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From the Director’s Desk..........

Bioresources and associated traditional knowledge
are the bedrock for sustainable development. Leveraging
this knowledge and harnessing the resources through
appropriate scientific and technological intervention offers
unlimited opportunities for development of new
knowledge, technologies and services that can help
improve the quality of human life and the socio-economic
progress of the country. CSIR-National Botanical Research
Institute (CSIR-NBRI), Lucknow has been engaged in
multidisciplinary research and development programs
aimed at systematic documentation, conservation and
bioprospecting of the unexplored and underexplored
diversity in plants and microbes of India. The Institute has
carved out a special niche in the arena of transdisciplinary
and translational research by enriching the knowledge
base, intellectual property, and innovations in developing
affordable herbal, microbial and genetic engineering
technologies for human health care, agriculture and
environmental protection. I take pride in having the
responsibility to steer this vibrant institute towards
continued excellence and all-round progress and consider
it as a great honour and privilege to present the Annual
Report of CSIR-NBRI for the year 2014-15.

This report presents the salient achievements of the
Institute during April 2014 to March 2015 in its various
research and development as well as outreach programs
in basic and applied plant science research. The year under
report witnessed significant progress as increased quality
of research publications, the number of patents filed,
enhancement of the scope and application of new
technologies and new plant varieties developed, the
number of PhDs awarded and submitted, the new
infrastructure and facilities created, and the extensive out-
reach and awareness programs conducted by the Institute
on sustainable use of plant and microbial resources for
societal and economic development of the rural as well as
urban population of India. I am grateful to all my colleagues
and peers for their active interest and support in
contributing towards the sustained growth and
performance of CSIR-NBRI as a leading plant science
research centre in India.

The Institute progressed well this year too in its
innovation-driven research, generating new knowhow and
sustainable technologies from plant and microbial
resources. As a joint venture of CSIR-NBRI and CSIR-
CIMAP, we developed and released the herbal formulation
-'NBRMAP-DB’ for the management of diabetes during
2013-14. The technology for this safe hypo-glycaemic
formulation was transferred to M/s Aimil Pharmaceuticals
Ltd., New Delhi on the occasion of the National Technology

Day on 13" May 2014. The knowhow for a novel herbal
gel-based formulation for the management of Candidjiasis,
and another herbal cosmetic product - “Herbal Sindoor’
are also in the final stages of testing for their safety and
efficacy. I am also delighted that the “Arsenic-free rice
variety (CN-1794-2-CSIR-NBRI)" named “Muktashree”,
developed by CSIR-NBRI and the Rice Research Station,
Chinsurah, West Bengal, will be released soon for
cultivation in the arsenic contaminated fields in West
Bengal. Development of an online Comprehensive Cotton
Genomic Database and a Comprehensive Transcriptome
Database on Withania - WITHANOME - are the two other
major contributions of CSIR-NBRI towards enriching the
global genome databases.

This year, the Institute undertook a wide range of
research activities under 95 R&D projects (including in-
house, supra-institutional, network, NMITLI and other
externally funded projects) spanning almost the entire
range of disciplines in plant sciences. The scientists of the
Institute published 198 research papers in leading national
and international journals. Out of these, 137 were in SCI
journals with an average impact factor of 2.2 and
cumulative IF of 298.78. This year, one patent was granted,
10 patents were filed, 22 new projects received, one
technology was transferred, 12 MoUs / Agreements were
signed, 16 students were awarded their Ph.D. degrees and
12 students submitted their research work for the Ph.D.
degree.

The significance and impact of the good science
carried out at CSIR-NBRI can also be gauged by the distinct
honours, awards and other recognitions the scientists of
the Institute received during the reporting year. These
include the prestigious ‘J. C. Bose National Fellowship’
conferred to myself by the Department of Science and
Technology (DST), Ministry of Science and Technology,
Government of India, in recognition of our contributions
in the field of developing ecosystem-friendly technologies
for rapid screening and selection of useful plant growth
promoting microbes that can impart to plants tolerance to
salt, drought and pathogenic microorganisms. Dr. PK
Trivedi, Principal Scientist, was conferred FNASc by the
National Academy of Science (NASI), Allahabd, India. Dr
Puneet Singh Chauhan, Senior Scientist was awarded the
‘Innovative Young Scientist Award’ by the Asian PGPR
Society for Sustainable Agriculture, India. Dr. AK Goel,
Chief Scientist and Dr Tariq Husain, Senior Principal
Scientist won the ‘BA Razi Medal’, and Dr PB Khare, Chief
Scientist, received the ‘SS Bir Medal’ instituted by the
Association of Plant Taxonomy (APT), India.




In this year, CSIR-NBRI developed and released two
novel ornamental plant varieties: ‘Chrysanthemum- NBRI-
Kesar’- a new gamma irradiation mutant with beautiful
yellow-pink bi-colored florets and a larger capitulum; and
‘NBRI - Lalima’- a new hybrid variety of Gladiolus having
unique pinkish-red and purplish splashes on the tip of
florets. Both of these varieties are new addition to the late
blooming section and are ideal for potted plants and cut-
flower purposes. A new demonstration facility in the NBRI
Botanic Garden - The World of House Plants, was created
with aesthetic display of various categories of house plants.
The Botanic Garden of NBRI has been recognized as the
centre for Distinctiveness, Uniformity and Stability (DUS)
test for three mandated crops: Bouaginvillea, Canna and
Gladiolus, by the Protection of Plant Varieties and Farmers
Rights Authority (PPVFRA), Government of India. As part
of this activity, DUS test guidelines were prepared for
Bougainvillea and Canna and these were approved by the
PPVEFRA.

In the area of systematic documentation and
bioprospecting of plant and lichen resources, the major
highlights include: documentation of 127 algal taxa, 98
species of lichens, 35 species of bryophytes, and 55 species
of pteridophytes from the Govind Wildlife Sanctuary in
Uttarakhand; genetic diversity assessment of the West
Himalayan medicinal plant Bergenia ciliata; taxonomic
reappraisal of Ficus krishane; DNA barcodes for 11
medicinal plants and 10 species of the lichen genus
Citrelia; discovery and description of a new species -
Delphenium lahulensis from Himachal Pradesh; and new
regional geographic records of 14 species of lichens, and
four species of bryophytes from Indo-gangetic Plains and
the Eastern Ghats, respectively. Bioprospecting studies
resulted in detecting significant anti-cancerous activities
and anti-termite properties in the extracts of Hedychium
spicatum sampled from different locations of India, and
nutritional analysis of a fresh water alga - Golenkinia
radiata, besides leads for a novel swarna- based herbo-
metallic colloid nano-formulations as potent inhibitor of
Streptococcus mutant quorum sensing from the lichen -
Usnea longissima. CSIR-NBRI herbarium has been enriched
with addition of 1,390 new specimens of flowering and
non-flowering plants and has now reached total holdings
of 2,90,966 specimens.

In search for experimental evidences on adaptive
responses of plants to climate change, elevated CO, and
other abiotic and biotic stresses, the Ecology and
Environmental Sciences Group isolated and identified
chemically diverse metabolites from Guggul (Commiphora
wightii); examined altitudinal adaptation of three diverse
samples of Arabidopsis thaliana in the West Himalayas
through miRNA sequence analysis; assessed molecular
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diversity and physiological responses in diverse
germplasms of guar plant; cloned and characterized novel
arsenite methyl transferase (arsM) genes and tested them
for their plant growth promoting abilities and
bioremediation of arsenic contaminated soils; examined
the biodegrading potentials of two promising bacterial
strains (Pseudomonas stutzeri BP10 and Ochrobactrum
intermedium P2) against poly aromatic hydrocarbons
(pyrenes and phenantherene) in soils; and identified five
arsenic tolerant bacterial strains from arsenic
contaminated areas of Uttar Pradesh, and two bacterial
strains (Pseudomonas sp. BP10 and Stenotrophomonas
nitrireducen), isolated from petroleum sludge, as highly
efficient biodegrading agents for hexacosane.

The Genetics and Molecular Biology Group carried
out several transdisciplinary research programs in the
areas of genetic engineering, transcriptomics and
proteomics. The notable achievements from these studies
include: development of whitefly resistant transgenic
cotton lines using gene encoding insecticidal protein from
a plant; development of a novel and efficient male sterility
- fertility restoration system for hybrid vigor in plants;
validation of the use of Anacardic acid as a non-GM
technology for improvement of fibre yield in cotton;
development of flavonoid rich transgenic tomato lines
expressing AtMYB12 transcription factor of the
Arabidopsis; identification of differentially expressed
Micro RNAs in contrasting Arsenic accumulating rice
varieties in response to As Il and As V stress; development
of papaverine and thebane rich lines of Opium poppy;
detection of gender- specific PCR profiles for
differentiation of male and female plants of the dioecious
medicinal plant, Tinospora cordifolia; identification of
differentially expressed genes involved in fruit softening,
aroma production and ethylene biosynthesis;
identification of a number of regulatory genes involved in
differential embryogenesis in Indica and Japonica varieties
of rice; characterization of a novel early wound inducible
promoter from rose; and standardization of seed
germination protocol of Canna.

The Virology Group made several new reports and
molecular diagnostics on viruses and plant diseases. They
reported the natural occurrence of Nerine Yellow Stripe
Virus (NeYSU) on Crinum asiaticum in India, and bean
yellow mosaic virus in Canna, besides the detection and
molecular characterization of begamovirus associated
with yellow mosaic disease in Jatropha and in Hollyhock.
Virus- free gerbera plants were also developed successfully
through in vitro chemotherapy (through virazole).

The Plant Microbe Interaction Group continued with
their sustained efforts to understand the intricate
mechanisms behind plant- microbe interactions, beneficial
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to enhance the plant growth abilities and productivity in
crop plants and bioremediation. The group carried out
metabolite profiling of a mutant of Pseudomonas putida
(NBRI1108T), which revealed that the mutant confers high
drought and temperature tolerance and can therefore be
used for enhancement of high crop productivity under
drought stress conditions. A rapid method for biosynthesis
of gold -nanoparticles within in a short span of 10 minutes
has been developed using Trichoderma, a plant growth
promoting and plant pathogen control agent and an
efficient biocatalyst. Screening of microbial samples under
elevated CO, resulted in identification of eight potential
bacterial strains showing abiotic resistance against pH,
saltand drought stresses.

The Pharmacognosy and Phytochemistry Group
have been actively involved in development of value added
herbal products based on traditional knowledge and from
native plant resources. Besides standardizing the
knowhow for preparation of herbal formulation for
candidiasis and Herbal Sindoor, the group has identified
elite chemotypes of two important medicinal plants,
Gloriosa superba and Coleus forskohlii; standardized quality
parameters of the herbal drug ‘Shankupushpi” and its
adulterants; identified 118 chemically diverse metabolites
having diverse metabolic pathways from Guggul; reported
a new fungal endophyte (Nigrospora sp.) from Guggul,
which produced higher amount of anticancer compounds:
bostrycin and deoxybostrycin.

The Institute also excelled in its outreach activities
including the group trainings and workshops conducted

under CSIR-800 and other projects. These training
programs covered a wide range of subjects such as
commercial floriculture, agrotechniques, biofertilizers,
dehydration of flowers and floral crafts, betel vine
cultivation, cultivation of medicinal and aromatic plants.
The personnel who benefitted from the training programs
include farmers, teachers and students, and officers of
Biofertilizer units. Additionally, post-graduate students of
different universities/institutes were also imparted
training on various topics in plant sciences.

I am glad to acknowledge that the overall progress
and development of the Institute would not have been
possible without the unstinted support, commitment and
cooperation of my scientific and administrative colleagues.
I am also grateful to the guidance, advice and support
received from time to time from Dr. PS Ahuja and Dr. MO
Garg, Director Generals of CSIR for successful S & T
management of the institute. The institute is greatly
indebted to Prof. SK Sopory, Chairman, Research Council
and all the distinguished members of the Research and
Management Councils for their guidance in formulating
and implementing the research and development projects
of the Institute. It is our peers and well wishers who have
helped to put CSIR- NBRI on the fast track of progressive
growth and development. I sincerely hope that the Annual
Report will help the readers to catch up with an update on
the progress of the institute during the last one year. We
look forward to your valuable guidance, advice and
suggestions that can help us improve our quality and
standards in achieving further progress in our future

endeavors.

(C S. Nau ’
D1rect0r
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qEdferd JEM T4 G STIEUN

CIRS L

SETAlerT &l T R T U= SARAT-2, T ol
B A1 T UE IR AR Gdl § I 99 & e Ul
i foraT T | T g Igeed ATAT A dref i die
F7aX (Pot culture) HIET ST R A1 & T4 Iaci i
TEEN H T AN I 2 e & foebr H Here qw | S
TEE & USET T3 [6E & AHREHE Tl 1 Tore R T |
BERETa Rl e B | e | E o g s | L | A A e |
I = | SURed fhell & A SR o (Level ) @@ TeTee
(Layout) @Y ST R T |

SR, &1 qur Qe 3 € .0w.emE.eTR.
- &R, T@T% § DUS (TAE0T) &5 &
T

aRHfaferEr #1200 fRER (. @i, d. e o
et Wd . ererr, A H 50 et (. dEw, .
seford, . qer, d. A, H. g OE . arfe
F TF-TEE DUS TU&T &z o 61 o g3 ¢ | 37 el
AHREHE TN B AT N R ST g 21 T e &
JofieTeT % e st DUS & ST@R a9 @1 oK 9.91.41. wd

U%. AR & AT H T ol & |
IR SR B HfSH o i & oftwefig Qi & Quer
1 i

I G & SE ST B R-IRERE g ud
PITHE ol SR SFTEM & b TS G | STT-37eT &
T 10.0, 13.0, 17.5, 25.0, 30.0 Td 35.0 ESP WX SRTRIT I,
ot aRem g8 o1 g3 % ESP &1 & 9o 4 0Y & gfa
T Hig 99 30.0 ESP % TEl Tedl | Bl i 8,12, 16, 20,
24,32, ESP 4ff | S 1 3 Te RO A g foh e
16 ESP & W 5 AMF (I0<1) Yer@R %l i e 2k | S
16 ESP W & Til 1 I 9 § Haha ¢ |

PIHY I SETEE IS U H(H & Bl IOrere
& fafe= |ial T@ & W THE a9 ST

Y Bl AR & TeE FENE 99 FYM, Press
Mud T @t FHAE BT TR 681 T2, JERT 3§ FYM (30t ha'!),
Press mud (upto 15 t ha) or vermi (upto 15 tha') %I J&T
fepa T TRt aftoT @ arE T o O P . st B
e, T 1 AT, N 1 b AT F Seae gha wd =
HUE TUEO & AR W & AET 8 W i g J
g Bl & | oTee 0T TUEe, Jeiue MFRESIeE adr ga
uoe 7 gfe 2 B

ICX TR H Bt (Curcuma longa) % i g
SNV St T ATTBIHTT

&Rl (Curcuma) & &1 SFRI-2 SANT BRT AT {6
-
(a) offtrepc IuST B AR SRil BN HFBIBI |

(b) = T RS QT FedeT 8 STER H ATHRET
S-S e | B T |

A & YR H 8 U T o SH IUT 9X U &9ed%
T7-100% a1 P PSB Seat T&T gAY J4NT H ZEHSH S
EEICTIE P PAE I | S IR

SO &1 | Nefiw g iy Qe H Sl § S
FaX B T

SO a1 H Vetiveria zizanoides, Cymbopogon flexuosus,
Andrographis panculatia U Plantago ovata %! dl W faRe=
T &R SS9 (ﬂyash), Press mud & 5, [l &
X oA T R g8 i A % Flyash @ ST € A. paniculata
P IUST ¥ g bl T, St C. flexuosus, V. zizanoides T
P. ovata ® g& T I TG L AT T4

TH-wo gis, eAfvaerr, 98 fRet @ T aen
SREICE I CRIREAC LRI

ﬁg@mﬁﬁﬁﬂéﬂﬁf@ﬁ, Ef@f”ﬁaﬁﬁiﬂ?ﬁlfrythrina
cristagalli ('cockspur coral tree' 'cry-baby tree' - Fabaceae)
Uqd IWEECTEg HABIH &F B Vernonia amygdalina
<BitterLeaf', Insulin Plant’; Asteraceae) Td & GRAT B

Helminthostachys-zeylanica IR Asplenium nidus 1 G &
et JE A g wHEiR R

T T S

T 11 G ISl bl dsiiael el afed (Selginella
bryopteris) @I & & § FAT T qAT ITHT & AT T,
ot EACEINH =T & AT & : Adiantum peruvianum,

Anemia rotundifolia, Athyrium pectinatum, Asplenium nidus,

Microsorum scolopendrium, Lepisorus sp.

et S & HOT 6 H BT

T lBET BT 1953-59 § I B qeE GRHT HE
T H SAYFHETT BT T, e s Sgaed e adr
3@32[{”5[ T 1 | The world of House Plant % - € T%
;I'g fEeT SRl & forg wEsie ﬁfé[%'ﬂ Glass House & &9 ¥ fasfad
febam T |
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T e @ e
O AT - (el w7 ) i

3T STE-aferT (Feifdierd #i o 3 o) foreee faebre od
feorfrae weften ad & fopar

T ATEIN = (a7 MY F5)

Y AN &5 (S Y &) W %l U e
B 1 3G ¢ 1 39 B W SANE 9§ Heayel e a1,
TRRTSE e, HT -, 41 1 &er drelf o Siver o ferehret
T I B HHBOT (R T B | T IR AT T Bl T
200 geTiferET Hafed 2 |

e @ SRR sl geEE e
TP q9e T Jawe

e dve Jde Sieas B ge #RE ad 12
TifSAeTE JeTiR 39 FRE T T JART 8% & O
T e 7 urE T R Al § HS gu i @ a
HRHIE Hid S Jol SEhSHl SR =G i H R
T I STl ghe dUT O BT TR i dedmid uey
A ot | g fhd T STl ‘TR wiW a T @A
gim & e Afes qW e § qedq w9 8§ 3= FH
JeqrEeHd /i rEY foT <rEH guw § o g

AieH qa1 & 1 o H qeAH

A fafeeT TR bt e e & a1 X 39 @ gha
BT T Gdih (AT T - i) TR AR Sa%h B SN
ii) TR, Rl U i) gEESH qO 9N & Han
(fuadi+gedreal) & gwa sawEr or=eT faen| &9 &
TR -UAIeTNETE # Suae gonfed § & Ui ‘Feeker,
T TST, ‘eaIer, ‘@ ARe’ 9NN e AfeE ga
g ofed o |

e B geniet ¥ ger A On B BT

O I &1 JSTTC-2T g fhe 1 STeRT T oI & d &Y
TR T TART foAT T BT+ STERT-3TelT oid & & ¥ STl
R 6T | O & G e STl bl BRI a2 au i asn
¥ 2a% ghe 9 S W AdeR 09 & 390 1 ST H
g UF SR ST R | T A it § 8 g §9 9

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

T g NI : Bies S 9 7 2 3aeay aemd # fafe=t
g&1 ST (80) ST /<M (30), 30 RET STl @fed dwe bl
TE RO 9 & ufe 72 STt s S 3% & ger () & e |
e wieter & ag1 &3 ST qer e T IY Aecirde &
T FHAT e ST 81 1| TR TS € 9 ok & 35aed A
fafrr iy armar EEet 9 TeEd, e ey, ol a e
e T e ST ¥l S T

faf¥=T e «RX R 915 o (FRemar @=iev)
q Py (QUginfey g B qedie

e o & 99 gU FME e F qG H AW g
FHIATH & BT & (AT TR (06-0.5%-3.5% e 5, o
0-5%-4.0% e H) T AT d FHITH H Hedi [ T
A1 & ARl H el g8 AN B bl A & ATAN uey
HAE, TS T T Pl TR I8 9 9 H 9R f 9@ 9 W)

Qe 9T § gt Sy 0 SISO ST, AReIRer
q STHSA S B T

Tl 26 A 1w, ST, SR R T
T B A ST @ Fecaee & fog S d6 @
R %l T8 | S & @& & SAER O I S el ar oo
STt S 6 g 3T (S ), gL iR (ST Sed)
g g. Hger (FSanied) H T T § IR g3 e 5 8.0,
(@I, 8.50,9.10 F 9066) TX gha HITh T ST IeE o o1
ST T | | A S # 9T ghs Heey w9 4 9.1 G
TR a% Ui seq & q91 §91 [ 9.56 Gug W HehT HUeld
(8.0) o= & qEX & T | FUGIA AN § IeAad HifeH W
(9.65) ® urew gia it €. 3w H ol 3% @ FAA: T
Begeier QT 0. B 7 o | ARl St # St e & off ael
&S @1 N gha ¥ o)

ARl ga @ Rafd § ol & & (@ B,
U. JeRSE, T. BRG], Q. st T. T, T Raber o
g. Jv) § g F e R T el ¥ S aEfEiad g
SHHTO 1 Al AT [T TN | T G AN & H Alied
gel § I gU Uell Sl H S a Fah S b AEE o
TE S [T 6 U, Agcier 4 €. Rgder § ey 9 g A

FeAR TR & Bt Foad & HIROT TSl 350 < b THIE i
T H HEw@yel B9 G A Ieare R |

Fa% (FGe) I A BRTl & STfh STt S ast g #
g. veeR a g Ffakr 3 B 2

qrTEafcrh SEM T 30 STHe F
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UrReY [qfayar, aiiel Td qedad

QA H B AT, ITH AR T I
frefor @t S A A FRE

R A TNE, FmEeHag S (NBRI-077),
AEAreTE STt (NBRI-078), FiRer Ssiid (NBRI-079)
Td 3w SeTia (NBRI-080) i 2l ¥ daefs At (TAP
wd BG11) # @aftia frm mr) [ wd SidE stidad @
AEreTE gt ¥ eiftpan fofie ud Fear § ot
e el e |

AR AR -TTAIARAE & 7cd &8 & Gl oF Ud 6
% T Al 7 T T (e Seia NBRI-081
wd AT Set NBRI-082) &1 Arfed: Has o |

G3ere ST (NBRI-080) I i diftee Raferdt spmar:
WU, A ud WA S T dE TeR & Hade 8
pH (5, 6, 7, 8, 9) W& s@meT di=aT (3000, 4000, 5000, 6000
) H A TR R T | AR g Y 5000
SERIST e U pH 7 W T g3 STalfeh SAfeead fafis i
pH 5 Td 4000 Terd Seb1eT Slieral W 1< 83T | gioT A &
=7 § NH,Cl # ¥ H1 T s Fawr ud fofte 7
T &% |

gewg yeta (NBRI-080) &1 &t & forg faft fzar
(25%, 50%, 75% & 100%) A< & & o Sraferee sid od
TAP A& % i rgumat o1 1:3, 1:1, 31 T 1:0 H 50
b T 1 50% eTfiree S T 50% TAP HEW & @iEEser §
SRR AR U S @ AE SO g |

ST LM &R ST-BEgoM Gol H R &
gerSidl & ST TR

6 GeH AT SEARTE (FAHESHIA ST, FAee e,
TTier) BT R ST SRS WARaiuE (FTIR) ik &
BT S-S & I STi= 7 | 39 STZHIE 3 I ST ST
Hads At BG11, BBM Ud TAP ¥ 599X, FdERge U9
ffe w1 & AT 1 T | FEiE SR, FEeRge U [s
UET TAP e § 3@r 7| Sifad 99 R O fofie AmE
e ST (NBRI-029) # ©d 38 Usald @Hewrd Teiid
(NBRI-012) & 3 T |

HEEE el § BT § Je H, 997 &0 a2
T TR EN SRENH SceT &l HMT 41 | GHed el
(NBRI-012) ¥ fpvaq & ®3 R oiftrpad emgiom wferd
(17-22%) Wi fean, s/@f #Rar weiia (NBRI-029)
fFes & AT R’ 9-56% eRgeA Sqed FEiRid ) 7
YA TR T o BEgISH IcAE & q9g Tl &l 4l 4

fifie & AEm S| ST AT @ I At G99 9 fafg &
ST AT T ST Gl B |

HEAARRE (AEhaira) # ARrH @ ST
JATEl ITGIT HI O [T

W I F G AN H A H, FEF BT, BG11
HTeA § TAL e o A gha Rt 7 T T | GEemRiE
g UASEY U8 § aT = [ ey Ui, Sfraiaedr geid
Td BT FTI TE Gl IEe Td Gy it g
%1 HPTLC td HPLC s a1 Bharcass At & Fifed
fepaT 7T | SBIFYT E QA ST 2ggd § WHO
T AFE HET O FI STF Eshielrae Higdl aE TR |

Sg 39 3 qEH A Sl H N9 T I

T A § @S A $ Ged AT Bl oTe feb T foree
q 6T ST HI U a-387 o U T8 1 & &9 H o
T | Ay e SR & AT WY S-Sk Uik
qen wam pH RafREr # etiee fBar | st Sa AR
I Ud IS B S &g e daee RafeE S s
e, | HegH H BRbe F1 Fisdl A B A AT R
T |

gereig g ©F 9 a9 8F &HaT SfiEe o
PRI SENT & TR ST § e ATl Bl AR

TRE T & FR ST & STURTe 5 § Qe & A
T T % 3¢ AT B, YREH B, A T4 Q Fareid 6
T | 39 @ ST H AR T wd S SgE &g
ST BT T | e Sl O ATl ear ol U e H
T ST T el @ |

SLMTH AT THI BT GG, e Td WO
ERET

U 29 G A T ST FH T T
A AT AT 39 UERA H FEeRge (40.39%), WEH
(13.3%), fefte (12.9%), T 500 fEIT. Siq X T 64.9 fim.
F forfie, wd S 100 M. Sg 9R W 1385.24 R St
[t 21
AR fewrer # sreurge qiifRerfies wfoet & siaarg
qREd 1 T

et wd 191 TR iR § wares e fawgett (HSP)
F IT A Qe &g 3 /., 5 #. wd 10 H. RrEr &
el § gaeT A T | |G e Yot @ Waey S
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TS | Rl & YU 9 o R Ud T 8T U & Miead
Rl & erofiard wiREY =gl W qgarEd § 3 an U
A SIS AT TESIBrTT IS & 26 & eTieda
FI B RG] A B T | 8 SFIAA W g2 6 AR
% e ferTerlt & ger 3 fafERd J et & 9
Ragep @1 &% a1fer 9 21
SN R B GG A F ASRA GAWT @G ST
GIOT ¥ SAMTEhRAl T8

BREIYY a1 Siig AN, G TR g7 Sfid THIR,
TS e AFIRYG Ud I ST & B UREHl il | e
GioT 8 HaET R T e 14 g9 UE 21 gl § gatad 200
e T U [T | I RS H I dASeh el b
Tl X T AT

e 9 | & H g9 HHANE &g qd1 Har I
B TR #RY 32 FHRis, WM, G U SAREE At
% Sl (e | o e &g AN u-Read Se-ffm
STNTEehel TS’ ST i T |
oG | Hg a0 e st

TR & ffed @ & e § 30 Seidl & 150
A T T B | A T g TR R b At
g T A U R T | S R § Y R @ a9gd &
faferera 3t 12 | AR TR AT AT ToI H Fer AR
3 T |
AP W U Aeash FHd : Aads AR H
Sq-gaerT T Gl SR Faef e

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

ffre=Tr (0.19-0.85; Sid 0.65) W&l &3 |

ARG § AEDT & 9eqq § Sqarg Racdd | TR
@ 8Y T T B (b

qfYem &M & aeiier ford 3 40 a1 & Sfaa 9¥ by U
HAET & S g 6 39 I %l e [@iaen § T giac
3T 2| F URede G9dd: e & aRikafEt § o uitee
% IO I Y & Tl 6 HIACE] e & Al & S
T e & AT 2 & o & Ageiihard ardE<er Hl JHe B
H

S@ary IREE & Sad a9 gis T Sed TS
EEUIC NG EE GO R ER|

12 ISR e AR (ARERGNT S ol T
MAAs) & eal IR WRAE gl J Ak T
FANE Ho WF A A A OGS W A b
SAfereBe Tl i g8 | U g X I Al AR
&R ifcrEieliad I3 T T Tuel Hed steE |
3360 #i. T °1 TGO B Y9 @ ud 3400 Hi. H HEE
T WSWOT AR § AL FH AW TR | A g et |
TEFIRA T ARSIl ST %l A AIwEe T e eys
et & T T T ad ¢ % gedl SHaR & A e %
Y Td TS SeA J Hedyel uie Iaed e ¢ |

IRA % qREl ol @ AR gersat § e
Pl qui o= B GEEE PR 8 A
T STIBTT

SRR qeiiedl § o uRRefadl & sfeE &g Al b

feciie; Aerdidre & o qreiqETe G967 S & SR
A %l 15 AT 7o Hl T & qYe a6 wa B
|

el ke STl & % Ud e § 200 T 400
fn. ofa e, & AR W IREdeEE IRG Rl w
dieTeRiRe et & O = 6 AT AT % e T
% H HEw@yYl UEISAEISE O Ud Greeh TR FE O R
TE B |

FISHaT e (L3), qraigar fiear=d (L4), Tavgesy
firteg (L5), @eiar T (L6), waararicrar &avrer (L7) &
T 3! I T U A O Ud Elage AT o a4
T, RAMIES, ShUel, diicdEed, TuEed Td G-,
SEli, SWESH U4 AR Tl & [0 SATHE R & |

U AT TG & Fe@qe! A TS aeAeRy e
%I ISSR-PCR W& DAMD-PCR =i % &1 Sfiell T/ | Taioeed
frieq & 45 T 5 SAraiires e stiwe &g 14 meaR (10
ISSR T4 4 DAMD) 93t T 70| 0 e & Qaeivesy

foieq & |l Al § 94.95% gEUdl Ud I== SAANh

oI, HIEA, AEIOTh e, [free Sepiehl-Aidies
SET Ud ST ST 1 T AT T | qed S ge
ol fafererd § Bl A & WEehe STl @ aledd § U e
3 T | T WA IR T, Fhaed & i U qeH W
oY gal, 1 o et el Ud BT W e St bl e
qfg 3G T | = AW, BRI, @S], S8 UF o Sl o
9 & MO A | AR FA o H e | € e
FereEEy Ge-qaiETeiE Rl § oM A uReEd & Fe
SEERRECENIRT I CR R

T g B TRBIET, TEP (e & AT
Td ARG H AEDHT A< dIoren Bl WO 5
SYfIHaH TR

nrDNA ITS d&q S[a U8 faegad Ahih-anih
T @ 9RG & Aeforar 1 10 St B Ol =l 2 | @eforar
fafder & Tedl SR 9Rd § avid R T g1 ST,
Ng-THENE 6 nrDNA TS Tedq ofie™ & 8RT deforar

gifEa @ T

ey ffedr, afiel Ud grEud
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CSIR-NBRI

gdl ol § SEeEgel $ fafadar & s

AfTg & QA1 =T &l % HaEoT § T 515 T T
P MU | % oTegE @ WG & 10 49 $ 40 9T U9 4 49

% 14 A H AT A | RSTRHBAT AT A6, SAZHIETT
ey faeee, @fegaer argaRarer (sifes) e, gefrar
e (8 4.) v wd A, & @i A & SefwRd § U
TeH & &Y ¥ fafeq o |
fafreq HhouRa ©d GWAEE STEwES B TOEH
Sifest T gRT-Hig W B AT

U oraRae 71~ THE O O 99 S aE
P Z7-fag a9 & JAE R ¢ | FrferEr § S & S |/ 45
festt & qof feerflra ST 69 § Jeh Ty AR W H TS | ae
qEd SR ke | TR & W | 90 R # o ao ek
AR I FA H e I g |

TR TR B ZUAT T U TG A U B & A
FERLMINICEIS]

I RS & GET TS M, [HIYY T Fe-ame a4
S ARG § FIEOT & SRM RSWEE & 269 T SREES
% 119 T U fu o foer affer st aa @1 B 3d
4 & AMSERE Al 11 09 SR 1 10 FeiRt Feamem ax
affa & T2 ¥ ueEa aeiodt f aiiRes ud Jamem
BIREIUK I REZ I e

el Fe oTEdigYg (FgHE) @ At o
qrRiReferht

STFHISIIT HT 25 STl @ antel STeqas @l TS | 97T,
2rediE e, fTaH 6 o aft ©, # R e B
T | =R ST (7. Jefad, ST, Eluragisied, JAl. Fgare
Td 3. AR B TEd 9 ARG & aftfd e | 3
=T Semdl TR UTET-AHIoTeRal i W STeg R T | SR,
§Ted, Sgeil U6 Hewd Yed GEehieh il HEe [@eelsor 6 4 |

S TR P IW qAEdlT H1 qNIH NI

I W § qUf g GRREfE § 9l T gHe @ 30
e SISTIcrAl B S e ATHERTel, QAIBOE AT, aoH, B,
fepar T |

ARG ¥ ST (IATRarl) SrRe & MAes |
HEASAeH AT

FeEE P B g ol [ U uem e d ST,
FIGNCIET Ud Qifed @l RIS 20 STt &l Uhsl e T4 |
SePIFH F 7 TG UHIEH H 3 WSAl B AYE
Ao R | SRR ST § udr I 6 oFifer |
fafora wEEm ge 32 (n=16) wd Se%E 16
(z=8) B | 27w fawergs, TFIfeT 2T Td gFiey
FEIIGEH bl ;A AT T U SeiTgH Ud GhlTeH |
FE T TS TR HT T | e YR # AR =i ¥ o
TE ST e AT AR, g U ga afr @
T |

AT %l TIEY fAfaedm il affel STeae Ud eiieae™

S ORT B FTG M Yo §F daw, aEa,

TAIEEe, RSHEE, FHATTE & 997 qadl, @ o
A B ARt T qrey fafeer w1 otk

T WA ® HUA AT FeEi & fate & § e
qagon § @t & 6 a9 ud 52 Al & 85 <o, 14 49 wd
21 F@A H 25 AR i, MSEET B 7 i o
STEETEE & 11 SoTiear gl T | U @ AT T Ramiaa
F T IR WRG § arrq fhar T |

FHANS & 99 Geferl | affen we et it
T SATHT

qFHE & 5 T § SAAiee fafduar ud defg # ISSR-
PCR ©d@ DAMD-PCR W3} & @1 1 578 & |+t 5 T &
F 76 TIA F I agEAT (97.67%), qaa st gl (0.
04-0.75, € 0.49), F= RS Ud Q1 Garhi e
(H=0.131 uwd 1=0.199) 3% T |

AAFTT AT H T ATt

SN BT 1 T SHierhl e R U | e
q TIAdesTd T b IR THEIeH TR g3 |

FERICTT FEIHT B Yo A TG JTEAE
SEGI

Y ST GRS T FeIBIAT %l URTTOT Sifehl, < er,
R A9 Ud WRE-afiey e Hl oTeqas fhar 47|

ST & g Mgl den ol|d 91.28% Sfiadr 1 IaT =l |
W WA & 9 & @9 H Ul R & fafeqd e
Haiftr frEveT 0 At uE @ =0 § ‘eifed @Ee o

ARG H R SM Al ST H Seiodl @ faega
1T foRaT T | SeIfAg #1110 Td ThIFEH i 2 St &

(IR gelsi) el T T | ST GRS & X
QTR T SO Al & T
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I MR W 4% e # fafr fmiat o
frerl oX SR e %3 SRl 8 WUe™ W
ferema

A ud Jareics &0 § Heeyol Sl & 9 ey
AT B I SR & (AT 7 & & A R | 3 e
% A G F IUhM B A S A T

HTHATIHN TSRS & WU 1 Ffrerssied
TE d@red (g gfaen)

e g1 Sl fqer 6 IO uew & @R & § U
foF T 20 Y@ BXERTH ST Td 235 W S & Jaw & T
TERMEY GrEued H STHT R T | 2REEET & T 209 T
A R M| gEET TS SEM, TEMgR & aEwEd o
2RETEEET P AR STHST A AT T | I H_q & B 0
Tl & Sh-foRe W AR @ S

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

qreuTerd- sy gferem

HTSE A & ST TETE H (a6 T e &
ST Y@l B WY ARG & [ ol e § aey e &
ST Td TGS A STeEE H o BB o @ B
faftrT T, sher deeneti, wd fasa fenemt & faenfial od
et B qEy qea § qeie dedar ff gee @ S )
fafe TRl td faRsh ueuedl @ @ ud g 3 ER us
frarees foidh o wTfuq fepam e @ | areuer § 99 SR F9,

e TowT, STRTEE, FfRT, 9 Wo9 U SOY WY 9 AT Uy
T % HUE B GG T 2 |

0w # yedg et A 223 wontodr o eged el &
1167 T AFACRT & | a9 eI & e § 290 Y
A ud 895 TEY WIEETE % AR FH 2,90,966 THA
Hyfed 2 |

ey ffedr, afiel Ud grEud
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ey qiRRYfast @ q@ieRer e

HATEITh TGO W b Td H AE A
ST HIOT & 99 STER

TR Ry F U Bt @ ofem Fa F a9 e A
AT T3 &g eI (3-35 P fiT S o), =g
IR ST (0-312 W™ AE Ui &) U wH T
(STt & 4-16 . oTRit® Wi fRam a@en &M & 0.179-0.932
foro S i fR.) @l S ol ofidher R T ivem
A TF I RS & A & 200 THASH & A qeashiad
o 10 Feer fehan T U A Aeemei, Je qessli ud
AR e AR J o Rpar T | 3T Tod ud ivem
S & O & Sl I ARE TGN G369 FHal & Tl
Pl U R T U S AR, GERERIE T A
el & AR X e T |
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1. Bioprospection of plant resources and other natural
products (BioprosPR)

Nodal Scientist: DK Upreti

Scientists: P Agnihotri, AK Asthana, S Bag, Baleshwar,
Soumit K Behera, LB Chaudhary, T Husain, PB Khare, S
Khatoon, SKumar, A Lehri, KN Nair, S Nayaka, SK Ojha,
MPal, A Prakash, TS Rana, ChV Rao, SRastogi, AKS Rawat,
S Roy, K Sahai, AP Singh, BN Singh, OP Sidhu, M
Srivastava, SK Srivastava, MR Suseela, VV Wagh

Technical Staff: Sandeep K Behera, B Datt, KK Ingle, A

Kumar, A Niranjan, MM Pandey, KK Rawat, V Sahu, S
Verma

Objectives:
e  Bioresource mapping, eco-geographic assessment,
development of DNA bank and plant DNA barcode

in selected study sites in the Himalayas and Western
Ghats.

e  Metabolic profiling of medicinally important plants
for identification of commercially important
chemotypes.

e  Development of novel drug combinations using
natural products to increase efficacy of known drugs.

Highlights
Bioresource mapping of Govind Wildlife Sanctuary

Bioresource mapping in Govind Wildlife Sanctuary
(GWLS) in Uttarakhand was continued with the objective
to systematically document and study the diversity in plant
and lichen resources and identification of elite plants and
lichen genotypes for bioprospecting for new
phytomolecules and bioindicators for biomonitoring and
bioremediation. During the current reporting period, more
than 154 algal samples were collected from different
altitude ranges between 1300 m to 4150 m. The
identification of the samples resulted in 127 algal taxa,
which is the first documentation of algae from GWLS. The
algal flora in the sanctuary is dominated with species
belonging to Chlorophyceae, Cyanophyceae,
Bacillariophyceae and Euglenophyceae classes. Among
various sites, Osla exhibited maximum algal diversity
represented by 55 taxa, followed by 34 and 11 algal taxa in
Har Ki Dun and Morinda Lake, respectively (Fig. 1).

A total of 98 species of lichens belonging to 43 genera
and 18 families were enumerated from GWLS. The
Parmeliaceae, Physciaceae and Pyrenulaceae were the
dominant lichen families, while Heterodermia and

Scenedesmuis bijugatus (Turp.) Kutzing

Cosmarium sp.

Fig. 1. Some algal species recorded from GWLS
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Fig. 2. Bryum argenteum: A. Germinating spores; D. Protonemal Stage; G. A young gametophore; J. In vitro raised plant population; M: Plants
after transferring on soil in pots. Bryum billarderi: B. Germinating spores; E. Protonemal Stage; H. Young gametophores; K. In vitro raised plant
population; N. Plants after transferring on soil in pots. Bryum pallescens; C. Germinating spores; F. Protonemal stage; I. A young gametophore;
L. In vitro raised plant population; O. Plants after transferring on soil in pots.
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Phaeophyscia were among the dominant genera recorded
from various sites in GWLS. Bryophyte taxa recorded from
GWLS included a total of 135 species belonging to 86
genera and 45 families, of which 84 species in 57 genera
and 25 families were mosses; 49 species in 27 genera and
18 families were liverworts, and 2 species in 2 genera and
2 families were hornworts. The occurrence of the following
six bryophyte species in GWLS constituted new regional
records for Western Himalaya: Solenostoma flagellaris
(Amak.) Vana & D.G. Long, Aulacopilum glaucum Wilson,
Tetralophozia  filiformis  (Stephani.)  Urmi,
Leptopterigynandrum decolor (Mitt.) M. Fleisch.,
Homalothecium neckeroides (Griff.) Paris, Microcampylopus
khasianus (Griffith) Giese & J. P. Frahm.

In order to establish protocols for ex situ regeneration
of potential bryophyte taxa, in vitro propagation of three
species of Bryum viz., B. argenteurn Hedw., B. billarderi
Schwagr. and B. pallescens Schleich. ex Schwagr. was
carried out. B. pallescens and B. argenteum exhibited well
grown plants as compared to B. billardieri (Fig. 2).

Taxonomic studies on about 85 specimens of
pteridophytes collected from GWLS revealed the
occurrence of 55 species under 26 genera and 15 families.

Reproductive performance of Caltha palustris at
varying altitudes of Har Ki Doon in GWLS was studied
and it was observed that reproductive phenology delayed
at higher elevation. ‘Syrphid flies” were common visitors
at all elevations in spite of their low activity at higher

elevation. Though C. palustris presented marked variation

with elevation, reproductive success was
equally hampered at all the elevations
due to high (86%) post fertilization ovule
abortion, possibly due to harsh
environmental condition during seed
development.

As part of ecogeographic mapping,
tree phytosociological analysis in three
altitudinal gradients (sub-tropical,
temperate and sub-alpine) in GWLS
by laying of 25 random quadrats
of 20mX20m in each altitude was
completed.

Genetic diversity assessment in West
Himalayan populations of Bergenia
ciliata

DAMD and ISSR markers were used
to analyze genetic diversity and
population structure in 74 accessions of
eight populations of B. ciliata: Govind
Wildlife Sanctuary (GWLS), Nainital

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE 7=

(NTL), Ranikhet (RNKT), Binsar Wildlife Sanctuary
(BWLS), Shimla (SHMA), Kufri (KFRI), Kullu (KULLU) and
Pithoragarh (PTH). The study revealed low levels of genetic
differentiation (G, = 0.33) and high genetic flow (Nm =1.02)
between populations of B. ciliata. The data suggests that
high genetic flow is one of the major factors responsible
for low genetic differentiation. DAMD and ISSR profiles of
B. ciliata provide the means of rapid characterization of
accessions within the populations, and thus enable the
selection of appropriate accessions for further utilization

in conservation and prospection programmes of this
important medicinal plant.

DNA Barcoding of selected medicinal plants of GWLS

Completed plant DNA barcode of 11 species and
collected 180 accessions of Bergenia from J&K, HP, UK,
Sikkim, Darjeeling (WB) for genotypic and chemotypic
analysis.

Ficus L. (Moraceae) of the Gangetic plain in India

About 115 species of Ficus L., have been reported from
India, of which ca. 46 species are found in the Gangetic
Plains, many of them in cultivation. Morphological
diversity in some variable species of Ficus has been
examined to understand the limit of the species and
relationship with allied species. Ficus krishnae has been
considered for diversity study and its relationship with F.
benghalensis. Based on morphological, anatomical and
cytological evidences F. krishnae is reinstated as a true
species (Fig. 3).

Fig. 3. Ficus krishnae : A. Habit; B. Close-up of habit with leaves and figs; C. Close-up of
habit showing arrangement of leaves; D. Bark of stem; E. Blaze of the stem with latex; F.
Stipules; G. Figs; H. Vertical section of a fig. (Source: Phytotaxa 192 (3): 169-180. 2015).

SUPRA-INSTITUTIONAL NETWORK PROJECTS

31



ANNuAL ReporT 2014-2015

CSIR-NBRI

Nanoformualtion from a Lichen

A novel Swarna-based herbo-metallic colloidal nano-
formulation as potent inhibitor of Streptococcus mutant
quorum sensing was developed using bioactive
metabolites of Usnea longissima, collected from GWLS.

Metabolite fingerprinting of potential anti-cancerous
plants of GWLS

Potential cytotoxicity was observed in three extracts:
95% ethanolic extracts of NBC 11, NBC12 and NBC14.
The 95% ethanolic extract of NBC 11 was further
fractionated and its methanol fraction was found to be
active. The methanol fraction was sub-fractionated using
column chromatography with varying proportions of
chloroform and methanol as solvent. The sub fractions
were subsequently subjected to cytotoxic activity on cancer
cell lines. The sub-fraction eluted at solvent ratio
chloroform: methanol, 95:5, showed significant toxicity
against colon and breast cancer cell lines. The LC-MS of
active sub-fraction identified the presence of scopoletin
and coptisine (Fig. 4) and an unknown compound which
showed a higher Area % value, thus indicating high
concentration. The unknown phyto-compound was run
on preparative TLC in solvent system ethyl acetate:
methanol:water (9:1:0.5). The band was scrapped and
dissolved in methanol. It was further subjected to LC MS/
MS and identified as ajmaline.

The 95% ethanolic extract of NBC-14 showed
cytotoxicity against various cancer cell lines. The extract
was subjected to successive fractionation with different
solvents, including hexane, chloroform, ethyl acetate, and

butanol which were further tested for their cytotoxicity.
The hexane fraction was found to be most potential against
lung (96.66%), breast (96.535%), colon (92.539), ovary
(95.637) and head & neck (99.344 %) cell lines. The cytotoxic
activity of NBC 14 had not been reported so far, hence the
plant has tremendous IPR value. The hexane fraction of
NBC 14 is now under in vivo studies at CSIR-CDRI
Lucknow.

Phytochemical profiling of potential medicinal plants

Phytochemical evaluation of Betula utilis barks (B1,
B2), Berginia ciliata and Hedychium spicatum collected from
different geographical zones in the Himalayas was carried
out. Development of oil, sugar, acid and phenolic markers
was done for identification and quantification of major/
minor known /unknown bioactive markers for metabolic
profiling. Quantification of useful phytochemicals was
done and antioxidant potential was determined.
Determination of solution properties for prospect of its
solution in development of some newer formulations to
develop affordable health care and economical use.
Investigation of the developed Betula bark markers is
underway by extraction and isolation of bioactive
fractions/isolates. Interaction with sugars/ additives and
derivatization for development of novel drug combinations
isinitiated to increase activity and efficacy for its utilization
in plant natural products/compounds.

Ethyl acetate extract (MBA-3) was column
chromatographed over silica gel for isolation of potent
anticancer molecule. Ten compounds have been isolated
from ethylacetate fraction. Seven out of these 10 compounds
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Fig. 4. LC-MS profile of NBC 11 column chromatography sub-fraction 95:5

32

RESEARCH & DEVELOPMENT



has been identified as betulin, betulinic acid, Lupeol,
oleanolic acid, beta-sitosterol, alpha amyrin and ursolic
acid. Alpha amyrin and ursolic acid have been reported
for the first time from Betula utilis bark. Identification of
other three compounds is in progress. All the seven
identified compounds are examined for anticancer activity
at CSIR-CDRI, Lucknow.

Berginin content in 112 samples of Bergenia ciliata
has been estimated. Extraction has been done for other
thirty samples. Methanol extracts of 28 samples of Betula
utilis bark from different geographic regions will be
examined at CDRI, Lucknow for their markers
quantification via mass spectrometry and anticancer
activity.

Extraction of Hedychium spicatum rhizome has been
done in methanol and further fractionated into different
solvent systems such as hexane, ethyl acetate, chloroform,
and water. Column chromatography of ethyl acetate fraction
for isolation of bioactive compound is under process.

Four rhizome samples of Hedychium spicatum from
four different geographical areas (MHS-1, MHS-2, MHS-3,
and MHS-4) were hydro distilled for oil extraction. All the
four samples were analyzed via GC-MS for their major
component percentage variation (Fig. 5). Anticancer
activity of the four oil samples has been tested. Percentage
inhibition at 100 ig/ml dose of essential oil samples were
found to be active against human cancer cell lines like
Lung (A549), Colon (DLD1), Breast (MCF7), Head and Neck
(FaDu), Cervical (HELA), Breast (MDAMB-231) and Colon
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Fig. 5. Variation is major components of Hedychium spicatum rhizome
oil

Table 1. IC, | (ug/ml) Values of different Hedychium spicatum
oil samples against 7 cancer cell lines

Sample ICso Values against 7 Cancer Cell Lines

DLD-1 FADU SW620 A549 HELA MCF-7 MDAMB-231
MHS-1 4186 3335 7318 3208 4416 905 75.9
MHS-2 64.08 5911 81.96 56.96 65.13 94.93 76.69
MHS-3 4516 3574 6935 355 4254 80.51 66.4
MHS-4 4287 2677 7479 32.65 4355 56.7 69.9

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

(SW620) with IC, value ranging from 26.77 to 94.33 ug/
ml. Sample MHS-2 was significantly much active against
most of the cell lines. Major component of MHS-2 is alpha-
cadinol and beta-cadinene that may be responsible for its
anti-cancerous activity (Table 1).
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2. Plant Diversity: Studying adaptation biology and
understanding/exploiting medicinally important plants
for useful bioactives (SIMPLE)

Nodal Scientist: Nandita Singh

Scientists: Soumit K Behera, LB Chaudhary, V Pandey, SA
Ranade, S Roy, K Sahai, PA Shirke, OP Sidhu, PK
Srivastava

Technical Staff: S Jamil, Anil Kumar, KK Rawat
Objectives:

e Understanding the possible role of chemicals
(chemical ecology), genes (ecological genomics),
proteins (ecological proteomics) and functioning
(ecological physiology) in ecosystem.

®  Species response to elevated CO, under Free Air
Carbon dioxide Enhancement (FACE) System and
field conditions in different ecosystem.

Highlights
Metabolite profiling of guggul and elucidation of

biosynthetic pathway responsible for generation of major
biologically active molecules.

Metabolites from three accessions of Commiphora
wightii (guggul) collected from arid and semi-arid regions
(Barmer, Jaisalmer and Jodhpur) of Rajasthan were
extracted in different polarity solvents. Metabolite profiling
of aqueous and non-aqueous extracts was carried out
using GC-MS. Identified chemically diverse metabolites
fromaqueous and non-aqueous extracts of stem of different
accessions of C. wightii. Variability was found in the
concentration of metabolites in leaves of Barmer and
Jaisalmer accessions (Fig. 1).

Altitudinal adaptation in Arabidopsis thaliana

Arabidopsis thaliana was collected from the western
Himalayas at altitudes ranging from 700 m amsl to 3400
m amsl. The selected sites were Dehradun (Deh),
Munasyari (Mun) and Chhitkul (Chit) at altitude 700, 1829

Concentration (%)

Chhitkul

Dehradun Munasyari

Fig. 2. Arabidopsis thaliana plants in natural habitats

and 3453 m ams], respectively. The representative sample
pictures of Arabidopsis thaliana in the field are shown in
Fig. 2. Leaves were collected from mid flowering stage
from each site. Quality and quantity of total RN A samples
were checked on agarose gel as well as using Bio-analyzer.

Analysis of small RNA sequencing Data : Seven small
RNA libraries were constructed, three from the field grown
plants and four from in house grown plants including
control (Col 0). After sequencing 17372730 reads from Deh
field, 20658953 reads were obtained from Mun field and
24600818 reads from Chit field plants. Glass house grown
plants generated 15067605 reads from Deh ,19971232
reads from Mun and 13888785 from Chit and 1144112
from Col 0. The reads length distribution of all the seven
libraries show that majority of reads were 21 and 24 bpin
length (Fig 3).
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Fig. 1. Identified metabolites of Commiphora wightii from arid and semi-arid regions of Rajasthan
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Target prediction and functional characterization: The
biological role of miRNA is better understood by their target
genes and their function. Therefore, a search was made
for putative target genes by using a plant small RNA target
analysis tool: psRNA-Target at default parameters setting.
Role of miRNA Targets when compared with different
accessions is given in Fig. 4.
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Fig. 4. Role of miRNA Targets

Further analyses and validation experiments of these
miRNAs may provide cue to their role in adaptation of
these plants which are exposed to extreme sets of climatic
conditions including temperature, UV radiation and other
abiotic stress across altitudinal gradient.
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Adaptation of Cyamopsis tetragonoloba (Guar) to Arid/
Semi arid region

Diversity analysis among some of the Cyamopsis
tetragonoloba (Guar) germplasm

The distribution of accessions in the UPGMA tree
clusters obtained from RAPD and ISSR primers exhibiting
greatest polymorphism is not correlated to their
provenance. The collected germplasm includes at least five
broad groups of accessions: (1) Accessions OG1 to 3 inred
ovals are non-Guar legume taxa used as outgroup.(2)The
Guar taxa are distributed in 5 major clusters A to E as
shown in circles and that are indicative of as many genetic
lineages (Fig 5).

Physiological performance of different Guar varieties

Twenty eight accessions of Guar were grown in the
field, to study their performance under field conditions at
Lucknow. The desiccation tolerance of these 28 accessions
was studied by the “leaf drying method”. Four accessions
were selected for further physiological studies (2 tolerant
and 2 sensitive). Gas-exchange and chlorophyll
fluorescence to study Photosystem II and I were
undertaken. The photosynthetic performance and
efficiency of the selected 4 accessions was comparable
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Fig 5. Radial UPGMA tree for the cumulative PCR profile data for RAPD + ISSR primers in case of Guar
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under ambient conditions. Further, three week old plants
of four varieties of guar plants, RGC-1066, RGC-1002 and
RGC-936, RGC-1038 were subjected to water stress for 10
days and later allowed to recover. The relative water
content (RWC) and photosynthetic rates were monitored
throughout the experiment. RGC-1002 showed higher
RWC, photosynthesis rates and better recovery. Under
drought anthocyanin content showed maximum increase
in RGC-1066 and least in RGC-1002. Total phenolic content
showed maximum increase (46%) in RGC-1002 under
drought while it was least in RGC-936 (22%). Proline
content was maximum in RGC-936 and was minimum in
RGC-1002 under drought. Our studies showed that the
variety RGC-1002 was the most tolerant towards drought
stress (Fig. 6).

Response of Guar and Teak to elevated CO, under FACE
Conditions

Physiological study of Guar

Two varieties of Guar (RGC-1002 and RGC-1066)
were grown under ambient and elevated conditions of CO,

18
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Fig. 6. Physiological performance in Guar varieties under drought
stress

(480 pmol mol™ air) during the summer season. Diurnal
Photosynthesis parameters were studied. Maximum
photosynthesis rates were comparable in the two varieties
under ambient and elevated CO, conditions (Fig. 7).
Carboxylation efficiency was higher and CO,
compensation point was lower under CO, elevated
conditions in both varieties. However, RGC-1002 showed
better performance than RGC-1066. Electro transport
Rate of PSII did not change significantly however,
ETR(]) increased in both varieties under elevated CO,
conditions.

Proteomics study of Guar

Leaf protein of Guar varieties RCG 1066 and RCG
1002 (for both ambient and elevated) was separated
through 2-D. Isoelectric focusing analysis showed that out
of 50 differentially expressed proteins, 23 were found to be
upregulated and 27 downregulated in RCG 1066 under
elevated CO,. Whereas, in case of RCG 1002, out of 32
differentially expressed proteins 19 were found to be
upregulated and 13 downregulated.
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Fig. 7. Photosynthetic performance in Guar under Free-Air CO,
Enrichment (FACE)
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Physiological study of Teak

Teak trees leaf area index (LAI) was measured
during monsoon season in both control and elevated
FACE rings. Aboveground and below ground biomass
were estimated in teak trees of approximately two years

Leaf Arealindex (LAI)
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age in both control and elevated CO, rings by harvesting
three trees in each ring. A higher LAI and higher
aboveground and belowground biomass in teak tress in
elevated CO, rings was observed as compared to control
trees (Fig. 8).
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Fig. 8. Leaf area index, phenology and component wise biomass of 2 yr Teak trees under elevated CO, and control FACE rings
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3. Integrated NextGen approaches in health, disease
and environmental toxicity (INDEPTH)

Nodal Scientist: RD Tripathi

Scientists: D Chakrabarty, SMallick, UN Rai, N Singh, PC
Singh, SN Singh, PK Srivastava, Suchi Srivastava

Technical Staff: S Dwivedi, B Kumari
Objectives:

e  Phytoextraction of arsenic and strategy for optimizing
low grain arsenic in rice.

e  Study of potential microbes involved in soil carbon
sequestration through rice straw decomposition.

e  Development of a microbe based strategy for faster
degradation of petroleum hydrocarbons.

Highlights
Phytoextraction of arsenic and strategy for optimizing
low grain arsenic in rice

Low grain arsenic (As) rice variety

Low grain arsenic rice variety CN1794-2-CSIR-NBRI
(Fig. 1) was selected as best rice variety in terms of low
grain As accumulation, higher productivity and rich in
mineral nutrients after multilocational trials. It is scheduled
to be released as safe arsenic variety by Govt. of West Bengal.

Intervention of arsenic accumulation in rice by sulfur
nutrition in rice
Sulfur supplementation resulted in decrease in As

content during both arsenate and arsenite exposure in rice
plant and resulted in toxicity reduction in rice (Fig 2).

Role of algae in mitigating arsenic in rice plants

Inoculation of algae Chlorella vulgaris and
Nannochloropsis sp. greatly influenced As concentration
inrice and achieved a larger biomass, reduced uptake of
As in shoot and cellular toxicity as compared to
uninoculated rice and thus mitigate the acute toxicity of
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Fig. 2. Effect of sulfur supplementation on As accumulation in rice plant
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Fig. 1. New rice variety CN1794-2-CSIR-NBRI to be released for
cultivation

As in rice. Further, rice inoculated with Nannochloropsis
sp. showed better antioxidant enzymatic responses against
As stress.

Isolation of arsenic tolerant novel bacterial strains from
rhizospheric regions of rice roots from arsenic
contaminated areas of Uttar Pradesh

Isolated arsenic tolerant bacteria from rhizospheric
regions of rice roots from arsenic contaminated areas of
Uttar Pradesh. 24 bacterial strains were screened for their
abilities to tolerate high level of Arsenic. Out of these five
bacterial strains (NBRI-011, -012, -013, -014 -015) showed
good growth in culture plates containing concentration of
As (V) ranging from 100 to 40,000 mg 1" . All five isolates
showed Plant Growth Promoting Response (PGPR)
activity. On the basis of 16s rDNA analysis and
morphological, biochemical and physiological
characteristics, the hypertolerant three bacterial strains
have been identified as NBRI-011 (Bacillus aryabhattai ),
NBRI-012 (Brivundimonas diminuta) and NBRI-013
(Virgibacillus proomii ) and the identification of two is in

progress.

Phytoextraction and arsenic stabilization of bacterial
strains

The Five isolated strains were
inoculated in arsenic treated (50 pg g*)
rice root zone. The application of
bacterial strains (NBRI-011, NBRI-012
and NBRI-013 ) decreased arsenic
uptake in upper plant parts and
increased stabilization of arsenic in
root zone of rice plant, which leads to
improved plant tolerance to arsenic and
as well as enhanced plant growth
promotion. Whereas, application of
bacterial strain (NBRI-014 and NBRI-
015) enhanced arsenic uptake in root
and shoot part of rice plant which

Treatments

38

RESEARCH & DEVELOPMENT



CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

might help to improve phytoextraction efficiency of plant.
Overall 30-40% reduction of the total As uptake after
applying the strains as compare to As treated plant (Fig.
3).
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Table 1. Percentage reduction of Arsenic in soil when rice and
wheat were grown with Accumulator plants

Cultivar % Arsenic Cultivar % Arsenic
Reduction in soil Reduction in soil

Ras 31.36 Wt as 27.16

R+Pt as 58.91 Wt+Pt as 59.83

R+Vtas 63.65 Wt+ Vtas 49.61

R+Ph as 63.45 Wt+ Ph as 56.08

Table 2. Percentage reduction of grain yield when rice and
wheat were grown with Accumulator plants

Fig. 3. Total As uptake after applying the bacterial strains

Evaluation of the effect of identified Arsenic accumulators
grown along with crop plants

Contamination of soil is of major concern as it not
only affects the plant growth and yield but also has impact
on human health. In India rice and wheat are the major
staple crops but are grown in those areas where soil is
contaminated with arsenic. So the major concern here is to
use the phytoremediation technology in such a way that
the crops grown have safe level or nil concentration of
arsenic in grains. Keeping in view the above said
hypothesis an experiment was designed in which

Cultivar % Reductionin  Cultivar % Reduction in
Grain yield Grain Yield
Ras 31.82 Wtas 30
R+Pt as 9.09 Wt+Pt as 10
R+Vtas 8.18 Wt+ Vtas 14
R+Ph as 10 Wt+ Ph as 12

hyperaccumulators/accumulators were grown along with
the crops.

Three known hyperaccumulators viz. Pteris vittata,
Phragmites and Vetiveria were planted along with rice and
wheat in the plots having As (50 mg kg™) contaminated
soil. The soil arsenic was reduced when accumulators were
grown with rice. The reduction was 56 to 63% (Table 1).
Whereas, the grain yield which had decreased around 30
% after As treatment was reduced to 6-14% in a growth
period (Table 2).

Microbes for soil carbon sequestration through rice straw
decomposition

After rigorous screening of bacterial and Trichoderma
strains for production of cell wall degrading enzymes,
microbes were further characterized for faster
decomposition of rice straw using in vitro and in vivo
microcosm study. Best microbial consortia were selected

= ,pH .=z 7 Dehydrogenase = 1 S0il Oxidizable Organic
e | activitylug/g) * {Carbon (5) I
=== - Silicon (pg/g) * |Sugar (ug/g) "1Pi (ue/s)

i i L i Sedrel =2 1 ' i i L 1

Fig. 4. Enhancement of soil nutrient pool after 60 days of rice straw decomposition
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SOIL CON STRAW CON

Fig. 5. Plant growth promotion of selected microbial consortia using maize as host plant.(decomposed straw and soil were mixed in 1:1 ratio
before seeding)

by heaping and burying of rice straw using selected
microbes in different combinations. Further only six
microbial consortia, comprising species of Trichoderma,
Bacillus and Phanerochaete were selected for future study.
These combinations were found to increase soil nutrient
pool after 60 days of decomposition (Fig 4). Selected
consortia were used for up-scaling the decomposition
experiment in pits of 48x28cm dimensions under shed
conditions and consortia of Trichoderma harzianum, T.
asperellum, Bacillus pumilus and Phanerochaete
chrysosporium were found as efficient decomposers. Better
plant growth promotion was also observed in maize (host
plant) with the selected microbial consortia (Fig. 5).

Microbe based strategy for faster degradation of
petroleum hydrocarbons

Biodegradation of Hexacosane

In-vitro degradation of hexacosane (C, H,,),a HMW
n-alkane, was studied in MSM by two bacterial strainsi.e.,
Pseudomonas sp. BP10 and Stenotrophomonas nitritireducens
E9, isolated from petroleum sludge, in isolation and

—aControl  —=2P10 -0 ~4~ Consortium
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c
c
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Fig. 6. Hexacosane degradation by bacterial strains in isolation and
combination

combination. The result revealed that Pseudomonas sp.
BP10 and Stenotrophomonas nitritireducens E9 could
degrade 83% of hexacosane (50 ppm) in isolation while
98% in combination (Fig. 6).

Activity of alkane hydroxylase continued to increase
with incubation during degradation of hexacosane
degradation. The peak activities of this enzyme were
recorded as high as 607 nmol mg™ protein in consortium
followed by 563 n mol mg™ protein in E9 and least 527
nmol mg™! proteins was observed in BP10. While, the peak
activity of alcohol dehydrogenase enzyme was recorded
as high as 2311 n mol mg™” protein in consortium, followed
by E9 (1494 p mol mg™ protein) and the least (802 n mol
mg™ protein) was recorded in BP10.

Publications

1. Jauhari N, Mishra S, Kumari B and Singh SN - Bacteria-
mediated aerobic degradation of hexacosane in vitro
conditions. Bioresource Technol., 2014, 170 : 62-68.

2. Kumari B, Rajput S, Gaur P, Singh SN and Singh DP -
Biodegradation of pyrene and phenanthrene by bacteiral

consortium and evaluation of role of surfactant. Cell Mol.
Biol., 2014, 60(5) : 22-28.

3. Mishra S, Singh SN and Pande V - Bacteria induced
degradation of fluoranthene in minimal salt medium
mediated by catabolic enzymes in vitro condition.
Bioresource Technol., 2014, 164 : 299-308.

4. Srivastava PK, Singh M, Gupta M, Singh N and Kharwar
RN, Tripathi RD and Nautiyal CS - Mapping of arsenic
pollution with reference to paddy cultivation in the
middle Indo-Gangetic Plains. Environ. Monitor.
Assessment, 2015, 187(4) : 198.

5. Srivastava Sand Singh N - Mitigation approach of arsenic
toxicity in chickpea grown in arsenic amended soil with
arsenic tolerant plant growth promoting Acinetobacter
sp. Ecological Engin., 2014, 70 : 146-153.
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4. Genomics of medicinal plants and agronomically
important traits (PlaGen)

Nodal Scientist: PK Trivedi

Scientists: MH Asif, S Bag, D Chakrabarty, SN Jena, CS
Mohanty, SA Ranade, AP Sane, VA Sane, SV Sawant, S
Shukla, PK Singh, PC Verma, HK Yadav

Objectives:

e Developing conceptual framework and specific
resources for accelerating progress in the area of
functional genomics related to plant developmentand
stress response.

e  Understanding and elucidating various biological
processes and pathways involved in secondary plant
product biosynthesis as well as proper growth,
development and stress response of the plant.

e  Utilization of the information generated for
translational research for human health.

e  Commercial utilization for better plant varieties for
improved productivity and stress tolerance.

Highlights

In an attempt to elucidate papaverine biosynthesis,
full-length cDNA of genes putatively involved in
uncharacterized steps were cloned. Various constructs

were developed and used for Virus Induced Gene Silencing
(VIGS) and study of modulation in metabolite content.

Developed flavonoid-rich tomato transgenic lines
expressing AtMYB12 transcription factor of Arabidopsis.
Transgenic lines exhibited enhanced accumulation of
flavonols and chlorogenic acid (CGA) in leaf and fruit
accompanied with elevated expression of
phenylpropanoid pathway genes involved in flavonol
biosynthesis (Fig. 1). In addition, global gene expression
analysis in leaf and fruit suggested that AtMYB12
modulates number of molecular processes including
aromatic amino acid biosynthesis, phytohormone
signaling and stress responses.

To unravel complex gene regulation during fruit
ripening and flower petal abscission transcriptome
sequences of banana, mango fruits and rose petal were
established and analyzed in detail. Comparative analysis
of ripe and un-ripe banana fruit transcriptome suggest
differential expression of genes related to fruit softening,
arome production, and ethylene biosynthesis as well as
perception during banana fruit ripening (Fig. 2).

In the area of molecular basis of gender distinction in
a dioecious medicinal plant (Tinospora cordifolia), studies
have been carried out to establish morphological and
anatomical features of gender distinction as well as

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE
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Fig. 1. AtMYBI12-expressing tomato transgenic lines: (A) Mature
wild type (WT) and transgenic lines (1, 2 and 3) of tomato fruits; (B)
Total anthocyanin content in leaves of WT and AtMYB12-expressing
transgenic tomato lines; (C) Quantification of various flavonoids in
WT and transgenic lines using HPLC. (1, 2 and 3 represents transgenic
lines line 1, line 2 and line 3 respectively; CGA and rutin were
quantified by separating non-hydrolyzed methanolic extracts).

determination of gender-specific PCR profiles for use asa
marker.

In the area of cotton genomics with the aim to identify
and characterize regulators of cotton fiber quality, team
has developed NBRI-Comprehensive Cotton Genomic
Database (www.ncgd.nbri.res.in) and identified
transcription factors and genes related to epigenetic
modulation. Exploration of the effect of epigenetic modifiers
on cotton fiber development by in vitro ovule culture assay
revealed that anacardic acid can enhance yield of the
cotton fiber through histone modifications. These results
have been validated in field and use of anacardic acid as
non-GM technology for improvement of fiber yield and
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This population is being analyzed for
various phenotypic traits.

To elucidate genetic changes
regulating differential somatic embryo
development in Japonica and Indica Rice
varieties, genome-wide expression
analysis of different stages of rice callus
and regeneration has been carried out.

(ACO) BN . . . .

\!, Accoxidase |- | | IO Detailed analysis of expression profiles
Ethylene has identified number of regulatory genes
which can putatively be involved in
ET'S“ regulating differential embryogenesis in

ERS1 . o S
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Y i i )

L Number of genes and promoters has
“ I been functionally characterized for their
involvement in abiotic stress response
including heavy metal stress tolerance and

accumulation.

Fig. 2. Members of gene families involved in ethylene biosynthesis and perception and

their differential expression during banana fruit ripening. The color scale (representing log

fold change values) is shown.

quality has been proposed (Fig. 3). Results also suggest
that the SQUAMOSA Promoter binding Like 5D (GhSPL5D)
transcription factor and epigenetic modifier Ghjmj12
regulate fiber initiation and development in cotton. In
addition, EMS induced tilling population of cotton have
been developed and more than 7,500 M, plants (3 plants
per M, Lines) are being grown in field at Aurangabad.
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In the area of characterization of a
novel early acting wound inducible
promoter, one promoter fromrose has been
characterized in detail. The early wound responsive
behavior of this promoter has been demonstrated in
various plant systems and during insect infection. Group
has also demonstrated efficacy of crylAc under this
promoter in transgenic Arabidopsis and tomato against
Helicoverpa armigera.

(B)

In-vitro Cultured ovules

Control

Anacardic acid

Direct reatment of Anacardic acid on cotton plants

Fig. 3. Non-GM technology for improvement of fiber yield and quality; (A) structure and (B) effect of anacardic acid on cotton fiber
development by in-vitro ovule culture assay; (C) Proposed molecular mechanism for anacardic acid on histone modification; (D) Random
field design to validate effect of anacardic acid; (E) enhanced yield of cotton ball and fiber due to anacardic acid spray. Patent for this

technology has been filed (Patent Appl. # 0231/DEL/2015).
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Fig. 4. Mechanism of whitefly resistance in transgenic cotton plants. Transgenic cotton exhibits
resistance through interference in the life cycle of whitefly. Eggs are scanty and mostly sterile.

CSIR-NBRI has developed cotton transgenic lines
using gene encoding Tma12 protein. Developed transgenic
events show high tolerance to whitefly infestation through
interference in the life cycle in contained field trials (Fig.
4). The toxicity studies suggest that protein does not
produce any symptomatic changes in rats subjected to
acute and sub-chronic exposures. Pepsin digestibility and
absence of putative allergenic domains indicate possibility
of safe use of the protein in biotech crops. Whitefly resistant
cotton plants developed also show significant protection
against cotton leaf curl disease. The technology has
potential to offer protection to crops against whitefly and
associated diseases.

Publications

1. Asif MH, Lakhwani D, Pathak S, Gupta P, Bag SK, Nath P
and Trivedi PK - Transcriptome analysis of ripe and
unripe fruit tissue of banana identifies major metabolic
networks involved in fruit ripening process. BMC PI.
Biol. 2014, 14: 316.

2. Dubey S, Shri M, Misra P, Lakhwani D, Bag SK, Asif MH,
Trivedi PK, Tripathi RD and Chakrabarty D - Heavy

metals induce oxidative stress and genome-wide
modulation in transcriptome of rice root. Func. Int.
Genomics, 2014, 14 : 401-417

Kumar S, Dubey RS, Tripathi RD, Chakrabarty D and
Trivedi PK - Omics and biotechnology of arsenic stress
and detoxification in plants: Current updates and
prospective. Environ. Int., 2015, 74 : 221-230.

Pandey A, Misra P, Bhambhani S, Chitra B and Trivedi
PK - Expression of Arabidopsis MYB transcription factor,
AtMYBI111, in tobacco requires light to modulate
flavonol content. Scientific Reports, 2014, 4 : 5018
Sharma D, Tiwari M, Lakhwani D, Tripathi RD and
Trivedi PK - Differential expression of microRNAs by
arsenate and arsenite stress in natural accessions of rice.
Metallomics, 2015, 7: 174-187

Shri M, Dave R, Diwedi S, Shukla D, Kesari R, Tripathi
RD, Trivedi PK and Chakrabarty D - Heterologous
expression of Ceratophyllum demersum phytochelatin
synthase, CdPCS1, in rice leads to lower arsenic
accumulation in grain Scientific reports, 2014, 4(5-6) : 5784.
Tiwari M, Sharma D and Trivedi PK - Artificial
microRNA mediated gene silencing in plants: progress
and perspectives. Pl. Molecular Biol., 2014, 86:1-18.
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5. S&T Interventions to combat malnutrition in women
and children

Nodal Scientists: CSNautiyal and AKS Rawat

Scientists: S Khatoon, SK Ojha, Ch V Rao, S Rastogi, Sharad
Srivastava, SK Tewari

Technical Staff: MM Pandey
Objectives:

e  CSIR-NBRIproduct (Nutri-jam) having high nutrient
value particularly micronutrients, vitamins and
minerals will be taken to the selected Tech-villages
and villages.

e  Distribution of the product (Nutri-Jam) in selected
villages among women & children’s suffering from
malnutrition and monitoring for the improvement in
health.

e  Dissemination of knowledge about the use of local/
traditional fruits, vegetables, cereals to combat
malnutrition through imparting training, publishing
manuals, leaf lets and posters.

e  Preparation, Quality control and scientific evaluation
studies of the CSIR-NBRI products will be continued
to maintain batch to batch consistency of the products
on pilot scale.

Highlights
Two Tech-villages - Dua (Unnao) and Dafedar Ka
Purva (Barabanki) have been selected and targeted for
intervention through S&T to combat malnutrition with the
developed product Nutri-Jam of CSIR-NBRI. Procured the
ingredients for the preparation of product in bulk. SOPs to
prepare the final products at industrial level have been
finalized. Initially prepared 250
(500g) packed bottles for
distribution among the targeted
population of Tech-villages.

Surveyed both the villages
several time for collection of
data, nutritional status, food
and drinking water status of
the individuals. Posters on
various aspects related to the
importance of vegetables, fruits,
cereals and medicinal plants
etc were prepared and
displayed in the class rooms of
Primary School of Daun village
for creating health awareness
among the rural masses.
Educated the school children
about nutritional value and

importance of vegetables, fruits etc and about common
medicinal plants and their uses.

During this year, participated in Two Health Camps
organized by CSIR-CIMAP on 14th Aug 2014 at Dau
village and on 10th Jan 2015 at Lucknow. During Dau
Health camp exhibited the Institute’s products and posters
related to nutrition .The CSIR-NBRI scientists also
interacted with the villagers and provided the information
on the use of nutritional fruits, vegetables and cereals .A
team of doctors ( Drs. Sanjeev Ojha, D. Mani and VK
Agarwal) collected the data regarding health status of about
500 children, young girls, women and men for the selection
of individuals under this program by providing
nutritional products to combat the malnutrition. During
Lucknow Health camp organized at CIMAP dispensary
and health check-up of 40 selected individuals of Dau,
Unnao, village was done. Blood samples were collected
from the aforesaid people for the selection of individuals
to whom the nutritional products will be distributed to
combat the malnutrition. Approval of the Institutions and
Human Ethic Committee has been taken for the distribution
of the “Nutri Jam” among the selected individuals of the
villages.

Output

®  Selection of individuals based on BMI from three
biovillages for the distribution of product (Nutri Jam).

e  Selected School (Dafedar ka Purva, Deva) under the
project and Glimpse of Health Mela organized at Dau
(Unnao) to combat the malnutrition.

° Spread awareness about the use of local fruits,
vegetables, cereals etc. for health benefits among the
selected schools and villages.

Distribution of Nutri-Jam in Dafedar ka Purwa, Deva and Views of health camp at Dau Village,
Lucknow
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6. Probing the changing atmosphere and its impacts in
Indo-Gangetic Plains and Himalayan Region (AIM-
IGPHim)

Nodal Scientist: V Pandey

Scientists: CS Nautiyal, A Mishra, PA Shirke, OP Sidhu
Technical Staff: R Kanaujia

Objectives:

e  Impact of Green House Gases (CO,and O,) on crops
of Indo-Gangetic plains.

° Identification of soil microbes related to carbon
sequestration.

Highlights
Impact of elevated CO, on wheat (variety Kundan)

Bread wheat (Triticum aestivum L.) is the most
important staple crop in the world, providing on average
20% of the total calories and 22% of the total protein in the
human diet.

Wheat plants were grown in Free Air Concentration
Enrichment (FACE) rings. Three rings were supplied with
elevated CO, while other 3 rings served as control (supplied
with air). Plant biomass and yield, photosynthesis and
stomatal conductance and proteomics studies were carried
out. During the study period ambient temperature, relative
humidity, light and CO, concentrations were monitored.
CO, enrichment was started after seed germination and
continued untill final harvest. The targeted CO,
concentration was reached to about 470 ppm (8 AM to 5
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Fig. 1. Impact of elevated CO on photosynthesis (A, B), stomatal
conductance (C, D) and A/Ci curve (E, F) in wheat plants at
vegetative and flowering stages.
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PM). Higher photosynthetic rate (A) rate was observed at
vegetative stage (Fig 1A) than at flowering stage (Fig. 1B)
and A was more in eCO2 at both the stages. Similar
responses were found in stomatal conductance (Figs 1 C,
D). A/Ci curve indicated that photosynthetic acclimation
was almost similar at both the stages in both the treatments.
(Fig. 1E, F).

Increased shoot biomass was found in plants grown
under eCQO, (Fig 2A). All the yield parameters also showed
upward trend under eCO,, including grain wt/plant, 1000
grain wt. (Fig2 B, C) and Harvest Index (Fig 2 D).

The average yield of Kundan variety has been
reported to be 40-45 Q/hectare. We found that in control
plants, estimated yield was 44.48 Q/hectare while ineCO,,
it was 56.3 Q/hectare.
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Fig. 2. Impact of elevated CO, on dry weight (A) and other yield
parameters (B,C,D)

Wheat leaf proteomics

In wheat leaves, 50 proteins were differentially
expressed out of which 20 were up-regulated while 30
were down-regulated (Fig 3). Thirty two proteins were
identified by MALDITOF TOF. Up-regulated proteins were
related to defense (SOD, germin, peroxidase, thioredoxin),
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Fig. 3. Representative gels of whole leaf protein of wheat plants
grown at ambient and elevated CO,. Proteins were separated through
2-D PAGE. Isoelectric focusing done on IPG strips of pH 4-7 with 120
ug protein loading and second dimension through 12% SDS-PAGE.
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photosynthesis (Rubisco large subunit, oxygen evolving
enhancer, carbonic anhydrase), energy metabolism (ATP
synthase) etc. While down-regulated proteins were a Chl
a/b binding protein, many Rubisco proteins and proteins
involved in glycolysis and gluconeogenesis.

Wheat Grain Proteomics

In our study, differential expression protein profiling
showed that out of 49 differentially expressed proteins, 24
were upregulated and 25 were downregulated in wheat
grains under eCO2 condition. Through Mass Spectrometry
33 proteins were identified and functionally characterized.
They were found to be involved mainly in carbon
metabolism, storage, defence and proteolysis (Fig4).

Signal ransduction Others

Nitrogen Metabolism
3%,

Stasch Metabolism
15%

Fig 4. Functional categorization of identified wheat grain proteins

Gluten proteins

Gluten proteins are normally associated with
superior end quality, especially dough strength and
elasticity. There was more expression of high molecular
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Fig. 5. SDS PAGE showing various high and low molecular weight
glutenin proteins in wheat grains

wt. glutenin (HMW) and low molecular weight (LMW)
glutenin proteins in eCO, wheat grains (Fig 5). Differences
in glutenin ratio in wheat grains might have an adverse
impact on bread dough end-product quality.

Soil microbiological studies

Soil samples were taken from ambient and elevated
conditions of FACE and were compared for CH, emission
and microbial dynamics. Microbial population was
affected in higher concentration of CO,where the
microbial population of Trichoderma was unaffected in
elevated CO, stress condition. Bacteria and fungi were
screened and selected for abiotic stress tolerant from both
soil samples. Trichoderma played potential role to maintain
soil microflora. Microbial activity was suppressed in
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higher CO, concentration §
condition without Trichoderma &
treatment.

In relation to green-
house gases emission from
incubation of ambient and
elevated soil, the CH,
emission gradually increased
according to incubation
period (0.0530 pmol/ gm soil).
CQO, emissionincreased due to
induced microbial activity
(28.68 p mol/ gm/soil) after 3
day and gradually decreased
according to incubation period.

Isolation and Screening of abiotic stress tolerant microbes
from high CO, elevated condition

Soil sampling was done from elevated and ambient
CQO, rings. 150 bacterial strains and 90 fungal isolates were
screened for abiotic stress (pH, salt, drought and
temperature) tolerance.
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For bacterial strains pH tolerance- Among all 12
screened strains from elevated CO, soil, 2 isolate (PPFIEB-
3, PPFHEB-2) tolerant up to 10.5 pH while 2 isolates
(PPFHEB-3, PPFHEB-4) were tolerant even up to pH 11.

Among all 12 screened isolates from elevated CO,
soil, 2 isolates (PPFIEB-2, PPFHEB-2) were found tolerant
up to 1M NaCl and 3 isolates (PPFIEB-4, PPFHEB-
1,PPFHEB-2) were found tolerant up to 1.5M NaCl.

8 bacterial strains were selected for drought tolerance-
3 strains (PPFIEB-1, PPFIEB-2 & PPFHEB-1) were able to
tolerate 35%, 4 strains (PPFIEB-3, PPFIEB-4, PPFHEB-2 &
PPFHEB-4) were tolerant to 40% drought.

Impact of Trichoderma on C- sequestration of FACE soil
under elevated and ambient condition of CO,

C- sequestration in soil: C- sequestration (Total organic
carbon) was estimated and it was observed that there was
significant increment of C-sequestration after the treatment
of Trichoderma under both condition (Elevated and Ambient
condition of CO,). Trichoderma was able to ameliorate the
sequestration of carbon under both conditions.

Effect of Trichoderma on microbial population under
elevated and ambient condition of CO,

Overall microbial population (Bacterial,
Trichodermal and Fungal) was found to be maximum in
potent Trichoderma treated soil after 90 days of incubation
under both Elevated and ambient conditions.

Carbon Sources utilization pattern of CO, enriched and
ambient soil

Selected carbon sources:

Urea, Lignin, Pectin, Cellulose, Phytic Acid, Chitin,
Para Nitro Phenol, Silicic Acid, Ferrulic Acid, Cassin,
Gelatin, Glucose, Benzoic Acid & Cinnamic Acid.

Findings:

Glucose, Gelatin, Pectin were maximally utilized in
ambient condition, utilization was less in high CO,
condition.

Lignin, Cellulose, Phytic acid, Chitin were maximally
utilized in elevated CO, condition, utilization was less in
ambient CO, condition.

Ferrulic acid, Cassin and Benzoic acid were
uniformly utilized in both ambient and elevated CO,
conditions.

Urea, PNP, Silicic acid and Cinnamic acid were
negligibly utilized in all condition.
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7. Plant microbe and soil interactions (PMSI)
Nodal Scientist: CS Nautiyal

Scientists: PS Chauhan, Manoj Kumar, Charu Lata,
Aradhana Mishra, SK Raj

Objectives:

e  Isolation of ACC deaminase producing PGPR from
different stressed soils in India.

e  Expressionand characterization of ACC deaminase
genes from PGPR.

e  Evaluation of ACC deaminase producing PGPR for
plant growth promotion under stressed environments
in control and field conditions.

e  Characterizing plant interactions with PGPR and
viruses.

Molecular characterization of Cucumber mosaic virus
(CMYV) from gerbera

During a survey, chlorotic mosaic disease was
observed on a number of gerbera (Gerbera jamesonii) plants
of two cultivars (Zingaro and Silvester) growing in a
polyhouse at CSIR-NBRI, Lucknow. The diseased plants
exhibited severe chlorotic mosaic, floret and flower
deformations along with color breaking symptoms as
compared to healthy one suspecting to be a viral disease.
The infection of CMV was detected by Western blot
immunoassay using CMV-antibodies and confirmed by
RT-PCR using CMV coat protein gene specific primers.
Further, the complete RN A3 genome of three isolates of
CMV was amplified by RT-PCR from the total RNA
isolated from three infected gerbera leaf samples. The
amplicons obtained were cloned, sequenced and deposited
in GenBank under the accessions JN692495, JX913531
(from cv. Zingaro) and JX888093 (from cv. Silvester). These

Fig. 1. Different stages in the development of virus-free plants from infected floral bud explants of Gerbera

cv. Zingaro

isolates were found to be of 2219 nucleotides translating
two open reading frames (ORFs): movement protein gene
of 229 amino acids and coat protein gene of 218 amino
acid residues. Both the ORFs were separated by 300
nucleotide long intergenic region and flanked by 5 un-
translated region (UTR) and 3'UTR of 122 and 302
nucleotides, respectively. These isolates shared 98-99 %
identities to each other and with a strain of CMV-Banana
reported from India, and 90-95 % identities with various
strains of CMV reported worldwide. Phylogenetic analysis
revealed their closest affinity with CMV-Banana strain,
and close relationships with several other strains of CMV
of subgroup IB. This study provides evidence of subgroup
IB CMYV causing severe chlorotic mosaic and flower
deformation in two cultivars (Zingaro and Silvester) of G.
jamesonii in India.

Development of virus-free gerbera plants

CMV is considered to be the most important because
it caused severe flower deformation leading to decline in
the market value of gerbera flowers. Therefore, elimination
of CMV was attempted through in vitro chemotherapy
(using 30 mg/1 virazole) of ~4x8 mm? capitulum explants
of infected gerbera cv. Zingaro for its quality improvement.
A total of 38 plants were developed from 57 explants on
Murashige and Skoog (MS) medium supplemented with 1
mg/16-benzylaminopurine (BAP), 0.5 mg/1indole-3-acetic
acid (IAA) and 0.5 mg/1 adenine sulphate (Fig. 1). The
developed plants showed absence of CMV in 81.6% (31/
38) plants when screened by RT-PCR using coat protein
specific primers of CMV (Fig. 2).

The CMV-free plants showed better plant growth:
increase of 53.7% in length of leaf lamina and 59.2% in
leaf width as well as better blooming performance: increase
of 62.6% in flower size (diameter in cm) and 69.1% in
number of flowers per pot having intense red flower colour

B |

as compared to the control
ones. Elimination of CMV
by in vitro chemotherapy
(using virazole) of
capitulum explants of
gerbera cv. Zingaro is
being reported for the first
time from India.

Cloning and sequencing
of the complete genome
of Bean yellow mosaic
potyvirus isolate infecting
Gladiolus

The ~9.5 kb complete
genome of an isolate of
BYMYV infecting Gladiolus
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Fig. 2. Screening of 38 regenerated gerbera plants by RT-PCR using CMV-CP gene specific primers. ~650 bp amplicons in only 7 samples
confirm them as CMV-free.

(cv Sylvia) has been amplified and sequenced in 4
independent attempts. The sequence data were aligned
and assembled by removing overlapping data and the
resulted 9532 nucleotide long RNA genome was submitted
in GenBank under the accession number (KM114059). The
complete genome comprises the 5 UTR, P1, HC-Pro, P3,
CI, Vpg, Pro, Nib, coat protein and 3' UTR regions. BLASTn
analysis of complete genome sequence revealed highest
identity with BYMV (D83749) isolate reported from Japan.
The pairwise sequence analysis also revealed the highest
94% identity of isolate under study with the BYMV isolate
(D83749) and 90-94% identities with BYMYV isolates of

phylogenetic group IV. During phylogenetic analysis the
virus isolate under study clustered with other isolates of
BYMYV phylogenetic group IV. Based on high identities
and close phylogenetic relationships, the potyvirus under
study was identified as BYMV of Phylogenetic group IV.

Publication

1. Gautam KK, Raj R, Kumar S, Raj SK, Roy RK and
Katiyar R - Complete sequence of RNA3 of Cucumber
mosaic virus isolates infecting Gerbera jamesonii

suggest its grouping under IB subgroup. Virus Disease,
2014, 25 : 398-401.
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8. Root biology and its correlation to sustainable plant
development and soil fertility (RootSF)

Nodal Scientist: CS Nautiyal

Scientists: MH Asif, S Bag, D Chakrabarty, PS Chauhan,
A Lehri, A Mishra, RC Nainwal, V Pandey, AP Sane, VA
Sane, I Sanyal, SV Sawant, PA Shirke, OP Sidhu, Devendra
Singh, PC Singh, Suchi Srivastava, SK Tewari, RD Tripathi

Objectives:

e  Generation of soil metagenomic map of agricultural
area of the state of Uttar Pradesh for improving soil
productivity under normal and abiotic stressed
conditions.

e  Study of developmental changes in root system
architecture (RSA), morphology and physiology of
rice and chickpea roots growing under normal and
stressed (less water for rice and drought for chickpea)
soil conditions.

e  Study of the effect of plant growth promoting bacteria
on rice and chickpea root development and its
mechanism of action under normal and stressed
(drought) soil conditions.

e  Understanding signaling cross-talk during root
development.

Highlights
Metabolite profiling reveals abiotic stress tolerance in
Tn5 mutant of Pseudomonas putida

Growth and crop productivity is limited by drought
and temperature in arid and semi-arid regions. The stress
also affects the effectiveness of many efficient PGPRs.
Pseudomonas is an efficient plant growth-promoting
rhizobacteria (PGPR); however, intolerance to drought and
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Fig. 1. Principal component analysis of quantified polar and nonpolar
metabolites of P. putida NBRI1108 and NBRI1108T

high temperature limit its application in agriculture as a
bioinoculant. A mutant NBRI1108T, generated from
Pseudomonas putida NBRI1108 was selected after screening
of nearly 10,000 transconjugants. It confirmed to harbour
a single Tnb insertion using southern hybridization
analysis and exhibited significant tolerance towards high
temperature and drought. Insertion of Tn5 influenced the
metabolic profile of NBRI1108 and NBRI1108T examined
using 1H, 31P nuclear magnetic resonance (NMR)
spectroscopy and gas chromatography-mass spectrometry
(GC-MS). Application of multivariate principal component
analysis (PCA) on the quantified metabolites revealed clear
variations in NBRI1108 and NBRI1108T in polar and non-
polar metabolites (Fig.1). Thirty six chemically diverse
metabolites were identified and quantified which included
significantly higher concentration of aspartic acid,
glutamic acid (34%), glycinebetaine (95%),
glycerophosphatidylcholine (GPC) (100%) and putrescine
in NBRI1108T as compared to that in NBRI1108. Results
indicate that biosynthesis of GPE may have taken place
via the methylation pathway of phospholipid
biosynthesis. However, high GPC and low GPE
concentration in NBRI1108T suggest that methylation
pathway and phosphatidylcholine synthase (PCS)
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Fig. 2. (a): Effect of temperature on the survival of P. putida NBRI1108 and NBRI1108T. Treatments are designated as (A) NBRI1108 at 28 + 2°C,
(B) NBRI1108T at 28 + 2°C, (C) NBRI1108 at 40°C and (D) NBRI1108T at 40°C. Values are the mean * SE of three samples. (b): Effect of drought
on the survival of P. putida NBRI1108 and NBRI1108T. Treatments are designated as (A) NBRI1108 without PEG6000, (B) NBRI1108T without
PEG6000, (C) NBRI1108 with 45% PEG6000 and (D) NBRI1108T with 45% PEG6000. Values are the mean * SE of three samples.
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pathway of phospholipid biosynthesis are being followed
in the NBRI1108T. Increase in betaine and GPC levels
consequently led NBRI1108T to tolerate drought and
temperature to a greater extent. Figure 2 shows effect of
temperature (Fig.2a) and drought (Fig 2b) on the survival
of P. putida NBRI1108 and NBRI1108T. Tolerance to
drought was further confirmed in greenhouse experiments
with maize as host plant, where NBRI1108T showed
relatively high biomass under drought conditions.
Drought and temperature stress tolerance conferred by
NBRI1108T in P. putida represents a novel, compelling
approach towards improving plant productivity with
mutant symbiont. The study suggests that the Tn5
generated mutant NBRI1108T can efficiently be used in
drought stress condition for higher productivity.

Biocatalytic and antimicrobial activities of gold
nanoparticles synthesized by Trichoderma sp.

Gold nanoparticles have attracted significant
scientific interest as a new generation of antimicrobial
agents because of increasing resistance of bacteria toward
antibiotics. Though several chemical and physical
approaches are available for synthesis of gold
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nanoparticles, focus has now been shifted toward greener
approach because of ease of biosynthesis and elimination
of harsh chemical procedures. Trichoderma, a plant growth
promoter and biocontrol agent was used for green
synthesis of gold nanoparticles. In the present study
Trichoderma viride and Hypocrea lixii were used for very
rapid biosynthesis of gold nanoparticles which took 10
min respectively at 30 °C and 100 °C when their cell-free
extracts were used. Biomolecules present in cell free
extracts of both fungi were capable to synthesize and
stabilize the formed particles. Synthesis procedure was
very quick and environment friendly and did not require
subsequent processing. The biosynthesized nanoparticles
served as an efficient biocatalyst which reduced 4-
nitrophenol to 4-aminophenol in the presence of NaBH,
and had antimicrobial activity against pathogenic bacteria
(Fig. 3). Fig. 4 dipicts a general graphical representation
showing biosynthesis and activity of gold nanoparticles.
To the best of our knowledge, this is the first report of such
rapid biosynthesis of gold nanoparticles within 10 min by
Trichoderma having plant growth promoting and plant
pathogen control abilities, which served both, as an
efficient biocatalyst, and a potent antimicrobial agent.

12 4 ool = W ol |OW, e 20N, e 2 1%

10 9
g °] -—
8 gy ——
g s
o 4
K
$ .
2 1
0 v v v v .
0 1 2 3 5 7

Incubation trne (Days)

SE cok @S sonnés  BP. syringae

% Inhsbition

Incubation time (Days)

Fig. 3. Reduction in CFU count of (a) E. coli, (b) S. sonnei and (c) P. syringae after addition of 5%, 10%, 20%, and 25% of biosynthesized gold
nanoparticles for a time period of seven days; (d) Percent inhibition of pathogenic bacteria after addition of 25% of gold nanoparticles to

media over a time period of seven days.
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TEM image of

gold nanoparticles
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extract _L'HI\’
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Fig. 4. Graphical representation showing biosynthesis and activity of gold nanoparticles.
(Source : Mishra A, et al., Bioresour. Technol., 2014, 166: 235-242).

Publications: chickpea (Cicer arietinum L.) for drought tolerance. Int. J.

1. Chaudhry V, Bhatia A, Bharti SK, Mishra SK, Chauhan Agron. Agricult. Res., 2014, 4(3) : 35-48.
PS, Mishra A, Sidhu OP and Nautiyal CS - Metabolite 3. Tripathi RD, Tripathi P, Dwivedi S, Kumar A, Mishra A,
profiling reveals abiotic stress tolerance in Tn5 mutant Chauhan PS, Norton GJ and Nautiyal CS - Roles for root
of Pseudomonas putida. PLOS ONE, 2015,10(1) : e0113487 iron plaque in sequestration and uptake of heavy metals
2. Koul B, Amla DV, Sanyal T and Singh R - Analysis of and metalloids in aquatic and wetland plants. Metallomics

response to water deficit in three Indian varieties of 2014, 6 :1789-1800
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9. Genomics and informatics solutions for integrating
biology (Genesis)

Nodal Scientist: S Kumar
Scientist: SN Singh

Bioinformatics of legumes: Digitization of DUS
characters and collection, compilation and curation of
genomic information for identification of useful gene
responsible for medicinal properties and food value.

Legumes are treated as economically most important
group of plants. Pulse crops of legumes constitute the most
important group of food plants in India. Presently India
produces around 15-16 million tons of total pulses. To
feed the growing population, the total requirement of pulses
would be around 30 million tons by 2020 AD. Pulses
contain 18-27% protein. The present project has focus on
various aspects viz., I- Develop DUS character database of
varieties of pulses, II- Develop software tool for collection
compilation, curation of georeference data, genomic
information, etc., III- Develop software tool for integrating
legume data on map layers, IV- Collect and compile data,
using GPS in 100 botanic gardens for medicinal and RET
legumes species, and add satellite images in back drop of
vector map layers, V- Undertake analysis of genomic
information to extract the useful gene responsible for
medicinal properties, and VI- Analysis of geospatial data
to study the impact of climate change, etc.

Objectives:

e  Designand development of OS independent software
tools capable of real time collection, compilation,
curation, retrieval of both primary and secondary
data on descriptions, geospatial data map layers,

Entry inputs screens
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genomic information on medicinal and food value
legumes.

e  Development of an on-line query system for analyzing
the genomic information to extract the useful gene
responsible for medicinal properties and food value
of legumes.

e  Development of unique geolocation of medicinal and
RET legumes in wild and cultivated (in botanical
gardens of India) using GPS data and Geospatial
analysis and study the impact of climate change.

e  Establishment of link with global databases like
Encyclopedia of Life (EOL), the Consortium for the
Barcode of Life (CBOL) and the Catalogue of Life
(COL), etc.

e  Organising training courses/workshops for help in
preparing base line data for on DUS characters.
Barcodes of medicinal legumes of India to help /
achieve India’s obligation in global treaties /
conventions like CBD, GEF, WTO, WIPO-IGC, CIPGR,
UPOV, UNCTAD, GSPC, GBIF, CITES, GT], etc.

e  Facilitating the work of authority like PPV& FRA,
NBA, etc.

Highlights
e  Completed characterisation of 200 species of legumes
of food & medicinal and gene value.

e  Developed a new software using PHP and My SQL
for entry of specimen lable data and upgraded
taxonomic data, GIS data, Image data, Videos and
genomic data.

List of accession nos. is displayed through pull down menu
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After selecting a particular accession, specimen label data is displayed After editing/entering of label data software allows entry of updated
and user can enter/edit data after using Zoom in Zoom out facility nomenclature and description data
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10. Introduction, domestication, improvement and
cultivation of economically important plants (AGTEC)

Nodal Scientists: AK Goel, RK Roy

Scientists: RS Katiyar, RC Nainwal, TS Rana, Devendra
Singh, PC Singh, SK Tewari

Objectives:

e Development of improved varieties of Canna,
Gladiolus, Rose and bulbous crops.

° Introduction of selected novel floricultural and
economic crops in the hills and plains.

e  Evaluation of Bixa & Curcuma germplasm collection
for plant improvement.

° Evaluation of Damask Rose for sodic soils.

e  Evaluation of performance of biofertilizers and
biopesticides on plants.

Evaluation of Bixa and Curcuma germplasm collection
for plant improvement

Curcuma (Turmeric)

Thirty four accessions of Curcuma longa, collected from
various biogeographical regions are being conserved at
Banthra Research Station. Biochemical analysis (total
curcuminoids, total phenolic contents, antioxidant activity)
of 24 accessions has been done.

To evaluate the effect of sodicity and normal soil on
Curcuma growth, yield and quality, three accessions of C.
longa (NBH-3, NBH-10 and NBH-18-2) were cultivated in
garden soil and partially reclaimed sodic soil to select
superior genotype for better yield and quality to broaden
its cultivation base to northern India, basically sodic
wastelands. The results reveal that total phenolic content,
curcumin, demethoxycurcumin and bis-demethoxy
curcumin, leaf and rhizome essential oil contents were
higher in rhizomes from sodic soil. Antioxidant activity
was studied from rhizomes in terms of IC, DPPH and the
rhizome from moderate sodic soil showed more
antioxidant capacity than garden soil. a-phellandrene, a-
terpinolene and p-cymene were the major components of
leaf 0il obtained from hydrodistillation, while B-tumerone,
Ar-tumerone and p-cymen were the major compounds in
rhizome oil. NBH-10 produced the highest rhizome yield
in sodic soil and NBH-18 yielded maximum in garden
soil.

Rhizomes of NBH-2, NBH-3, NBH-8 NBH-10, NBH-
12, NBH-17, NBH-18 and Prabha, were subjected to induce
physical mutation (control, 2.5 Gy, 5.0 Gy, 7.5 Gy, 1.0 Gy
and 2.0 Gy) in 2011. These accessions were selected on the
basis of their superior and inferior quality in terms of
curcuminoids and yield content. Eight mutants have been
identified on the basis of leaf abnormality, stunted and

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

vigorous growth and chlorophyll mutation. Its heritability,
genotypic coeffeicient, phenotypic coefficient, genetic
advancement have also been studied in M,,,. Total
curcuminoid content was estimated by HPLC and the
results showed the increase of curcuminoids in two
mutants. Decrease in total curcuminoids was also observed
in two mutants.

DAMD and ISSR methods were used to estimate the
genetic variability in 29 genotypes of indigenous turmeric
germplasm. Cumulative data analysis revealed 82%
polymorphism across the turmeric genotypes. Wide range
of pairwise genetic distances (0.03-0.59) between the
genotypes revealed that these genotypes are genetically
quite diverse. The results further demonstrated the
efficiency and reliabilityof DAMD and ISSR markers in
determining the genetic diversity and relationships among
the idigenous turmeric germplasm.

Bixa orellana (Annatto)

Bixa orellana is cultivated commercially to extract
Annato colour from seeds. Besides some medicinal uses
in the indigenous system of medicine, the commercial
product is Annato dye which is used mostly in the dairy
industry for colouring butter, cheese, ghee, chocolate, ice
cream, in dyeing cotton, silk clothes and leather,
colouration of medicines and making boot polishes. The
colour is also used in making bindi or kumkum. By and
large, it is a multipurpose species whose bark, leaves, roots
and seeds are used for medicinal, pharmaceutical,
cosmetics and edible colouring purposes.

Seventeen accessions of Bixa orellana collected from
different bio-geographical regions are being evaluated for
growth, yield and quality at Banthra, having pH ranging
from 8.7 to 9.2. The plants have shown variations in
morphological characters (leaf shape, flower colour,
capsule shape, size and colour, etc.), yield (number of
capsule per plant, number and weight of seeds per
capsule) and quality (Bixin content). Based on
morphological characterization, total collection has been
arranged into seven groups. These groups have also been
sampled for molecular characterization. The initial results
are promising for utilization of sodic soils for Bixa
plantation. The seeds of best five Bixa accessions along
with brief write-up about the technical details have been
sent to CSIR-CIMAP, CSIR-IHBT and CSIR-NEIST for the
multi-location trials.

Evaluation of Damask Rose in Sodic Soils

Screening of different varieties of Damask Rose in
sodic soils was carried out. Nutrient management
practices for growth and yield of Damask Rose were
performed. Biofertilizer response for growth and yield of
Damask Rose was studied.
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Performance and evaluation of elite plant material and/
or cultivars through multi-locational coordinated trials

Multilocational trials of mandate crops

Corms of four Gladiolus cvs. Neelima, Roshni,
Usha, and Amethyst, and rhizomes of two Canna
cultivars: Raktima and Agnishikha along with guidelines
for Gladiolus and Canna cultivation were provided to
CSIR-IHBT, Palampur and CSIR-IIIM, Jammu. Seeds of five
accessions of Bixa with experimental plan for their
performance evaluation were also provided to CSIR-IHBT
and and CSIR-IIIM. The field trials are in progress.

CSIR-IHBT, Palampur has provided corms of six cvs.
of Gladiolus (Palampur Pride, Palampur Delight,

Palampur Queen, Tushar Mouli, The Saint and Selection
No. 30). The performance of Palampur Delight is best
followed by Tushar Mouli and Selection No. 30.

Publications

1.  SinghS, Kumar S, Prasad R, Roy RK, Kumar S and Goel
AK -Comparative analysis of growth and flowering
characteristics of Canna cultivars in agro-climatic
condition of Lucknow, Uttar Pradesh, India. PI. Archives,
2014 14 (2): 935-938.

2. Verma S, Singh S, Sharma S, Tewari SK, Roy RK, Goel
AK and Rana TS - Assessment of genetic diversity in
indigenous turmeric (Curcuma longa) germplasm from
India using molecular markers. Physiol. Mol. Biol. Plants,
2015, 21(2) : 233-242.
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Scientists: L Bahadur, AK Dwivedi, AK Goel, Arvind Jain,
RS Katiyar, RC Nainwal, TS Rahi, RK Roy, D Singh, SK
Tewari

Technical Staff: A Batra, B Das, Alok Kumar, Rajeev
Kumar, Satish Kumar, G Sharma, SK Sharma, Shweta
Singh, RK Tripathi, SS Tripathi, Shankar Verma, Saurabh
Verma

Grant-in-Aid Projects

Genetic improvement of bougainvillea through induced
mutation, preparation of descriptors of the cultivars and
development of germplasm collection centre

Bougainvillea is an important ornamental plant in
floriculture and landscaping. Colourful bracts of
Bougainvilleas appear in various shades of red, magenta,
purple, mauve, orange, yellow, white, bi-coloured and also
multi-coloured forms. Many of them have variegated
foliage with attractive patterns. In this project, selected
varieties of Bougainvillea have been treated with different
doses of gamma rays and planted in experimental plots
for assessing their performance and detection of mutants
(Fig. 1). The main target is developing genetically dwarf
and thorn less varieties suitable for pot culture. New
mutants with desirable phenotypic characters will be
identified and isolated in pure form. After multiplication
the new mutant will be developed as new variety.

For proper identification of the varieties,
morphological characters were documented and
descriptors developed for each available variety. The

Fig.1. Treated Bougainvillea cuttings in pots and Bougainvillea germplasm in the field

morphological characters documented are - stem, leaves,
thorns, bracts, flowers as per international standards.
Further, for the development of ‘National Germplasm
Collection Centre’ at the CSIR-NBRI, all the available
varieties have been planted in a separate enclosure with
proper label and lay out plan.

Establishment of a DUS test centre at CSIR-NBRI,
Lucknow for bougainvillea, canna and gladiolus crops

Bougainvillea

A germplasm collection of 200 varieties is being
maintained in the DUS test centre at the Botanic Garden,
CSIR-NBRI, Lucknow. The varieties belong to four different
species- Bougainuvillea spectabilis, B. glabra, B. peruviana and
B.xbuttiana. Enrichment of germplasm collection was made
by acquiring new varieties from various authentic sources:
AHSI, Kolkata and other nurseries (Mrs. Eva Light Purple
Variegata, Double Delight, L.N. Birla, Refulgens).

Characterization by recording morphological
characters, both vegetative and floral, has been done
keeping in view the key and diagnostic characters, which
would be helpful to ascertain authenticity of the variety.

DUS guidelines have been prepared and approved
by PPV & FRA. Registration of new varieties is ongoing.

Canna

A germplasm collection of 50 varieties is being
maintained in the DUS test centre at the Botanic Garden,
CSIR-NBRI, Lucknow. The varieties belong to six species -
Canna indica, C. generalis, C. flaccida, C. latifolia, C. edulis

and C.warscwiczii.

Morphological
characterization has been done
by recording key and diagnostic
characters of each variety.

DUS guidelines prepared
and approved by PPV & FRA.
Registration of new varieties is
ongoing.

Evaluation of medicinal plants
. for cultivation in sodic wasteland
of Uttar Pradesh

Soil sodicity is a major
problem in arid and semiarid
regions of India as it affects plant
growth, development and
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productivity. As per the data published by Wasteland
Atlas of India- 2011, saline and sodic land area in the
country is about 6.81 lakh ha and Uttar Pradesh is the
largest state that alone contributes 2.55 lakh ha (37.51 %)
of the total sodic land in India. Salt tolerant varieties of
some non-traditional crops, which can produce the
valuable products under salt stress conditions, are being
evaluated for economic utilization of sodic lands.

(a) Ashwagandha (Withania somnifera (L.) Dunal)

Ashwagandha plants were re-evaluated under pot
and field experiments during this year for refinement and
reconfirmation of previous results. In pot experiment, the
sodicity levels were 10.0, 13.0, 17.5, 25.0, 30.0 and 35.0
ESP. Results indicated that increasing ESP levels did not
affect the plant growth parameters up to 30 ESP. However,
at 35.0 ESP plants were unable to produce the economic
yield of the root (Fig.2).

(b) Kalmegh (Andrographis paniculata (Burm. f.) Nees)

Andrographis paniculata plants were grownin$§, 12,
16, 20, 24, 32 ESP soils. The result indicated that plants
were unable to produce the economic yield above 16 ESP,
indicating the critical limit for cultivation of kalmegh at 16
ESP under sodic soil condition (Fig. 3).

i

ESP-17.5 )

Fig. 3. Sodicity evaluation of Andrographis paniculata at 8, 12, 16, 20,
24, 32 ESP levels

Study on the effect of different sources and levels of
organic matter on biomass yield and quality of Kalmegh

This project has been taken up to study the effects of
different levels of organic manures like FYM, Pressmud
and Vermi-compost and standardize their optimum doses
for organic cultivation of Kalmegh.

The experiment involved application of FYM 0-30t

pH - 9.0
Ec: o7
ESP - 250

Fig. 2. Sodicity evaluation of ashwagandha at different ESP levels
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Fig. 4. (A-F). Field and pot experiments on the effect of organic manures on Kalmegh: A
& B. FYM Field & Pot experiments; C& D. Pressmud Field & Pot experiments; E& F.

Vermicompost Field & Pot experiments.

ha™, pressmud (up to 15 tha™) and vermi-compost (up to
15 t ha'). The results indicated that plant height, number
of branches, stem diameter, plant spread and plant biomass
increased significantly with increasing doses of FYM up
to 20 t ha', and pressmud and vermi-compost up to 10 t
ha (Fig. 4A-F). In all the three trials, the growth of aerobic
microbes increased with increasing doses of the manures
resulting in decomposition, nutrient mineralization and
an increased soil enzyme activity. Similar results were also
recorded in the case of pot experiments involving the
application of FYM, pressmud and vermi-compost.

Standardization of protocols and
promotion of organic cultivation for
Turmeric (Curcuma longa) in Uttar
Pradesh

Considering the increasing demand
for organically grown turmeric for
commercial utilization, organic
cultivation protocols were standardized
using the following experimental
designs:

Experiment-1 : (Standardization of
integrated organic farming approach to
achieve optimum yield and quality),
consisting 11 treatments, viz. T1 -100 %
RDF (NPK+ Zink), T, - Vermicompost 20
tonnes/ha, T,- Coir compost (@5 t/ha),
T,- 75 % Coir compost + 25 %
Vermicompost, T,-75 % Vermicompost +
25% coir compost, T, -50% Coir compost
+ 50 % Vermicompost, T, - 100 %
Vermicompost + PSB, T,- 100 % Coir
compost + PSB, T, - 75 % Coir compost +
25 % Vermicompost + PSB, T, -75 %
Vermicompost + 25% Coir compost +
PSB, T,, - 50% Coir compost +
Azospirillum + PSB.

Experiment-2 (Organic inputs for disease control and
standardization of the proper remediation for disease and
insect management), consisting 09 treatments, viz. T1 -
Control, T, - Mancozeb seed treatment, T, - Neem cake soil
treatment, T, - Trichoderma viride seed treatment, T, -
Pochonia chlamydosporia Bioagents, T, - Bordeaux mixture
1% spray, T, - Neem oil (0.5%) spray, T, - Bacillus subtilis
seed treatment, T, - Neemgold (0.5%) spray. Both
experiments were carried out in randomized block design,
with three replications.

{4

Fig. 5a- Field view of organic nutrient management; 5b- Field view of organic disease management.
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In the experiment-1, different treatments significantly
affected the growth attributing characters and yield of
turmeric incomparison to control (Fig. 5a). Yield attributing
characters like fresh weight of rhizomes, weight of mother
rhizomes, weight of primary rhizomes per plants and total
yield of rhizomes per hectare basis were also significantly
affected corresponding to the treatments with maximum
in T, -100 % Vermicompost + PSB seed as compared to
other nutritional treatments.

In the experiment-2, all the treatments of organic input
significantly affected the yield and growth attributing
characteristics of turmeric in comparison to control (Fig.
5b). However, Trichodermaviride seed treatment was found
more effective in comparison to all other treatments. In
case of disease incidence of leaf spot disease,seed treatment
with Trichoderma viride was found more effective in
comparison to all other treatments. Among the various bio
control treatments, seed treatment with Trichoderma
viride(T,) showed higher fresh weight of rhizomes (101.78
g), mother rhizomes (33.80 g), primary rhizomes (67.98 g)
and total yield (131.67 g ha™).

Utilization of industrial wastes for cultivation of
medicinal and aromatic plants in sodic soil

Rehabilitation of degraded waste lands and
sustainable utilization of industrial wastes require
sustainable development of natural resources. For this, an
experiment is being conducted at Distant Research Centre,
CSIR-NBRI, Lucknow to assess the possibility of utilizing
fly ash and press mud for cultivation of medicinal and
aromatic plants in sodic soil.

Seven treatments i.e. T1-Control, T2- Press mud @ 20t
ha, T3- Fly ash @ 20t ha!, T4- Fly ash @ 2.5t ha + Press
mud @20t/ ha, T5- Fly ash @ 5t/ha + Press mud @15t/ ha,
T6- Fly ash @ 7.5t/ ha + Press mud @10t/ ha, T7- Fly ash @
10t/ha + Press mud @ 5t/ha and four medicinal and
aromatic plants namely Vetiveria zizanioides (L.) Nash
(Vetivar), Cymbopogon flexuosus Steud Wats (Jarankush),
Andrographis paniculata (Brum £.) Wall ex Nees (Kalmegh)
and Plantago ovata Forsk. (Isabgol) were grownin2 X2m
size plots. Significant increase in the growth and herbage
yield of medicinal and aromatic plants had been observed
by application of press mud and fly ash combinations in
the waste sodic land having pH 9.57. Application of 15t
ha™ press mud + 5 tha' fly ash and 10 t h™ press mud + 7.5
t ha™ fly ash increased the yield significantly in
Andrographis paniculata, whereas significant increase in
growth parameters and fresh herbage yield in Cymbopogon
flexuosus, Vetiveria zizanioides and Plantago ovata has been
observed by application of 20 t ha™ press mud + 2.5 tha™
fly ash and 15 t ha™ press mud + 5 t/h fly ash. Result of
experiment shows that combination of industrial wastes
like press mud and fly ash can be successfully used for

cultivation of medicinal and aromatic plants in sodic soil.
Safety evaluation (estimation of heavy metal content) in
various plant products is under process.

In-House Projects

Enrichment and maintenance of the germplasms
collection of diversified groups of plants and selected
ornamental crops for conservation, education and bio-
aesthetics

New Introduction

The Botanic Garden of CSIR-NBRI is known for the
conservation and maintenance of germplasm collection of
diverse groups of plants of botanical, horticultural and
other economic interests. Exchange of plants of interests
with other botanic gardens in India and abroad has been
one of the major activities of NBRI Botanic Garden.

Seeds of Erythrina crista-galli were received from the
Botanic Garden & Arboretum, Linz (Germany) in August,
2001. Seedlings of this plant were raised and their
performance was closely monitored. The plantlets were
matured in to small trees and they flowered for the first
time during late April, 2014 (Fig. 6). A brief description E.
crista-galli with other details is given below:

Erythrina crista-galli L. (Family: Fabaceae); Common
Name: ‘Cockspur Coral Tree’, ‘Cry-baby-tree’; Origin:
Native to South America; National tree of Argentina;
National flower of Argentina and Uruguay.

A tall shrub up to 3-4 m high; bark rough, grey; leaves
pinnately trifoliate; leaf rachis 7-12 cm long, swollen at
base; stipule small; leaflets ovate-lanceolate, margin entire,
apex ovate, base truncate-round, glabrescent; two smaller
leaflets opposite to each other (5.8-9 cm x 3-4 cm), the

Fig. 6. Erythrina crista-galli in blooms in NBRI Botanic Garden
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third one terminal, larger (6.8-11 cm x
3.7-4.7 cm) withup to 1 cmlong petioles,
the stipels biglandular; inflorescence
racemose, bilateral symmetric, 30 cm
long; flowers pinkish red, corolla 2
lipped, 3-5 cm long, vexillium 2-3 cm
broad, keel 3-4 cm long, wings minute
hidden within the spathaceous calyx;
stamens 10, diadelphous (9 fused in
filaments, 1 free); style inflexed, 3.4 cm
long; stigma small, terminal. Flowering;:
Inlate April.

Vernonia amygdalina Delile (Asteraceae)

Vernonia amygdalina, an interesting medicinal plant
species, has been introduced in the Botanic Garden. The
rooted plants were collected from Mokakchung in
Nagaland during a plant collection tour in August, 2008
and the stem cuttings were also procured from Supaul,
Bihar in 2011. The performance of the plants was under
consistent observation in the Botanic Garden. This species
started flowering since 2012 (Fig. 7).

A native of tropical Africa, Vernonia amygdalina is
locally called in Bihar as “Insulin Plant” or ‘Somnath’. Its
common name in English is ‘Bitter Leaf * as its leaves have
avery bitter taste. In Bihar the leaves of this plant are used
for controlling blood sugar levels, and also as wormicide,
in malarial fevers, constipation and liver ailments. In
Nagaland, the leaves are used for controlling persistent
high fevers. Brief description of plant is as under:

A large shrub up to 3.5 m high with rough stem bark.
Leaves petiolate, glabrous, elliptic, 5.0-22.5x 1.5-8.5cm
in size,dark green above, light green below, with a
characteristic smell, light tomentose on mid-vein and
lateral nerves, margins entire or finely toothed; petioles
1.0-6.0 cm long. Flowers creamy white in terminal
corymbose panicles. Capitula up to 15.0 cm long,
occasionally tinged with mauve, sweet scented attracting
the honey bees. The plants are under constant observation
and can be rapidly regenerated through the stem cuttings.
Flowering: January - March in Lucknow.

New introduction to the Fern House

Helminthostachys zeylanica (Fig. 8 A) collected from
Dudhwa National Park in Lakhimpur Kheri and
Asplenium nidus (Fig. 8B & C) raised at culture room were
introduced to enrich the fern house of CSIR-NBRI

Conservation and Mass Propagation

Mass propagation (approximately 750 replicates) of
nine ornamental fern species (Adiantum capillus-veneris,
Colysis elliptica, Microsorum alternifolium, M. punctatum,
Nephrolepis biserrata, N. cordifolia, N. exaltata, N. tuberosa,

Fig. 7. Vernonia amygdalina in vegetative and flowering stage

Pteris vittata), and Sanjeevani Booti (Selaginella bryopteris)
was carried out for conservation and for exchange and
sale. In-vitro regeneration and multiplication of Adiantum
peruvianum, Anemia rotundifolia, Athyrium pectinatum,
Asplenium nidus, Microsorum scolopendrium and Lepisorus
sp. were also undertaken.

Renovation of Conservatory in Botanic Garden

The conservatory is the oldest Plant House of the
Botanic Garden covering an area of 1370 sq. m. This was
designed by Late S. Percy Lancaster, the famous British-
Indian horticulturist, who worked in the Botanic Garden
during 1953-59. The house has beds in informal design
containing about 350 different plant species/ varieties
representing about 80 countries.

Fig. 8.(A-C). Ferns introduced in fern house of CSIR-NBRI:
A. Helminthostachys zeylanica; B. & C Asplenium nidus
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Fig.9. Newly renovated thematic beds in Conservatory

Over the years, the conservatory has become little out
of date and necessitated renovation in order to make it
modern, educative and more purposeful for the visitors.
Keeping intact the basic layout, the renovation work has
been taken up by relaying some selected beds that have
been planted family-wise with representative plant species.
The families included are: Bromeliaceae, Zingiberaceae,
Acanthaceae, etc. Some beds have been planted genus-
wise, such as Aglaonema, Alocasia, Anthurium, Dieffenbachia,
Draceana, Heliconia, etc. All the plants were relabeled in
accordance with widely accepted taxonomic disposition
and latest botanical nomenclature (Fig. 9). Plant labels for
threatened plant species were prepared, based on the latest
IUCN Red List.

A new demonstration facility in the form of a glass
house has been created and named as “The World of House
Plants’. Altogether eight display boards on various groups
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Fig.10. Interior view of the new facility- “The World of House plants’

of house plants viz. flowering type,
foliage type, bromeliads, bulbous,
rhizomatous, tuberous plants,
ferns, palms and different styles
of vertical gardening have been
installed. Selected house plants on
different themes have also been
displayed in an aesthetic manner
(Fig. 10). The facility therefore,
showcases the diversity of house
plants and their use in various
ways ina systematic and thematic
manner for interior plantscaping
purposes.

New varieties released
Chrysanthemum

A new variety of Chrysanthemum - "NBRI-Kesar’
was released during the Rose and Gladiolus Flower Show
held at NBRI Botanic Garden on January 18-19, 2015.

Pedigree: Gamma irradiation mutant developed from
Chrysanthemum morifolium ‘Puja’.

Description

The new mutant variety bears medium-sized,
‘Decorative’- type, bi- coloured flower heads which bloom
during late chrysanthemum season (late December to mid
January). Due to the effect of gamma-ray mutation, the
colour of the upper surface of florets developed yellow
pigment (RHS Colour Chart; Yellow Group 9B; FAN-1)
instead of pink (in parent ‘Puja’; RHS Colour Chart; Purple
Group 77C; FAN-2), while the colour of the lower surface
did not change and remained light pink. The colour
contrast between upper & lower surfaces of florets is visible
due to spatulate-tubular (partially open or semi-quilled)
nature of the florets. The variety name ‘NBRI-Kesar’ is
chosen to represent this new ornamental effect produced
by the yellow-pink, spatulate-tubular ray florets of the
capitulum (flower-head). The plant attains average height
up to 50 cm and produces up to 50 flower-heads. Average
size of the capitulum (across) and floret length at its full
bloomis 7.7 cm & 4.3 cm, respectively (Fig. 11).

Speciality

The novelty of the new variety lies in its “Yellow-
pink’” bi-coloured florets and larger capitulum size (~10%
larger). It is a new ornamental addition to the late-blooming
section of our Chrysanthemum morifolium germplasm which
can be used in beds, as potted plants and for cut- flower
purposes.
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Fig.11. Chrysanthemum ‘NBRI-Kesar’

Gladiolus

A new variety of Gladious - “"NBRI-Lalima” was
released on February 9, 2015.

Pedigree: ‘Jester’ X ‘Fedelio’
Description

A hybrid seedling; plant height 75-90 cm; spike length
70-85 cm; florets 15-16 per spike; florets compactly
arranged in two rows; flower heads horizontal, 10-12 x11-
12 cm in size, uniform pinkish-red in colour from tip to the
middle and gradually fading to the bottom, mature florets

Fig.12. Gladiolus ‘NBRI-Lalima’
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are pinkish-red (Fan-1, Red Group 50A); throat and inner
two tepals of the floret have a purplish-red blotch (Fan-2,
Red-purple Group 60B) at the base and also an yellow
coloured stripe; purplish splashes on the tip of the tepals;
highly frilled (Fig. 12).

Speciality

Floret colour is unique in pinkish-red combination
with purplish splashes on the tip. The florets are highly
frilled. It is a late blooming variety, ideal for vase decoration
and as cut-flowers.

Distant Research Centres (Banthra Research Station)

The Distant Research Centre (Banthra Research
Station) comprises the experimental field units of CSIR-
NBRI, developed on sodic land. These field units were
rehabilitated under diverse land use systems, including
floriculture, herbiculture, moriculture, energy plantations,
field gene bank, poplars, bambusetum, and a semi-natural
forest. The centre is also working on germplasms
conservation of economically important plants such as
exotic and indigenous poplar clones, varieties of
Chrysanthemum, HT rose, Canna and ~200 species of
medicinal and aromatic plants. R&D experiments are
carried out for standardization of agro-technology on
degraded sites. In this attempt greater emphasis is laid on
non-traditional crop plants, including floriculture and
medicinal and aromatic plants.

Identification of sodicity tolerant varieties of Gladiolus
and integrated nutrient management

An experiment was conducted at Gehru Centre,
comprising three different nutritional management
practices as main factor and twelve gladiolus varieties as
sub factor for evaluating the growth and performance and
selection of the most promising gladiolus variety suitable
for cultivation in degraded sodic land. It was concluded
that the field provided with well decomposed organic
manure, and corms treated with phosphorus solubilising
bacteria (PSB) and Trichoderma showed significantly higher
growth and flowering with more number of spikes bearing
florets per plant. Among the varieties, “Tiger Flame” and
‘Big Time Supreme’ showed significantly better growth
performance in terms of plant height at 90 DAS, spike
length and florets/spike. However, significantly higher
cormyield per plant was obtained from ‘Big Time Supreme’,
indicating ultimately better peroformance of Big time
supreme, among the all varieties evaluated under sodic
land condition (Fig. 13).
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Fig. 13. Performance of growth and yield in 12 variieites of Gladiolus
under three nutritional management regime under sodic land
conditions

Evaluation of Canna sp. in sodic soils

The growth performance of Canna‘Red Dazzler’ was
evaluated under three different fertilization trials: (i) sole
application of chemical fertilizers, (ii) FYM + PSB, +
Trichoderma), and (iii) PSB + Trichoderma. The response of
biofertilizers on the growth of Canna was not significant
at the initial stage of investigation. However, response of
FYM supplemented with PSB and Trichoderma and
combination of both (PSB+Trichoderma) were found better
than application of chemical fertilizers. The Canna varieties
in CSIR-NBRI collections were screened to identify the best
suited cultivars for sodic soil. Five varieties ‘Caltolen’, ‘Pink
Sunrise’, ‘Facceda’, ‘Black Night” and ‘Bengal Tiger’ were
found as suitable for sodic lands. Significant variation was
recorded in terms of their growth performance, although
significant higher plant height was recorded in ‘Black
Night” throughout the year. This was followed by ‘Bengal
Tiger’ and ‘Caltolen’, which were at par with ‘Pink
Sunrise’. However, number of tillers per plant was
significantly higher in later stage of growth at 300 DAP
(days of planting). The varietal evaluation was further
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extended by adding three species and 24 varieties (Fig.14
A&B).

Screening of drought tolerance in rice varieties

Field experiments were conducted with two rice
varieties- Heena and Kiran, transplanted at different water
stress levels, including no irrigation (control), one irrigation
at maximum tillering stage (I0), two irrigations- one at
maximum tillering stage and other at flowering stage (I1),
irrigation at interval of 4-5 days to maintain the field at
saturation level (12). Heena performed well during different
water stress levels. Variation in plant height among the
genotypes indicated that different genotypes had different
water requirement. Heena responded well by showing
more fertility in water stress levels. In both Heena and
Kiran, moisture stress reduced the seed test weight
significantly, although the degree of reduction in 1000 seed
weight was different in the two genotypes. Different soil
moisture levels and rice genotypes interacted significantly
for grain yield. Water stress at flowering stage reduced the
grain yield than water stress at other growth stages.
Another field experiment was conducted for screening the
drought tolerant cultivar of rice and response of PGPRs
for its growth and yield under rainfed condition. The
results showed that PGPR colonization significantly
enhanced rice growth under rainfed conditions. Among
the rice cultivars, ND 359 produced significantly higher
grain yield followed by ‘Sushk Samrat’, due to
comparatively higher harvest index.

Conservation and propagation

Different tree species (80), shrubs/ herbs (30)
including 30 RET species are maintained in Field Gene
Bank in 2 ha area. During the reporting year, five new
species were added to the Field Gene Bank. Natural
regeneration of 30 species was observed in the conservation
garden. Three species of aquatic plants (Nelumbo nucifera,
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Fig. 14 (A-B). Evaluation of five Canna varieties for their growth performance under sodic soils: (A) number of branches and flowers per

plant; (B) flower weight per plant.
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Nymphaea stellata, and Euryale ferox) are being maintained.
Nymphaea collection was enriched with addition and large
scale multiplication of Nymphaea stellata. Vegetative
propagation of different horticulture crops including
ornamental, house plant, medicinal and aromatic plants
was also done for R&D and sale purposes.

Evaluation of ashwagandha (Withania somnifera (L.)
Dunal} and kalmegh (Andrographis paniculata (Burm. £.)
Nees) with different organic carbon levels

The levels of soil organic carbon are directly
related to the yield and quality of the plant. For optimization
of the organic carbon levels for optimum yield and
quality of Ashwagandha and Kalmegh, the
experiments were conducted with different organic carbon
(OCQ) levels.

Ashwagandha and Kalmegh were evaluated with
various levels of OC (0.5% - 3.5% in Ashwagandha and
0.5-4.0% in Kalmegh) as a residual effect of added organic
manures in the previous year. Results indicated that plant
height, root and shoot length, root and shoot weight in
both the plants increased with increasing organic carbon.
Analysis of the root, stem and leaf for quality parameters
is in progress.
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Collection, acclimatization, multiplication and
establishment of germplasm bank of Aloe spp. in sodic
soil

Utilization of degraded sodic wastelands with
adaptable plants of industrial importance is the aim of
this project. Aloe is a potential candidate that can be
exploited scientifically for sodic land reclamation. Twenty
six species of Aloe have been collected, acclimatized,
multiplied, and established as a germplasm bank for
gradual sodicity screening and cultivation.

Assessment of growth and gel yield in Aloe spp. at various
levels of sodicity

Achieving high growth and yield of any plant species
in sodic stress environment is directly related to proper
remediation and utilization of such soil. With this view
three highly marketed Aloe spp. as per taste of gel, viz.
Aloe vera (normally bitter), A. ferox (extremely bitter), and
A. maculata (non- bitter), were examined for their growth
parameters and gel yield production at four levels of
naturally existing soil pH as 8.0 (control), 8.50, 9.10 and
9.65 at Distant Research Centre (DBC) Banthra (Fig. 15).

The plant growth in all three Aloe species increased

Fig. 15 (A-H). Aloe species in germplasm bank at DRC Banthra: A. Aloe vera; B. A.spicata; C. A.aageodon; D. A.xnobilis; E. A.maculata; F.

A ferox; G. A.greatheadii;H. A.gariepensis
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Table 1. Effect of sodicity on growth performance of different Aloe spp. grown at various sodicity levels at DRC Banthra

Growth Character Sodicity (pH) Aloe species

Observations levels Aloe vera Aloe maculata Aloe ferox Mean LSD at 0.05
(Control) 8.0 22.20 17.00 16.00 18.40
8.5 31.00 22.00 21.00 24.67
Plant height 9.1 37.00 30.00 27.00 31.33 L
(cm) 9.65 22.00 16.60 16.00 18.20
Mean 28.05 21.40 20.00
LSD at 0.05 2.072
(Control) 8.0 22.00 14.00 13.00 16.33
8.5 28.00 18.00 16.00 20.67
Number 9.1 40.00 24.00 20.00 28.00 3.68
of leaves 9.65 21.60 13.60 12.80 16.00 ’
Mean 27.90 17.40 15.45
LSD at 0.05 4.24
(Control) 8.0 428 5.34 218 3.93
8.5 4.66 5.84 2.40 4.30
Width of 9.1 5.00 7.40 3.20 5.20 L
leaves (cm) 9.65 410 4.98 2.00 3.69 ’
Mean 4.51 5.89 245
LSD at 0.05 1.19
(Control) 8.0 1.16 0.83 0.70 0.90
. 8.5 1.22 0.90 0.80 0.97
f)?‘]f:;f:: 9.1 1.60 117 0.85 121 0,085
(cm) 9.65 1.14 0.82 0.68 0.88
Mean 1.28 0.93 0.76
LSD at 0.05 0.103

significantly with increasing pH levels up to pH
9.1 and decreased at pH 9.65 at par to that of
control soil pH (8.0). The plant growth was
considerably greatest in A. vera followed by A.
maculata and comparatively slow in A. ferox in
control to highest sodic soil pH (9.65) level (Table
1). The gel yield followed the same trend as in
case of growth pattern of all three species.

Flowering phenology in Aloe spp. under
sodicity

The flowering behaviour, ie. time of floral
bud initiation, duration of blooming and
senescence in seven species of Aloe (Aloe ferox,
A. greatheadii, A. harlana, A. X nobilis, A. ortholopha,
A. spicata and A. vera ) was studied under
sodicity stress (Fig. 16).

In most of the Aloe species examined the
flowering occurred in one year old plants and
its season started generally from October and
remained till April. The flowering in Aloe xnobilis
starts in August and remains till April. The
flowering in Aloe spicata occurs in two year old
plants and the duration of flowering was same
as in other species. The flower colour is red in

Aloe ferox, A. ortholovha, A. x nobilis and A. vera

f e 1 P . .. Fig. 16 (A-I). Early stages and full blooming in Aloe species : A-C, Early and full
whereas it is hght maroonin A. greathead” and blooms in Aloe spicata; D. A. ferox; E. A. xnoblis; F. A. greatheadii; G. A. harlana; H. A.
yellow in A. spicata till senescence. vera; 1. A. ortholopha
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Seed germination in Aloe vera

Seeds of Aloe vera were sown and observed for
viability, germination time, germination %, mortality and
growth behaviour. Out of 80 seeds sown, only 45 seeds
germinated. Of these, 10 germinated seeds did not grow
further while the remaining 35 germinated seeds are in
the seedling stage with 3 or 4 small leaves and with a well
developed root system.

Bacterial and fungal diseases in Aloe spp. under sodic
soil conditions

Aloe species are known to be affected with several
bacterial and fungal diseases. Aloe products must be
prepared from disease free Aloe leaves. Considering this,
astudy was conducted to examine the bacterial and fungal
disease infected plants of different Aloe species growing
in sodic soil environment at DRC Banthra. The study
revealed that fungal diseases occur mostly in susceptible
Aloe species in summer and bacterial diseases in rainy
season. Aloe greatheadiiand A. xnobilis have been observed
with bacterial infection, while Aloe maculata and A. spicata
with fungal infection.
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Grant-in-Aid Projects

Studies on algal blooms, their characterization and the
factors influencing bloom formation

Mass culture of algae: Six algal strains were isolated from
different localities of Uttar Pradesh, of which four strains
of Chlamydomonas sp. (NBRI 077), Nannochloropsis sp. (NBRI
078), Chlorella sp. (NBRI 079) and Scenedesmus sp. (NBRI
080) were grown in two different culture media (TAP and
BG11) for studies on their growth curve and biomass
productivity. The algal strains showed better biomass
production in TAP media than BG11. Lipid and protein
estimates showed Nannochloropsis sp. with maximum lipid
and Chlorella sp. with maximum protein content.

Mass culturing of selected algal strains was carried
in open system in CSIR-NBRI's fish pond and other ponds
in Institute’s Botanic Garden. The culture conditions were
optimized initially for culturing the natural algal bloom of
Golenkenia sp. present in the fish pond. Two more strains-
Neochloris sp. (NBRI 081) and Nannochloropsis sp. (NBRI
082) were cultured in two open ponds. Density polythene
containers (photobioreactors) were designed and 15 L
cultures were grown in each photobioreactor. Low cost
agriculture fertilizer urea (100 mg/L) and single super
phosphate (SSP- 50 mg/L) were added in tap water along
with15% inoculums while other culture conditions were
kept constant. In late log phase the cultures were transferred
to open ponds having 2500 L of media and the volume of
the cultures was further scaled up to 30000 L by addition
of media. The growth rate of algae in open ponds was also
determined by measuring the O.D. at 680 nm.

Optimization of culture condition for enhanced biomass
and lipid: To enhance the biomass and lipid production
the culture conditions were optimized. The Scenedesmus
sp. (NBRI 080) was grown in three different trophic
conditions viz. Autotrophic, Heterotrophic and
Mixotrophic. Various sources of organic carbon, such as
acetic acid, glucose, sucrose and glycerol were used for
the mixotrophic culture conditions. The pH (5, 6,7, 8 and
9) and light intensity (3000, 4000, 5000 and 6000 Lux)
were also optimized by culturing the algal strain.
Maximum biomass was found at 5000 Lux light intensity
and pH 7, while lipid percentage was found maximum at
PpH 5 and 4000 Lux light intensity. Optimization of nitrogen
source was done by cultivating the algal strain using

different nitrogen sources such as urea, KNO,, NH,Cl, and
NaNO, The biomass yield and lipid content were found
maximum when NH,Cl was used as the nitrogen source.

Wastewater cultivation of algal species: Scenedesmus sp.
(NBRI 080) was collected from wastewater at a local
beverage industry in Barabanki. Different ratio of waste
water and TAP mediai.e, 1:3, 1:1, 3:1 and 1:0 were used to
get various concentrations (25%, 50%, 75% and 100%) of
medjia for cultivation of the algal strain. A combination of
50% wastewater and 50% TAP media produced the
maximum biomass and lipid content.

Amelioration of bio-hydrogen generation by genetic
modification and process optimization from
microorganisms

Six microalgal isolates (Chlamydomonas sp., Chlorella
sp., Scenedesmus sp., Chlorococcum sp., Nanochloropsis sp.,
Phormidium sp.) were screened for biomolecules by Fourier
Transform Infrared Spectroscopic (FTIR) analysis. The
isolates were compared for biomass, carbohydrate and
lipid content in three different culture media, viz. BG11,
BBM and TAP. Higher biomass, carbohydrate and lipid
content were observed in the TAP medium. Higher biomass
yield (252.23 + 15.4 mg/L/d) and lipid productivity (56.5
+1.9 mg/L/d) were obtained in Chlorella sp. (NBRI029)
followed by Scenedesmus sp. (NBRI012) with 202.37+10.2
mg/L/d biomass and 37.6 £1.2mg/L/d lipid content.

H, production was measured for these isolates by
using H, sensor fitted to fabricated photobioreactor in
anaerobic condition. Scenedesmus sp. (NBRI012) showed
maximum percentage of H, (17.72 %) of the total evolved
gases in head space of the photobioreactor on the sixth
day of the fermentation, whereas Chlorella sp. (NBRI029)
evolved H,up t0 9.56 % on the 4™ day of fermentation. On
subjecting to sulfur depletion, there was an initial increase
in the dissolved O, as well as pH of the growth medium.
The dissolved O, concentration began to drop rapidly
within one day and the culture became anoxic, and as a
result, the pH began to decline from 7.9 to 7.1. It was
inferred that sulfur deprivation during H, production
increased the lipid content of the residual biomass (lipid
content prior S deprivation, 244.44 mg/L and after S
deprivation, 410.03 mg/L). The S deprived biomass is
expected to be a good source of lipid. The biodiesel quality
of the fatty acids of residual biomass of Scenedesmus sp.
(NBRIO12) was found to be in accordance with
international standards (IS 15607, ANP255, EN14214, and
ASTM D6751).

Characterization of cyanotoxins (microcystins) and
quantification of their potential utilization

Water sampling was done from Dal lake (Jammu),
Shardha River (Unnao), Ganga Ghat, Sewage treatment
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plant water (Jajmau, Kanpur), Sai and Gomti River
(Lucknow) and local water bodies of Lucknow for isolation
of toxic microalgae. The physico-chemical parameters, i.e.
pH, Dissolved Oxygen, conductivity, phosphate, nitrate,
sulphate, iron, chromium and chlorine were estimated.
Algal growth in the water bodies was evident during the
months November to February. The most prominent algal
forms observed belonged to the genera: Sceendesmus,
Chlorella, Microcystis, Oscillatoria, Phormidium, Anabaena,
Nostoc, Aphanothece, Aphanocapsa, Chroococcus and Lyngbya.

The microalgal forms were isolated, purified, grown
and maintained in BG11 media in standard growth
conditions in the culture room. Toxicity of microalgae was
checked by antibacterial and anticancerous assay. The
microorganisms Staphylococus aureus, Bacillus subtilis,
Pseudomonas aeruginosa and Klebsiella pneumonia were
obtained from CSIR-IMTECH, Chandigarh for antibacterial
assay while cancer cell lines were cultured at CSIR-CDRI,
Lucknow. Algal cultures were harvested, freeze dried and
extracted in various solvents for the preparation of extract.
The extract was used for bioassay and for purification of
the active component. Scenedesmus sp., Oscillatoria sp. and
Phormidium sp. extract was found to be toxic and showed
prominent antibacterial and anticancerous activity. The
active component was detected by HPTLC and HPLC
analysis. Oscillatoria tenuis obtained from Ganga River in
Kanpur showed microcystin concentration well above the
permissible limit of WHO. Oscillatoria tenuis was selected
for further study of abiotic stress on the biomass and total
protein content of the cyanobacterium.

Screening of potential algal species for bio fuel
production and optimization of growth condition for high
lipid accumulation

To overcome the problem of global energy crises
researchers are now focusing on alternative sources of
energy. Microalgae with their potential to produce high
biomass and lipid content have been identified as one of
the alternatives for fossil fuels. Keeping this in mind a
large number of fresh water green microalgae were
screened, of which Scenedesmus abundans was found to be
a good feedstock for biodiesel production. Optimal nitrogen
content in culture media was determined in order to
enhance the overall lipid content. Best lipid extraction as
well as trans-esterification process and optimal pH
condition were also worked out. The pH is one of the
important factors that regulate the lipid producing
machinery by regulating the expression of key lipid
biosynthesis gene - Acetyl-CoA carboxylase (ACCase).
Other culture conditions such as, optimal light intensity
as well as the concentration of phosphate in the culture
media were also studied for higher production of biomass
as well as lipid content.

Characterization of microalgae from carpet industry
effluent to assess their potential for antimicrobial and
biofuel

Algal samples collected from carpet industry effluent
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of Bhadohi district were isolated and purified using
standard methods. The algae were identified based on
microphotographs and using manuals. The prominent
algal forms belonged to Chlorella, Oscillatoria,
Nannocloropsis, Phormidium, Scenedesmus, Clamydomonas
and Nostoc. The algal cultures are maintained in BG11
liquid growth medium and agar slants. Collected algal
samples were deposited in CSIR-NBRI (LWG) herbarium.
Water samples of industrial effluent were regularly
monitored for physico-chemical characteristics such as pH,
temperature, ion conductivity, dissolved oxygen,
concentrations of nitrite, nitrate, phosphorus, sulphate,
chromium, copper and iron. Algal cultures were harvested,
freeze dried and extracted in various solvent for the
preparation of extract. The extract was used for
antibacterial assay and lipid estimation. Bacillus subtilis,
Klebsiella pneumonia, Pseudomonas aeruginosa and
Staphylococus aureus, obtained from CSIR-IMTECH, were
used for antibacterial assay. Nostoc sp. and Oscillatoria sp.
extract showed prominent antibacterial activity. Maximum
lipid content in Scenedesmus sp. was 28% of dry weight,
while in optimized condition lipid content increased to
48% of dry weight.

Isolation, screening and nutritional profiling of promising
microalgal strains

The biomass of naturally growing green alga
Golenkinia radiata Chodat (Fig. 1), was collected from water
bodies in Uttar Pradesh and its proximate compositions
like carbohydrate, protein, lipid and also the pigments
(chlorophyll and carotenoids) were analyzed. This is the
first report of nutritional analysis of Indian species of
Golenkinia. The nutrient profile of the G. radiata included
carbohydrate (40.39%), protein (13.3%), lipid (12.9%), 64.9
mg total lipid per 500 mg biomass, and energy 1385.24 k]
per 100 gm biomass. The biomass was rich in carbohydrate
content which may have influenced the fish growth in the
ponds from where the microalga was collected.

Alpine ecosystem dynamics and impact of climate
change in Indian Himalaya

Under long term monitoring programme of Indian
Space Research Organization (ISRO), the Highest Summit
Point (HSP) in East Sikkim and Aparwat area in Jammu &
Kashmir were explored for their lichen diversity within
3m, 5m and 10 m Submit Area Sections (SAS). Spectral
analyses were completed for seven lichen species.

Lichenometric studies were carried out in Kupup and
Thangu areas of Eastern Himalaya in Sikkim and Thajiwas
Glacier in Ganderbal district of Jammu & Kashmir by
estimating diameter of a common crustose lichen
(Rhizocarpon geographicum) growing luxuriantly on
exposed boulders. It was estimated that the rate of glacier
retreat is faster in Eastern Himalaya as compared to the
North Western Himalayan regions in India.
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Fig.1. Golenkinia radiata Chodat

Lichen exploration in protected areas of Uttar Pradesh
and sensitizing stakeholders for conservation

The project aims to explore lichens from protected
areas of Uttar Pradesh and also to conduct biodiversity
awareness workshops for students, local people and
foresters. A field trip to Hastinapur Wildlife Sanctuary,
Soor Sarovar Wildlife Sanctuary, National Chambal
Sanctuary and few western districts of Uttar Pradesh (Agra,
Bijnore, Lakhimpur, Moradabad, Muzaffarnagar, Pilibhit,
Rampur, Saharanpur and Shahjahanpur) resulted in
collection of 200 lichen specimens belonging to 33 species
in 21 genera and 14 families. Seven lichen species were
encountered as new records to the state of Uttar Pradesh:
Arthothelium chiodectoides (Nyl.) Zahlbr., Diorygma
soozanum (Zahlbr.) M. Nakan. & Kashiw., Graphis
pyrrhocheiloides Zahlbr., Opegrapha microspora Milll. Arg.,
Porina internigrans (Nyl.) Mll. Arg., Pyrenula leucotrypa
(Nyl.) Upreti, and Pyxine reticulata (Vain.) Vain. Among
all the districts, Pilibhit represented a maximum number
of 19 lichen species, while Muzaffarnagar and
Shahjahanpur districts showed poor growth of lichens
represented by 5 species each.

Three one day ‘Biodiversity Awareness Workshops’
were conducted at Dudhwa Tiger Reserve, Dudhwa for
foresters, Mewalal Ram Dulari Vidhya Mandir Inter
College, Majhagain, Kheri for school children and at
Department of Botany, University of Allahabad for M.Sc.
students. An introduction to biodiversity and its
importance was explained to the audience. Special
emphasis was given to lichens, their diversity and
importance to nature and mankind.

Assessing the diversity of mangrove lichens in Gujarat
State, India

The principal aim of the project is to document the
lichen flora of mangrove forests of Gujarat and its
comparison to lichen diversity in inland vegetation.
Exploration in Kutch, Surat, Bharuch, Navsari, Valsad,
Ahmedabad, Gandhinagar districts and Gir National Park
(Junagadh) and Purna Wildlife Sanctuary (Dang) resulted
in collection of 150 lichen samples of 30 species. The Kutch
district has scarce mangrove vegetation with poor growth

of lichens. The lichens were mostly collected from inland
vegetation and rocks near the sea shore. The lichen flora
was dominated by crustose lichens mostly belonging to
Roccellaceae group, of which 7 species were new addition
to the lichen flora of Gujarat State.

National Network program on lichens: Bioprospection
its secondary compounds and establishing cultures and
collections

Mycobiont Culture: Mass culture of 15 medicinally
potential lichen species was established through
mycobiont culture. The dried mycobionts harvested were
provided to M. S. Swaminathan Research Foundation
(MSSREF), Chennai for screening for secondary metabolites.

Paracetamol-induced hepatoprotective and antioxidant
activities in Lichens: Paracetamol, a widely used over the
counter analgesic (pain reliever) and antipyretic (fever
reduce) drug, is commonly used in relieving of fever,
headaches, etc. These measures lead to the disruption of
calcium homeostasis, mitochondrial dysfunction, and
oxidative stress and may eventually culminate in cellular
damage and death. An obvious sign of hepatic injury is
the leaking of cellular enzymes into the plasma due to
disturbance caused in the transport functions of
hepatocytes. When liver cell plasma is damaged, a variety
of enzymes located normally in cytosol are released into
the blood, thereby causing increased enzyme levels in the
serum. Reinforcing the above known mechanisms, the
extracts and fractions of selected lichens viz Usnea
longissima, Cladonia furcata, Parmotrema reticulatum, Sticta
weigelii at dose levels of 200 and 400 mg/kg showed a
significant reduction in the elevated levels of SGOT, SGPT,
total bilirubin, direct bilirubin and total cholesterol
comparable to silymarin. However, usnic acid is the normal
component of lichen cells and is one of the most common
and abundant lichen metabolites.

A suitable combination of bioactive fractions of
lichens fractions with or without lichen metabolite was
tested on drug induced liver toxicity. The novel bioactive
fractions with standardized content of usinic acid reduced
the elevated liver biochemical markers and stabilized the
ATPase activity. In continuation the hydro-ethanolic
extract of Cladonia furcata showed suppressive effect on
gastric acid secretion by opposition to the action of
histamine and blocking of H+-K+-ATPase. A significant
increase in plasma histamine concentration was observed
after development of gastroesophageal reflux disease
(GERD). The high level of H+K+ATPase stimulates
parietal cells to hypersecretion of acid, which in turn causes
the GERD and is selectively blocked by the action of
omperazole, an acid blocker used to treat gastric ulcer.

Our observation indicated that treatment with lichen
extract caused the reduction in histamine and
H+K+ATPase in GERD models, indicating the gastric
defensive effect. It has also been found that oxygen-derived
free radicals are implicated in the mechanism of GERD
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and scavenging these free radicals can play a pivotal role
in the GERD treatment. The antioxidant properties of the
Cladonia furcata extract has beneficial effect in the
gastroesophageal reflux disease treatment.

Phytochemical assays: Extracts obtained from Cladonia
furcata (L3), Parmotrema nilgherense (L4), Everniastrum
cirthtum (L5), Lobaria retigera (L6), Flavoparmelia caparata
(L7) were characterized for qualitative and quantitative
assays and detection of secondary compounds. Secondary
markers of fatty acids, flavanoids, sugars, cartetenoids,
terpenoids and anthraquinones, depsones, depsides &
lichen acids/ were identified through TLC and some
identified known lichen acids were isolated using P-TLC
& Column chromatography.

Genetic diversity in Everniastrum cirrhatum: Genetic
variability in Everniastrum cirrhatum, a medicinally
important lichen, has been evaluated using ISSR-PCR and
DAMD-PCR markers. Fourteen primers (10 ISSR and 4
DAMD) were used to estimate the genetic diversity in 45
accessions of E. cirrhatum. These primers have resulted in
152 fragments, of which 144 fragments were polymorphic,
accounting for 94.95% polymorphism in E. cirrhatum
accessions. The mean Polymorphic Information Content
(PIC) value recorded for 14 cumulative primers
(ISSR+DAMD) was 0.40. The cumulative genetic distance
between pairs of accessions ranged from 0.19 - 0.85 with
an average value of 0.65 among all the accessions. The
UPGMA dendrogram revealed that the clustering pattern
of E. cirrhatum accessions was in congruence with their
geographical affiliations. The UPGMA dendrogram and
PCA plot did not show any altitudinal specific preferences
in E. cirrhatum accessions.

Develop a system to monitor climate change with lichens
in India

The change in diversity of lichens and its correlation
with climate change in some selected regions of India was
initiated. The study sites (Darjeeling: West Bengal and
Mount Abu: Rajasthan) were selected based on previous
records of lichen taxa available in NBRI herbarium (LWG).
A list of lichen specimens housed in LWG, representing
collections made in the year 1970 from Darjeeling and
Mount Abu, was prepared. The 1970 collections of lichens
from 13 localities in Darjeeling district showed the
occurrence of 125 species belonging to 57 genera. When
the same localities were revisited in 2014 a total of 251
records of lichens were made, of which 100 species were
new additions while 26 species were common in both past
and present collections.

After more than 40 years the area showed distinct
change in the lichen flora as members of the lichen family
Physciaceae dominate over the Parmeliaceae. The change
in lichen flora may be correlated to the changes in
environmental conditions as indicated by the presence of
members of Physciaceae which prefer nitrophilous
environment. The dominance of crust forming lichens in
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the area further indicates the changes in the present
environmental conditions. A total of 10 elements (Cu, Co,
Mn, N, Fe, Se, Zn, Cr, As and Pb) together with C, N and S
content were analysed in both the samples (recorded earlier
and freshly collected) from nine localities of the area along
with meteorological data such as temperature, RH,
precipitation, wind direction and speed. Similar studies
are in progress in Mount Abu to monitor the change in
lichen community composition in arid region of India.

Lichens response to rising temperature and high
ultraviolet radiance due to on-going climate change

The project aims to explore the utility of lichens as an
indicator of on-going climate change by monitoring the
change in lichen diversity and explore putative role of
secondary metabolites as an adaptive mechanism to
combat rising temperature and increasing incident of UV
radiation in high altitude ecosystem of the Garhwal
Himalayas.

Twelve UV protecting compounds (Mycosporine like
Amino Acids-MAAs) were characterized for the first time
in Indian lichens. The samples from higher exposed
altitudes exhibit higher concentration of UV protecting
compounds. The metal pollution studied in Stereocaulon
foliolosum, a dimorphic rock inhabiting lichen, showed
impact of metal pollution up to an altitude of 3360 m and
the pollution load declined up to a greater extent at an
altitude of 3400 m. Comparing the metal profile and lichen
diversity since 1994 revealed that temporal decline in the
lichen diversity is clearly apparent with the constant
increase in the metal profiles in the past nineteen years.

The assemblage of both pollution tolerant and
sensitive species in distinct altitudinal ranges clearly
indicates the role of secondary metabolites present in
lichen species in determining their specific habitats in
different environmental conditions. The influence of
aspect and altitudinal gradient on the quantitative profile
of atranorin and salazinic acid in three lichen species
distinctly indicates the influence of incident radiation and
significant variation in the chemical content with the rising
altitude.

Lichen analysis for ecological continuity of tropical rain
forests in Nilgiri Hills of Western Ghats, India

Quantitative, qualitative, social behaviour, peculiar
morpho-anatomical characters and habitat preferences of
lichens are utilized to study the forest condition in Nilgiri
Hills. The selective removal of phorophytes resulted in
scanty appearance of species that were commonly observed
in the past. A continuous trend of species repetition was
also observed due to decline in host tree diversity. At
present natural biota seems to be restricted to protected
forests, and many lichen species that were previously easily
available have now been shifted mostly to managed
forests.

Home gardens, cultivated and avenue trees of
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Eucalyptus sp., and basal trunk and exfoliated bark of trees
in wet and moist places exhibit luxuriant growth of lichen
species and thus help in conservation of many rare lichen
species. Due to continuous use of land for tea gardens,
grazing, and for timber, fuel wood and forest products, the
Nilgiris are in a process of gradual degradation, which
also leads to the consequent change in lichen diversity
due to changes in micro-climatic conditions.

Barcoding Himalayan Lichens - cutting edge approaches
to study lichen biodiversity and setting lichen
conservation strategies in India

Detailed morpho-taxonomic studies supplemented
withntDNA ITS sequence data revealed the occurrence of
10 species of Cetrelia in India. Cetrelia chicitae (W.L. Culb.)
W.L. Culb. & C.F. Culb. was reported as a new record for
Indian lichen biota. The taxonomic distinction between
Cetrelia chicitae and the closely allied C. cetrarioides was
established through morphological, phytochemical and
nrDNA ITS sequence analysis.

Study of Bryophyte diversity in the Eastern Ghats

Explorationin Yercaud (Kiliyur falls, Rose garden),
Kalrayan Forest Reserve, Giant Orchard, Bodamalai Forest
Reserve, Javadi Hills, Sirumalai hills, Kolli hills and Malai
Mahadeshwara Wild Life Sanctuary of Eastern Ghats areas
in Tamil Nadu resulted in collection of about 515 bryophyte
specimens. Critical studies on these revealed the occurrence
of 40 taxa of mosses belonging to 19 families, and 14 taxa
of liverworts belonging to four families. Four bryophyte
species (Syntrichia norvegica Web, Aulacopilum glaucum
Wilson Solmsiella biseriata (Austin) Steere, Groutiella
tomentosa (Hornsch) Wijk & Marg ) were recorded as new
addition to the bryoflora of the Eastern Ghats.

Studies on morphogenesis, reproductive biology and ex
situ conservation of selected endangered, threatened and
potential bryophytes

In vitro propagation of two bryophytes, a liverwort
(Marchantia polymorpha L.) and a moss (Rhodobryum roseum
(Hedw.) Limpr.), has been initiated to study their
morphogenesis and reproductive biology, besides
standardizing protocol for multiplication of their
germplasm. In case of M. polymorpha gemmae were used
as explant and a population of healthy plants could be
grown in 45 days with well developed gemma cups. On
the other hand spores were used as explants for R. roseum
and a good population was developed in 90 days (Fig.2).
Using this protocol, germplasm of these potential taxa can
be successfully propagated in bulk.

Diversity, Distribution and Ethnobotany of Pteridophytes
and Bryophytes in Dudhwa National Park in Uttar
Pradesh and bordering regions

Survey and collection of pteridophytes and
bryophytes from different localities of Dudhwa National
Park and Kishanpur Wildlife Sanctuary in Lakhimpur

Fig. 2 (A-]). Rhodobryum roseum: A, B. Germinating spores, developing
protonema in culture medium; C. Developing young gametophore
bud; D. A young gametophores; E. Colony of protonema with
gametophores; F, G. Population of young gametophores; H. Young
plants transferred to soil in pots; 1. Population of young plants on
soil; J. Mature plants growing on soil in pot.

Kheri, and Katarniaghat Wildlife Sanctuary in Bahraich
were made for assessment of diversity, distribution and
enrichment of the NBRI herbarium.

About 269 specimens of pteridophytes and 119
specimens of bryophytes were collected from above areas
along with records of their habitat, associated plant species
and ecological data. Taxonomic identification of the
collected materials is in progress. Out of 21 species of
pteridophytes identified so far, the following 11 species
were new records to the study area: Azolla pinnata,
Christella appendiculata, C. dentata, Diplazium esculentum,
Dryopteris cochleata, Equisetum diffusum, Lygodium
japonicum, Marsilea minuta, Microlepia speluncae, Pteris
biaurita, P. vittata. A comparative study on distribution
pattern of pteridophytes across the geographical regions
revealed that Adiantum philippense, Ampelopteris prolifera,
Christella dentata, Diplazium esculentum, Lygodium flexuosa
and Ophioglossum reticulatum were dominant species,
whereas Azolla pinnata, Ceratopteris thallictroides,
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Chelianthus tenuifolia, Christella appendiculata, C. parasitica,
Dryopteris cochleata, Equisetum ramosissimum, E. diffusum,
Helminthostachys zeylanica, Lygodium japonicum, Marsilea
minuta, Microlepia speluncae, Pteris biaurita and P. vittata,
showed rare distribution.

Studies on 56 specimens of bryophytes revealed the
identity of 21 species, out of which 10 species, viz. Asterella
pathankotensis, Reboulia hemispherica, Riccia fluitans,
R. cavernosa (Hepaticae); Phaeoceros carolinnianus
(hornwort); Anisothecium molliculum, Brachythecium sp.,
Physcomitrium eurystomum, Taxithelium nepalense, Thuidium
sp. (Mosses) were new records to the study area.

Taxonomy and ecology of the Himalayan genus
Oxytropis DC. (Leguminosae) in India

The purpose of study was to prepare an updated
comprehensive taxonomic account of Oxytropis by using
morphological and ecological attributes. Based on field
studies, literature survey and examination of previous
collections housed at different Indian herbaria, 25 species
of Oxytropis were recorded from India. Systematic account
on each species has been prepared with correct
nomenclature, description, phenology, distribution,
habitat/ecology, conservation status, etc. The detailed
infraspecific studies of O. tatarica complex which includes
about six taxa have also been made. Four species (i. e. O.
guntensis, O. hypoglottoides, O. kansuanesis and O.
melanocalyx) have been reported for the first time for India.
Oxytropis shivai, O. rautiand O. thomsonii have been treated
as synonyms while O. microphylla and O. chiliophylla have
been treated separately contrary to the earlier works. The
phytosociology at three altitudinal gradients was also
studied by laying 60 random quadrates of 1m x 1 m area.
Quantitative analysis of frequency, density, and dominance
and importance value index was done. This is the first
study made on taxonomy of Oxytropis in India after JD
Hooker’s Flora of British India in 1876.

Taxonomic Study of Tree Flora of Uttar Pradesh

The work was carried out to provide the current
taxonomic account of the tree species of Uttar Pradesh.
Based on our several field surveys and examination of
herbarium specimens housed at different herbaria, about
389 tree species have been recorded from Uttar Pradesh, of
which about 172 species are found in wild, 81 in semi-
wild and 136 only in cultivation. The top five families with
larger representation of tree species in UP are the
Leguminosae (ca. 70 spp.), Moraceae (24 spp.),
Bignoniaceae (17 spp.), Euphorbiaceae (16 spp.) and
Rubiaceae (15 spp.). During the reporting period detailed
taxonomic account of 30 tree species of Leguminosae found
in pure wild condition has been prepared with their current
nomenclature, vernacular names, description, phenology,
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distribution, voucher specimens, colour images, etc. This
will be the first taxonomic account on trees of whole Uttar
Pradesh after the work of J. F. Duthie published in 1903 in
“The Flora of Upper Gangetic Plains’.

Monographic and phylogenetic studies in the tribe
Delphineae (Ranunculaceae) from India

The tribe Delphineae comprises of three genera:
Delphinium, Aconitum and Consolida. Critical micro-
morphological, ecological, cyto-taxonomical and
molecular phylogenetic studies have been initiated so as
to achieve a better understanding of the gross-
morphological evolution, and delimitation of the genera,
subgenera and species complexes in Indian Delphineae.

As part of the systematic study on Indian Delphineae,
a taxonomic enumeration and phytogeographic analysis
of Indian species of Delphinium was made. Out of ca. 50
Indian species of Delphinium, Consolida and Aconitum,
critical studies on 10 species of Delphinium and two species
of Aconitum were completed. Aconitum shows high level of
endemism. Out of 27 species of Aconitum in India, 11 are
endemic to the Western Himalaya while 16 are confined
only to the Eastern Himalaya. Interestingly, there is no
overlap of Aconitum species in both the West and East
Himalayas.

About 20 species of Delphinium, Consolida and
Aconitum were collected from different localities in the
western and eastern Himalayas. Molecular analyses of
seven species of Delphinium and three species of Aconitum
were carried out.

Cytological studies showed the diploid chromosome
number in Aconitum as 32 (n=16) and 16 (n=8) in
Delphinium. Meiotic divisions in Delphinium vestitum were
not normal and various type of meiotic anomalies such as
bridge in telophase, micronuclei, C-metaphase and
clumped anaphase were observed.

A new species Delphinium lahulensis Agnihotri,
Husain & Husain was described from Lahul valley of
Himachal Pradesh.

In-House Projects

Taxonomic studies and digitization of plant diversity of
India

Taxonomy and assessment of plant diversity of Algae,
Lichens, Bryophytes, Pteridophytes, wild relatives of
Cucurbits and Tree Legumes in the Upper Gangetic
Plains (UGP) of Uttar Pradesh

Algae

Algal samples were collected from three different
zones of UGP of Uttar Pradesh, namely Western, Mid-
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western and Central Plains, which included nine districts
(Saharanpur, Pilibhit, Rampur, Lucknow, Kanpur, Kanpur
Dehat, Raebareli, Allahabad and Lakhimpur Kheri). The
identification of the samples resulted in total of 85 algal
taxa in 52 genera and six classes. Thorea siamensis Kumano
& Traichaiyaporn, a red alga was reported for the first
time from India, while Compsopogon coeruleus (Balbis)
Montagne, a rare red alga was reported for the second
time from Uttar Pradesh. The class Chlorophyceae showed
the maximum diversity with 29 taxa under 21 genera,
followed by Cyanophyceae (31 taxa, 17 genera),
Bacillariophyceae (15 taxa, 12 genera), and
Euglenophyceae (7 taxa, 3 genera). The classes
Rhodophyceae (2 taxa, 2 genera) and Chrysophyceae (1
taxon, 1 genus) poorly represented in the studied area.
The genera represented under each class are:

Class Genera

Anabaena, Nostoc, Oscillatoria, Phormidium,
Lyngbya, Chroococcus, Scytonema,
Cylindrospermum, Aphanothece, Aphanocapsa,
Gloeothece, Schizothrix, Synechococcus, Plectonema,
Microcoleus, Gloeocapsa, Microcystis

Cyanophyceae

Chlorophyceae Spirogyra, Rhizoclonium, Scenedesmus, Chlorella,
Chlamydomonas, Oedogonium, Pithophora,
Golenkenia, Chlorococcum, Sphaerocystis,
Pandorina, Pithophora, Crucigenia, Sphaeroplea,
Oocystis, Stigeoclonium, Haematococcus,

Closterium, Cosmarium, Ulothrix, Eremosphaera

Bacillariophyceae Fragillaria, Pinnularia, Penium, Nitzschia,
Cocconeis, Cymbella, Navicula, Stauroneis,
Surirella,Craticula, Gyrosigma, Cyclotella

Euglenophyceae Euglena, Phacus, Trachelomonas
Rhodophyceae Thorea, Compsopogon
Chrysophyceae  Mallomonas

Lichens

About 1000 specimens of lichens were collected from
Lakhimpur, Pilibhit Tiger Reserve, and other localities in
Uttar Pradesh. The collections represented 25 species
belonging to 21 genera and 14 families.

Bryophytes & Pteridophytes

Soor Sarovar Wildlife Sanctuary and National
Chambal Wildlife Sanctuary in Agra, Hastinapur Wildlife
Sanctuary in Meerut were explored for systematic
documentation of pteridophytes and bryophytes. In total
42 specimens of seven species of pteridophytes and 30
specimens of 11 bryophyte species were collected from the
above sanctuaries. All the seven pteridophytes (Azolla
pinnata, Marsilea minuta, Adiantum philippense, Adiantum
incisum, Ampelopteris prolifera, Equisetum ramosissimum ssp.
ramosissimum and E. ramosissimum ssp. debile), and seven
bryophytes (Riccia fluitans, R. cavernosa, R. crystalina,
Marchantia linearis, Bryum sp., Semibarbula sp.,

Fig. 3. A. Thorea siamensis Kumano; B. Compsopogon coeruleus (Balbis)
Montagne.

Physcomitrium sp.) were the first records from the
sanctuaries.

Systematics and genetic diversity assessment in wild
relatives of cucurbits

The genus Luffa in UGP comprises five species: three
cultivated (The Ridge Gourd- L. acutangula (L.) Roxb.; The
Smooth Gourd- L. aegyptiaca Mill.; The Hermaphrodite
Luffa- L. hermaphrodita Singh & Bhandari), and two wild
species (L. graveolens Roxb.; L. echinata Roxb.). The study
under report was carried out to estimate the genetic
diversity and relationships among the five taxa of Luffa
using ISSR-PCR and DAMD-PCR markers.

A cumulative analysis of the combined marker data
(15 ISSR + 7 DAMD) revealed high percentage
polymorphism (97.67 %), moderate genetic distance (0.04-
0.75; avg. 0.49), low heterozygosity and Shannon index
values (H=0.131 and I=0.199) across all the 76 accessions
of the five taxa of Luffa. Cluster analysis using UPGMA
method grouped the five species of Luffa in two main
clusters with high bootstrap support. Cluster I included
Luffa echinata, L. acutangula and L. hermaphrodita; cluster I1
comprised L. graveolens and L. aegyptiaca. Principal
coordinate Analysis ( PcoA) also showed a similar
grouping. The clustering pattern indicated the probable
origin of the cultivated ridge gourd (L. acutangula) fromits
wild progenitor- L. echinata and the widely cultivated and
feral forms of the smooth gourd (L. aegyptiaca) from the
wild progenitor- L. graveolens.

Interestingly, the hermaphrodite Luffa was found
nested within the ridge gourd group, indicating the closer
affinities among the two. Despite its morphological
distinction as the only species of Luffa with bisexual
flowers, the molecular analyses, however, support the
treatment of L. hermaphrodita as a cultivated variety within
L. acutangula.
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Reproductive Biology of Adiantum peruvianum and
Onychium contiguum

Studies on reproductive behaviour in Adiantum
peruvianum Klotzsch were carried out in order to
understand the reproductive bottlenecks in the species.
The gametophytes in A. peruvianum were monoecious but
found functionally dioecious with the archegonia
appearing first followed by the antheridia with a periodical
gap. Sporophyte production in composite culture of
gametophytes (heterozygous) was moderate (36.43%),
favouring less genetic load and reduced lethality (63.57 %)
in a genetically different gametophyte. On the other hand
the sporophyte production in isolate and extended
isolated culture of gametophyte was nil, which supports
the postulate of maximum genetic load and highest
lethality (100%) in homozygous gametophytes. Each
regenerate from extended isolate cultures was dioecious,
bearing only archegonia or antheridia. Inbreeding
depression in isolate gametophytes and in extended isolate
cultures of gametophytes was high. The study confirmed
inter-gametophytic selfing as the means of sporophyte
productionin heterozygotic gametophytes of A. peruvianum
(Fig. 4 A-L, Fig. 5A-L).

Reproductive biological studies in Onychium
contiquum Wall ex Hope. showed four month viability of
spore, 82% spore germination, sexual expression (male

Fig. 4 (A-L). Spores of Adiantum peruvianum Klotzsch sown on composite culture

and female) on 60" and 68" day, respectively, and
sporophyte development on 117" day. About 256
gametophytes were developed from the spores, which
produced 135 individual sporophytes. These in-vitro
propagated gametophytes/sporophytes are under
observation for acclimatization and introduction in the
fernery of NBRI. The study revealed protandrous and cyclic
gametangia expressionin O. contiguum. The gametophytes
exhibit protandrous tendency at spatulate stage and
archegonia appears little late at the stage of cordate
gametophyte. This process of cyclic gametangia expression
(male followed by female) could be the cause for their poor
colonization (Fig. 6A-P).

Reproductive biology and regeneration potential of
Woodfordia fruticosa

Pollination biology, including sexual compatibility
of the plant, mode of pollination and pollen-stigma
interaction was studied in Woodfordia fruticosa (L.) Kurz. -
arare medicinal and dye yielding plant species growing
in UGP. Flower showed copious amount of nectar in the
range of 0.5-24 ul with 4-24% sugar concentration. Average
of anther per flower and pollen per anther ranged from 9
to 12 and 59375 to 146875, respectively. The study revealed
advanced protandry. Pollen became fully mature much
before stigma receptivity with anaverage 91.28% viability.
Germinated pollen grains were regularly observed inside
un-dehisced anther lobes
while stigma was in its initial
young stage below thelevel of
stamens. This is an unusual
event not reported so far in V.
fruticosa. Pollen and stigma
showed  asynchronous
relationship regarding their
viability/ receptivity, which
showed their maximum
reliability towards out-
crossing. Ornithophily (bird
pollination) was the mode of
cross pollination. The most
common visiting bird was
identified as ‘Oriental White
eye’ (Zosterops palpebrosus)
_ bird (Fig.7).

This is the first evidence
in the pollen study of W.
fruticosa, where pollen
germination was observed
inside the un-dehisced anther
lobe. Though flowering,
fruiting and regeneration
potential was good in
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Fig. 5 (A-L). Gametophytes of Adiantum peruvianum growing in isolate and extended isolate
culture

Woodfordia fruticosa, survival beyond its natural
environment was unsuccessful so far.

Development of Repository of Herbal Crude Drugs based
onvarious Diseases and Disorders among the Tharu tribals
in Uttar Pradesh

Plant samples of Aegle marmelos, Capparis zeylanica,
Carissa opaca, Chlorophytum tuberosum, Cordia dichotoma,
Holarrhena pubescens, Pithecellobium dulce, Terminalia bellirica
and Xeromphis uliginosa were collected from different forest
areas in Uttar Pradesh. The potential uses of these plants
in medicine were also documented.

Digitization and organization of CSIR-NBRI Herbarium
(National Facility)

A total of 20 algal herbarium sheets and 235 fresh
water algal samples collected from Govind Wildlife
Sanctuary and different parts of Utttar Pradesh were
identified and deposited in LWG.

About 209 herbarium specimens of pteridophytes
were accessioned. A baseline data on pteridophytes and
bryophytes of Dudhwa National Park, Lakhimpur was
prepared. A checklist (partial) of Ferns and Fern-allies
(Pteridophytes) of Uttar Pradesh was also prepared.

Herbarium - A National Facility

Herbarium development and maintenance as per
international standard was carried out, besides

undertaking monographic and
revisionary studies, and floral diversity
assessment in different
phytogeographic zones of India.
Technical assistance was rendered to
visiting students and researchers from
various Research Institutes/
Universities/ Colleges, etc., particularly
in connection with identification of
plants. Active link has been maintained
through loan and exchange with other
recognised herbaria of the country and
abroad. The herbarium was enriched
by incorporating fresh voucher
specimens, from Jammu & Kashmir,
Himachal Pradesh, Uttarakhand,
Sikkim, Madhya Pradesh and Uttar
Pradesh.

The new additions included 223
specimens of flowering plants and
1167 specimens of cryptogrammic
plants (Pteridophytes-257, Bryophytes-
734, Lichens-150, Algae-187). At
present, herbarium of CSIR-NBRI possesses a total
collection of 2, 90,966 specimens, besides 290 type
specimens and 895 type photographs.

) Antheridia
mh  Archegonia
=) Dichotomy

Fig. 6 (A-P). Developmental stages of Onychium contiguum

76

RESEARCH & DEVELOPMENT



Fig. 7. 'Oriental White Eye’ (Zosterops palpebrosus) bird visiting flowers
of Woodfordia fruticosa

HERBARIUM HOLDINGS

Angiosperms & Gymnosperms
Pteridophytes

Bryophytes

Lichens

Algae

Carpological collections
TOTAL

HERBARIUM HOLDINGS
1,01,200
5,607
15,972
1,49,650
2,537
16,000
2,90,966
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Grant-in-Aid Projects

Assessment of arsenic pollution & bioremediation of
arsenic contamination from agricultural soils

The assessment and monitoring of arsenic pollution
in five districts of Uttar Pradesh and three districts of West
Bengal were performed onsoil (3 - 35 mg As kg), irrigation
groundwater (0 - 312 pg As L) and crop samples (4 - 16
mg As kg™ in the roots and 0.179 - 0.932 mg As kg in the
grains). Over 200 rice germplasm from West Bengal and
Uttar Pradesh were studied for arsenic tolerance, and
screened categorically into arsenic sensitive, moderately
tolerant and arsenic tolerant varieties. A total of 69 fungal
strains were isolated from arsenic contaminated paddy
soils from the states of West Bengal and Uttar Pradesh
and identified according to their phenotypic, microscopic
and molecular (ITS) characters. During arsenic tolerance
experiments, all the 69 soil fungal strains were cultivated
in medium supplemented with 10, 100, 1000, 5000 and
10,000 ppm of arsenate. Their radial growth was
determined and compared to the control (without arsenate).
Amongst dominant (frequently encountered) soil fungal
isolates, Trichoderma spp., Aspergillus spp. survived up to
10,000 ppm of arsenate. The strains belonging to Rhizopus,
Westerdykella, Lasiodiplodia, Microdochium, Chaetomium,
Myrothecium, Stachybotrys, Rhizomucor and Fusarium also
showed tolerance up to 10000 ppm of arsenate. The arsenic
removal efficacy of 25 fungal strains, tolerant to 5000 ppm
ofarsenate, was also assayed under laboratory conditions
for 21 days. All these 25 fungal strains were cultivated
individually on mycological broth initially enriched with
10 mg L of arsenic. Fungal biomass of these strains
removed arsenic biologically from the medium which
ranged from 10.92 to 65.81%, depending on fungal strain.
The flux of biovolatilized arsenic was determined directly
by estimating the arsenic content in a silver nitrate
impregnated filter paper gauge. The mean percent removal
(as flux of bio-volatilized arsenic) ranged from 3.71 t o
29.86%. Most effective removal of arsenic was done by the
fungal strains Trichoderma sp., Westerdykella sp.,
Lasiodiplodia sp., and Rhizopus sp., Aspergillus oryzae,
Chaetomium sp., Arthroderma benhamiae, Trichophyton
verrucosum, Aspergillus nidulans, Rhizomucor variabilis,

Emericella sp. and Fusarium sp. The NCBI Genbank
accession numbers of these strains have been obtained
and their cultures have been deposited at the MTCC and
the NFCCJ, India.

The novel arsenite methyltransferase (arsM) genes
were cloned and characterized in some novel native
arsenic-tolerant soil fungi : partial arsM genes from
Aspergillus niger FNBR_FA-12 (NCBI gb# arsM partial:
KJ682649), Westerdykella aurantiaca FNBR_FA-03 (NCBI
gb#tarsM partial: KJ682647), Trichoderma longibrachiatum
FNBR_FA6 (NCBI gb# arsM partial: KJ682648),
Lasiodiplodia sp. FNBR_FA13 (NCBI gb# arsM partial:
KJ682650), along with and a full length arsM gene (876
bp) from Westerdykella aurantiaca (NCBI gb# JN118571).
Lead soil fungal strains were tested for their plant growth
promoting abilities and they did not exhibit any
pathogenic symptoms to test crops. These fungal strains
can be effectively used for the arsenic bioremediation in
arsenic-contaminated agricultural soils.

Strategic knowledge for climate change on agriculture
and forest ecosystem in Indo-gangetic plains (IGP) of UP

Tropical dry deciduous forests (TDDFs) are one of
the most extended tropical forest ecosystems, but they have
received attention of the scientific community only recently.
This project has been initiated with the main objective to
compile data on the plant diversity and ecology of the dry
deciduous forests of IGP of UP, to generate database for
developing and parameterizing the predictive models for
climate change and forest ecosystem responses. The work
has been undertaken through two separate approaches.
First, by long term monitoring at permanent ecological
plots established in tropical dry deciduous forest at
Sonebhadra, UP. Second, by studying the response of
representative tree species of TDDFs to elevated CO, under
FACE (Free Air CO, Enrichment) system at CSIR-NBRI,
Lucknow. While the first approach will give us the
database for predictive models, the second approach will
express the changes/responses in tree morphology,
phenology, physiology, productivity and nutrient
dynamics under scenario of elevated CO,.

Six Permanent plots of 0.5 ha were marked in three
forest communities, i.e. sal mixed forest, dry miscellaneous
forest and Hardwickia mixed forest for ecological,
phenological, phytosociological studies and carbon
sequestration assessment.

Forest Microclimate: Data on five microclimate variables-
photosynthetically active radiation (PAR), air temperature
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(°C), soil temperature (°C), atmospheric ambient CO,
concentrationand air absolute humidity (mmol mol™) were
collected in dry miscellaneous and sal mixed forest
communities in Renokoot district of UP.

Plant Diversity: During the reporting period ca. 414 plant
specimens belonging to 272 taxa and 87 families were
collected from the study site. Out of which, 336 specimens
(113 trees, 87 shrubs, 69 herbs and 67 climbers) belong to
dicotyledons and ca. 78 specimens to monocotyledons.
The plants were collected with GPS information either in
flowering or fruiting condition. The area is chiefly
dominated by trees like Lagerstroemia parviflora,
Anogeissus latifolia, Acacia catechu, Hardwickia binata,
Soymida febrifuga, Bauhinia racemosa, Diospyros melanoxylon,
Bridelia retusa, Albizia spp.,Shorea robusta, Miliusa tomentosa,
Haldina cordifolia, Nyctanthes arbortritis, Cassia fistula,
Flacourtia indica, Ziziphus glaberrima, Terminalia elliptica
and Butea monosperma. The conspicuous climbers are
Ampelocissus latifolia, Cryptolepis buchananii and Mucuna
pruiens. Under herbaceous elements, Elephantopus scabe,
Crotalaria prostrata, Buettneria herbacea, Triumfetta pentandra,
Hyptis suaveolens, Uraria picta, Tephrosia strigosa, Evolvulus
alsinoides, Bidens biternata, etc. are some of the common
species. Many economically important species are also
found in the forest, e. g.: Shorea robusta, Terminalia alata,
Haldina cordifolia, Mallotus philippensis, Tectona grandis,
Ehretia laevis, Mitragyna parvifolia, Bauhinia spp., Syzygium
cumini, Acacia auriculiformis, Ougenia oogensis, Melia
azadirachta and Buchanania lanzan.

Phytosociological analysis in Random Plots:
Phytosociological attributes of each tree species in both
the forest communities were studied by laying of 50 and
30 random quadrates of 20 m X 20 m in dry miscellaneous
and sal mixed forests, respectively. The Shannon-Wiener’s
diversity index was 2.68 and 1.65 in dry miscellaneous
and sal mixed forests, respectively. The highest diversity
index (H) was recorded in dry miscellaneous forest,
showing it as more species diversity rich and more
heterogeneous community in comparison to sal mixed
forests. Concentration of dominance (C) was 0.063 and
0.259 in dry miscellaneous and sal mixed forests,
respectively (Table 1).

Ecological studies in Permanent Plots: Three 0.5 hectare
permanent plots each were established in three major
community/ forest types (triplicate 0.5 ha area permanent
plot each in sal mixed forest, dry miscellaneous forest and
Hardwickia mixed forest). Maximum tree diversity was
found in sal mixed forest (30) followed by dry
miscellaneous forest (25). Least tree species diversity was
observed in Hardwickia mixed forest (14). The tree basal
cover was maximum (20.05 m?/ha) in sal mixed forest
followed by dry miscellaneous forest (13.01 m?/ha) and

Table 1. Phytosociological analysis of Dry miscellaneous,
(DMF) Sal mixed (SMF) and Hardwickia forests

SNo. Forest Attributes DMF SMF  Hardwickia
1 Plant Species richness 25 30 14
2 Genera 25 30 14
3 Family 20 23 12
4 Density 802.87 1009 748
5 Basal cover (m2/ha) 13.016 16.428 10.035
6 Simpson Index 0.10 0.09 0.16
7 Shannon Weiner Index 2.27 247 1.86
8 Hill diversity
NO 25 30 14
N1 10.1 11.7 6.1139074
N2 9.7 11.8 6.3983765

was lowest in Hardwickia mixed forest (10.03 m?/ha?).
The maximum basal cover in sal mixed forest community
was occupied due to higher density of sal trees per hectare.
Sal mixed forest observed maximum tree density (1009
stems/ha™) followed by dry miscellaneous forest (803
stems/ha) and Hardwickia mixed forest (748 stems/ha-
). The rich understory layer with high density and good
tree regeneration results in higher tree density in sal mixed
forest. Simpson index was maximum in Hardwickia forest
(0.16) followed by dry miscellaneous forest (0.10) and sal
mixed forest (0.09). The highest Simpson index showed
complete dominance of Hardwickia tree in Hardwickia
forest community. The Shannon diversity index ranged
from 2.47 to 1.86 among the three forest communities. Sal
mixed forest showed maximum Shannon diversity index
of 2.47 followed by dry miscellaneous forest (2.27) and
Hardwickia forest (1.86).

In-House Projects

Biodegradation of pyrene and phenanthrene by bacterial
consortium with/without surfactant

The low water-solubility of petroleum hydrocarbon
(PAH) increases sorption of compound to soil micelle and
limits their availability to biodegrading microorganisms.
Hence, the present study was performed to determine the
role of surfactant in biodegradation of Polyaromatic
hydrocarbons (pyrene and phenantherene) in soil in
presence of bacterial consortium (Pseudomonas stutzeri BP10
and Ochrobactrum intermedium P2). Among the four non-
ionic surfactants, i.e. Triton X-100, Tween 80, Brij 35 and
Tergitol-7, Tween 80 was found less toxic to these selected
bacterial strains. Maximum reduction in surface tension
of media by Tween 80 was recorded at the concentration
of 200 pg ml™.

When two bacterial strains were incubated in soil
spiked with two PAHs (pyrene and phenanthrene, 100
ppm each) for 14 days, LMW PAH, i.e. phenanthrene was
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Fig. 1. Degradation of Phenantherene (A) and pyrene (B) by bacterial
strains i. e. BP10 and P2 in isolation and combination with or without
surfactant.

degraded at higher rate than pyrene as high molecular
weight compounds are more recalcitrant than low
molecular weight PAHs. Phenanthrene degradation was
more than 80% by individual bacterial strains, whereas
their combination enhanced the degradation up to 93%
within 7 days of incubation (Fig 1A). After 14 days of
incubation, bacterial consortium degraded 99% of
phenanthrene in absence of surfactant, where as presence
of surfactant degradation efficiency was reduced by about
20%. In case of pyrene, bacterial combination boosted the
degradation up to 98% as compared to degradation by
individual bacterial strains, i. e. BP10 (88 %) and P2 (80%),
while application of exogenous surfactant reduced the
degradation rate up to 60% after 14 days of incubation
(Fig.1B).

Reduction in degradation of PAHs may directly be
correlated with the induction of dioxygenase activity of
microbe as presence of surfactant reduced the induction
of dioxygenase enzymes in soil (Table 2).

Among the two bacterial strains, BP10 showed higher
degradation efficiency. It may be due to the higher cell
surface activity of BP10 (82 £0.8%) than P2 (75 + 1.1%) for
aromatic compound like benzene. Besides, isolated
biosurfactant from BP10 showed higher desorption of

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE 7=
phenantherene and pyrene (32% and 27%, respectively)
than P2 (12 and 29%, respectively).

Uptake and accumulation of endosulfan isomers and its
metabolite endosulfan sulfate in naturally growing plants
of contaminated area

Endosulfan isomers (o + B) and its main metabolite,
endosulfan-sulfate were analyzed in naturally growing
vegetation of pesticide contaminated area. The plant and
soil samples were collected from the campus and nearby
areas of Flora Chemical and Fertilizers Limited,
Ghaziabad, Uttar Pradesh. Seven species of dominating
plants (Sonchus olerceous, Digitaria longifolia, Panicum
palndosom, Chloris virgata, Sphenoclea zeylanica, Sacciolepis
interrupta, Vetiver zizanioides) were collected at different
locations within the contaminated area. Endosulfan
residues from plant parts and soil were extracted and
determined by a gas chromatograph equipped with 63Ni
electron capture detector (GC-ECD). Endosulfan isomers
and endosulfan-sulfate were present in almost all soil and
plant samples (Figs. 2 and 3). The concentration of total
endosulfan in plant and soil samples analyzed ranged
from14to343 ngg'and 13t0 938 ng g, respectively. Out
of seven plant species studied, Vetiveria zizanioides (Khus
Khus) and Sphenoclea zeylanica (Chiken spike) showed the
highest and lowest accumulation, respectively, with a
significant difference at p<0.01 level. Vetiveria zizanioides
and Digitaria longiflora (Crab grass) could accumulate
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Fig. 2. Concentration of endosulfan isomers and its metabolite
endosulfan sulfate in the soil of the study area (ng g*)

Table 2. Catechol dioxygenase activities (n mol mg™ of protein) in different treatments

Treatments Incubation period
0 day 7th day 14th day

C120 C230 C120 C230 C120 C230
Control 182+14 10.2+0.8 110.1£5.8 23.6+0.7 1351+£34 327125
BP10 254+0.5 9.8+ 0.6 453.2+2.3 47.2+23 372.7+£28 442+19
P2 21.2+1.1 11.6 £ 0.7 379.3+11.2 29.8+1.7 323.6+4.2 32.6+0.5
BP10+P2 254+1.3 12.3+0.6 653.5+6.7 375+29 5304 +9.8 57.8+0.8
BP10 251+0.9 11.9+04 2502 +£4.7 21.6+1.6 270.6+19.4 31.2+1.1

+P2+Tw80
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considerable levels of endosulfanisomers (a+f) (343 and
163 ng g, respectively) and endosulfan-sulfate (21and 2
ng g, respectively). The outcomes of the study reflect the
value of test species in monitoring purposes and their
potential for remediation of contaminated sites (Fig. 2 and
3).

Potential of green synthesized zero-valent iron
nanoparticles for remediation of lead-contaminated
water

A bottom-up green synthesis method has been used
to synthesize zero-valent iron nanoparticles taking Emblica
officinalis leaf extract as reducing and stabilizing agent at
ambient temperature and using FeCl, solution as a source
of iron to be reduced. UV-Vis spectroscopy, scanning
electron microscopy, transmission electron microscopy,
Fourier Transform Infrared Spectroscopy and X-ray
diffraction have confirmed the fabrication of green
synthesized zero-valent iron nanoparticles. In the UV-Vis
spectrum, there was a shift in absorption peak ranging
between 350 and 600 nm wavelengths. Nearly, spherical
zero-valent iron nanoparticles having average size of 22.6
nm were obtained through this method. Fourier transform
infrared spectrum reveals that the biomolecules are
responsible for the synthesis and stabilization of the green
synthesized zero-valent iron nanoparticles. Diffraction
peak at 256 of 44.9° in X-ray powder diffraction spectrum
illustrates the presence of pure metallic a.-Fe nanoparticles
with zetapotential value -26.7 mv. With the application of
20 ml I concentration, green synthesized zero-valent iron
nanoparticles were found very efficient for the remediation
of 10, 20, 50 and 100 ppm of lead from aqueous medium
within 24 h and the efficiency was positively correlated
with the application time period and concentration of
GZVINPs.

Phytodiversity on fly ash deposits: evaluation of naturally
colonized species for sustainable phytorestoration

Proliferation of fly ash (FA) deposits and its toxicity
have become a global concern. In this regard, identification

of potential plant species for restoration of FA deposits is
the main concern. Keeping this view in mind, the present
study was conducted to identify potential plant species
naturally growing on FA deposits for the restoration
purposes. Six intensive surveys were made during 2010-
2014 to collect naturally growing plant species during
different seasons from two FA deposits in Unchahar of
Raebareli district, Uttar Pradesh, India. The plant species
having potential for FA deposits’ restoration were
identified on the basis of their ecological importance,
dominance at the study sites and socio-economic
importance for rural livelihoods. Typha latifolia L., Cynodon
dactylon (L.) Pers., Saccharum spontaneum L., S. bengalense
Retz. (syn. S. munja), Prosopis juliflora (Sw.) DC., Ipomoea
carnea Jacq. and Acacia nelotica L. were identified as potential
plant species for FA deposits” restoration. Furthermore,
the characteristics of naturally colonized species can be
used for the phytorestoration during a revegetation plan
of new FA deposits for multiple benefits.

The field results also revealed that the Saccharum
spontaneum is a suitable candidate for green capping of
coal FA basins because of its higher survivability and
abundan growth. The establishment of S. spontaneum on
the fresh coal FA basins and significant change in chemical
properties, microbial biomass carbon and enzymatic
activities between non-rhizospheric and rhizospheric soil
were studied. Besides green capping of coal FA basins, it
provides other hidden benefits such as substrate quality
enhancement, aesthetically pleasant landscape and
carbon sequestration.

Changes in Biomass Allocation to Leaves, Stems, Fruits
and Roots Under Abiotic Stress in Seed Plants

Optical Properties and Cyclic Electron Transport as
Marker Tools for Assessing Drought Stress

Drought is a meteorological term and is commonly
defined as a period without significant rainfall. Generally
drought stress occurs when the available water in the soil
isreduced and atmospheric conditions cause continuous
loss of water by transpiration or evaporation. Tolerance to
abiotic stresses is very complex, due to the intricate
interactions between stress factors and various molecular,
biochemical and physiological phenomena affecting plant
growth and development. Knowledge generation about
drought tolerance and selection of marker and varieties
for drought tolerance has always been higher priority. In
continuation with our drought tolerance work in cotton
varieties, the reflectance properties of leaf and cyclic
electron flux under water stressed conditions was studied.

Study of leaf optical properties (reflectance
spectroscopy) begins with falling of light rays on leaf
surface. Incident light is divided into three parts one which
isreflected from the surface, second which is transmitted
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through the leaf. Third one is most important because it is
absorbed into the leaves and participates in photosynthesis,
fluorescence and heat dissipation. The property of
reflectance is governed by the surface properties and
internal structure of the plant sample, as well as by the
concentration and distribution of biochemical components,
and thus analysis of reflected light can be used to assess
the physiological status of a plant.

The reflectance properties of different varieties of
cotton were studied so as to assess drought tolerance and
to use this technique as non destructive to select tolerant
varieties of cotton.

Drought induced degradation of pigments, specially
chlorophyll results in change in reflectance spectra in the
red spectral region. The main reflectance changes observed
in chl 2 and carotenoids absorption were maximum 440
and 678 nm respectively. In cotton leaves under drought,
light reflectance in the photosynthetically active region
(PAR) region (400-700nm) increased to overcome the light
stress (Fig. 4). Theincrease inreflectance observed is due

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

to change in water balance and pigmentation of the leaf.
The reflectance and scattering coefficient spectrum with
the increasing water stress increased between 600-750 nm.
The absorbance coefficient and remission functions spectra
become narrower and decreased with increasing drought
(Fig. 4).

Inrecent years, the importance of alternative routes
for electron transport in protecting the photosynthetic
apparatus from stress has been subject of considerable
debate and cyclic electron flux has been considered as
protecting mechanism for photosynthetic apparatus (Fig.
5). The formation of pH in chloroplast is mainly induced
by linear electron flow (ETRII) and cyclic electron flow
(CEF) around the PSI. CEF is essential for protecting PSII
against excess excitation pressure because CEF dependent
building-up of pH across thylakoid membrane helps the
activation of non-photochemical quenching (NPQ) and
stabilization of oxygen-evolving complexes.

In cotton leaves cyclic electron flow (CEF) increases
in moderate drought, however, further continuation of

2.5 0.6
Control A B
S Lo — — Mild Drought === L o5
s ' — — - Severe Drought e
2= / T lhoa @
e 15- 8
<32 03 B
Q - V.

BE i &
‘(-5' 8 1.0 Q
‘—3 (&} B 0.2 (14
5 051 - 0.1

0-0 I I 1 I 1 1 1 1 0-0

0.6 5000
o 0.5 - 4000 &
£ _ -
£ L 04 1 & o
St - 3000 §
ko] § 0-3 . E
g % - 2000 S
36 927 8
® I £

0-0 I I I I 1 1 1 I 0

400 600 800 1000 400 600 800 1000

Wavelength (nm)

Fig. 4. Variation in absorption coefficient, k (A), Reflectance (B), Changes in Scattering coefficient, s (C), Remission function F(R) (D) during
drought for adaxial surface of cotton leaf. As water content decreased during drought absorption coefficient and reflectance spectra became
broader while reemission function also decreased so that fluorescence of a leaf decreased. Scattering coefficient spectra also became broader

during drought.
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drought stress resulted in decrease in CEF. In cotton leaves
without water stress, the CEF/ETR(II) ratio was lower than
1, while it was 2.5 in leaves subjected to drought stress
(Fig. 6). CEF has been documented as a crucial mechanism
for protection against high-temperature stress, chilling,
drought and high light. It was also hypothesized that CEF
plays an important role in protecting PSI and PSII against
drought stress for resurrection plants. Photochemical
quantum yield of PSI and PSII and electron transport flow
decreased during drought. With the onset of drought
stress, the maximum photochemical quantum yield,Y(I),
Y(II) and ETR(I), ETR(II) decreased initially and remained
constant during the moderate water stress. However, under
extreme drought stage, Y(II) and ETR decreased
significantly. The fraction of energy dissipated as heat via
the regulated non-photochemical quenching mechanism,
Y(NPQ) strongly increased under mild drought. While
under severe drought Y(NPQ) decreased significantly, this
may be due to degradation of the chlorophyll and reduction
in PQ poolsize.

Proteomic analysis of cotton leaves : Proteomic analysis
of two species of cotton namely Gossypium hirsutum and G.
herbaceum have been undertaken in order to analyse the
differential expression of proteins on their respective
flowering phases during different regimes of drought. Two
regimes of drought stress, i.e. at 75% RWC (D1) and 50%
RWC (D2) and a rehydration (Rh) regime have been
undertaken.

Two-dimensional gel electrophoresis coupled with
mass spectrometry revealed eleven common functional
categories among 42 and 102 proteins identified in G.
hirsutum (JFL) and G. herbaceum (RFL) leaves, respectively
during different stress (D1 and D2) and Rh in flowering
phase. Six categories were found to be common between
JFL and RFL of which major proteins fell in the category of
photosynthesis which consisted of 42 proteins including
JFL that contributed 20 proteins while remaining 22
proteins were from RFL (Fig. 7).

The second largest category was stress and
defence which shared maximum number of proteins from
RFL (22 protein) while remaining 2 proteins were from
JEL. Protein metabolism category consisted of 7 proteins of
which 4 were from RFL and 3 from JFL. Carbohydrate and
energy metabolism category shared two proteins each
between JFL and RFL. Carbon and nitrogen metabolism
constituted 4 proteins of which 3 were from RFL and
remaining one protein was from JFL. Cytoskeleton shared
2 proteins from RFL and 1 protein JFL. Four categories
were found in RFL namely, cell wall composition, cell redox
homeostasis, signal transduction and nucleotide
metabolism which contributed 1 and 2 proteins,
respectively in each category. While one category namely
transcriptional control belongs to JFL that constituted 2
proteins (Fig. 7).
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-
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Day of Drought

Fig. 6. Drought response changes in cyclic electron flow, CEF (A) and ratio between cyclic and linear electron flow, CEF/ETR(II) (B).
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Leaf: Functional Categorisation at flowering
phase (JFL /RFL)
=JFL = RFL

Nucleotidemetabolism
Transcription Control
Cytoskeleton
Signal Transduction
Cell redox homeostasis
Carbon and Nitrogen. .
Carbohydrate and. .
Protein Metabolism
Cell wall composition
Stress and Defence
Photosynthesis

Fig. 7. Graph showing different functional categories among the
identified proteins in leaves (L) of G. hirsutum (J) and G. herbaceum
(R) at different drought stages (75% RWC-D1 and 50% RWC- D2)
and rehydration (Rh) at flowering (F) phase. Values inside the bar
represent the number of proteins falling in their respective categories.
Note: G. hirsutum leaf at flowering phase is represented as JFL while
G. herbaceum as RFL

G. hirsutum (JKC-770) leaves: There were 875 spots
matched to all the treatment gels, out of which 77 were
found to be differentially expressed in G. hirsutum (JKC-
770) leaves during different treatment of drought (D1 and
D2) and onrecovery in flowering phase gels (Fig. 8). Out of
77 spots, 45 were significantly identified in MALDI/TOF-
TOF. During different stress treatments, more than 65%
proteins were down regulated while only 30% proteins were
up-regulated in the leaves of JK C-770 during flowering phase.

Up-regulated proteins involved the categories of
cellular stress and defence (superoxide dismutase;
ascorbate oxidase; methyltetrahy dropteroyltriglutamate-
homocysteine methyltransferase; glutathione-S-
transferase), cytoskeleton (alpha tubulin), photosynthesis
(RuBisCO LSU; chlorophyll a/b binding protein), etc.

Down-regulated proteins involved the categories of
photosynthesis (RuBisCO LSU; chlorophyll a/b binding
protein; photosystem II 23 kDa polypeptide; carbonic
anhydrase), protein folding and assembly (HSPs 70),
energy metabolism (ATP synthase alpha subunit), protein
degradation (cysteine proteases), etc.
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There were 948 spots found in each set of treatment
inthe leaves of G. herbaceum (RAHS-187) during flowering
phase, out of which 907 spots were matched to all the
treatment gels (D1, D2 and Rh) as compared to control.
Out of 126 differentially expressed protein spots, 111 spots
were identified in MALDI/TOF-TOF (Fig. 9).

G. herbaceum (RAHS-187) Leaves: flowering phase

More than 60% proteins were up-regulated over
different drought stress and recovery stages. Some of the
up-regulated proteins exhibited higher expression during
D1 that included DNA repair protein, NBS LRR Like
proteins, glutamine synthase, ferredoxin— NADP
reductase, leaf isozyme, chloroplastic, haloacid
dehalogenase-like hydrolase domain-containing protein;
while some of them were observed up-regulated during
D2 that included the proteins under the categories of
protein folding (HSPs), photosynthesis (RuBisCO LSU,
Phosphoribulokinase, NADH dehydrogenase), protein
degradation (presequence protease, Serine type peptidase,
Cysteine proteases) and the proteins of detoxification
CuZnSOD, Cys Peroxiredoxins, ascorbate peroxidase.

Remaining 40% of downregulated proteins involved
major categories of photosynthesis (ferredoxin— NADP
reductase; plastid fructose 1,6 bisphosphate aldolase class
1; ribulose-1,5-bisphosphate carboxylase/ oxygenase large
subunit; ribose 5-phosphate isomerase A photosystem I1
oxygen-evolving complex protein 2; photosystem I 23 kDa
polypeptide; Ferredoxin, chloroplastic; cytochrome b6-f
complex iron-sulfur subunit); protein folding and
assembly (molecular chaperone Hsp90-2; heat shock
protein 70 and 9; chaperonin), carbohydrate and energy
metabolism (Phosphoglycerate kinase; Thiazole
biosynthetic enzyme; chloroplast transketolase precursor;
triosephosphate isomerase); defence (lipoxygenase
ribulose-1,5-bisphosphate carboxylase/oxygenase
activase 1; cysteine synthase; Epoxide hydrolase;
chloroplast drought-induced stress protein; disease
resistance protein; peroxiredoxin); Photorespiration
(mitochondprial glycine decorboxylase complex P protein),
transport (H+ transporting ATP synthase) etc.

Fig. 8. Sypro ruby stained gels of G. hirsutum leaves at (A) Control, showing differentially expressed protein spots during (B) 75% RWC, (C)
50% RWC, (D) rehydration (Rh) stages at flowering phase.
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Fig. 9. Sypro ruby stained gels of G. herbaceum leaves at (A) Control, showing differentially expressed protein spots during (B) 75% RWC, (C)
50%, (D) rehydration (Rh) stages at flowering phase.
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A novel male sterility-fertility restoration system in plants
for hybrid seed production

Global food security demands the development of
new technologies to increase and secure crop production
on finite arable land without increasing water and
fertilizer use. The use of heterosis or hybrid vigor in plant
breeding has produced tremendous economic benefits in
worldwide crop production. The development of an
efficient method of hybrid seed production with broad
applicability to crops in a biological safe manner is still a
need. Here, we report a male sterility-fertility restoration
system by engineering the inner-most nutritive anther wall
layer tapetum of female and male parents to facilitate the
hybrid seed production at commercial scale.

The experimental strategy and underlying
hypothesis

Two tapetum-specific expression cassettes were
developed:

1. Female expression cassette (male-sterility module/
1371); It works on functional complementation of
mutated TATA-box (TGTA) and TATA-binding
protein mutant 3 (TBPm3) resulting high-level
expression of BECLINI gene specific to tapetum.
BECLIN1 expression interferes with natural
programme of tapetal degeneration resulting in
pollen abortion or male sterility (Fig. 1-a).

2. Male expression cassette (Restorer-module/1373);
Constitutive photo-morphogenesisl (COP1) gene
expressed specific to tapetum, using A9 promoter
(Figurel-b).

The crosses between above systems resulted F1
hybrids harbouring both expression cassettes in the same
tapetal cell. Here, COP1 protein physically interacts with
HFR1IN™! fragment of conjugated protein HFRINT!-
TBPm3 leading to their proteosomal degradation.
Therefore, transcription of BECLINI gene was abolished
due to unavailability of TBPm3 to TGT A-mutated promoter
TA29. BECLIN1 expression abolition leads to normal

tapetal degeneration programme and restored pollen
fertility (Figure 1-c).

Male-sterility and fertility restoration system in plants

The transgenic expressing BECLIN1 gene using the
female expression cassette showed no morphological
anomaly, with normal growth and development
comparable to wild plants except male sterility (Fig 2a-b).
The pollen viability, pollen morphology, and in-vitro pollen
germination assay showed complete male sterility plants
with nil seed settings (Figure 2-d, 2-f and 2-g) when
compared with control (Figure 2-c, 2-f and 2-g). The F1
obtained by crossing female line (male sterile) and male
line (male fertile) showed restored pollen viability and seed
setting comparable with control (Figure 2-e, 2-f and 2-g) as
the BECLIN1 expression was abolished.

The BECLIN1 expression in tapetum caused the
tapetal developmental defects like delayed degeneration
and abnormal growth that resulted in abortive pollen
formation (Figure 3a-b). In F1 the BECLIN1 expression was
abolished, therefore, normal tapetal degeneration was
achieved producing fertile pollens (Fig. 3-c).

In this study, we have developed a male sterility-
fertility restoration system for heterosis breeding in plants.
The system has following advances, 1) achievement of
complete male sterility; 2) use of Arabidopsis BECLIN1
gene for the male-sterility as the gene is of plant origin
withno reported toxic effects; 3) 100% fertility restoration
of F1 which is very important when commercial product
is seed and 4) maintaining the male-sterile female lines; a
prerequisite for future commercial application. Linking the
herbicide resistance gene in the construct 1371 will enable
the selection of male-sterile female parents after crossing
the heterozygous male-sterile female parent (BECLIN1/-)
with its wild type (-/-) followed in ~50% of the male-sterile
progeny; the system has broad applicability to crops due
toits generic nature.

Studies on genetic diversity of potyviruses infecting
bulbous ornamental crops in India for development of
their possible management

Association of nerine yellow stripe virus with mosaic
disease of Crinum asiaticum

Crinum asiaticum, commonly known as spider lily, is
widely grown ornamental plant in gardens of tropical and
subtropical countries for its long strap-like green leaves
and clustered white flowers. During a survey in December,
2013, severe mosaic symptoms were observed on a number

GENETICS AND MOLECULAR BIOLOGY

87



ANNuAL ReporT 2014-2015

CSIR-NBRI

a = PIC Complex
. Expression
--- ) - - - - & coOmponent

Regulatory component

f-parent

Transgenic with
Male sterility (ms)
expression HFR1".TBPmM3
module Protein Complex

( Male steri Ie) Defective tapetum,

o
Tapetum-specific, aborted pollens
Post-meiotic, High
Level BECLINT
Expression resulted
male sterility

b.

Male component

3-parent [as  cori IS

Expression

Transgenic with
Restoration (rs)

expression
module
(Male fertile)
Tlpotumspoclﬁc
COP1 Expression,
Fertile Pollen

Male component

TBPm3 Tnoe. I- [&?)JB Tnos

Expression

coP1
e Protein

HFRT“LTBPmM3

M Protein Complex —
F1 hybrid 3 *Dnysica
' nteraction
(Restored fertility
v;é.se.cum ,,,,,,,,,,,,,,, \5"‘
Expression, covun.a'u:
—— e

Fig. 1. Experimental design and underlying mechanism of the male sterility-fertility restoration system in plants for hybrid seed production:
(a). The female expression cassette contains two transcriptional units: expression component ("TA29 .., -BECLIN1-Tnos) and the regulatory
component ("Pcec-HFRIN™-TBPm3-Tnos). The regulatory component express conjugated protein HFRIN™*-TBPm3, which binds to TATA-
box mutated promoter ("TA29 ,.,,) of expression component, and resulted transcriptional pre-initiation complex (PIC) formation b$. The
high-level and tapetum- spec1é1c expression of BECLINI was achieved, as TGTA-mutated promoter was functionally complemented by
TBPm3 (or HFRIN™1-TBPm3) pool. This expression cassette is useful in achieving tapetum-specific, high-level expression of the male-
sterility gene (we expressed BECLIN1); (b) The male expression cassette expresses COP1 (or COP1"1%4) by using the tapetum-specific
promoter A9, thus giving normal male-fertile plants; (c) Fertility restoration mechanism of F1. F1 is obtained by crossing with plants
expressing female (male-sterile) and male (male-fertile) expression cassettes. Regulatory component express HFRIN™1-TBPm3 and male-
component express COP1 (or COP1M%4) proteins in the Fl-tapetal cell. The COP1 physically interact with the HFR1IN™! fragment of the
conjugated protein (HFRIN™1-TBPm3) and, sequentially degrades it, resulting in the unavailability of TBPm3, hence no PIC formation on the
TGTA-mutated TA29 promoter, leading to expression abolition of BECLINT (male sterility gene). BECLINI abolition resulted normal
degeneration program and restored fertility of F1-progeny. [TA,., = Tapetum-specific promoter from tobacco with mutated TATA box
to TGTA, gusA= b-glucuronidase, Pcec= artificial promoter*, HFRIN™! = N-terminus 131 amino acid fragment of Long hypocotyle in far red

1 (HFR1), TBPm3 = TATA-binding protein with three amino acid substitution (Ile,,, to Phe,,, Val, , to Thr , and Leu,, to Val,,) Tnos=
transcrlptlonal terminator, A9= tapetum-specific promoter from Arabidopsis, COP1= Constitutive photomorphogenicl, COPlL“bA— ‘COP1-
mutant with increased nuclear localization].
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Fig. 2. Transgenic male-sterility and fertility-restoration in tobacco: (a-b) The control and BECLIN1 transgenic plants showed normal growth
and development except male sterility in 1371 transgenic (arrows indicate the dying and detachment of flower that are unsuccessful in
fertilization due to male sterility). [c-e] Pollen viability assay using FDA-PI method, Scanning electron microscopic (SEM) analysis, In-vitro
pollen germination assay and Seed setting in control (c), BECLIN1-transgenic (d), and F1 (e). [f] Quantitative analysis (in %) of pollen
viability and in-vitro pollen germination in control, BECLINI1- transgenic, and F1 hybrid lines. Error bar represents SD of n=10 lines.[g]
Quantitative analysis (in mg/pod) of seed setting in control, BECLIN1-transgenic, and F1 hybrid lines.

of C. asiaticum plants growing in gardens at Noida and
New Delhi, India. The symptoms, similar to that of a
potyvirus infected Crinum sp. symptoms described earlier
from Brazil, suggested, potyvirus infection. Electron
microscopic studies, revealed flexuous rod shaped virus
particles of ~700x 12 nm size, while RT-PCR using
potyvirus degenerate primers. RT-PCR resulted in the
expected size (~1.5 kb) amplicon in all symptomatic
samples. The amplicons were cloned, sequenced and
sequence data was deposited in GenBank database under

accession numbers: KJ886933 (Nod-1), KM066970 (Nod-
2), KM066968 (Nod-3), KJ886934 (Del-1), KM066971 (Del-
2) and KM066969 (Del-3) isolates. The isolates shared 98-
99% sequence identity together and 78-99% identities with
Nerine yellow stripe virus (NeYSV) isolates (FJ618537,
DQ407932, EF362621, EF362622, EU042758 and
JX865782) reported from New Zealand, The Netherlands
and USA. Phylogenetic analysis reveled that he isolates
under study clustered together and showed close
relationships with NeYSV isolates. To best of our

GENETICS AND MOLECULAR BIOLOGY

89



ANNuAL ReporT 2014-2015

Stage 1

Fig. 3. Transverse anatomical comparison of anther development in wild type (NTPH), BECLIN1 transgenic (1371) and F'1

Semi-thin cross sections of control (a), BECLIN1-transgenic (1371) (b), and F1 (c) at anther stages from -1 to stage 6. E, epidermis; En,
endothecium; ML, middle layer; T, tapetum; TDR, tetrads; Msp, microspore; Ps, pollen sac; C-T, connective tapetum, MMC, microspore

mother cell; aMsp, aborted microspore. Bars= 100 pm.

knowledge, this is the first report of natural occurrence of
NeYSV on C. asiaticum in India.

Functional analysis of sterol glycosyl transferase (SGT)
gene family of Withania somnifera using mi-RNA
technology

The SGT gene family plays animportant role in
Withania somnifera in the glycosylation of steroidal
hormone, which modulates growth and development of
plants.These glycosylated secondary metabolites help in
the plant defense. For functional analysis,the family was
silenced by transforming the plant with artificial miRNA
(amiRNA) gene construct in VIGS plasmid. The down-
regulation effect of WsSGTL gene family on secondary
metabolite production in transgenic lines was checked by
HPLC analysis. To study the effect of biotic stress on down-
regulated lines, a fungal pathogen Alternaria alternata,a
common foliar pathogen of W.somnifera, was selected.

miRNA159a of Arabidopsis thalianawas used as
backbone for the preparation of artificial miRNA (amiRNA)

against SGT gene family of W.somnifera. We have replaced
21 bp stem region from precursor miRNA159% with selected
different 21 bp conserved region of WsSGTL gene and
designed three different amiRNA named as, 2misgt, 4misgt
and 6misgt.

An efficient protocol for the VIGS analysis of WV.
somnifera was developed by using phytoenedesaturase
(PDS) gene as reporter gene. After down-regulation of
PDSgene, bleaching of chlorophyll started and the leaves
of the plants became white (Fig. 4).

The two most efficient amiRNA i.e., 2misgt and 4misgt
were further utilized to clone into VIGS vector for the
preparation of aMIR-VIGS construct and transformed into
W. somnifera. The transcript abundance of SGTLs gene
decreased in the transgenic lines as compared to control
(empty vector) (Fig. 5A). This was further checked by total
SGT enzymatic analysis in control and transgenic plants
and observed that in transgenic lines, the total SGTs
activity was less than in control plants (Fig. 5B). After one
month of transformation, the height and leaf area of
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Fig. 4. MIR-VIGS mediated PDS gene silencing of W. somnifera

]

O WsSGTL2 [ WsSGTLT EE WsSGTL4 [ WsSGTL2 [ WsSGTL1T EE WsSGTL4
1.5 1.5+
= (o
o S
@ A
o o
& 1.0 g 1.04
) )
o) ©
= c
x o
% H HH % Hrl |l|
2 oc I]
0.0- ﬂi . i 'jl— 0.0 T i T ' T .— A
A S S S 2 S S S
< \’4\6 %,4\0 314\0 < \’4\0 %’AXC) %’4@
SR S S &
~ o S & & &

R

D

= 0.000107

=

= 1 =

g 0.00008

&

oo 2 0.00006-

= et

e 9D

2 E  0.00004-

g2 —= -

= 0.000024

=

g 0.00000-— T T T

o A S S S ) S )
< 4\C> 4\0 4\6 4\0 \0 \C> B

<7 , s & p ot

S5 w g o
SIS SR SN S RN

Fig. 5. WsSGTLs down-regulation by aMIR-VIGS system: (A) qRT-PCR showing the relative expression level; (B) The relative WsSGTLs
enzyme activity from the total protein of transgenic lines.

GENETICS AND MOLECULAR BIOLOGY 91



ANNuAL ReporT 2014-2015

CSIR-NBRI

1501 1004

804

2.0

n
1

1.04

Concentration of withaferin A (ug g 1)

1004
504 l \

Concentration of withanolide A (ug g')

25001
20004
1500

10004

TWHHH

a'\\ &7 &7
&%

‘o
o
3

J<]
2
|72
L
@
k-]
c
K=}
w®
5
c
5]
o
=
S

(&)

S5 $¢

S IS R
AT A A
v >

(=]

RIS PYS

Concentration of Withanoside V (ng g‘1)

1504

504

(=]
(=]
= R
©
=
D
w
@
£
S
Z 100
o
o
=
S
©
=
=
[}
o
=
Q
o

Fig. 6. Relative quantification of HPLC analysis of withanolide A, withanoside V, withaferin A, sitosterol and stigmasterol

transgenic lines was significantly less as compared to
control plants.

After down regulation of WsSGT gene family, the
glycowithanolids (withanoside V) levels decreased in the
transgenic lines while free withanolides such as
withanolide A and withaferrin A were increased in the
transgenic lines. Higher levels of free sterols such as
stigmasterol and sitosterol werefound in transgenic lines
(Fig. 6). This was further confirmed by qRT-PCR of
intermediate genes of MVA pathway which showed
increase in their expression level.

The role of WsSGTL gene against biotic stress was
checked by infecting the transgenic plants with Alternaria
alternata, a foliar fungal pathogen of W. somnifera. After
down-regulation of WsSGTL gene family, the plant became
susceptible to fungal pathogen (Fig. 7A). This was checked
by total spore count (cfu mL?) in the leaves of the silenced
lines and analysed that in the down-regulated lines total
cfu count was higher than the control plants (Fig. 7B).

After pathogen attack these intermediate phenolics,
salicylic acid, level of reactive oxygen species and H,0O,
have significantly increased in down-regulated lines as
compared to control plants.The expression of defense
related gene WsPR1, WsDES, WsSPIand WsPR10, increased
with the infection time shows that the defense system of
the plant turn on the SAR mediated pathway against the
fungal stress.

This is the first study of artificial miRNA based gene
silencing of SGTs for their functional analysis in plant
system.From our results, we have concluded that WsSGTL
gene family plays a very significant role in the growth and
development, metabolic balance and defense mechanism
of the plant system. After fungal infection, the level of SA,
SOD, callose deposition and H,O,content increased in the
transgenic lines.

Functional analysis of MaSIN3 in Arabidopsis

The SIN3 complex is a highly conserved multi-
subunit complex involved in gene regulation through
histone deacetylase mediated silencing in animals, yeasts
and plants but with limited information about functionin
plants. The main aim of this study was to understand the
role of SIN3 in plants.

The MaSIN3 gene (from banana) encoded a protein
of 1408 amino acids with three PAH domains at the N-
terminal end, an HDAC interacting domain in the centre
and a conserved protein-protein interaction domain at the
C-terminal end. It was localized to the nucleus. Transgenic
lines expressing MaSIN3 in Arabidopsis showed early
flowering and increased leaf and petiole length and
smaller but more stomata. Several ABA mediated responses
were affected in MaSin3FL over-expressing lines. Seeds of
transgenic lines showed reduced sensitivity to ABA and
germinated earlier as compared to control on ABA and
other abiotic stress supplemented media.
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Fig. 7. A&B Down-regulation of members of SGTLs increases disease susceptibility of W. somnifera
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Fig. 8. Reduced ABA sensitivity of root growth of various transgenic MaSIN3 expressing Arabidopsis lines (4-8, 6-5, 11-4) on 1.5 uM ABA

MaSin3FL over-expressing plants also showed ABA
hyposensitivity in root growth of seedlings on ABA (Fig.
8), salt, mannitol and glucose containing media. MaSin3FL
plants were more sensitive to drought stress and had
greater water loss rates compared to control indicating
reduced ABA sensitivity. Reduced ABA responses were not
due to reduced ABA levels but due to a reduction or delay

2.0+

ABI3

3 Dry seed
3 3h imbibed seed

Relatlve transcript level

& ﬁ:’,’ o o2 'Q) s 2?

o &2 s'*"

v v

in the expression of ABI3, ABI5, AREB1, AREB2, AREB3,
ABF1, MYC2 and MYB2 and their targets such as RD29B,
RD22, RaB18, ERD10, KIN1 and CoR15a (Fig. 9).

MaSin3 seems to function as negative regulator of
most ABA responses by targeting a general component of
the ABA response machinery
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Fig. 9. Reduced transcript levels of ABI3 and ABI5 upon water imbibition in seeds of various transgenic MaSIN3 expressing Arabidopsis lines
(Col-wild type Columbia ecotype; Lines 2-2-3, 4-8, 6-5 and 11-4 represent transgenic lines expressing MaSIN3 under the CaMV35S promoter
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Role of mi-RNAs in arsenic uptake and transport in rice

Arsenic (As) contamination of rice (Oryza sativa)
imposes serious threat to human health worldwide.
Understanding the molecular mechanisms of As transport
and accumulation in rice may provide promising solutions
to the problem. MicroRNAs (miRNAs) are novel class of
short, endogenous, non-coding small RNAs involved in
wide variety of biological processes such as organ polarity,
morphogenesis, floral transition, hormone signalling and
adaptation to environment. However, their role in As stress
has not been studied in detail. In this project, we have
carried out miRNAs profiling as well as small RNA
sequencing in contrasting As accumulating rice accessions
to identify known and novel miRNAs with differential
expression in rice varieties with differential response to
AslIl and AsV stress. Our analysis led to identification of
differentially expressed miRNAs in contrasting As
accumulating rice cultivars in response to AsllI (25 pM)
and AsV (50 uM) stress. The differentially expressed
miRNAs were subjected to validation of expression and
bioinformatic analyses to predict and categorise the key
miRNAs and their target genes involved in As stress.
Analysis suggests As-species and rice accession specific
miRNA might be responsible for the differential response
of contrasting rice accessions towards Aslll and AsV stress.
Study of proximal promoter sequences of the As-responsive
miRNAs suggests that these identified miRNAs contain
metal-responsive cis-acting motif and other elicitor and
hormonal related motifs.

Tagging Alternaria blight resistance loci and marker
assisted backcrossing (MABC) in linseed (Linum
usitatissimumL.)

Linseed is an important oil seed crop having >65%
omega-3- fatty acid (highest among the plants) and ~20%
omega-6-fatty acid. This crop is prone to various biotic
stresses such as blight, rust, wilt and mildew and among
which blight causes major loss. No systematic efforts have
been made till date to develop blight resistant high yielding
linseed varieties. Therefore, the project started to develop
blight resistant high yield linseed variety through marker
assisted breeding.

Primers for 715 SSRs have been synthesized. PCR
amplification was done with DNA of parental lines (JRF4
and Chambal) with 500 SSRs. The polymorphism analysis
(carried out with ABI3730x] DNA analyzer) showed that
out of 500 SSR, 31 SSRs were either failed or gave non
specific bands. Out of remaining, 469 SSRs, 397 (85%) were
found to be monomorphic and 72 (15%) were polymorphic

among the parental lines. Genomic DNA from 155 F,
mapping population (derived from JRF4 x Chambal) have
beenisolated and genotyping is in progress.

NMITLI Project

Leads based drug development and genetic
improvement of ashwagandha (Withania somnifera)

Withania somnifera is very rich repository of secondary
metabolites, which include several bioactive alkaloids and
steroidal lactone based phytochemicals. The medicinal
properties of W. somnifera are attributed to active key
constituents named withanolides and their glyco-
conjugates (glycowithanolides) present in different plant
parts. In this project different chemotypes of Withania have
been used to elucidate biosynthetic pathway for
withanolides.

To identify genes involved in withanolide
biosynthesis as well as to develop understanding related
to differential biosynthesis of withanolides in different
chemotypes, transcriptome sequencing of leaf and root
tissues of three distinct chemotypes (NMITLI-101, NMITLI-
118 and NMITLI-135) was carried out using 454
pyrosequencing. Through transcriptome analysis, genes
encoding enzymes involved in each step for biosynthesis
of the withanolides have been identified.

The information generated has been compiled in the
form of database (Withanome) (Fig. 10). This database has
comprehensive information about Withania in terms of
medicinal properties, withanolides, different chemotypes,
transcriptome datasets and proposed pathway for
biosynthesis of specific withanolides. Information about
group involved in the NMITLI project has also been
included in the database. Monitoring committee of the
NMITLI project has recommended launch of this databases
as soon as possible.

EMPOWER Project

Insect inducible methanol production in plants for insect
resistance

Two PMEs (Pectin methyl esterase) WsPME and DS
PME were selected after screening of different plant sources
with maximum methanol production and highly active
PME gene. PME gene of Withania somnifera (WsPME) was
cloned in Yeast expression vector (pPICZ4) for recombinant
expression of WiPME in Yeast using Mut® protocol.
Optimization of expression condition is under progress
for further characterization. Simultaneous cloning of
WsPME in plant expression vector is also in progress.
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Withania somnifera (L.) Dunel (Family Solanaceae), commonly known as Ashwagandha is one of

the most valuable medicinal plants used in Indian medicinal system since ancient times. It is also
known as ‘winter cherry” or ‘Indian ginseng’ for its restorative benefits. . somnifera is characterized
by small, usually erect, branched shrubs attaining the height of 70-150 cm. Leaves are simple,
petiolate with the leaf blade varying in shape from elliptic-ovate to broadly ovate, entire along a
margins, acute to obtuse at apex, cuneate or oblique at base. Leaves on vegetative shoots are
alternate and large and those on floral branches are opposite, arranged somewhat laterally in
pairs of one large and one small leaf, bearing in their axil a cymose cluster of 5-25 inconspicuous
pale green flowers. Barries are red, smooth containing yellow seeds with oily texture.

In-House Projects

Molecular studies for management of plant viruses
causing severe diseases in ornamental plants

Association of a distinct strain of Hollyhock yellow vein
mosaic virus and Ludwigia leaf distortion betasatellite
with yellow vein mosaic disease of hollyhock:

During winter of 2011, a number of hollyhock plants
growing in gardens at Lucknow were observed showing
yellow vein mosaic symptoms on leaves. The possibility
of infection with a begomovirus (genus Begomovirus,
family Geminiviridae) was suspected due to typical yellow
mosaic symptoms. For detection of infecting virus, total
DNA was extracted from symptomatic leaf samples and
PCRwas performed using begomovirus DNA-A and beta-
01/beta-02 betasatellite specific primers, which resulted
in ~1.2 kb and ~1.3 kb amplicons respectively. For
molecular identification, Phi-29 DNA polymerase based
rolling circle amplification (RCA) was performed, followed
by digestions with HindlIl restriction endonuclease. The

fragments of ~2.7 kb and ~1.3 kb were cloned and
sequenced (JQ911766 for DNA genome and JQ408216 for
betasatellite). Both BLASTn and Clustal-V pairwise identity
analyses indicated that the virus genome from hollyhock
represents a distinct strain of hollyhock yellow vein mosaic
virus (HoYVMYV) based on ICTV guidelines.
Agroinfiltration of HoOYVMYV and LuLDB induced yellow
vein mosaic symptoms on hollyhock, thereby
demonstrating causality of the disease.

Characterization of a novel begomovirus associated with
yellow mosaic disease of three ornamental species of
Jatropha grown in India:

Severe yellow mosaic disease was observed in three
ornamental species of Jatropha: . integerrima, J. podagrica
and J. multifida grown in gardens at Lucknow, India,
during a survey in 2013. The causal pathogen was
successfully transmitted from diseased to healthy plants
of these species by whitefly (Bemisia tabaci). The infection
of begomovirus was initially detected in naturally infected
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plant samples by PCR using begomovirus universal
primers. The begomovirus was characterized having a
monopartite genome based on sequence analyses of the
cloned <*2.9kb DNA-A genome amplified by RCA using
Phi-29 DNA polymerase. The genome contained 2844
nucleotides that could be translated into seven potential
openreading frames. The nucleotide sequences of DNA-A
genome of the begomovirus isolates: JI (KC513823), JP
(KF652078) and JM (KF652077) shared 94-95% identities
together and 93-95% identities with an uncharacterized
begomovirus isolated from J. curcas (the only sequences
available in GenBank database as GU451249 and
EU798996 under the name jatropha leaf curl virus). These
shared highest identity of 61% and highly distant
phylogenetic relationships with other begomoviruses
reported worldwide. Based on 61% sequence identities
(much less than 89%, the species demarcation criteria for
a new begomovirus) the isolates under study were
identified as members of a new Begomovirus species for
which the name was proposed as “Jatropha mosaic
Lucknow virus (JMLV)” (Fig. 11). The recombination
analysis also suggested that JMLV was not a recombinant
species and evolved as an independent species, hence
considered as unidentified Begomouvirus species. Koch’s

09 KC149938: Capsicum sp. I

postulates were also established by agroinfiltration assay
of agroinfectious clone of JMLV. Characterization of JMLV
associated with yellow mosaic disease of |. integerrima, J.
podagricaand |. multifida is being reported for the first time.

Canna Biology
Regeneration and genetic transformation of canna spp.

Canna (Canna indica L.) is an ornamental landscape
plant. Being an indigenous crop, it was selected for genetic
improvement. For genetic improvement of canna, a
foolproof tissue culture protocol is not available in the
literature.

In the present report, in vitro seed germination
protocol of canna has been optimized for the first time
(Fig. 12). Chipping off seeds with a sterilized nail clipper
and soaking for 24-48 h or till radical emergence was a
prerequisite for obtaining 100% seed germination in all
the 10 cvs. Liquid media with glass beads proved best for
multiplication and growth of the shoots. The regenerated
shoots were rooted, acclimatized and transferred to the
pots, where they grew normally.

Different plant parts were used for callus induction.
Inflorescence stalk proved as the best explants to initiate

Accession: Host % Identity  Begomovirus sp.

5
KC149941: Capsicum sp. \2 pepper yellow leaf
KC149940: Capsicum sp. 58 | curl China virus
KC149939: Capsicum sp. 58 -
HM992939: Capsicum sp. 54 L .
—& JIN555600: Capsicum sp. sq4 [ R Ieatienil vl
26 70—HMO007119: Capsicum sp. 54
HMO007097: Capsicum annum 58 -_ peopeslestad ving
1511 23 91 AM691745: Capsicum annum 60 -
FN678906: Alcea rosea 61 I
EU727086: J. gossypifolia 2, | EEOOD yeﬁow vein
90 FN645898: Acalypha sp. 59 RIOSECIEIS
76-FN645901: Acalypha sp. 507 .
FI177030: Jatropha gossypifolia . ;‘::’:‘i:iﬁms
g KC513823: J. integerrimma 04
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41—EU798996: J. curcas 03 -
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Fig. 11. Genome organization, sequence identities and phylogenetic relationships of the begomovirus infecting three species of ornamental
Jatropha
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Fig. 12. Regeneration and transformation in Canna : A. 100% seed germination in liquid medium; lati £ inf d
B. Shoot regeneration from rhizome axillary bud; C. Multiplication of seeds; D. Rooting of inoculations of infected canna sap to
isolated shoot and in-vitro raised potted plant; E. tissue raised plant growing in pot; F. Callus canna and Nicotiana benthamiana were

induction from inflorescence stalk used for transformation; G. Differentiating inflorescence
stalk calus; H. Germinating seed for excision of embryoonal axis; I. Callus induction from

embryonal axis used for transformation.

callus in the presence of high concentration of 2,4-D. The
callus thus induced was being used for transformation
purposes. Attempts are being made to optimize
transformation protocol.

Molecular identification of Bean yellow mosaic virus in
canna

Several canna plants exhibiting severe mosaic
symptom were observed in the commercial gardens in
Lucknow, India during two surveys for viral diseases in
October 2011 and January 2014. We tested for the presence
of a potyvirus or CMV. ELISA was performed using
antiserum that detects most potyvirus and CMV. Potyvirus
infection was confirmed in the leaf extracts of all four canna
cultivar sampled but CMV not detected from any of these
samples. RT-PCRs were performed using potyvirus and
CMV-specific primers. Amplicon of expected size (~1.5 kb)
was obtained in all four samples tested with potyvirus
primers but not with CMV primers. The amplicons were
cloned, sequenced and deposited in GenBank under
accession numbers: JQ178366 (C. flaccida cv. Flaccida),
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JQ012792 (C. generalis cv. Black Knight),
KJ561634 (C. generalis cv. Golden yellow
Lucifer) and KJ781366 (C. generalis cv.
Pink rose) as CJ-1, CJ-2, AK-1 and AK-2
isolates, respectively. Sequence
comparisons showed that the cloned
RT-PCR product corresponded to
.~ partial nuclear inclusion b, complete
- | coat protein and the 3’UTR regions. The
. isolate CJ-1 shared 97% sequence
identity with CJ-2 and 87% with both
AK-1and AK-2isolates. It also showed
77-97 % identities with various strains
of Bean yellow mosaic virus (BYMV,
EF592169, EF592168, DQ060521,
EU144223, HG970869, HG970865,
JX173278, HG970860, KF632713 and
FJ492961) reported worldwide. The
isolate CJ-1 also shared 71-97% amino
acid identities with BYMV strains. The
infection of BYMV was further
confirmed by western immunoblot
assay using polyclonal antibodies of
BYMV which resulted in positive
reaction with the 35 kDa coat protein

subunits in all four canna samples,
confirming BYMV infection. Mechanical

also done which resulted in mild mosaic
symptoms on both species and they
were found positive for BYMV when
tested by RT-PCR. To best of our knowledge, this is the
first natural occurrence of BYMV on canna in India.

Genetic improvement of plants through the intervention
of molecular and conventional methods

Opium Poppy (Papaver somniferumL.)

Papaverine and Thebaine rich lines were developed
for the first time. Introgression of these traits in high
yielding varieties is in progress. The demand of codeine
and narcotine alkaloids is increasing globally due to use
of codeine in cough syrups and narcotine in the treatments
of cancers. So, we are trying to develop lines rich in
narcotine and codeine.

The recurrent and pedigree selections in selected high
narcotine, codeine and total alkaloid containing lines were
done. BC,F seeds and transgressive segregants for
recurrent selection of the crosses between high yielding
varieties (NBRI-5 and NBRI-2) and high thebaine lines
(NBIHT-1 and NBIHT-3) were obtained. BC F, and F, seeds
for further back crossing and selection of transgressive
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segregants from the F population of the cross between high
yielding variety (NBRI-5 and NBRI-2) and papaverine line
were obtained. The selected transgressive segregants from
F, population of the cross between high yielding variety
(NBRI-2) and papaverine line were subjected to recurrent
selection. Pattern of quantitative inheritance of yield and
component traits in opium poppy was studied.

Linseed ( Linum usitatissimumL.)

In India vegetable oils are main source of edible oils.
Despite considerable R&D in these oilseeds, the
commercial recovery of oils is unable to meet the actual
demands of the consumers. In this context, linseed can be
a future edible oil seed crop as it has similar physical,
chemical and processing properties of edible oil. Howver,
the high level of linolenic acid in the oil makes it unsuitable
for edible purposes. So, to convert linseed oil from
industrial to edible purposes, it is necessary to reduce the
level of linolenic acid to < 5%. Hence, efforts are being
done to introgress low linolenic acid trait from the variety
‘Linola’ (a low linolenic acid <5% line) to high yielding
varieties through backcrossing programme. The
characterization of linseed is also taken up on the basis of
fatty acids profiling as it can facilitate proper utilization
of available germplasm.

Fatty acid analysis: The fatty acid analysis of 175
germplasm lines of linseed was accomplished through GC
to find out the chemotypic diversity. BC.F, seeds were
obtained by back crossing with recipient parents of the
crosses between Ajgan, Shweta and Surabhi with Linola
(low linolenic acid). Transgressive segregants from F,
population of the crosses between high yielding varieties
rich in linolenic acid (EC-110288, EC-112689, Mukta, A-
993 and Ex-3-3) were isolated for further recurrent
selection. Characterization of linseed based on fatty acids
profiling alongwith morphological traits was done.
Crosses between low linoleic acid and highy yielding
yielding lines were made in six paprameter model to study
the gene actions for low linoeleic acid.

QTL analysis: A study has also beeninitiated to tag QTLs
(quantitative trait loci) for linolenic acid (omega-3-fatty
acid) by using SSR makers and their application for marker
assisted breeding to develop high omega -3- fatty acid
Indian linseed variety. So far, more than 2500 SSR primers
have been designed from whole genome sequence of
linseed. PCR amplification with 500 SSRs was carried out
with parental lines i.e. ‘Neelum’ (low linolenic acid) and
‘LINOLA’ (high linolenic acid), and 75 polymorphic SSRs
(16.8%) were identified. DNA from 200 F, mapping
population have been isolated and genotyping with
polymorphic SSRs is in progress.
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PLANT MICROBE INTERACTION

Scientists: CS Nautiyal, PS Chauhan, S Khatoon , Manoj
Kumar, A Lehri, Charu Lata, Aradhana Mishra, SK Ojha,
M Pal, Ch. V Rao, S Rastogi, AKS Rawat, OP Sidhu, BN
Singh, PC Singh, M Srivastava, Sharad Srivastava, Suchi
Srivastava

Technical Staff: Anil Kumar, SK Mishra, A Niranjan, MM
Pandey, Sumit Yadav

Grant-in-Aid Projects

Quality production of abiotic stress tolerant microbes-
based bioinoculants and their popularization for
improving health and sustained crop production in UP

The main objectives/activities of this project included
providing mother culture, developed and maintained at

CSIR-NBRI, to 17 biofertilizer labs of Agriculture
Departments in Uttar Pradesh for various crops and
seasons; training, demonstration and technical advice to
the staff of 17 Biofertilizer labs of UP Directorate of
Agriculture for mass production of quality bio-inoculants;
multi-locational field demonstrations for assessing the
impact of technology on soil health and viability of
bioinoculants at research farms of UP Directorate of
Agriculture; large scale production of phosphate
solubilizing bacteria (PSB) based biofertilizer packets at
CSIR-NBRI for distribution to the beneficiaries;
popularizing the application of bioinoculants in different
seasons and crops through intensive trainings and
demonstrations in nine agro-climatic zones; and
popularizing the production of microbe enriched manure
from agricultural residues as an additional livelihood tool
for rural youth ( Fig. 1a-f).

Fig. 1 (a-d). a) Training Program for officers of 17 Biofertilizer production labs, Department of Agriculture, UP on September 20, 2014;
b) Farmers Interaction Meet at DRC (CSIR-NBRI), Banthara on November 14, 2014; c) Farmers Training program at Mauranipur, Jhansi on
February 22, 2015; d) Farmers Training program at Farrukhabad on February 28, 2015.
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Fig. 1 (e-f). ) Farmers Training program at Rudramuli, Agra on March 1, 2015; f) Farmers Training program at Varanasi on March 22, 2015

Describing plant responses to elevated carbon dioxide
and its implication for root-soil-microbe interactions

Not much is known about the performance of paddy
crop treated with Trichoderma sp. under elevated
atmospheric CO,. This project, initiated in 2014, will
examine the functional characteristics of the soil microbial
community so as to elucidate the ecological strategy of the
soil microbial community and soil organic carbon pools,
using paddy in presence and absence of Trichoderma reesei
MTCC5659, grown under fully open air conditions at the
Free Air CO, Enrichment (FACE) facility at CSIR-NBRI.
Comparative analysis of roots of paddy grown under
elevated CO, condition with or without T. reesei MTCC5659
will also be conducted to decipher differentially expressed
genes and to identify plant gene(s) involved in amelioration
of elevated CO, stress. The proposed work will thus enable
us to provide new and much needed insight into the nature
of the plant and microbial response to increased
atmospheric CO,.

A study on the role of miRNA(S) in plant growth
promoting rhizobacteria mediated drought stress
alleviation in chickpea (Cicer arietinumL.)

Small RNA sequencing and data analysis: MicroRNAs
(miRNAs) are a class of small non-coding RNAs that are
involved in post-transcriptional control of gene expression,
either through degradation or translational inhibition of
target mRNAs. In order to understand their role in PGPR-
mediated drought stress response and adaptation, miRNA
profiling was carried out in a drought tolerant chickpea
cultivar (BG-362) root samples which were subjected to
20% PEG stress for 72 h in presence or absence of
Pseudomonas putida RAR. A total of more than 41.8 million
sequence reads were generated from all the four samples
namely control, drought, RAR and drought+ RAR, in the
range 5.4-13.1 million for individual sample. After 3’
adaptor and redundant reads removal, a total of
approximately 5.9 million unique reads for 16-35
nucleotide small RNA sequences were obtained. After

filtering by sequence length of >18nt to <26nt, and removal
of tRNA, rRNA, snRNA and others, approximately 2
million reads were obtained in total from all four libraries.
Details of the miRNA statistics is given below:

Properties Control Drought RAR Drought +
RAR
Total Number of Reads 5404469 13110618 12091808 11223229
Distinct reads 579083 1302735 899336 1433797
Reads After 3'Adapter removal 1806489 3458037 675471 2662393
Distinct reads after Adapter 264376 544998 162473 526864
removal
Input reads (16 nt to 35 nt) 1068810 2449400 600034 1773927
Filter by sequence length 471783 793906 136472 598459
(>18nt to <26nt)
After removal of tRNA, 471391 793280 136358 598019

rRNA, snRNA

Transcript profiling of major millet crops under drought
stress and cloning-characterization of stress-inducible
transcription factors

The APETALA2/ethylene-responsive element
binding factor (AP2/ERF) family is one of the largest
transcription factor (TF) families in plants that includes
four major sub-families, namely AP2, DREB (dehydration
responsive element binding), ERF (ethylene responsive
factors) and RAV (Related to ABI3/VP). AP2/ERFs are
known to play significant roles in various plant processes
including growth and development and biotic and abiotic
stress responses. Considering this, a comprehensive
genome-wide study was conducted in foxtail millet (Setaria
italicaL.). A total of 171 AP2/ERF genes were identified by
systematic sequence analysis and were physically mapped
onto nine chromosomes. Expression profiling of candidate
AP2/ERF genes against drought, salt and phytohormones
revealed insights into their precise and/or overlapping
expression patterns which could be responsible for their
functional divergence in foxtail millet (Fig. 2). The study
showed that the genes SiAP2/ERF-069, SiAP2/ERF-103
and SiAP2/ERF-120 may be considered as potential
candidate genes for further functional validation as well
for utilization in crop improvement programs for stress
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Fig. 2. Expression profile 21 SiAP2/ERF genes under drought and
salinity stresses

resistance since these genes were up-regulated under
drought and salinity stresses in ABA dependent manner.
Altogether the present study provides new insights into
evolution, divergence and systematic functional analysis
of AP2/ERF gene family at genome level in foxtail millet
which may be utilized for improving stress adaptation
and tolerance in millets, cereals and bioenergy grasses.

In-House Project

Plant growth promoting rhizobacteria mediated stress
management for increasing crop productivity

Screening and characterization of stress tolerant
microbes with plant growth promoting abilities and
understanding the role of stress tolerant plant growth
promoting microbes in abiotic and biotic stress
management are the main objectives of this project. The
following are the main results achieved during the
reporting period:

Bacterial strains from our lab repository were
screened for P solubilization, P accumulation and
phosphatase activity for their correlation with stress
tolerance. Plant growth promotional activity of the
screened strains under drought and P stress conditions
was performed. A defined media for quick screening of
silicon solubilizing microbes has been developed. The
defined media can be used for qualitative and quantitative
screening of silicon solubilizing microbes and further
elucidation of their role in abiotic and biotic stress
tolerance.

Microbes screened for biocontrol properties were also
characterized for different plant growth promoting traits
such as chatecholate and hydroxamate type of siderophore,
IAA and gibbrellic acid production and P solubilization
production. Among the eight selected microbes, PPB5,
PPB3 and PPB6 were found to produce significant amount
of chitinase acivity and have broad range OD biocontrol
efficacy against fungal phytopathogens Sclerotium rolfsii,
Rhizoctonia solani, Fusarium oxysporum and Alternaria solani.

Trichoderma isolate TP9 (T. viride, MTCC 5661) was
screened out for biosynthesis of gold and silver
nanoparticles from the diverse population of Trichoderma
spp- Gold and silver nanoparticles biosynthesized by T.
viride were further characterized by zeta size, UV-vis
spectroscopy, transmission electron microscopy (TEM),
selected area electron diffraction (SAED), energy dispersive
Xray analysis (EDAX), X ray analysis (XRD) and fourier
transform infrared spectroscopy (FTIR).

Carbendazim has been used frequently in
agricultural fields as fungicide and its degradation in the
soil has been studied in fallow and cultivated conditions.
Results demonstrated that its degradation is less in fallow
fields as compared to the cultivated land which is in
correlation with functional microbial diversity.

Effect of phytoplasma infection on rhizospheric
microbial diversity was assessed in Cactharnthes roseus
plant rhizosphere. Narrowness of the microbial diversity
in C. roseus phytoplasma-infected roots as compared to
control rhizosphere emphasizes that many species/strains
of microorganisms could not grow in association with
phytoplasma-infected C. roseus roots.

Proteases are involved in various processes.
Therefore, a number of strains has been screened for
protease activity. These protease producing microbes were
also characterized for their biocontrol efficacy and
production of cellulase, glucanase and chitinase activity
under in vitro conditions. Protease producing biocontrol
strain was found to have higher mycolytic activities.

Microbial metabolic diversity of chickpea
rhizosphere was studied in order to see the effect of
cowdung supplementation in presence and absence of
Fusarium wilt complex fungi. Cowdung supplementation
and Fusarium infection was found to change the microbial
diversity.

PHARMACOGNOSY
Grant-in-Aid Projects

Production of phytochemicals from best chemotypes of
some threatened medicinal plants through modified
cultivation and in vitro production technologies

In this study chemotypic variability in Gloriosa superba
and Coleus forskohlii with respect to colchicine and forskolin
content, respectively, in plant samples (tubers) collected
from different phytogeographic zones of India was done.
The principal aim of the study is to identify the best
germplasms/chemotypes and establish correlation of
secondary metabolite in relation to their ecogeography.
The elite germplasm/chemotypes and the ecological
conditions along with the associated species were
documented for future strategic planning for cultivation
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Colchicine content (%% dry w t basis)

Fig. 3. Colchicine content in G. superba samples collected from various phytogeographical zones of India

of these species in different regions of the country.
Following are the key findings:

Among the total 63 samples of Gloriosa superba,
densiometric scanning at 350 nm revealed maximum
concentration of Colchicine i.e. 3.212 % of dry weight
(tuber) in NBG-08 (Western Ghats) and minimum
concentration ( 0.02 % ) in NBG-20 (Eastern Ghats) (Fig. 3).

Among the collected 52 samples of Coleus forskohlii
NBC-02 (Gangetic Plains) contains minimum (0.004% dw)
and NBC-46 (Western coast of Malabar) contains
maximum concentration (1.153 % dw) of forskolin (Fig. 4).

A new method for estimation of Colchicine through
OPLC has also been developed, validated (Fig. 5).
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Fig. 4. Forskolin content in C. forskohlii samples collected from various phytogeographical zones of India
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Table: Validation parameters.

Slope 23 370.53 w0 o
Intercept  310.06 .
Regression

coefficient (r2)  0.9991
Linearity (mg/ml) 50-250

-

Colchicine content (= wt of extract)

LOD (mg ml) 0.261

LOQ (mg/ml) 0.790 !
Rt (min) 6.17

RSD (%) 0.031

Fig. 5. Quantification of Colchicine through validated OPLC Method

Chemoprofiling of potential phytoacaricides and their
functional characterization for controlling resistant cattle
ticks

In the present study, germplasm of the targeted
species i.e., Ageratum conyzoides L. were collected from 37
places covering 10 states ( Uttar Pradesh, Bihar, Jharkhand,
Haryana, Himachal Pradesh, West Bengal, Sikkim, Tamil
Nadu, Kerala, Andhra Pradesh). Passport data of each
sample was prepared with information about the altitude,
latitude, longitude, phyto-geographical zones etc. of
collection sites.

HPTLC profiling of the samples were
done to quantify the bioactive marker
compound Precocene I. The solvent system
used was Hexane: Chloroform (7:3) for
resolving the extract. Quantification data
suggests that there are variations in the
concentration of marker compound in
germplasms of different geographical
conditions. Variations also occur within the
samples of same phyto-geographical zone.
However, on the basis of the samples
analyzed through HPTLC, it can be said on
an average, that the samples collected from
the Western Himalaya region contain
relatively higher Precocene I while
germplasms collected from some parts of
Gangetic Plains and Southern Western Ghat
region contain lesser Precocene I. Highest
amount of Precocene I (0.110 %) was found in
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Collected samples

the germplasm collected from Algarh, West Bengal (NAC-
44), while least concentration (0.003 %) was found in
samples from Thrissur, Kerala (NAC-63) and
Ramachandrapuram, Andhra Pradesh (NAC-66).

Each collected sample was coarsely powdered and
subjected to 95% ethanolic extraction. 100 gm of powdered
raw drug was extracted repeatedly up to complete
extraction. Physicochemical parameters viz., water soluble
extractive, alcohol soluble extractive, total ash and acid
insoluble ash were studied for the standardization
purposes (Fig. 6).

Precocenel

Fig. 6. HPTLC profiling of germplasm of Ageratum conyzoides collected from 10 states
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Nutritional profiling, free radical scavenging and
antioxidant activities of selected small millets

Four small millets viz. foxtail millet, finger millet,
prosomillet and khodo millet were investigated for their
nutritional profiling and antioxidant activity. Flour of
finger millet showed maximum reducing sugar and
solution protein contents, followed by whole grain of finger
millet and foxtail millet flour. Maximum levels of zinc and
copper were estimated in bran and whole grain of foxtail,
respectively. While highest manganese was found in whole
grain of finger millet. Highest total polyphenol (TP)
contents as well as antioxidant activity were examined in
ethanolic extract, followed by butanol and ethyl acetate
extracts. However, the hexane extract exhibited the lowest
TP and antioxidant activity. TP content showed higher
relation with radical scavenging activity and reducing
power. We have also established that the strong
antioxidant activity of finger millet bran is attributed to
the presence of polyphenolic compounds, examined by
HPLC and MS/MS analysis. Our results also demonstrated
that the mechanism of antioxidant action of finger millet
extracts was free radical scavenging and reducing of
oxidized intermediates. Polyphenolic compounds played
a significant role on the antioxidant activity via reducing
mechanisms. The study indicates that finger millet bran
can be used as a rich source of natural antioxidants.

Identification and evaluation of some lesser known plants
for malnutrition and development of a low cost herbal
combination thereof

Total phenolic content, total flavonoid content and
antioxidant activity of Bauhinia purpurea buds, Bauhinia
purpurea flower, Bauhinia variegata buds and flowers and
Oxalis corniculata was performed by DPPH Free Radical
Scavenging Activity, Reducing power assay, p-Carotene
linoleic acid assay. Further, elemental analysis for the
estimation of micronutrients of aforesaid samples using
ICPMS was also performed.

In-House Project

Quality evaluation and scientific validation of indigenous
Indian medicinal plants having industrial application
(pharmaceutical, nutraceutical, cosmaceutical) and
development of herbal product(s) based on traditional
knowledge

Herbal Product(s) Based On Traditional Knowledge

The herbal medicines market has increased
dramatically in recent years, as consumers became more
health conscious. Herbal medicines are considered to be
safe by consumers. This over increasing demand led to
adulteration or substitution in the herbal drug market.
Therefore, there is an urgent need to develop quality

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

assurance parameters for single raw drug and
formulations. The development of authentic analytical
methods which can reliably profile the phytochemical
composition, including quantitative analyses of marker/
bioactive compounds and other major constituents, is a
major challenge to scientists. Standardization is an
important step for the establishment of a consistent
biological activity, a consistent chemical profile, or simply
a quality assurance program for production and
manufacturing of herbal drugs. The following activities
were undertaken for quality evaluation and scientific
validation of medicinal plants-

Development of Quality control parameters of Clitoria
ternatea L.

Clitoria ternatea belongs to the family Fabaceae and
has two varieties, i.e. white flowered and blue flowered
(Fig. 7). The white-flowered one is found to be
therapeutically more active and has been accepted as
‘Shankhpushpi” by most of the South Indian Vaidyas.
Comparative pharmacognostic evaluation of both the
varieties of C. ternatea was carried out using organoleptic
characters, macro and microscopic details,
physicochemical parameters and TLC fingerprint profiles.
The microscopy showed more starch grains in root,
variations in pericyclic fibers, xylem vessels and pith in
stem, and quantitative parameters of leaf. Some variations
were also observed in physicochemical parameters.
However, TLC fingerprint profiling represented the
characteristic bands e.g. blue fluorescent band at Rf 0.38
under UV 366 nm and greyish blue band at Rf 0.58 , after
derivatization under visible light, were observed only in
white variety.

Fig. 7. White and Blue colored Clitoria ternatea

Comparative chemoprofiling of Quercus leucotrichophora
and Q. glauca.

Quercus leucotrichophora and Q. glauca (Family-
Fagaceae), commonly known as Oak, are traditionally used
as astringent, remedy for hemorrhoids, dyspepsia, eczema,
skin and eye disorders. Comparative HPTLC fingerprints
of the methanolic extract of stem bark of the above two
species along with the chemical markers viz. B-sitosterol,
lupeol, ursolic acid, gallic acid, catechin and quercetin
were developed. Chemical variations were observed in
both the species (Fig. 8).
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Fig. 8. Comparative HPTLC finger print profiling of Quercus
leucotrichophora and Q. glauca: A. Under visible light after spraying
with detecting reagent and heating at 120°C for 10 minutes; B. Under
UV 254 nm; Samples- 1. Quercus leucotrichophora, 2. Q. glauca, R1. a-
sitosterol, R2. Lupeol, R3. Ursolic acid, R4. Gallic acid, R5. Catechin,
R6. Quercetin

Antioxidant potential of Shankhpushpi & its Adulterants/
Substitutes

The Sanskrit word ‘Sankhapushpi’ literally means
that the flowers of which are in the shape of a conch or
Sankha which is considered to be auspicious. In Ayurvedic
texts, it is included in Rasayanas and has been categorized
as Medhya - intellect promoting i.e. a rejuvenative to
nervous tissue. Most of the authors of Ayurvedic texts are
of the opinion that Convolvulus pluricaulis Choisy. (Fam.,
Convolvulaceae) is a real source of ‘Shankhpushpi’. Other
species also reported as ‘Sankhapushpi’ are Evolvulus
alsinoides, E. nummularius, Tephrosia purpurea and Clitoria
ternacea.

Antioxidants are vital substances which possess the
ability to protect the body from damage caused by free
radical induced oxidative stress. Several assays have been
frequently used to estimate antioxidant activity of
medicinal plants to evaluate their potential medicinal
properties. Various extracts of aforesaid plant species were
evaluated for their antioxidant potential using DPPH
radical scavenging assay, B carotene bleaching assay,
hydroxyl radical scavenging assay, anti-lipid peroxidation
assay of goat liver model, ABTS radical scavenging assay,
NOS and ROS assays. All the five plants showed good
antioxidant potential except Clitoria ternacea. Convolvulus
pluricaulis showed best activity followed by Evolvulus
alsinoides. These results validated the Rasayana property
of aforesaid plants.

Seasonal variation studies on plant Tephrosia purpurea

Season has its impact on quantity and quality of
active principles and secondary metabolites of medicinal
plants. Tephrosia purpurea (L.) Pers (Family-Fabaceae), is
an important Ayurvedic drug, commonly known as
‘Sarapunkha’. The plant material was collected in early
summer, winter and rainy seasons. The alcohol, aqueous
alcohol and hot water extracts were prepared for seasonal
variation studies and quantification of lupeol, rutin,
rotenone and &-sitosterol. The quantity of these chemical
markers varies from season to season. Rutin was maximum
in early summer season i.e. 2076 pg/g and minimum in
winter season i.e. 1169 pg/g while B-sitosterol was
maximum in rainy season. However, lupeol and rotenone
were found maximum in winter season, i.e. 326 ng/g and
2482 ng/ g, respectively. The effect of Tephrosia purpurea
extracts was also observed on the activities of liver marker
enzymes on CCL4-induced liver toxicity in rats. Silymarine
was used as a control (Fig. 9).

Development of herbal products

Herbal colours were isolated and combined with
various base materials and the protocols developed for
stable and economic herbal Sindoor.

A novel herbal gel-based formulation containing 2%
plant extract (NBPD-1) has been developed for the
management of Candidiasis. The bio-efficacy of this
formulation has been tested under in vitro and in vivo
models systems against human pathogenic fungal
pathogen- C. albicans, in collaboration with CSIR-CIMAP,
Lucknow.

Herbal technology ‘NBRMAP-DB, a safe
hypoglycaemic herbal formulation” was transferred to M/
S Aimil Pharmaceuticals, New Delhi on occasion of
National Technology Day, May 13, 2014. This novel
formulation for the management of diabetes was jointly
developed by CSIR-NBRI and CSIR-CIMAP, Lucknow.

PHYTOCHEMISTRY

Grant-in-Aid Projects

Extraction and microencapsulation of nutraceuticals for
effective delivery into different food matrices

Seventeen plant gum sources were investigated to
separate, extract and isolate gums and assess their
suitability as potential encapsulants of nutraceuticals.
Physicochemical, chemical and mechanical
characterization of the encapsulants was done. Different
methods for microencapsulations (solvent evaporation-
emulsification, lyophilization, pancoating method,
ionotropicgelation method, concervation phase separation
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Fig. 9. HPTLC finger print profiling of Tephrosia purpurea: A. Under UV 366 nm after spraying with detecting reagent and heating at 120°C
for 10 minutes; B. Densitometric scanning at 600nm; C. Under UV 366nm; D. Densitometric scanning at 360nm. Samples- 1: Winter; 2: Rainy;

3: Early summer, R1. B-sitosterol, R2. Lupeol, R3. Rotenone, R4. Rutin

non- solvent addition) were tried to encapsulate some
nutraceutically and pharmaceutically important oils such
as castor oil, olive oil and fish oil, colour/pigments using
four plant gums encapsulants in different concentrations,
and a method (sodium alginate-calcium chloride
complexation) was modified for improving encapsulation
process. Development of monocore and multicore
microcapsules of curcumin, bixin, glucose, beta carotenes,
vitamin E were done and its evaluation was compared
with reference standards.

Development of low cost technology for extraction/
isolation of some lesser know natural gums and value
addition thereof

Ten gum yielding plant species (Buchanania sp.,
Dhawda, Jigand, Mangifera indica, Azadirecta indica, Butea
monosperma; Sesamum sp., Acacia mangiun, A. auriculiformis,

Delbergia sisso) were collected from from tribal areas of
various villages of Sonbhadra District of Uttar Pradesh.

Cold and Successive soxhlet hot extraction of Acacia
mangium, Madhuca longifolia (Mahua) and Buchanania sp
was carried out to obtain polarity gradient extracts in
different solvents for their phytochemical studies.
Qualitative and quantitative analysis of Babool species,
Acacia. nilotica, A. mangiun, Prosopis juliflora, Luceana
luococephala for carbohydrate, protein, alkaloids,
terpenoids, tannin, phenolics, flavonoids, fiber and
identification of sugar, phenolics and flavonoids by TLC.

Determination of physicochemical parameters and
solution properties such as pH, TDS, conductivity,
refractive index, colour, viscosity, etc. in seed gums viz
Mangifera indica, Azadirecta indica, Butea monosperma was
accomplished for formulation prospects. Heavy metals
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were estimated in 10 different gum samples for its quality
assessment standardization and value addition.

Survey of some villages and tribal areas of Lucknow,
Sultanpur, ,Jaunpur, Varanasi and Sonebhadra district of
Uttar Pradesh for extensive awareness programmes and
identifying groups of beneficiaries specifically women’s /
tribals for value addition and income generations using
gums/ gum technologies.

Non-targeted metabolic profiling of Commiphora wightii
(guggul) for bioprospection

Commiphora wightii (Arn.) Bhandari (syn. Commiphora
mukul), commonly known as guggul, is one of the most
valued medicinal plants having several pharmaceutical
applications and is an article of commerce in India. Gum
resin and its constituents have been used to treat a variety
of ailments. The medicinal importance of C. wightii resin
is because of the presence of guggulsterone-Z and
guggulsterone-E present in gum-resin of this plant.
Analysis of metabolites of C. wightii is limited to
guggulsterones content. The aim of this study was to
investigate the entire metabolic signature of C. wightii as
the plant is in great demand for healthcare and
nutraceutical products. To accomplish this objective,
aqueous and non-aqueous extracts from leaves, stem, roots,
latex and fruits were analyzed using gas and liquid
chromatography, mass spectrometry and NMR

NMR analysis
P —

GC-MS analysis| 2 35

spectroscopy. C. wightii has not been reported to associate
with secondary metabolites producing endophytic fungi.
Additionally, various metabolites including biologically
active secondary metabolites of medicinal importance were
characterized from the endophytic fungus, Nigrospora sps.

Comprehensive metabolic profiling of Commiphora
wightii using "NMR spectroscopy and chromatography
(HPLC and GCMS) techniques identified 118 chemically
diverse metabolites including amino acids, fatty acids,
organic acids, phenolic acids, pregnane-derivatives,
steroids, sterols, sugars, sugar alcohol, terpenoids, and
others (tocopherol, lactam derivative (NMP), alkaloid
(trigonelline), guanidine and nucleoside) from aqueous

and non-aqueous extracts of leaves, stem, roots, latex and
fruits (Fig. 10).

Detection of chemically diverse metabolites of diverse
metabolic pathways (carbohydrate metabolism, glycolysis,
TCA cycle, DOXP/MVA, Shikimate and Phenylpropanoid
pathways) suggests a complex adaptive metabolic
combination towards abiotic and biotic stresses as it grows
under harsh environmental conditions where it survives
at very high temperature during hot summer and for
months with no rain (Fig. 11).

For the first time quinic acid and myo-inositol were
identified as the major metabolites in C. wightii. Very high
concentration of quinic acid was found in fruits (553.5 mg
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Fig. 10. Comprehensive metabolite profiling of C. wightii
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Fig. 11. Aqueous and non-aqueous metabolites from different parts
of C. wightii

g dry wt.) and leaves (212.9 mg g-' dry wt.). Similarly,
high concentration of myo-inositol (168.8 mg g-' dry wt.)
was observed from fruits.

The other metabolites of cosmeceutical, medicinal,
nutraceutical and industrial significance such as a-
tocopherol, n-methylpyrrolidone (NMP), trans-farnesol,
prostaglandin F2, protocatechuic, gallic and cinnamic
acids were identified from non-aqueous extracts using GC-
MS. These important metabolites have thus far not been
reported from this plant.

Fig. 12. Healthy stem of C. wightii (A); Isolated endophytic fungi
from stem (B); SEM of endophytic fungi (C); Showing secondary
metabolites produced by endophytic fungi in potato dextrose broth

D)

Isolation of a fungal endophyte, (Nigrospora sp.) from
this plant is the first report. The fungal endophyte produced
a substantial quantity of bostrycin and deoxybostrycin
known for their antitumor properties (Fig. 12, 13). Very
high concentrations of quinic acid and myo-inositol in
leaves and fruits; a substantial quantity of a-tocopherol
and NMP in leaves, trans-farnesol in fruits, bostrycin and
deoxybostrycin from its
endophyte makes the taxa
distinct, since these metabolites
with medicinal properties find
immense applications as dietary
supplements and nutraceuticals.

In-House Project

Phytochemical studies of
medicinal & aromatic plants

Extraction, isolation and

purification of some medicinal
and aromatic plant were carried
out for development of
economically useful phyto-
chemicals, secondary metabolites,
natural additives, formulations
and products, viz. Ficus carica and
Ficus racemosa (leaf & bark), Piper
betel, Bixa orellana, Moringa oleifera,
Sesamum indicum , Sterculia sp.,
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Fig. 13. 'TH NMR spectra of bostrycin (A) and deoxybostrycin (B) isolated from Nigrospora sp. grown

potato dextrose broth

Sesbania sp. and Mucuna sp.

Fresh rhizome of
Hedychium spicatum collected
from four different locations
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crushed and hydrodistilled for extraction of essential oil.
Essential oil tested for antitermite activity at different doses
(0.2%, 0.4%, 0.6%, 0.8%, and 1% v/V) against
Microcerotermes beesoni termite species. Essential oil samples
were tested for termite mortality and repellency. All the
four oil samples showed significant mortality and
repellency at 1% v/V dose which is equivalently effective
as market available 20 % chlorpyriphos (Fig. 14).

120

100

80

60

40 H Repellancy
B Mortality

20 4

Fig. 14. Comparative antitermite activity among four samples of
essential oil from Hedychium spicatum and commercially available
chlorpyriphos against the termite species Microtermis beesoni

Antioxidant potential was determined in speices of
Bixa, Betel, Trigonella, Moringa, Encephalartos, Syzigium and
some commonly known flowers grown in the NBRI Botanic
Garden. and compared with standards viz. Gallic acid,
Ascorbicacid, Rutin and quercitin. MIC values in different
flowers ranged from 0.120 to 0.326 pug/ml.

Developed analytical method for the separation of
12 phenolic compounds in single run using HPLC namely
(1) gallic acid, (2) chlorogenic acid, (3) caffeic acid, (4) rutin,
(5) sinapic acid, (6) coumaric acid, (7) ferulic acid, (8)
diadzein, (9) quercetin, (10) genestein, (11) kaempferol and
(12) biochanin A.
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Extraction, isolation and phytochemical studies of
medicinal, aromatic plants for economically important
gums (seeds/ exudates), lipids, essential oils and other
secondary metabolites of therapeutic and commercial
significance

Interaction, derivatization and characterization of
more than 10 gums/ gumfilms for improved functional
properties of plant gums and developed films there from.
Derivatization and oil characterization of two lesser
known seeds was done and evaluation and formulation
of seed flour for high protein and fiber rich food supplement
is under process.

Gelling properties of three plant derived gums
(NBRgl-16, NBRgl-22 & NBRgl-23,) were studied and
compared with commercial gellants for prospection of
plant gums to be utilized in formulation of hydrogels.
Various types of gel formulations with varying ranges of
viscosity, stability and other characteristics were prepared.
These functional properties of the materials may be tailored
for many fold applications to be explored as potential
additives, hydrogels, effective deliveries and encapsulants.
(Fig. 15) More than five plant gums were characterized as
excipients for formulations and effective deliveries.
Moisture retaining capacity of three gums was studied
and their functional properties analysed through IR for
possible utilization in transdermal patches, which is under
process of standardization.

A gum source has been explored as a natural pigment
clarifying agent.Some polymeric biodegarable films with
plant gum sources (NBRPI-11, NBRPI-13, NBRPI-23) were
prepared with improved strength and plasticity through
modification and interaction. Formulation studies are under
process with sources (NBRFc-13, NBRFc-15, NBRFc-17,
NBRFc-21) for development of biodegradable films with
foamingand cleaning property. Development and utilization
of plastic and glassy films for coating and lamination of
leaves and flowers for value added technology.
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Fig. 15. (a) Identification of functional properties of gel formulation through IR; (b) Representation of the viscosity (CPS)
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S & TSUPPORT SERVICES

INFORMATION, PUBLICATION & LIBRARY (IPL)

IPL functions as one of the core S&T support systems
of the Institute. It primarily caters to the information needs
of scientists, researchers, students, industrialists, planners,
administrators, and people from other walks of life on
various aspects of plant sciences and related research
disciplines. With its three constituent functional units, IPL
serves as a gateway for science dissemination and as a
knowledge resource centre for the benefit of a wide user
groups. The main functions of IPL include collection,
collation, publication and effective dissemination of the
S&T information resources generated by the Institute
through different communication tools, including print
and electronic media.

It serves as the principal communication link
between the Institute and its stakeholder groups. It
organizes scientific events, press meets, celebration of
national and international days of scientific, technological
and strategic importance to the Institute and our nation,
besides showcasing the Institute’s publication and other
R& D outputs to the science community and the public
through different media and means.

Its primary function is publication of the research
and development outcomes and outputs of the Institute in
the form of NBRI News Letter (a quarterly in-house
publication), Annual Report, and other science and popular
books, bulletins and calendars on different themes of
topical interests on plants, environment, biotechnology,
agro-technology, ornamental horticulture, etc.

Publications : It is one of the major activities of the division.
Following publications were brought out during 2014-
2015 :

i)  CSIR-NBRI Newsletter, 2014, Vol. 41, Nos. 2-4 and
2015, Vol. 42, No. 1.

if)  Schedule of Chrysanthemum & Coleus Flower Show,
December 2014.

iif) Schedule of Rose & Gladiolus Flower Show, January
2015.

iv) Educational Material for the year 2015 was designed
and produced, depicting coloured photographs.

v)  CSIR-NBRI Annual Report : Annual Report 2013-
2014 was compiled and brought out. It was released
on the occasion of Annual Day of the Institute on
October 25, 2014 by Prof. Deepak Pental, Director,
Centre for Genetic Manipulation of Crop Plants,
University of Delhi South Campus, New Delhi.

vi) CSIR Annual Report : Progress report on important

R&D projects was compiled with respect to CSIR-
NBRI, which covered significant contributions of
CSIR-NBRI in the areas of Science & Technology,
HRD activities, Awards and Distinctions, Patents
Filed & Granted and sent to CSIR HQ for inclusion in
the CSIR Annual Report 2013-2014.

Sale of Publications : ¥10,280/-

Parliament Questions : Ten parliament questions received
from CSIR HQ were attended.

KNOWLEDGE RESOURCE CENTRE (KRC)

The library is the designated Knowledge Resource
Centre of the Institute and provides services and facilities
to meet the S&T knowledge requirement of the R& D Groups
of the Institute and other user groups as well. The KRC
repository at NBRI includes: Books (29186); Periodicals -
Bound Volumes (31529), Currently subscribed periodicals
(Indian + Foreign) - including print only (82), Print + online
(32), Online only subscribed through NBRI (KRC) (26),
Online periodicals subscribed through CSIR-Consortium
(472), Complimentary periodicals (27); Online/ CD- ROM
Databases; OPAC (Online Public Access Catalogue);
Biological Abstracts on CD-ROM from 1995 to 2005; ASTM
standards on CD-ROM; ISTWEB OF KNOWLDEGE (Web
of Science); QPAT patent database.

At present KRC (Library) is using LIBSYS Software
and all operations of KRC are fully automated. OPAC
(Online Public Access Catalogue) is available to the users
on their desks. The KRC operates with the following
objectives:

e To support the learning process of the students
through provision of knowledge/Information.

e To meet knowledge/information needs of the
scientists and research students to support their
research activities.

e To respond effectively, where possible, to the
knowledge/information needs of the Institute’s
clientele.

PLANNING, MONITORING AND EVALUATION

The Planning, Monitoring and Evaluation Division
of the Institute primarily coordinates, monitors and
facilitates the functioning of all the R&D projects
undertaken by various R&D groups of the Institute. The
Division strives to spearhead the programmes and projects
of various divisions of the institute from the stage of
planning to outputs of value to diverse stakeholders. It
acts as a link between the institute and CSIR with respect

S & T SUPPORT SERVICES
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LIBRARY HOLDINGS (As on 31.3.2015)

Books & Journals
1. Number of books and journals added during 2014-2015

(i) Books Purchased
(ii) Books received on gratis/ exchange
(iii) FAO's Books received
(iv) Bound Journals
Total number of books added during 2014-15
2. Number of books and bound journals as on 31.3.2015

Current Periodicals
(i) Printonly
(i) Print + Online
(ii) Online only
(iv) Complimentary/Exchange

Total number of Periodicals (titles) received during 2014-2016

Reprography Service

Total number of photocopies of documents and scientific publications provided to

the scientists of the Institute during 2014-2015

to Five Year Plans, Annual Plans and their
operationalization and developmental activities of
institute. The activities of the division include scrutiny
and coordinating the evaluation of new research
proposals, allotment of project numbers, monitoring the
progress of research projects, maintenance of repository of
R&D projects in the both physical documents and as well
as electronic databases.

During 2014-15, 22 Grant-in-Aid/Consultancy/
Network/Technical Support Projects were populated in
the R&D module as a part of ERP solutions for quick online
accessibility and usability of complete accurate
information. Newly joined employees were mapped for
the new projects commenced during the period under
report. The primary and secondary roles of all the
permanent staff of the institute, joined during the period
under report were assigned and mapped to establish
correspondence between employee ID and responsibilities
of the employee concerned, enabling the employee the
privileges for the different relevant modules in the ERP
implementation, including project, finance and HR
modules. The necessary project receipts of the FY 2014-15
of ongoing projects were processed in the Centralized
Valuable Receipt (CVR).

CSIR-NBRI 12" Five Year Plan Achievement Document
(April 1, 2012-May 31, 2014): The document detailing
achievements in terms of most significant technologies;
societal intervention; patents, publications, networking &
linkages, HR development, ECF generated; international
collaborations; details in reference to mapping to national
priorities was prepared and sent to CSIR HQ, New Delhi.

Mid-Term Appraisal of Twelfth Five Year Plan (2012-13

76

28

38
1576
142
60715

82
32
26
27
167

8300

and 2013-14 and till September 2014): Mid-Term Appraisal
of 12* Five Year Plan document highlighting overall
positioning of the laboratory in the socio-economic sector
served; project-wise information on major targets and
achievements of the laboratory; financial performance for
all approved projects, etc was prepared and sent to CSIR
HQ, New Delhi.

The major activities carried out during the year were:
e  Preparation of plan documents

e  Database maintenance for R&D projects (in-house,
sponsored, collaborative, Grant-in-aid, Consultancy,
NMITLI, Plan Projects & Network Projects)

e  Scrutiny & evaluation of new research proposals

e  Project number allotment and maintenance of records
of R&D project

e  Technical manpower planning and human resource
development

e  Organization of 43" Research Council (RC) meetings
held during December 12-13, 2014

e Interface with auditors : the division interacted and
provided supporting information for submission of
internal and external audit parties of CSIR in the
auditing of R&D projects

e  Coordination between various agencies with respect
to R&D activities

e  Examination, evaluation and processing of indents

e To facilitate distribution of money realized from
license fee/royalty/consultancy

e  Preparation of Research Utilization Data (RUD)

®  Processing of foreign deputation cases of researchers
for various R&D purposes
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Projects Initiated during 2014-15

SL

No.

1.

10.

11.

12.

13.

14.

15.

16.

17.

Project
ISC 0102
SSP 2903

GAP 3336

GAP 3337

GAP 3338

GAP 3339

GAP 3340

GAP 3341

GAP 3342

GAP 3343

GAP 3344

GAP 3345

GAP 3346

GAP 3347

GAP 3348

GAP 3349

GAP 3350

Project title

CSIR knowledge gateway and open source
private cloud infrastructure (KNOWGATE)
Study of impact on Arsenic contamination
in rice using ortho sillicic acid formulation
Identification and characterization of
arsenite oxidase genes in fungi isolated
from arsenic contaminated soils

Taxonomic study of the tree flora of Uttar
Pradesh
A study on the role of miRNA(s) in plant
growth promoting Rhizobacteria mediated
drought stress alleviation in chickpea (Cicer
arietinum L.)
Promoting gugulsterone production in
Commiphora wightii : Metabolite profiling of
contrasting chemotypes and identifying
precursors of guggulsterones
To study the effect of different sources and
levels of organic matter on biomass yield
and quality of Kalmegh
Standardization of protocols for organic
seed production of turmeric (Curcuma
longa) in Uttar Pradesh
Role of micro-climate in soil carbon
sequestration in two pulses in Indo-
Gangetic plains of Uttar Pradesh
Tagging Alternaria blight resistance loci and
marker assisted back-crossing (MABC) in
linseed (Linum ussitatisimum L.)
Development of transgenic cotton lines for
resistance against whitefly (Bemisia tabaci)
Standardization and validation of lichen
species Usnea longissima and Cladonia
furcata used in peptic ulcer.
Screening of rice (Oryza sativa L.) varieties
for tolerance to arsenic: investigation of
rhizospheric and in planta chemistry of
arsenic and biochemical responses of
tolerant and sensitive varieties
Evaluation of floral bio-diversity and
microbial biomass in sodic lands of Uttar
Pradesh under the sodic land reclamation
(Project Phase-1III)
Transcript profiling of major millet crops
under drought stress and cloning-
characterization =~ of  stress-inducible
transcription factors
Deciphering plant responses to elevated
carbon dioxide and its implication for
Root-Soil-Microbe Interactions
Utilization of natural gums as low cost
material for development of sanitary
napkins and awareness on health &
menstrual hygiene issues in rural area

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

Funding Agency

CSIR

Privi Life Sciences
Pvt. Ltd., Mumbai

DST, New Delhi

UPSBB, Lucknow

DST, New Delhi

DBT, New Delhi

UPCAR, Lucknow

UPCAR, Lucknow

UPCAR, Lucknow

UPCAR, Lucknow

DST, New Delhi

DST, New Delhi

DST, New Delhi

RSAC, U.P.

DST, New Delhi

DST, New Delhi

NASI, Allahabad

Project Co-ordinator/

Project Investigator
Dr. Sudarshan Kumar

Dr. R.D. Tripathi

Dr. Pankaj
Srivastava/

Dr. Virendra Kumar
Jaiswal

Dr. L.B. Chaudhary

Dr. Charu Lata

Dr. O.P. Sidhu

Dr. Lal Bahadur

Dr. Devendra Singh

Mr. Soumit K. Behera

Dr. Hemant Kumar
Yadav

Dr. P.K. Singh/Ms.
Alka Mishra

Dr. Ch. V. Rao

Dr. R.D. Tripathi/
Dr. Seema Mishra

Dr. S.K. Tewari

Dr. Charu Lata

Dr. Aradhana
Mishra

Dr. Manjoosha
Srivastava/Ms.
Akanksha
Srivastava

Duration

36 months w.e.f.
01-Apr-14

12 months w.e.f.
28-Oct-14

36 months w.e.f.
27-May-14

24 months w.e f.
24-Jun-14

36 months w.e.f.
03-Jul-14

36 months w.e.f.
05-Aug-14

36 months w.e f.
02-Sep-14

24 months w.e f.
02-Sep-14

36 months w.e.f.
02-Sep-14

36 months w.e.f.
10-Sep-14

36 months w.e.f.
18-Sep-14

36 months w.e.f.
10-Nov-14

36 months
w.ef.
13-Oct-14

12 months
w.ef.
27-Nov-14

36 months
w.ef.
19-Nov-14

36 months
w.ef.
01-Dec-14
12 months
w.ef.
02-Jan-15
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Sl.  Project Project title Funding Agency  Project Co-ordinator/ Duration
No. Project Investigator
18. GAP 3351 Tomato Ripening Network:  Targeted DBT, New Delhi Dr. A.P. Sane 60 months w.e.f.
manipulation of SIERF6 and SIERES in 14-Jan-15
tomato: their role in regulating fruit
ripening and productivity
19. GAP 3352 Prospects of gum rich plant for NASI Allahabad Dr. Manjoosha 12 months w.e f.
technological intervention and societal Srivastava/Ms. 02-Mar-15
benefits Kamini
20. GAP 3353 Genome wide identification and functional =~ DST, New Delhi  Dr. Debasis 36 months w.e.f.
characterization of dehydrin gene families Chakrabarty / Dr. 25-Mar-15
in rice and analysis of their responsiveness Giti Verma
to drought and other abiotic stresses
21. GAP 3354 Development of Fi-Hybrid cotton using DBT, New Delhi  Dr. Samir V. Sawant 36 months w.e.f.
novel reversible male sterility system 25-Mar-15
22. TSP0002 Training to Nepalese scientists in the area  Developmentof  Dr. S.K.S. Rathore 3 months w.e.f.
of plant molecular biology Plant Resources, 23-Jun-14
Govt. of Nepal
/_
B ISC M GAP M SSP W TSP mOLP ®CNP®GAP B RSP mSSP = TLP m TSP - Network
New projects initiated during 2014-15 Projects in operation (2014-15)
DEPUTATION OF NBRI SCIENTISTS/FELLOWS ABROAD
SI.No. Name of Scientist (s) Country visited Date of visit Purpose of visit
1.  Dr. Vivek Pandey Beijing, China  May 18-23, 2014 To attend the International Conference on "Ozone
and Plants"
2.  Dr. AK.S. Rawat Kunming, July 27-30, 2014 To attend the brain storming session on
China "Traditional knowledge and medicine" as a
member of Indian delegation
3. Dr. Sunil Kumar Snehi  San Antonio, October 06-11, 2014  To participate in 4th world congress on Virology
USA
4.  Dr.S.A. Ranade Lumbini, Nepal November 01-03, 2014 To participate in the Asian Plant Sciences
Conference
5. Dr. Poonam Singh Lumbini, Nepal November 01-03, 2014 To participate in the Asian Plant Sciences
Conference
6.  Dr. Aradhana Mishra Lumbini, Nepal November 01-03, 2014 To participate in the Asian Plant Sciences
Conference
7. Dr.T.S. Rana Kuwait Institute November 10-13, 2014 To attend the joint meeting for scientific co-
for Scientific operation between Kuwait Institute for Scientific
Research Research (KISR) and CSIR, New Delhi
(KISR), Kuwait
8. Dr. Samir V. Sawant Bangkok, November 26-28, 2014 To participate in the 6t ASTAHORC Symposium
Thailand on "The impact of climate change to food and

health”
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TECHNOLOGY TRANSFER AND BUSINESS
DEVELOPMENT, PATENT, RTI AND TRAINING CELL

Technology Transfer & Business Development

(TTBD) division continued its efforts to increase the
business development opportunities for the Institute. The
major activities of the division are:

Interaction with industries, agencies for increasing
business possibilities for the Institute.

Preparation of agreements (MoU, MoA, Secrecy
Agreement, Technology Transfer Agreement) for
smooth business activities of the Institute.

Negotiations with various stakeholders in the R&D
activities of the Institute for exploring business
opportunities.

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

Information dissemination about the technologies of
the Institute for publicity and attracting potential
clients.

Participation in displaying technologies / know-how
of the Institute through exhibitions.

Management of short term (3-6 months) training /
project work of PG students of various Universities
from all over the country, so as to develop trained
manpower in research activities leading to capacity
building.

IP protection by identification of patentable
invention, patent application filing and prosecution
of application of the institute, patent analysis, prior
art search and co-ordinates with IPU division, CSIR

HQ, New Delhj, for patent related matters.

TECHNOLOGY TRANSFERRED

Details Client Date
Herbal Formulation for Diabetes (NBRMAP-DB) M/s Aimil Pharmaceuticals Ltd., New May 12,2014
technology / knowledge base Delhi
MoUs/MoAs/MTAs SIGNED
SL.No. Details Client Date
1. Agreement for Technology Marketing CSIR-TECH Private Ltd., 100 NCL Innovation 16.04.2014
Park, Dr. Homi Bhabha Road, Pune - 411008
2. MoA for Taxonomic Study of Tree Flora of Uttar ~ Uttar Pradesh State Biodiversity Board (UPSBB),  01.05.2014
Pradesh Lucknow
3. MTA for Transgenic Cotton Central Institute of Cotton Research (CICR), 02.06.2014
Nagpur
4. Agreement for Research Work for Sodic Land Remote Sensing Application Centre (RSAC), 23.07.2014
Reclamation Sector G, Jankipuram, Lucknow
5. MoU for Project on Study of Quality of Kalmegh  U.P. Council of Agricultural Research (UPCAR), 30.07.2014
Lucknow
6. MoU for Project on Standardization of Protocols U.P. Council of Agricultural Research (UPCAR), 30.07.2014
for Organic Seed Production of Turmericin UP.  Lucknow
7. MoU for Project on Role of Micro-Climate in Soil = U.P. Council of Agricultural Research (UPCAR), 30.07.2014
Carbon Sequestration in two Pulses in Indo- Lucknow
Gangetic Plans of U.P.
8. MoU for Project on Tagging Alternaria blight U.P.Council Of Agricultural Research (UPCAR), 30.07.2014
Resistance  Loci and Marker  Assisted Lucknow
Backcrossing in Linseed
9. Agreement for Sponsored Research for Project Privi Life Sciences Pvt. Ltd., Navi Mumbai 28.10.2014
Entitled “Impact on Arsenic Contamination in
Rice Using Ortho Silicic Acid Formulation”
10. MTA Signed for Chickpea Variety Indian Institute of Pulses Research (IIPR), 11.12.2014
Kanpur U.P
11. MTA for “The Germplasm of Following Crops : Central Institute of Medicinal and Aromatic 05.01.2015
Lepidium  sativum, Limonia acidissima, Aegle Plants (CIMAP), Lucknow - 226015
marmelos, Vitex nequndo”
12. MTA for “Procurement of Vector (Plasmid) for Max Planck Institute, Germany 09.01.2015

Research Work”
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EXPOSITION

The maintenance and developmental works of the
exposition were regularly undertaken. More than 1000
dignitaries from various scientific and non-scientific
organizations including common public, school children,
college and university students, teachers, scientists,
researchers and other academicians of the country and
abroad have visited the institute’s exposition. On the ‘Open
Days’ of the institute the exposition was also kept open for
the public and common people. The visitors got acquainted
with the research activities and other programmes carried
out by the the institute through displays of the exposition.
To inspire and influence the visitors day-to-day thoughts
and inspiring phrases were regularly displayed by the

group.
CENTRAL INSTRUMENTATION FACILITY (CIF)

Technical Services provided and Achievement

Central Instrumentation Facility of the institute,
maintaining all the equipments (HPLC, HPTLC, LC/MS,
GLC, AAS, Flash Chromatography, Microwave Digestion
system, Stereo Microscope, Refractometer, Tintometer, and
SCEFE etc.) has provided analytical services to various
industries/organization/entrepreneurs/individuals
(External samples) and various scientists/staff of the
institute (Internal samples). The details of external and
internal samples analyzed are given below:

External samples analyzed

No. of samples analyzed : 63

Revenue earned Rs. 154395.00

No. of new industries/ organizations/
Entrepreneurs/individuals benefitted  : 27
Internal samples analyzed
No. of samples analyzed : 11280
at CIF for Scientists / Staff of the institute
(LCMS/MS, GCMS, IRMS, HPLC, HPTLC, AAS. GLC, UV
etc.)
Continuation of NABL - Accreditation

NABL-New Delhi after reassessment audit in May
2014, recommended for continuation of NABL-

Accreditation of the institute for another two years, i.e. up
t020.7.2016.

Participation in International and : 4
National PT/ILC programme

INFORMATION & COMMUNICATION TECHNOLOGY
(ICT)

CSIR-NBRI Sub-DIC

CSIR-NBRI SubDIC, established in 1999-2000, is a
collaboration between DBT (Department of Biotechnology)
and CSIR. This is one of the major S&T support Systems in
the Institute that provides the following services and
functions:

(i) Facilitating bioinformatics research by
establishing state-of-the-art Ethernet switch based network
in CSIR-NBR], (ii) maintainence of the Institute website
(www.nbri.res.in), (iii) collection, compilation and
curation of database of legumes of South Asia under the
aegis of the International Legume Database and
Information Service (ILDIS), U.K, (iv) undertaking
bioinformatics research through database standards,
software development, and digitization of plant diversity
information, including digitization of the NBRI herbarium
specimen information, and (v) maintainence of
scientifically validated comprehensive database of Indian
plants to facilitate the study and conservation of Indian
biodiversity.

Salient achievements

e  The NBRISub-DIC operates through Ethernet Switch
based NBRI-LAN (1.0gbps) and consists of about 600
nodes in the institute and also hosts the institute
Website (www.nbri.res.in).

e  Development and updating database of 2030 legumes
of eight South Asian Countries (www.ildis.org).

e Development and updating of 'Plants of India'
database for 19000 taxa, containing information on
species nomenclature (scientific names and common
names), geographical distribution, descriptors, uses,
and genomic information, where avaible.

e  Development of database on nomenclature and uses
of 2600 species identified by CSIR TKDL.

e Development of “Indian Microbial Diversity
Information System” for developing a database on
microbial diversity. Using this model compiled and
curated a database of 1100 fungal species of Uttar
Pradesh with information on species name, host
name, district of occurrences, and genomic
information.

e  Updated taxonomic data for 93349 specimens of
herbarium of CSIR-NBRI (LWG) through
development of new softwares .

° DUS center for three crops, viz. Canna, Bougainuvillea,
and Gladiolus and finalization of DUS character
guidelines for the three crops.
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OTHER PUBLICATIONS

General Articles

1.

2.

Nair KN, Mishra A, Suseela MR, Trivedi PK, Sawant SV
and Nautiyal CS - Transforming plant biology to
translational research applications- National Botanical
Research Institute. Curr. Sci., 2015, 108 : 1066-1071.

Singh PC - Global collaboration, Science, 2014, 62 : 47-49.

Monograph/Books

1.

Kumar A, Tewari DD and Tewari SK - Ethnobotanial
Healthcare Management Practices in Uttar Pradesh:
Ethnophytotherapeutics and Crude Drug
Formulations of Tharu Tribal Community. Lambert
Academic Publishing, Germany. 2014. ISBN: 978-3-
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Publishers, Jaipur, 2015 : pp. 452.

Singh D, Yadav R and Singh RA - Impact of non-
monetary inputs in cultivation of late sown wheat
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Germany, 2015 : pp. 100. ISBN 978-3-659-67586-7.

Upreti DK, Divakar PK, Shukla V, and Bajpai R (Eds.)
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Chapters in Books/Proceedings

1.

Bajpai R, Upreti DK and Nayaka S - Lichen diversity
of Govind Wildlife Sanctuary, Uttarakhand : A
potential plant resource for bioprospectional and
biotechnological studies. In : Geology, Biodiversity
and Natural Resources of Himalaya and their
Intellectual Property Law (Ed. RA Singh). Pratyush
Publications, Delhi. 2014 : 262-273.

Devi AB, Mohabe S, Reddy MA, Nayaka S,
Ponmurugan P, Ayyappadasan G - Antimicrobial
activity of lichen Roccella montagnei Bél. obtained from
Horsley Hills, Andhra Pradesh, India. I : Bioactives
from Natural Products (Ed. J. Madhusudana Rao).
Proc. A.P. Akademi of Sciences (PAPAS) Special Issue,
2014, 16(1) : 13-19.

Elluru S, Srivastava S, Pamonsinlapatham P, Rawat
AKS and Kaveri SV - Anti-tumoral mechanisms
underlying immunomodulatory effects of Viscum
album preparations. In : Natural Products : Recent
Advances (Eds. AK Chauhan, P Pushpangadan and
V George). Write and Print Publications, New Delhi,
2014 : 93-103.

Mishra BK, Rastogi A, Siddiqui A, Srivastava M,
Verma N, Pandey R, Sharma NC and Shukla S -
Opium poppy : Genetic upgradation through
intervention of plant breeding techniques. I : Plant
Breeding from Laboratories to Fields (Ed. Andersen
SB). InTech Publishers, Croatia. 2013 : 209-38.

Nayaka S, Asthana S - Diversity and distribution of
lichens in India vis a vis its lichenogeographic
regions. In : Biodiversity Conservation, Status, Future
and Way Forward (Eds. T Marimuthu, P
Ponmurugan, M Subramanian, N Mathivanan and
S Anita). National Academy Biolo. Sci., Chennai, 2015
: 79-96.

Rathore SKS, Tewari SK, Srivastava V, Sharma S and
Verma S. - Enhancement of entrepreneureship
through herbal technologies. In : Technologies for
Sustainable Rural Development having Potential for
Socio-economic Upliftment- TSRD-2014. (Ed. JP
Shukla). Allied Publishers Pvt Ltd., New Delhi, 2014 :
69-74.

Seth MK, Negi HC and Goel AK - Some significant
ethnobotanical plants from Kinnaur district in alpine
region of Himachal Pradesh, India. I : Diversity and
Conservation of Plants and Traditional Knowledge
(Eds. SPanda and G Chandpra). Bishan Singh Mahendra
Pal Singh, Dehradun, 2014 : 377-88.

Shukla P and Upreti DK - Lichen dyes : Current
scenario and future prospects. In : Recent
Advances in Lichenolgy Volume 2 : Modern
Methods & Approaches in Lichen Systematics &
Culture Techniques (Upreti DK, Divakar PK, Shukla
V and Bajpai R (Eds.) ). Springer, New York, 2015 :
209-229.

OTHER PUBLICATIONS

121



10.

11.

12.

ANNuAL ReporT 2014-2015

Singh N, Srivastava PK, Tripathi RD, Srivastava S
and Vaish A - Microbial in-situ mitigation of arsenic
contamination in plants and soils. In : In-Situ
Remediation of Arsenic-Contaminated Sites. (Eds ]
Bundschuh, H. M. Holléinder and LQ Ma) . CRC Press,
Taylor & Francis Group, LLC, 2014 : 115-143.

Singh Vand Mohanty CS - Effort towards reducing
the antuinutrients in the legume through the
application of genomic technologies. IN :
Biotechnology Vol.5 Gene and Protein Engineering.
Stadium Press LLC, USA, 2014 : 403-423.

Srivastava S, Verma S, Gupta A, Kushwaha P and
Rawat AKS - Chemotaxonomic studies of forskolin
in Coleus forskohlii Briq. from different phyto-
geographical zones of India. I : Traditional Medicine
and Globalization : The Future of Ancient Systems of
Medicine (Ed. Mukherjee PK). Maven Publishers,
Kolkatta, 2014 : 322-30.

Verma N and Shukla, S - Prospects of plant
biotechnology for crop improvement in modern era.
In: New Approaches for Fast Forward Agricultural
Production (Eds. CP Malik, Hi Bhati-Kushwaha and
R Kaur). Agrobios (India), Agro House, Jodhpur, 2015
:1-24.

Popular Articles
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Ali A and Rai UN - Role of Prokaryotes for Arsenic
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2015, 21 : 06-07.

Batra A and Dwivedi AK - Research - Blooming
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Rastogi RR, Singh S, Sharma G and Roy RK - Splash
colour in the landscape by Bougainvilleas. Indian
Bougainvillea Annual, 2015, 26 :23-26.

Roy RK, Rastogi RR, Singh S and Goel AK - Some
outstanding Bougainvillea varieties with leaf

variegation for ornamental gardens. Floriculture
Today, 2014, 19(2) : 22-24.

Roy RK - New Gladiolus Varieties from CSIR-NBRI
for Commercial Floriculture. Floriculture Today, 2014,
19(12): 20-22.

Roy RK, Rastogi RR, Singh S and Prasad R - Urban
green spaces and landscapes : Key to clean and
healthy environment. Environews, 2014, 20(3) : 6-7.

Roy RK, Singh S, Rastogi RR and Verma S -
Development of new varieties of Bougainvillea : The
contribution of CSIR-NBRI. Indian Bougainvillea
Annual, 2015, 26 :11-15.
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18.

19.
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PATENTS GRANTED
SL Title Inventors Complete Country & Patent No.
No. Filing date Grant date
1. A gene for inducing male Sawant SV, Tuli R and Singh SP 10/08/2011 US/29/04/2014 8710301
sterility in plants
PATENTS FILED
SI. Title Inventors Country Filling Date/Application No.
No.
1. Herbal composition for the Nautiyal CS, Rao ChV, Ojha  India 12/06/2014/1591DEL2014
management of diabetes SK, Rawat AKS, Mani D, Pal A
and Kumar D
2. A synergistic pharmaceutical ~ Pandey G, Rao ChV, Sidhu India 25/06/2014/1698DEL2014
composition for gastrointestinal OP, Rawat AKS and Nautiyal ga 19/11/2014/14/547296
disorders CS
3. A novel insecticidal protein Singh PK, Singh R, India 12/11/2014/3265DEL2014
toxic to whiteflies and Chandrashekar K, Rai P,
lepidopteran caterpillars, toxin = Saurabh S, Upadhyay SK,
encoding gene and its Singh H, Mishra M, Singh AP,
application thereof Verma PC, Nair KN and Tuli R
4. A wound inducible expression Sane AP, Pandey RA, Saurabh India 23/12/2014/3865DEL2014
construct sand a method of its P and Singh AP
preparation
5. A novel formulation for Sawant SV, Singh SK, Singh B India 28/01/2015/0231DEL2015
improving the yield and quality and Bhattacharya P
of fiber in cotton plants
6. Blood detoxifying composition Upreti DK, Rao ChV, Rana TS, India 11/03/2015/0660DEL2015
used in liver disorders Nayaka S, Rawat AKS,
Hariharan GSN, Bajpai R and
Sharma J
7. A process for preparationof a  Singh PK, Upadhyay SK, Europe 17/06/2014/12824781.4
novel insecticidal chitinase Chandrashekar K, Saurabh S,  gouth Africa 24/06/2014/2014 /04656
toxic against whiteflies, its Singh R, Rai P, Singh H,
encoding nucleotides and Mishra M, Singh AP, Verma Canada. AR
application thereof PC, Nair KN and Tuli R Australia 25/06/2014/ 2012360018
Brazil 26,/06/2014/BR1120140159300
USA 27/06/2014/14/369610
Mexico 27/07/2014/ MX/A/2014/007944
8.  Allium fistulosum leaf agglutinin Singh PK, Rai P, Singh R, BR 30/06/2014/ BR1120140162549
protein, its encoding gene, Upadhyay SK, Saurabh S, CN 28,/08/2014,/201280070840.4
primer and process for Singh H, Verma PC, us 24/06/2014/14/ 368443
prepation thereof Chandrashekar K and Tuli R /06/ /14/
CA 25/06/2014 /2861158
9. A novel formulation for Nautiyal CS, Kumar D, Rawat WO 04/07/2014/PCT/IN2014/000446
polyherbal masticatory product AKS, Agarwal S, Mani D, Ojha
useful for tobacco de-addiction SK, Pal A, Rao ChV, Darokar
and health rejuvenation MP and Kalra A
10. A method for production of Sawant SV, Tripathi RK and WO 13/10/2014/ PCT/IN2014 /000651

transgenic cotton plant

Aasif I
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HUMAN RESOURCE DEVELOPMENT

TRAININGS/WORKSHOPS/EXHIBITIONS ATTENDED

Sl.
No.

Slc\g:ﬁ:s(t)(fs ) Subject of Training Course/Workshop
a) Improving agricultural productivity in the
backdrop of depleting natural resources and
changing climate conditions

b) Integrating extension agencies for improving
the impact of agricultural extension

¢) Augmentation of soil and crop productivity
through organic

d) Climate Change Vulnerabilities and
Adaptation Strategies

a) Improving agricultural productivity in the
backdrop of depleting natural resources and
changing climate conditions

Dr. Lal
Bahadur

=

Dr. D Singh
b) Integrating extension agencies for improving
the impact of agricultural extension

@®

BL Meena a) Patent Information

a) Indian Industries Association

V Srivastava .
tvastav b) Patent Information

TRAINING IMPARTED
a) Group Trainings/Workshops

A summary of extension activities, organized during the year,
following table :

Places/Organizers Date/Period
May 06, 2014
U.P. Council of Agricultural ay
Research, Lucknow
May 08, 2014
G. B. Pant University of Agriculture September 26 to
& Technology, Pantnagar October16, 2014

Indian Council of Forestry Research

and Education, Dehrudun el 246, 2015

May 06, 2014
U.P. Council of Agricultural ay
Research, Lucknow May 08, 2014
CSIR-CDRI, Lucknow March 19, 2015
Lucknow February 18, 2015
CSIR-CDRI, Lucknow March 19, 2015

under CSIR-800 and other projects is provided in the

S1. No. Number of participants Subject of the Training Course/Workshop Sponsoring Agency Date/Period
1. 300 farmers Biofertilizer & MAPs programme CSIR & RKVY Apr 01, 2014
2. 12 teachers Workshop on Dehydrated Floral Craft CSIR Sept 12, 2014

200 students
3. 40 Officers of Training program organized for Officers of RKVY Sept 20, 2014
Biofertilizers Biofertilizer companies
4. 25 Teachers Faculty Motivation and Teacher's Training ~ CSIR Oct 30-31, 2014
Programme
5. 70 farmers Farmers Interaction Meet RKVY Nov 14, 2014
6. 40 teachers Workshop on Dehydrated Floral Crafts CSIR Nov 29, 2014
150 students
7. 580 farmers Participated in Kisan Mela, organized by RKVY Jan 31, 2015
CSIR- Central Institute of Medicinal and
Aromatic Plants (CSIR-CIMAP), Lucknow
8. 08 teachers Workshop on "Health through Herbs" in CSIR Feb 07, 2015
60 students rural school
9. 280 farmers Biofertilizer Training Programme RKVY Feb 22, 2015
10. 260 farmers Biofertilizer Training Programme RKVY Feb 28, 2015
11. 290 farmers Biofertilizer Training Programme RKVY Mar 01, 2015
12. 33 farmers Demo of Improved Betelvine Production CSIR Mar 13, 2015
System
13. 242 farmers Kisan Mela CSIR Mar 20, 2015

b) Individual Trainings

1.  Fifty-three post-graduate students of different

universities/institutes were imparted training on

various topics of their interest, during April 2014 to
March 2015. A sum of ¥ 7,30,000.00 was realized
from them as training fee.

HUMAN RESOURCE DEVELOPMENT
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HONOURS/AWARDS/DISTINCTIONS

Honours/Awards/Recognitions

Dr. CS Nautiyal Honoured with J. C. Bose National
Fellowship

Dr. CS Nautiyal, Director, CSIR-NBRI has been
awarded the prestigious ‘J. C. BOSE NATIONAL
FELLOWSHIP’ by the Department of Science and
Technology (DST), Ministry of Science and Technology,
Government of India. The fellowship is meant to recognize
active scientists and engineers for their outstanding
performance and contributions.

This Fellowship is conferred to Dr. Nautiyal for his
eminence and contributions in the field of exploring
ecosystem friendly approaches to unravel the science

behind plant-microbe interactions that he has constantly
pursued for three decades. Dr. Nautiyal has developed
novel technologies that have enabled rapid screening and
selection of useful plant growth promoting microbes that
impart plant tolerance to salt, drought, and pathogenic
microorganisms. Major spin-off of his contributions has
been several patents, publications and utilization of these
technologies by several biotechnology companies
nationally and internationally.

The J. C. Bose National Fellowship carries an
honorarium of Rs. 25,000/ - per month in addition to regular
salary. A contingency of Rs.10 lakhs per annum is
provided towards conference participation and other
expenses.

S1. No. Scientist(s) Award(s)

1. Agnihotri P Dr. A.P. Das Biodiversity Medal 2014 by the East Himalayan Society for Spermatophyte
Taxonomy (EHSST)

2. Chauhan PS Innovative Young Scientist Award by Asian PGPR Society for Sustainable Agriculture,
Hyderabad, for contributions in the field of Agricultural Microbiology

3. Goel AK B. A. Razi Medal - 2014 by the Association for Plant Taxonomy

4. Husain T B. A. Razi Medal - 2014 by the Association for Plant Taxonomy

5. Khare PB S S Bir Medal - 2014 by the Association for Plant Taxonomy

6. Little AC For outstanding contributions in the field of World Photography Day on August 19, 2014

by Meerut Camera Club, Meerut

7. Pandey G, Chauhan Best Research Paper Poster Award in International Conference on Medicinal Plants:

PS, Rao ChV and Resource for Affordable New Generation Healthcare, held at Indira Gandhi Pratishthan,
Rawat AKS Lucknow, India, organized by CSIR-CIMAP, Lucknow on 20-22 March, 2015

8. Pandey MM, Best Research Paper Poster Award in International Conference on Medicinal Plants:
Rastogi S and Resource for Affordable New Generation Healthcare, held at Indira Gandhi Pratishthan,
Rawat AKS Lucknow, India, organized by CSIR-CIMAP, Lucknow on 20-22 March, 2015

9. Rawat AKS SFE-ZANDU Award-2015  for the best research on “Plant Drugs" , by Society For
Ethnopharmacology (SFE-INDIA)

Lab to Land Award (2014) by NCSTC, DST, Govt. of India and Marshal Art Society for
conducting Science programmes in rural area

Young Scientist Award by Astha Foundation, Meerut (UP)

10. Shukla MK

11.  SinghD

Member/Editor, Referee, Expert, Reviewer, Judge, etc. (selected, recognized, enrolled, empanelled, nominated)

1. Agnihotri P i) Fellow of the Society of Ethnobotanists for the year 2014
ii) Fellow of Association for Plant Taxonomy for the year 2014

Asthana AK Reviewer for the ]. National Academy Sci. Letters, Taiwania

Khatoon S Reviewer of Asian Journal of Plant Sciences, International Journal of Botany, Research
Journal of Medicinal Plant Research, Reviewer for various scientific journals viz., Journal of
AOAC International, JPC-Planar Chromatography, Journal of Ethnopharmacology, Indian
Journal of Traditional Knowledge, Ethnobotany and Pharmaceutical Biology; Secretary,
Society of Ethnobotanists

I) Life Member of National Academy of Biological Sciences (NABS), Chennai

II) Life Member of Mycological Society of India (MSI), Chennai

1) Life Member of International Association for Lichenology (IAL), UK

4. Nayaka S
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iii) Reviewer of Current Sciences, Journal of Biosciences, Indian Journal of Virology, Phytoparasitica, Journal
of Phytopathology, Acta Physiologiae Plantarum, African Journal of Biotechnology and Phytoparasitica

Reviewer of Journal of Food Chemistry, Journal of Ethnopharmacology, Journal of Experimental Biology

5. Rahi TS Life member of Indian Society of Soil Science

6. Rai UN i) Life member of Society of Tropical Plant Research, India
7. Raj SK if) Editor in Chief of Asian Journal of Plant Pathology

8. Rao ChV Member, Indian Pharmacy Graduates Association (IPGA)

9. Rastogi S Life Member of Society for Ethno-Pharmacology
10. RawatKK  Fellow of Association for Plant Taxonomy (FAPT)
11.  RoyRK Reviewer for Indian Journal of Experimental Biology

12.  Rawat AKS

Reviewer for various national & international scientific journals viz. Journal of Ethnopharmacology,

Pharmaceutical Biology, JPC-Planar Chromatography

13.  Singh BN Life Member of Society for Ethno-pharmacology
14.  Shirke PA Life Member of the International Society Environmental Botanists
15.  Singh AP

Life Member of The Society of Plant Reproductive Biologists, The International Journal of Plant

Reproductive Biology and The Palaeobotanical Society and Geophytology

16. Trivedi PK
ii) Academic Editor, PLoS One

i) Fellow of National Academy of Sciences, India (FNASc)-2014

iii) Editorial Board Member, Scientific Reports

17. Yadav HK

Recognition as Guides/Co-ordinators/Examiners, etc.
Sl. No. Scientist(s)

1. Rao ChV Recognised as

Universities/Institutions
Ph. D Guide of Ravenshaw University, Cuttack; Lucknow

Life member of UP Academy of Agricultural Sciences (UPAAS), Lucknow

University, Lucknow; Amity University, Lucknow

Ph.D. Awarded
1. Ms. Anshita Raj

Approaches/ Strategies for the Phytoremediation of
Arsenic from Polluted Environment Soil/ Water

Supervisors : Dr. Nandita Singh, Principal Scientist, CSIR-
NBRI, Lucknow and Prof. YK Sharma, University of
Lucknow

University : University of Lucknow
2. Ms. Arti Rai

Genomics of arsenic stress in arsenic accumulating
contrasting rice genotypes

Supervisor : Dr. Debasis Chakrabarty, Scientist, CSIR-
NBRI, Lucknow

University : AcSIR, New Delhi
3. Ms. Babita Kumari

Investigations on bioremediation of petroleum crude oil
contaminated soils

Supervisors: Dr. SN Singh, Chief Scientist, CSIR-NBRI,
Lucknow and Prof. DP Singh, Babasaheb Bhimrao
Ambedkar University, Lucknow

University : Babasaheb Bhimrao Ambedkar University,
Lucknow

4. Mr. Karmveer Kumar Gautam

Molecular detection and characterization of strains of
Cucumber mosaic virus infecting Petunia and Gerbera and
their disease management

Supervisors: Dr SK Raj, Chief Scientist, CSIR-NBRI,
Lucknow and Dr. Ratna Katiyar, Associate Professor,

Department of Botany, University of Lucknow, Lucknow
University: University of Lucknow
5. Mr. Manish Tiwari

Functional characterization of genes encoding arsenic

responsive transporters from rice (Oryza sativa)

Supervisors: Dr. Prabodh Kumar Trivedi, Scientist, CSIR-
NBRI, Lucknow and Dr. M Singh, Lucknow University

University: University of Lucknow
6. Ms. Manju Shri
Development of transgenic rice for low grain arsenic

Supervisor : Dr. Debasis Chakrabarty, Scientist, CSIR-
NBRI, Lucknow

University : AcSIR, New Delhi

HONOURS/AWARDS/DISTINCTIONS
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7. Ms. Namrta Choudhary

Seasonal variation in some important herbal drugs used
in Indian pharmaceutical industries

Supervisor : Dr. Sayyada Khatoon, Scientist, CSIR-NBR],
Lucknow

University : Aligarh Muslim University, Aligarh
8. Ms. Sonali Dubey

Genome-wide modulation in rice root transcriptome
during different heavy metal stress

Supervisors : Dr.D. Chakrabarty, Scientist, CSIR-NBRI,
Lucknow and Dr. Prabodh Kumar Trivedi, AcSIR, CSIR-
NBRI, Lucknow

University : AcSIR, New Delhi
9. Ms. Pooja Bansal

Morphotaxonomic studies on the genus Bryum Hedw.
(Moss) in India

Supervisors : Dr. V Nath, Emeritus Scientist, CSIR-NBR],
Lucknow and Prof. Neerja Pande, Kumaun University,
Nainital.

University : Kumaun University, Nainital
10. Mrs. Priya Srivastava

Screening of antimicrobial properties of some Indian
lichens against human pathogens

Supervisors : Dr. DK Upreti, Chief Scientist, CSIR-NBRI,
Lucknow

University : Dr. RML Avadh University, Faizabad
11. Ms. Sadhna Tiwari

Bioremediation of toxic metals from fly ash by plants
coupled with microbial augmentation

Supervisor : Dr. SN Singh, Chief Scientist, CSIR-NBRI,
Lucknow and Prof. SK Garg, RML Avadh University,
Faizabad

University : Dr. RML Avadh University, Faizabad
12. Mr. Smita Kumar

Functional genomics of members of sulphate transporter
and glutathione S-transferase gene families involved in
arsenic stress in rice

Supervisors : Dr. Prabodh Kumar Trivedi, Scientist, CSIR-
NBRI, Lucknow and Dr. RS Dubey, BHU, Varanasi

University: Banaras Hindu Varanasi

13. Mr.Sumya Pathak

Elucidation of papaverine biosynthesis pathway by
comparative transcriptome analysis of contrasting Papaver
sommniferum L. germplasm lines

Supervisors : Dr. Prabodh Kumar Trivedi, Scientist, CSIR-
NBRI, Lucknow and Prof. V.K. Joshi Banaras Hindu
University, Varanasi

University: Banaras Hindu University, Varanasi
14. Mrs. Parul Gupta

Comparative transcriptome analysis of different
chemotypes of Withania somnifera

Supervisors : Dr Prabodh Kumar Trivedi, Scientist, CSIR-
NBRI, Lucknow and Prof. SP Singh, Banaras Hindu
University, Varanasi

University: Banaras Hindu University, Varanasi
15. Ms. Reesa Gupta

Assessment of Bryodiversity of Pachmarhi Biospehere
Reserve

Supervisors : Dr. V Nath, Emeritus Scientist, CSIR-NBRI,
Lucknow and Prof. Neerja Pande, Kumaun University,
Nainital.

University: Kumaun University, Nainital

16. Ms. Vandana Singh

Bioremediation of endosulfan contaminated soils by using
selected plant species and rhizospheric microbial strains

Supervisor : Dr. N Singh, Principal Scientist, CSIR-NBRI,
Lucknow

University : AcSIR, New Delhi

Ph.D. Theses Submitted
1. Mr. Ashish Srivastava

Molecular characterization and identification of
begomovirus/es affecting Amaranth and Poppy grown in
India.

Supervisors : Dr SK Raj, Chief Scientist, CSIR-NBRI,
Lucknow and Dr. S S Pande, Director, RGBC, RTM
Nagpur University, Nagpur

University : Rashtrasant Tukadoji Maharaj Nagpur
University, Nagpur

2. Mr. Krishna Mohan Rai

Exploring the role of JMJC domain containing histone

demethylases in epigenetetic regulation of cotton fiber
development

Supervisors : Dr. SV. Sawant, Principal Scientist, CSIR-
NBRI, Lucknow and Dr. Veena Pande and Dr. KK Pande,
Kumaun University, Nainital

University : Kumaun University, Nainital
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3. Ms. Manjul Gupta

Development of vermicompost based soil formulation and
evaluation of its potential for crop production in sodic soil

Supervisors : Dr. SK Tewari, Sr. Principal Scientist, CSIR-
NBRI, Lucknow and Dr. Shikha, Babasaheb Bhimrao
Ambedkar University, Lucknow

University : Babasaheb Bhimrao Ambedkar University,
Lucknow

4. Mr. Manoj Kumar Mishra

Functional genomics of sterol glycosyltransferase gene
(SGT) family members of Withania somnifera using SGT
knockout mutant of Arabidopsis thaliana

Supervisors : Dr. Pratibha Misra, Sr. Principal Scientist,
CSIR-NBRI, Lucknow and Dr. Nishi Kumari, Banaras
Hindu University

University :, Banaras Hindu University, Varanasi
5. Ms. Neha Karakoti

Ecophysiological attributes of selected lichen species of
Garhwal Himalayas along an altitudinal gradient

Supervisor : Dr. DK Upreti, Chief Scientist, CSIR-NBRI,
Lucknow

University : Kumaun University, Nainital

6. Ms. Neha Pandey

The functional characterization of Calmodulin binding

transcription activator (CAMTA) inresponse to drought
stress in plant

Supervisors : Dr. SV Sawant, Principal Scientist, CSIR-
NBRI, Lucknow and Dr. HP Pandey, Banaras Hindu
University, Varanasi

University : Banaras Hindu University, Varanasi
7. Ms. Pratibha Tripathi

Studies on characterisation stress tolerate Trichoderma
isolate for application in arsenic contaminated soils

Guides : Dr. CS Nautiyal and Dr. RD Tripathi, Chief
Scientist, CSIR-NBRI, Lucknow and Dr. RT Bais,
Barkatullah University, Bhopal, M.P.

University : Barkatullah University, Bhopal

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

8. Ms. Priya Gupta

Genetic diversity analysis of Jatropha curcas L. using Single
Nucleotide Polymorphism (SNP)

Supervisors : Drs. SV Sawant, Principal Scientist and CS
Mohanty, Sr. Scientist, CSIR-NBRI, Lucknow

University : AcSIR, New Delhi
9. Mr. Rajeev Tripathi

Functional validation of SQUAMOSA promoter binding
like (SPL) transcription factor in cotton fiber development

Supervisors : Dr. SV. Sawant, Principal Scientist , CSIR-
NBRI, Lucknow and Dr. Veena Pande and Dr. KK Pande,
Kumaun University, Nainital

University : Kumaun University, Nainital
10. Ms Rajluxmi

Role of SIN3, a global transcriptional regulator, in plant
growth and development

Supervisors : Dr AP Sane, Principal Scientist, CSIR-NBRI,
Lucknow

University : AcSIR, New Delhi
11. Mr. Ramanuj Maurya

Development and application of microsatellite markers for
diversity analysis in Jatropha curcas L.

Supervisor: Dr. HK Yadav, Senior Scientist, CSIR-NBRI,
Lucknow and Dr. Ratna Katiyar, Lucknow University

University: University of Lucknow
12. Ms.Vibha Pandey

Functional analysis of sterol glycosyltransferase gene
family members of Withania somnifera

Supervisor: Dr. P Misra, Principal Scientist, CSIR-NBRI,
Lucknow and Dr. Neelam Atri, Banaras Hindu
University

University: Banaras Hindu University, Varanasi

HONOURS/AWARDS/DISTINCTIONS
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DATELINE

Sl. No. Date Salient details

1.  April 29, 2014 A Task Force Meeting was organized at the Institute to discuss and finalize the DUS Test

Guidelines for the two mandate crops viz. Canna and Gladiolus. Dr. G Kalloo, Ex. DDG (Hort. &
CS), ICAR Hq., New Delhi, was the Chairman of the Task Force Committee. The members of
the Committee visited all conservatories as well as the germplasm collection of DUS Test Crops
viz. Bougainvillea, Canna and Gladiolus in the Botanic Garden.
Dr. G Kalloo, Chairman, in his opening remarks briefed about the 1st Task Force Meeting held at
PPV & FRA, New Delhi on February 4, 2014 and lauded CSIR-NBRI for efforts made for the
maintenance of mandate crops in the Botanic Garden. Dr. RC Agarwal, Registrar General, PPV
& FRA, explained his observations on mandate crops as per the DUS Test Guidelines. Drs. AK
Goel and S Kumar, Scientists, made detailed presentations on Canna and Gladiolus crops. The
members of the task force comprising Drs. UG Nalavadi, RL Mishra and Tejbir Singh,
deliberated in the discussions to finalize the DUS test guidelines for Canna and Gladiolus.

2. May 13,2014 CSIR-NBRI celebrated National Technology Day on May 13, 2014. The day was observed as
‘Open Day’ and its various laboratories, viz., Exposition, Herbarium, Library, Botanic Garden,
various R&D Laboratories were visited by a large number of students drawn from various local
schools and colleges. On this occasion, Prof. Ravi Kant, a renowned surgeon and Vice
Chancellor, King George’s Medical University, Lucknow, was the Chief Guest of the function
and delivered the National Technology Day Lecture. Distinguished guests, scientists and staff of
CSIR-NBRI, researchers and a number of students were present on the occasion.

On this occasion, technology for ‘NBRMAP-DB, a safe hypoglycaemic herbal formulation’, was
for transferred to M/s Aimil Pharmaceuticals, New Delhi. This novel formulation for the
management of diabetes was jointly developed by CSIR-NBRI and CSIR-CIMAP, Lucknow.

3.  May 21, 2014 Anti-terrorism Day

4. May 30, 2014 A garden competition (Dil Bag-Bag Ho Jaye) for the home gardens in Lucknow city was
organized jointly by CSIR-NBRI and Dainik Jagran, Lucknow, during February, 2014. It had two
catagories viz., Garden Area less than 50 sq.m and Garden Area more than 50 sq.m. The judges
visited the shortlisted gardens after the preliminary screening and in each category, three prizes
were awarded. The prize distribution function was held at the Institute on May 30, 2014. Dr. CS
Nautiyal, Director, CSIR-NBRI, was the Chief Guest of the function and gave away the prizes to
the winners.

5. Juneb, 2014 The “‘World Environment Day’ was observed on June 5, 2014. The theme of this year was ‘Raise
your voice, not the sea level'. A ‘Quiz Competition” was organized for 25 students of XII+
(science background) from National Post Graduate College, Lucknow.

6  August14, 2014 CSIR-NBRI participated in a health camp organized by CSIR-CIMAP at Dau village in Unnao
district of Uttar Pradesh on 14th August, 2014 under the project on ‘S&T Interventions to
Combat Malnutrition in Women and Children’. CSIR-NBRI products and posters were exhibited
at the health camp and scientists interacted with the participants. Data regarding health status of
about 500 children, young girls, women and men, were collected for the selection of persons to
whom the nutritional products be distributed to combat malnutrition. Nutri-Jam, a nutraceutical
product of CSIR-NBRI, was distributed to selected beneficiaries.

7.  August15, 2014 Independence Day
8. August 20, 2014 Sadbhavna Diwas

9.  September 12,2014 The training-cum workshop programme on dehydrated floral craft technology of CSIR-NBRI
was organized for teachers and students of Mahila Degree College, Aminabad, Lucknow under
the CSIR Faculty Training Programme on Motivation and Adoption of Schools and Colleges.
The workshop was attended by about a dozen teachers and 200 students. Dr. SK Tewari, Senior
Principal Scientist explained the details of dehydrated floral crafts. The students participated in
the workshop in five groups and made beautiful greeting cards and wall hangings from dry
flowers.
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Sl. No. Date
10. Ryawr 1-15, 2014

11.  September 26, 2014

12.  September 27, 2014

13.  October 2, 2014

14.  October 25, 2014

15.  October 30-31, 2014

16.  October 27 to
November 1, 2014

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

Salient details
HITHASAR—ITE R TN S TR, RIS gRT AR 1—15, 2014 & T4 &5 @garel &1
IS fohar ar | g iaia SfAeRAl g pa=nRal & foru A= 2= ufqafirarst @ eriemen
BT AT T 17| 02 FAT=R, 2014, ToM BRI SRS &1 T8 R <. o ARmer faan,
IR 2= PR, TS IR—ISISIRANS, oG, = “d91d Yae" UR 3[uT IR fear| fa=<
GRgaTs BT T fAaRR 15, 2014 @1 Bl a9 WARE & ®U H 7911 AT| 39 9ARE & g5
A Guirg srmfde 1. AN HdH o | R YRS 3 oG =l gl @ HewHl Bl
IETe 1. AR YN U4 S FwRneR Aifeard, e gart famar |
CSIR-NBRI observed “Open Day” on September 26, 2014 to commemorate the Foundation Day of
the Council of Scientific & Industrial Research. On this occasion, Laboratories, Botanic Garden,
Herbarium, Exposition, Library and Banthra Research Station of the Institute remained open to
public from 11.00 am to 4.00 pm. A large number of students, researchers and general public visited
the Institute’s laboratories and other facilities. Prof. Akhilesh Kumar Tyagi, Director, National
Institute of Plant Genome Research (NIPGR), New Delhi, graced the occasion as Chief Guest and
delivered the Foundation Day Lecture on the topic “Seeds of Dialogue”.
Prof. Akhilesh K Tyagi, distributed certificates and mementoes to 21 employees who have
completed 25 years of CSIR service and 27 employees who retired in 2013. Prof. Tyagi also
distributed prizes and certificates to those children of staff who participated and won in the Science
Essay competition organized by the Institute.
The ENVIS unit of CSIR-NBRI initiated a cleanliness campaign on September 27, 2014. Dr. N Singh,
Principal Scientist, along with her team organized lectures for a group of vegetable vendors in
Lucknow and made them aware of cleanliness and how they could contribute towards it through
simple efforts. Dr. Pankaj Srivastava, Scientist, apprised the research scholors of CSIR-NBRI about
the importance of vermicompost and demonstrated the formation of manure from degradable
waste. The ENVIS staff made a door to door campaign on ‘Clean India” mission. A school cleaniless
drive along with the school staff and students was undertaken at Saraswati Prathmic Vidyalaya,
Lucknow.
A cleanliness campaign was initiated by Dr. CS Nautiyal, Director, CSIR-National Botanical
Research Institute, Lucknow, along with scientists and other staff members to support the Prime
Minister’s call for “Swachh Bharat Mission”. A ‘Swachhta Shapath’ (pledge) was administered to
all the staff members by Dr. Nautiyal on October 2, 2014. Marathon sweeping and cleaning steps
were taken by the Director and staff at the KN Kaul Block Lawn of the Institute and at the botanic
garden campus and laboratories afterwards. Dr. CS Nautiyal specially mentioned that it was a
regular practice of the institute that the leaf waste generated by the cleaning was transformed to
compost/ vermi-compost by the scientists and field workers. It is used in the experimental fields
and pots as per their requirements. Dr. Nautiyal also planted a sapling of Plumeria ‘Blue’ on this
occasion.
The Institute celebrated its Annual Day on October 25, 2014. Renowned plant geneticist of
international repute, Prof. Deepak Pental, Director, Centre for Genetic Manipulation of Crop Plants
(CGMCP), University of Delhi South Campus, New Delhi, was the Chief Guest and Shri Rajan
Shukla, IAS, Principal Secretary, Coordination, Govt. of UP, Lucknow, presided over the function.
Dr. CS Nautiyal, Director, CSIR-NBRI welcomed the dignitaries and guests and presented the
Annual Report of the Institute, summarizing various activities undertaken and the major
achievements made by the Institute in the past one year.
The Annual Report 2013-14 was released by Prof. Deepak Pental, the Chief Guest of the function.
Prof. Pental delivered the Annual Day lecture titled ‘Polyploidy and Angiosperm Evolution’.
Shri Rajan Shukla, released the Hindi Magazine ‘Vigyan Vani'.
Shri Shukla felicitated the scientists/ research scholars who published high impact research papers
in different decision units of NBRIL
A faculty training under motivation and adaptation of schools and colleges programme was
organized during 30-31 October, 2014 at CSIR- NBRI, Lucknow. A number of teachers from degree
colleges of Lucknow and Barabanki districts participated in the training programme to get an
exposure to the advanced research and technological developments in the area of botanical research.
In his inaugural address, Dr CS Nautiyal, Director, appreciated the important role the teachers play
in spreading knowledge and wisdom in the society. He encouraged them for disseminating
knowledge to enlighten the society.
The Institute celebrated Vigilance Awareness Week from October 27 to November 1, 2014. Dr. CS
Nautiyal, Director, administered the pledge on October 27, 2014. The posters and banners were
placed at various places in the Institute. Besides this, Mr. Bhanu Pratap Singh. IPS, ADG (Vigilance),
U. P. Police, delivered a lecture titled, “Combating Corruption-Technology as an enabler'.
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20.

21.

22.

23.
24.

25.

26.
27.

28.

Date
November 7, 2014

November 19, 2014
November 29, 2014

December 13-14, 2014

January 10, 2015,

January 17-18, 2015

January 26, 2015
March 02, 2015

March 02, 2015

March 4, 2015
March 20, 2015

March 18-20, 2015

Salient details
A demonstration on use of PSB was conducted in Gladiolus planted at CSIR-NBRI Techvil-
Dafedar ka Purwa with three varieties (American Beauty, Nova Lux and White Prosperity).
Approximately 2000 treated and untreated corms of each variety were planted.
National Integration Day
A one day training-cum-demonstration workshop on CSIR-NBRI's Dehydrated Floral
Crafts”, was organized at S. N. Sen B.V. Degree College, Kanpur under the Faculty
Motivation programme. Teachers and students from seven degree colleges from Kanpur
participated in the workshop. The participants were imparted hand on training on techniques
of various floral crafts.
A two-day Annual Chrysanthemum and Coleus Show was organized by CSIR-NBRI, at the
Botanic Garden on 13th & 14th December, 2014. At NBRI Central Lawn, the fresh and dainty
Coleus, after the dew bath overnight, displayed multi coloured foliage. Besides this, cut
flowers and special flower arrangements were also organized in a huge enclosure. The
elegance and beauty of different varieties of flowers and foliage elated the visitors from every
age group.
The prize distribution function was organized at the open-air theater of the Institute, amidst
the swing blooms of vast array of Chrysanthemum and splendid varieties of Coleus scattering
colour and joy in the atmosphere. Honourable Shri Ram Naik, Governor of Uttar Pradesh was
the Chief Guest at the closing ceremony of the flower show and Ms. Juthika Patankar,
Principal Secretary to Governor, was the Guest of Honour.
A health camp was organised at CSIR- CIMAP, on January 10, 2015, where health checkup
and malnutition status was assessed. Drs AKS Rawat, SK Ojha, MM Pandey from CSIR-NBRI
partipated in the camp. Dr SK Ojha alongwith the medical team, Dr VK Agrawal and Dr
Dayanandan Mani, examined the women and children suffering from malnutrition.
CSIR-NBRI organized the Annual Rose and Gladiolus Show at the Botanic Garden on
January 17-18, 2015. On the final day of the Show 25 running challenge cups, shields and
trophies, besides 284 other prizes were awarded to the winners. Shri JS Mishra, Founder
Chairman, Gomti Action Parivar, Rishikesh, was the Chief Guest and Shri Rajan Shukla, IAS,
Principal Secretary, UPDASP, Gomti Nagar, Lucknow, was the Guest of Honour of the prize
distribution ceremony. On this occasion 'KESAR', a new variety of Chrysanthemum
developed by CSIR-NBRI, was released by the Chief Guest.
Republic Day
The National Science Day was celebrated by the CSIR-NBRI on March 02, 2015. The day was
observed as ‘Open Day’ when its various laboratories, viz., Exposition, Herbarium, Library,
Botanic Garden, various R&D Laboratories were visited by a large number of students from
various local schools and colleges. Padma Shri Prof. R.C. Sobti, Vice Chancellor, Baba Saheb
Bheemrao Ambedkar University, Lucknow, India, was the Chief Guest of the function and
delivered the National Science Day Lecture. Scientists, researchers and students were present
on the occasion.
A programme was organized on March 02, 2015 at Distant Research Centre, Banthra,
Lucknow for about 50 betelvine farmers from Lucknow, Unnao, Sitapur and Raibareilly
districts. Dr R S Katiyar described the modern systems of betelvine cultivation and appraised
that these techniques and improvisation of bareja are helpful for early production and
protection of betelvine from excess heat in summer and frost during winter. The planting
material of betelvine was also distributed to the farmers.
National Safety Day
Under the Rural Development Programme of CSIR, the Farmers’ Interaction Day (Kisan Mela)
and Biofertilizer Training was organized on March 20, 2015 at Banthra Research Station (BRS)
of CSIR-NBRI for 200 selected farmers of Ramchaura, Kurauni, Banthra, Aurawan, Mirzapur
Benti, Garhi chunauti and Newa villages, adjoining to Banthra of Lucknow district. Besides
farmers, 15 post graduate students of the Deparment of Horticulture, BBAU and 27 students
of Lucknow Model Public School, Banthra also visited the Mela. The programme was meant
for disseminating the NBRI Green Technologies among the farmers. The full day programme
was inaugurated by Dr. CS Nautiyal, Director, CSIR-NBRL
A training programme on Bonsai Technique was organized at CSIR-NBRI Botanic Garden on
March 18-20, 2015 for the garden lovers, hobbyists, housewives and unemployed persons. The
main purpose was to make them learn the techniques of Bonsai preparations so that the same
could be an avenue for recreation as well as income. The training programme was
inaugurated by Dr. CS Nautiyal, Director, CSIR-NBRI in presence of other senior scientists.
Altogether 26 trainees took part in the programme. This is part of fulfillment of CSIR-NBRI's
societal commitment and promotion of horticulture as a profession and entrepreneurship.
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ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH (AcSIR)

(http://www.nbri.res.in/acsir.php)

The Academy of Scientific and Innovative
Research or AcSIR is an Indian institute of national
importance, currently head quartered in CSIR Campus,
Taramani, Chennai. The Academy was established for the
purpose of granting doctoral and post-doctoral degrees,
through a centralized institution to manage research and
development in CSIR laboratories. It was established in
2010 (Government of India resolution of June 17, 2010 and
the Academy of Scientific and Innovative Research Act,
2011 notified on April 3, 2012), as an ‘Institution of National
Importance’, with an aim of furtherance of advancement of
learning and research in the field of Science & Technology
and their interfaces in association with Council of Scientific
and Industrial Research (CSIR), India.

The mission of the Academy is to create highest
quality personnel with cross- disciplinary knowledge,
aiming to provide leaders in the field of science and
technology. The Academy shall primarily focus on
research and imparting instructions in such a manner that
the methodology is novel and off the beaten track. Further,
the Academy aims to:

e nurturearesearch-propelled, technology-enabled, industry-
linked, socially conscious higher education platform.

e achieve a seamless integration of intellectual strengths
with current market needs with a people centric focus.

e develop niche capability required to bolster research
efforts in futuristic science. Provide the opportunity to
work on the frontier and contemporaneously
challenging areas for nurturing innovation.

It is one of its kind meta-University in India with
study centers in 37 laboratories and 6 units of CSIR, spread
across 23 cities of India.

At present the Academy has about 2200 full-time
faculty members from CSIR Laboratories, over 2000
students enrolled in various programmes and 7 non-
academic staff members.

National Research Professor Prof. RA Mashelkar
took charge as the first Chairperson of AcSIR, from Prof.
SK Brahmachari (former Acting Chairperson of interim
AcSIR) and Director General, CSIR. The Academy has
received recognition from Department of Scientific and
Industrial Research (DSIR), Ministry of Science &
Technology, as a Scientific and Industrial Research
Organization (SIRO).

AcSIR Course work option for CSIR-NBRI students

S1. No. Course Name Course Number
1. Biostatistics (Compulsory) 1-001
2. Computation/bioinformatics (Compulsory) 1-002
3. Basic Chemistry (Compulsory) 1-003
4. Research Methodology, Communication/ethics/safety (Compulsory) 1-004
5 Biotechniques and Instrumentation (Compulsory) 2-001
6. Biology of Inheritance 2-003
7. Genomics: Information flow in Biological System 2-005
8. Plant Microbe Interaction 2-009
9. Plant Environment Interaction 2-010
10. Cell Signalling 2-012
11. Developmental Biology-Plants 2-016
12. Epigenetics and Chromatin Organization 2-017
13. Homeostasis and feedback in biological systems 2-018
14. Molecular Breeding of Plants 2-021
15. Biodiversity 2-025
16. Plant morphogenesis and regeneration 2-486
17. Seminar Course (Compulsory) 3-001
18. Cell and Tissue Engineering 3-003
19. Climate change and Plants 3-486
20. Bioremediation 3-487
21. Environmental Biochemistry and Biotechnology 3-488

22. Taxonomy and speciation 3-489
23. Plant conservation and reproductive biology 3-490
24. Economic Plants and Pharmacology 3-491
25. Floriculture and Agronomy 3-492
26. Phylogenomics - An interdisciplinary course 3-493
27. Biofuels - An interdisciplinary course 3-494
28. Knowledgebase Research Management and it's utilization 3-495
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Students Enrolled in CSIR-NBRI AcSIR Course during 2014-15
August 2014 Batch

SI. No.

SUICE RSN CON DN

Enrollment No.

10BB14A25001
10BB14A25002
10BB14A25003
10BB14A25004
10BB14A25005
10BB14A25006
10BB14A25008

January 2015 Batch

SI. No.

oINS |2 ([

Enrollment No.

10BB15J25001
10BB15J25004
10BB15J25007
10BB15J25005
10BB15J25008
10BB15J25003
10BB15J25002
10BB15J25006

Name of Student
Shipra Pandey
Sonal Srivastava
Vinay Kumar
Rashmi Raj

Veenita Tomar
Raghvendra Dubey
Rajni Gautam

Name of Student
Nitanshi Jauhari
Pooja Singh Sikarwar
Umesh Kumar

Annu Lata

Narender Kumar
Ram Jatan

Nishtha Mishra
Sudhanshu Sharma

Name of Supervisor
Dr. Aradhana Mishra
Dr. Suchi Srivastava
Dr. SA Ranade

Dr. SK Raj

Dr. Manjoosha Srivastava

Dr. PA Shirke
Dr. SA Ranade

Name of Supervisor

Dr. SN Singh

Dr. SA Ranade

Dr. Hemant K Yadav
Dr. SA Ranade

Dr. TS Rana

Dr. Charulata

Dr. Aradhana Mishra
Dr. Samir V Sawant
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RESEARCH COUNCIL

Prof. SK Sopory Chairman Dr. Ehrlich Desa Member
Vice Chancellor CSIR Distinguished Scientist
Jawaharlal Nehru University CSIR-4 PI, NAL Belur Campus

NEW DELHI - 110 067 BENGALURU-560 037

Prof. R Uma Shankar Member Dr. KC Gupta Member
Professor & Head Director

Crop Physiology CSIR- Indian Institute of Toxicology

University of Agricultural Sciences Research
GKVK M G Marg, P. B. No. 80

BENGALURU-560 065 LUCKNOW - 226 001

Prof. PK Gupta Member Dr. PS Ahuja Member
Hon. Emeritus Professor & Director

NASI Senior Scientist CSIR-Institute of Himalayan Bioresource
Department of Genetics & Plant Technology

Breeding, Ch. Charan Singh University Palampur (Holta), Distt. Kangara

MEERUT - 2500 04 PALAMPUR -176 061

Prof. JS Singh Member Dr. CS Nautiyal Member
Professor Emeritus Director

Department of Botany CSIR-National Botanical Research Institute

Banaras Hindu University Rana Pratap Marg

VARANASI-221 005 LUCKNOW - 226 001

Prof. JP Khurana Member Dr. Sudeep Kumar Member
Coordinator and Head Head or his Nominee

Department of Plant Molecular Biology Planning & Performance Division, CSIR

University of Delhi, South Campus Anusandhan Bhawan, 2, Rafi Marg

Benito Juraj Marg NEW DELHI - 110001

NEW DELHI-110021

Prof. Sunil Kumar Mukherjee Member Prof. V Verma Member
NASI-Sr. Scientist Platinum Jubilee Dean Faculty of Engineering, Director

Fellow School of Biotechnology

Genetics Department Shri Mata Vaishno Devi University

University of Delhi, South Campus JAMMU

Benito Juraj Marg

NEW DELHI-110021

Dr. Paramjit Singh Member Dr. SK Tewari Member-
Director Senior Principal Scientist Secretary
Botanical Survey of India CSIR-National Botanical Research Institute

CGO Complex Rana Pratap Marg

Salt Lake City LUCKNOW - 226 001

KOLKATA - 700 064
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MANAGEMENT COUNCIL

Dr. CS Nautiyal Chairman
Director
CSIR-National Botanical Research Institute
LUCKNOW - 226 001

Dr. Ram Rajsekharan Member
Director
CSIR-Central Food Technological Research Institute
MYSORE

Dr. DK Upreti Member
Chief Scientist
CSIR-National Botanical Research Institute
LUCKNOW - 226 001

Dr. AK Gauniyal Member
Senior Principal Scientist
CSIR-National Botanical Research Institute
LUCKNOW - 226 001

Dr. ChV Rao Member
Principal Scientist
CSIR-National Botanical Research Institute
LUCKNOW - 226 001

Mr. Vivek Srivastava Member
Senior Scientist
CSIR-National Botanical Research Institute
LUCKNOW - 226 001

Dr. P Agnihotri

Scientist Member
CSIR-National Botanical Research Institute
LUCKNOW - 226 001

Shri AA Malick Member
Senior S E
CSIR-National Botanical Research Institute
LUCKNOW - 226 001

Mr. Sanjeev Shekhar Member
Finanace & Accounts Officer
CSIR-National Botanical Research Institute
LUCKNOW - 226 001

Mr. Rajeev Kumar Verma Member Secretary
Administrative Officer
CSIR-National Botanical Research Institute
LUCKNOW - 226 001
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I. EXPENDITURE
Revenue
Salary & Sal. Linked Allowances
Other Allowances
Re-imburs. of Med.Exp./ CGHS/Med.charges
Overtime Allowance
Honorarium
Leave Travel Concession
T.A. (India)
T.A. (Foreign)
Professional Update Allowance
. Total Other Allowances (a to g)
Total Salaries (1+2h)
P-04 Contingencies
P-05 HR.D.
P-06 Lab. Maintenance
P-701 Staff Qrs. Maintenance
P07 Chemical/Consum.& Other Res.Exp.
Total Revenue (3 to 8)
Capital
P-50 Land Cost
P-50 Land Cost
(i) P-50 Works & Services/Elec. Installations (Lumpsum)
(if) P-50 Works & Services/Elec. Installations (Other)
P-50 App. & Equip./Computer Equipments
P-50 Workshop Machinery
P-50 Office Equipments
P-50 Furniture & Fittings

S e a0 o

P-50 Library
i) Books
if) Journals

iii)  e-Journal

P-50 Model & Exhibits

P-50 Vehicles

P-50 Tools & Plants

P-50 Software development/procurement/ LAN/WAN
P-26 -ICT

(i) P-702 Staff Qrs.(Construction) (Lumpsum)

(ii) P-702 Staff Qrs.(Construction) (Other)

Total Capital (a to m)

Total A+B

Special Proj. SIP/NWP/FAC/IAP/RSP/HCP/12th Plan Proj.

Revenue
(i) T. A. (India)
(i) T.A. (Foreign)

Figure in Lakhs of Rupees

2590.753

60.000
2.010
1.004

30.000
3.922

12.483
109.419
2700.172
391.688
170.024
50.000

579.940
3891.824

150.022

454.207

90.030

50.000

744.259
4636.083

15.794
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Figure in Lakhs of Rupees
(iii) Contingencies 216.536
(iv) Maintenance 58.550
(v) Chemical, Consum.& Other Res.Exp. 918.649
Total Rev. (C1) 1209.529
2.  Capital
(i) Work's & Services 50.000
(i) Apparatus & Equipment 205.750
(iiiy Other Capitals
Total Capital (C2) 255.750
Total allocation SIP/NWP/FAC/IAP/RSP/HCP/12th Plan (C1+C2) 1465.279
Total National Labs. (A+B+C) 6101.362
D. Central Administration
P-804 Pension & Other retirement benefits 1710.524
P-801 and P-62 ISTADS
P-803 PPD/TNBD
P-805 HRD
P-80508 RAB
P-807 Publicity & Exhibition
P80804 Grant to other Sci. Organisations
P80805 CSIR Guest Houses (Science Centre)
P80806 Celebrations
P906- Advance
(i) Conveyance/Computer Advance 3.000
(ii) House Building Advance
(iii) Others
Total Central Admin. 1713.524
II. EARNINGS
RECEIPTS
R04 DONATION
R05 CONTRIBUTION
R06 MISC RECEIPTS 34.530
R906 RECOV. OF ADV. 11.116
TOTAL R06+R906 45.646
R071 LAB RESERVE
a) Royality Premia
b)  Testing & Analytical Charges 0.789
c)  Other Technical Service
d) Job Work 15.468
e)  Restof R071 heads 44.334
Total Lab Reserve (R-071) 60.591
R909 EXTERNAL CASH FLOW
a) Govt deptt./PSU's 527.124
b) Private agencies 4.000
Q) Foreign govt/agencies 12.335
TOTAL ECF (a+b+c) 543.459
Royalty & Premia for distribution (R907) 20.430
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PERSONNEL (As on31.03.2015)

Director
C S Nautiyal

Chief Scientists
S K Raj

P B Khare

R D Tripathi
DK Upreti

S A Ranade

Sr. Principal Scientists

Kanak Sahai
RS Katiyar

A K Dwivedi
Tariq Husain
A KSRawat
U N Rai
RKRoy

P A Shirke
SK Tewari

T S Rana

A K Gauniyal
KN Nair

Principal Scientists
Sudarshan Kumar
Anand Prakash
Sudhir Shukla
Talewar Singh
Nandita Singh

P K Trivedi

L B Chaudhary
Vivek Pandey
Samir V Sawant

A P Sane

Pratibha Misra

V A Sane

Alok Lehri

Ch. V Rao

Kamla Kulshreshtha
Sayyada Khatoon

Mahesh Pal
Sharad Srivastava
Sanjeeva Nayaka
Ashish K Asthana

Senior Scientists
PK Singh
Arvind Jain

SK Ojha

O P Sidhu
Indraneel Sanyal
Vivek Srivastava
Shubha Rastogi
CS Mohanty
HKYadav
Aradhana Mishra
P S Chauhan

Scientists

Shekhar Mallick
Pankaj K Srivastava
Poonam C Singh
SKBehra

Suchi Srivastava
PC Verma

SN Jena

MH Asif

A P Singh
Manjoosha Srivastava
SKBagh

Debasis Chakrabarty
Sribash Roy
Baleshwar

Lal Bahadur
Devendra Singh
Priyanka Agnihotri
RC Nainwal
Brahmanand Singh
Manoj Kumar

V'V Wagh

Charu Lata

Pr. Technical Officers
A A Malick

S S Tripathi

Yogendra Nath

ML Kain

Sr. Tech. Officers (3)
Bhaskar Dutt
Yogendra Misra

V D Tripathi

A ClLittle

R K Tripathi

D K Purshottam

Sr. Tech. Officers (2)
Alok Kumar
Shankar Verma
LalitK Srivastava
Anil Kumar

Daya Shanker
Sanjay Dwivedi
Abhishek Niranjan

Sr. Tech. Officers (1)
Bhagwan Das
RN Gupta
Atul Batra
Sushma Verma
Rajeev Kumar
G Sharma
Harendra Pal
M Raju

SK Behera
Vinay Sahu
Anil Kumar

Technical Officers
MK Shukla

Kiran Toppo

MM Pandey

VL Agarwal

Surjit Kumar
Swati Sharma
Sara Jamil
Leena Wahi Gupta
SK Sharma
KN Maurya
Babita Kumari
GG Sinam
Sumit Yadav
KK Rawat

DD Toppo

Somanath Swain

Technical Assistants
Satish Kumar
Saurabh Verma
Prashant Srivastava
Jai Chand

Shweta Singh
Rameshwar Prasad
Rekha Kannaujaia
Shashank K Mishra
Komal K Ingle
Bharat Lal Meena
Vivek Kumar Gupta

Administration

Pankaj Bahadur, AO
(Relieved on 31.3.2015)

Sanjeev Shekhar, F&AO
Sachin Mehrotra, SO
Prasoon Misra, SO
Ishwar Nath Jha, SO
Shiva Kant Mishra, SO
Surya Kant Singh, SO
KC Lohani, SO

KK Singh, SO

BP Pande, PS

Mohd. Aslam, PS
Shashi Kant Pandey, Security Officer
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