2016.

Neog K, Dutta P, Goswami D (2015) Studies on moisture retention capacity of som
and soalu genotypes and its impact on survival of early instar muga silkworm
Antheraea assamensis Helfer under indoor conditions. World Journal of
Pharmaceutical Research, 4 (7), 876-882.

Sarkar BN, Sarmah MC, Ahmed SA, Giridhar K (2015) Eri silkworm rearing on
perennial host plant. Indian Silk. 5-6 (53-54 old) 12-2: 30-32.

Sarkar BN, Sarmah MC, Giridhar K (2015) Grainage performance of eri
silkworm Samia riciniDonovan) fed on different accession of castor food plants.
International Journal of Ecology and Ecosolution, 2(2): 17-21.

Sarmah MC, Sarkar BN, Ahmed SA, Giridhar K (2015) Performance of C2 breed of
eri silkworm, Samia ricini (Donovan) in different food plants. Entomology and Applied
Science Letters 2, 1:47-49

Papers presented in the conference/ seminars

1.

Ahmed SA, Dash C, Gogoi B, Sarmah MC (2015) Role of eri culture in harnessing
untapped oppurtunities in diversified silk sector. Proceedings on UGC sponsored
National Seminar on Future of Muga and Pat industry in Sualkuchi areas of Assam,
29™-30™ April 2015, pp. 26-27.
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10.

11

12.

Ahmed SA, Dash C, Sarmah MC (2016) Inclusive rural development and mitigation of
environmental challenges through adoption of innovative approaches and
technologies in ericulture. Abstracts National Workshop on Emerging Needs and
Critical Gaps in Muga and Eri Silk Sectors organized by MSSO, Guwahati on 10-11
March, 2016 at ASAMB, Ulubari, Guwahati pp 49.

Ahmed SA, Gogoi B, Sarkar CR, Singh NI (2016) Role of Primary and Secondary
metabolities of Ailanthus leaves in rearing performance of Eri Silkkworm. National
Seminar on Problems and Prospects of Muga and Eri Silk Sectors organized by
CMERA&TI, Lahdoigarh on 25-26 February, 2016 at Guwahati, pp. 40-46

Bhuyan D, Sarmah MC, Dutta K (2016) Seasonal variation on the rearing
performance of eri silkworm, Samia ricini (Donovan) reared on Kesseru Heteropanax
fragrans. National Seminar on Problems and Prospects of Muga and Eri Silk Sectors
organized by CMER&T]I, Lahdoigarh on 25-26 February, 2016 at Guwahati pp. 101
Bhuyan PM, Sandilya SP, Kardong D, Gogoi DK (2015) Isolation and characterization
of cellulolytic gut-bacteria of muga silkworm reared in different localities of Assam.
Paper presented in the National Symposium on Bioresources Sustainable
Deviopmant, 28" to 29" Oct, 2015.

Bhuyan PM, Sandilya SP, Kardong D, Gogoi DK (2015) Isolation and characterization
of cellulolytic gut-bacteria of muga silkworm (Antheraea assamensis Helfer) reared in
different localities of Assam”. Paper presented in the National symposium on
“Bioresources and Sustainable Development” 28" to 29" October, 2015.

Bhuyan PM, Sandilya SP, Kardong D, Neog K, Gogoi DK (2016) Isolation and
characterization of lipase producing gut-bacteria of muga silkworm (Antheraea
assamensis Helfer) reared in different localities of Assam. Paper presented in the
National Seminar on “Problems & Prospects of Muga and Eri Silk Sectors” organized
by CMER&TI, CSB, Lahdoigarh, Jorhat at Indian Institute of Entrepreneurship,
Lalmati, Guwahati, w.e.f. 25" to 26" February’ 2016.

BN Sarkar et al. (2016) A study of eri silkworm Samia ricini (Donovan) embryonic

development (National Seminar on Problems and Prospects of Muga and Eri Silk
Sectors organized by CMER&TI, Lahdoigarh on 25-26 February, 2016 at Guwahati
pp- 65-68.

Changmai A, Dutta P, Gogoi DK, Neog K (2016) Antimicrobial Peptides: Role in
Silkworm Immunity. Paper presented in the National Seminar on “Problems &
Prospects of Muga and Eri Silk Sectors” organized by CMER&TI, CSB, Lahdoigarh,
Jorhat at Indian Institute of Entrepreneurship, Lalmati, Guwahati, w.e.f. 25" to 26"
February’ 2016

Chutia M, Sahota J, Nale JY, Clokie MRJ (2016) Developing Galleria model for
assessing phage therapy in Pseudomonas aeruginosa infection. Paper presented in
‘Bacteriophage 2016’ conference organized by EuroSci held at O, Arena, London
during 19-21° January 2016, Abstract book p. 11-12

. Gogoi B, Ahmed SA (2016) Effect on Growth and Nutrition of Eri Silkkworm, Samia

ricini (Donovan) with reference to Ailanthus Germplasm. National Seminar on
Problems and Prospects of Muga and Eri Silk Sectors organized by CMER&TI,
Lahdoigarh on 25-26 February, 2016 at Guwahati, pp. 69-73

Neog K, Changmai A, B. Choudhury (2016) Evaluation of different host plants in
terms of biochemical properties, rearing performance and cocoon characters of muga
silkworm Antheraea assamensis Helfer. Paper presented at 103" Conference of
Indian Science Congress Association held at Mysore, 3-7" January, 2016.
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Neog K, Changmai A, Choudhury B (2015) Evaluation of different host plants in terms
of biochemical properties, rearing performance and cocoon characters of muga
silkworm Antheraea assamensis Helfer. Paper accepted for Oral Presentation at 103"
Conference of Indian Science Congress Association to be held at Mysore, 3-7"
January, 2016.

Neog K, Changmai A, Choudhury B (2015) Evaluation of different host plants in terms
of biochemical properties, rearing performance and cocoon characters of muga
silkworm. Paper accepted for Oral Presentation at 103" Conference of Indian Science
Congress Assocation to be held at Mysore, 3-7" Jan 2016.

Neog K, Choudhury B (2016) Field efficacy of Terminelia chebula based
bioformulation “Muga Heal” for healthy larvae and production of quality silk fibre by
muga silkworm. Paper presented in the National Seminar on Emerging needs and
Critical Gaps in Seed production in Muga & Eri Sector organized by MSSO, CSB,
Guwahati w.e.f. 10" & 11" March, 2016.

Neog K, Choudhury B (2016) Preliminary report on the effect of phytoecdysteroid
Sampoorna on synchronization of maturation and cocoon characters in silkworm
Antheraea assamensis, Helfer. Paper presented in the National Seminar on
“Problems & Prospects of Muga and Eri Silk Sectors” organized by CMER&TI, CSB,
Lahdoigarh, Jorhat at Indian Institute of Entrepreneurship, Lalmati, Guwahati, w.e.f.
25" to 26" February’ 2016

Neog K, Dutta P, Gogoi D, Mech D, Choudhury B (2016) Insect stimulants on the
growth, development and productivity of muga silkworm, Paper presented in the
National Seminar on Emerging needs and Critical Gaps in Seed production in Muga &
Eri Sector organized by MSSO, CSB, Guwahati w.e.f. 10" & 11" March, 2016.

Neog K, Giridhar K (2015) Field efficacy of juvenile hormone analogue methoprene
on the growth, cocoon characters and fecundity of muga silk worm Antheraea
assamensis Helfer (Lepidoptera: Saturniidae). Paper accepted for Best Poster Award
Presentation at 103" Conference of Indian Science Congress Association to be held
at Mysore, 3-7" January, 2016.

Neog K, Giridhar K (2015) Field efficacy of juvenile hormone analogue methoprene
on the growth, cocoon characters and fecundity of muga silk worm. Paper accepted
for Best Poster Award Presentation at 103" Conference of Indian Science Congress
Assocation to be held at Mysore, 3-7" Jan 2016.

Sandilya SP, Bhuyan PM, Kardong D, Neog K, Gogoi DK (2016) Bacillus firmus MAJ
PSB12, A P solubilizing rhizobacteria and its plant growth promoting ability in eri
silkworm host plant castor (Ricinus communis L). Paper presented in the National
Seminar on “Problems & Prospects of Muga and Eri Silk Sectors” organized by
CMERA&TI, CSB, Lahdoigarh, Jorhat at Indian Institute of Entrepreneurship, Lalmati,
Guwahati, w.e.f. 25" to 26™ February’ 2016.

Sarkar BN et al (2016) Role of abiotic factor in eri silkworm Samia ricini (Donovan)
egg desiccation and hatching failaure during summer season Abstracts National
Workshop on Emerging Needs and Critical Gaps in Muga and Eri Silk Sectors
organized by MSSO, Guwahati on 10-11 March, 2016 at ASAMB, Ulubari, Guwahati

pp. 31.

Sarmah MC, Sarkar BN, Ahmed SA, Choudhury B (2016) New wooden collapsible
strip type mountage for eri- a breakthrough. National Workshop on Emerging Needs
and Critical Gaps in Muga and Eri Silk Sectors organized by MSSO, Guwahati on 10-
11 March, 2016 at ASAMB, Ulubari, Guwahati.

Sarmah MC, Sarkar BN, Ahmed SA, Choudhury B (2016) Promotion of eri culture in

North East India —a road map. National Seminar on Problems and Prospects of
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Muga and Eri Silk Sectors organized by CMER&TI, Lahdoigarh on 25-26 February,
2016 at Guwahati pp 28-34.

Technical bulletins / leaflets/booklets

1.
2.

3.

© N o oo~

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Kendriya muga eri o prasikshan pratitshan, Kaljoyi

Eri hutanere toiyari vashra hamogri aru iyar bybakxiyik dikh.

&S 7ER TH® TS BI-2 #eT=1 T=© “M&©f Eri polur natun unnat jat “C2” palonor
unnat paddhati

BL- T o2 LG eRTiF Faf saof

Som gasor baigyanik krishi paddhati

oM 76 U=® FIFA FC-1# Muga polu palonor unnat karikori kaushal
f<e- 191t 37ort 16 Swsm=1 s==Iett Nirogi muga sans utpadon pranali

Tl qrfq srafe eI

Uzi makhir jaibik niyantran

(T AT IS TG 2T AL 16 (oI

Muga khadya brikhyar majja khowa puk niyantran

QY ST 2AT- & AT To© SR

Eri palur khola bandhar unnat aahila

Q< ST AN T -9 Y AIOIATE i

Eri polur khadya brikhya rupon aru pratipalon paddhati

TR 15[ TR GO Tol BFAU ST S Tl COH I AS|
Mithoprin biywahar jariyate muga chakarir para adhik kani utpadan paddhati
T SATET JC-T97 NI LT AR T4 ALIQOF I A AR

Muga palanat rog nibaranar arthe parihodhokor prastutkaran aru bibyahar
Utpadamkham C-2 sankar jator eripolu palon

Eri hutare toiyari basra hamgri aru iyar byaboyashik dikh

Book/booklets/ news items

1

Singh BK, Ahmed SA, Velayudhan K, Singha BB, Sahu M, Choudhury R, Baruah NB,
Das, Bitopan B (2015) Ericulture- at a glance. Published by MSSO, Central Silk
Board, Guwahati

Proceedings of National Seminar on Problems and Prospects of Muga and Eri Silk
Sectors Edited by S.A. Ahmed, R. Kumar, K. Neog and M.C. Sarmah (2016),
Published by Director, CMER&T]I, Lahdoigarh

U. Hazarika and Vinod Kumar (2016) Soil Sampling and Analysis (A Practical Manual
for Soil Fertility Analysis.

M.D. Senapati (2015) Eri Awareness. The Asomia Khabar, 14" July,2015
M.D.Senapati (2015) Adhunik Padhatire Eri Polu Palan. The Asomia Khabar, 8"
August,2016

Newsletters

1)
2)

106

CMER&TI Sericultural News: Vol. 16: January-dune, 2015 and Vol. 17 July-
December, 2015

CMER&TI Hindi Newsletter. Vol. 3; January-June, 2014 and Vol. 4 July-December,
2015.
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Workshop/Training Attended

1.

Dr. Rajesh Kumar, attended training as a resource person of fruit fly in the training
entitled “Fruit fly identification and management training” held during 14-18 August,
2015 at PPD, Kathmandu, Nepal.

Dr. B. Choudhary, Dr. K. Neog and Dr. M. C. Sharma attended training on “Work
Ethics for Development Professionals” held during 10-12 August, 2015 at NIRDPR-
NERC, Guwahati (Assam).

Dr. N. I. Singh, Dr. Rajesh Kumar and Dr. S. N. Bagchi attended training on quarantine
procedures under CSB Act-2006 held during 14-16 October 2015 at NSSO, CSB,
Bangaluru.

Shri. D. Mech, Dr. B. N. Sarkar and Dr. S. A. Ahmed attended training as a resource
person training entitled “Training Programme on Professional Skills for Trainers of
Extention Institutions” held on 01-04 December, 2015 at NIRDPR-NERC Guwahati
(Assam).

New Recruitment
Following nine scientists have been recently joined at CMER&T]I, Lahdoigarh.

©CONOR~WDH =

Mr. Dharmendra Kumar Jigyasu Environment and Ecology
Dr. Kh. Subadas Singh Zoology (ENT)

Mr. Rajal Debnath Biotechnology

Dr. Gangavarapu Subrahmanyam Microbiology

Dr. Dr. Ranijini M. S Zoology (Genetics)

Dr. Vinodakumar S. Naik Agronomy

Dr. Prashanth Sangannavar Genetics and Plant Breeding
Mr. Jeevan. B Plant Pathology

Mr. Vijay. N Agricultural Statistics

Promotion of Scientist
» Dr. Urmimala Hazarika of PMC section and Dr. M. C. Sarmah of GCC, Chenijan have

been promoted to Scientist-D under Modified Flexible Complementing Scheme of
CSB w.e.f. 1* January, 2016.

Retirement from Servic

hwh =

Dr. K Giridhar Director 30.11.15
Dr. P. K. Handique Scientist D 31.12.15
Sri. Naren Ch. Saikia T A 30.09.15
Sri. Mohendra Boruah T A 31.08.15

Sri. Bhubon Ch. Boruah Watchman 31.10.15
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a¥ 2015-16 F R UasmT foewd) Y arfafafern qur suafeurn

A 0 T ITHUH e ead WA 10, JEIEITe, JREE Jafal  (3r6H)
)7 HEA 0 GHY [EUE TEIH § S0 Yafek HEd FHEH A 30 3fdRed oer # (
%3 IEAT F WH FYD F0 FEATTT FI 087 F HO IR T &H F AHJHUH TU0
emras @ goaifad Rffiesd IHEN F Ghde@EFIIT dU0 TS0 AFT TAXT 0
H fRedk 9ImRd g
qOA I FAET 0 fowll 3geI0T amn IO fasnT saem IfaReEd dwum
WHE DEED ST ¥ HHEHA TU0 TAY AT R ATEIACIET J09FT e 0 o8r
0 IUE A 3 0 0o8f # MU 70 oe7 vrd a0 @ gy § wewo B0 @0
FEFIIA H YFd 6T H0 f9aor AT Araofdan 9o gl
1. ImHmD 3fafATs 1963 $r amn 3(3) 30 a9 SdT FETIH - 595
2. HEHDIV 9AM 0 90 sARO

ey | T/ gfawedr | swel 3gEl | HE0eTT gaid | R/ SiaHmT H O
H H I Fel FEIO | T g 0 Fiard

& 111 29 140 79 %

FC] - - - -

a 3873 1600 5473 71 %

3. BEdl W fe=ly &7 fecgor

feely & 3G H el T&ar
gy s oke foer 15 fecqofy 498 631 1129

4. By UMD TEIE H a¥ 2015-16 a0 0RET IHHND Ry doeh [ 3R

o=y <ot
R X Bl HERIMEN gé o foraenn faaror sfanflan sran B
SERIED S afy giRIferd rferepiihei=ll T FHel TEIE 79
1. 30.06.2015 gfifera sifaed $r gean- 37
2. 29.09.2015 gifed gy @ gEan- 42
3. 30.12.2015
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4. 31.03.2016

5. 3tfierey shEal # 0 IfSd fhw arv I fRelr Aderor &vn saiko
1. &THIT HIT0 ITHYH, OERD |
2. IEUH AEdX FiFe, FEMEE ( I.037H)
3. IFEYH faTax Fos- X0 (FEE)
4. ITEUH fAFdx iFg - FEREE (f.an)

arye #H felY gEamn 3R o=l Maw A«mm 3=m
U a¥ T g 59 ayv ff geum & Nam 2015 ,@aFn 11 goids f=or
JEAEl H0 0 IH hI0 90 39 0RE Bl A0 awE-Isite-aAfdr arenamr a
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Photographs of workshop, training, exhibition, Technical Demonstration, Field day,
Krishimela, Technology Awareness Meet etc.
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