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PREFACE 

This nat iona l symposium is being joint ly organi zed by the India n Phytopathologica l So
ciety, New Delh i and the ICAR-Indian In stitute of Spices Research, Kozhi kode, Kera la. The 
theme of the symposium is ' Understa nding Host-Pathogen Interaction through Science ofOm 
ics: The main objecti ve is to provide a C0 l11111 0 n forum for interacti on among scie ntists, students. 
industry, extension and developmental agencies engaged in plant pathological resea rch and de
velopment. Besides, it offers an opportunity for young scientists to acquire scientific knowledge 
through inspiring lectures by experts and participating in thought provoking disc uss ions. The 
symposium wi ll also provide a platform to address and discuss recent developments in the field 
of Plant Pathology. 

Unraveling th e molecular mechanisms that govern host-pathogen interactions is a sub
ject of intense resea rch in the fi eld of Plant Pathology. TI,e symposium will enco mpass di s
cussions on the current gaps in our understanding of how plant pat hogens man age to evade 
host immune survei llance and successful ly establish acute and infection states. Sincere attempts 
will be made to highlight cutt ing edge approaches to describe recent advances in the fi elds of 
host-pathogen interaction in plants. Ergo, the sy mposium, among oth er things, wi ll encompass 
pathogen characterization , diagnosis and epidemiology (Session I), pathogenomics, proteOl11 -
ics and host-pathogen interaction (Session II) , host plant resistance and biotechnological ap
proaches (Session Ill ) and integrated disease management (Session IV). 

TI,is publication is a compilation of the abstracts of the Presidential address, va rious 
memorial award lectures, Prof. M.J. Narasimhan Merit Academ ic Award contest, lead talks 
and poster present ations encompassing the four sessions. 'Il,e editors are indebted to all the 
contributors and hope that the publication would provide va luable information on research 
and development in h ost ~ plant pathogen interactio ns. We are also thankful to various age ncies 
fo r providing th eir advertisements. Special thanks to Ms. P. Deepthi of the Indi an Society for 
Spices, Kozhikode for her eRurts in typesetting the manuscripts. The editors also gratefu lly ac
knowledge the cooperat ion of the organ izing committee in bringing out this publi cation. 
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The science of "omics" for plant pathologists 
M Anandaraj 

ICA R-Indian Institute of Spices Research, Kozhikode, Kerala-6730 I 0 
n m j i i sr@gnll1il.col/l 

The growing population of India is poised to overtake Chi na in about a decade and 
half and Ind ia will be the most popu lous country in the world. 111is is putting the onus on the 
Indian Agricultural scientists to grow more food, feed , fibre and fodder under shrinking nat
ural resources like land, water and non -availability of labour. The global warming and climate 
change could affect the plant diseases and there is increased pressure on the plant pathologists 
to minimi ze crop losses. 11,ere are ever increasing populations of aggressive pests and patho
gens evolving to add to woes of global warming. There are reports of new strains of vi ruses on 
crop plants, new diseases such as late blight of tomato with newer strain s of Phylophlhom infes
In/ls that has created epidemiCS, new races of F/./ snri/./I/l on banana etc. Indian Phytopathological 
society being one of the largest societies, this august body of plant pathologists have always 
taken up the challenges and won several laurels. I am confident that the younger generations of 
plant pathologists are competent enough to meet the challenges and make use of the technolo
gies available today. 

11,e annual review of plant pathology is completing 52 yea rs since it was first published 
and has been a source of information for researchers. TIle foclis has been changing over the 
years and the reviews bring about latest information. A look at the latest issues revea ls the fo 
cus is on climate change and the unraveling of host pathogen interaction and molecular level. 
11,e advances in bioinformatics along with genome sequencing technology have added to the 
growth of the new fronti ers of"omics" sciences. It is providing newer tools to plant pathologists 
to understand the host-pathogen interaction and deploy newer and cheaper methods of patho
gen cont rol. 

11,e advent of nex t generation sequencing platforms are the technological basis fo r the 
genome projects with their high throughput application for whole genome sequencing of all 
organisms. 11,e "generat ion" refers to the chemistry and technology used by the sequencing 
process. First generation generally refers to Sanger sequencing. "Nex t-generation", is generall y 
used to refer to any of the high-throughput methods which were developed after Sanger. 11,e 
next ge neration sequencing tools emerged in 2005 as replace ment to the low throughput and 
high cost of first-ge neration methods. With the advancement in Next gen sequencing technolo
gies and less cost investment re-sequencing of any organ ism beca me easy. Whole genome re-se
quencing aims to seq uence the individual whose reference genome is already known. As refer
ence genome sequences become increaSingly avai lable for many species, cataloguing sequence 
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Abstracts 

variations and understandi ng their biologica l co nsequences have become major resea rch goals. 
111e DNA re-sequencing is of sequencing a DNA region for an individua l give n that a reference 
sequence for this region is already avai lable for the specifi c organ ism.Targeted re-seq uencing is 
a variation of re-sequencing where onl y a small subset of the genome is sequenced, such as the 
eXQmc, a partiClllar chromosome, a set of genes or a region of interest. 

For plant pathologists taxonomy of the orga nism is ve ry relevanl. From phenotypic 
characterization to gene based sequences and th e present mu ltigene approaches gives a clear 
demarcati on of the diffe rences among pathogen populations. 11,e fact that th e number of Phy
tophthorn species described after 2000 is far more in number than that has been descri ed till 
then is because of the molecular tools available prese ntly. At Indian Inst itute of Spices Research, 
Kozhikode, whole genome sequenci ng of two isolates of Phylophlhom infecting black pepper 
revealed the existence of enormous diversit y. 11,e genome size of 98-93 is 46. 1 Mb wh il e th at 
of isolate 05-06 is 66.8Mb. There were on ly 2039 ge nes common among both isolates whereas 
6095 unique genes noticed in 98-93 and 4039 were unique to 05-06. 11,e genome of 05-06 also 
revealed the presence of several effec tor genes some are common as reported in jG I and about 
52 different eRector type unique to this isolate. This clearly shows the diversity and non-con
formity with the characters reported for P. capsici on other crops worldwide wa rranting re-de
scription of the species complex found in black pepper. 

11,e mechanism of gene act ion in plant pathogen interaction is not a straight forward 
transcription , translation and protein synthesis. ll1cre are ever complicated processes of alter
native splicing and various regulations and post translational modifications. The knowledge 
on pathogenesis related proteins (PRJ proteins not only would ex plore the mechanism of plant 
- pathoge n interaction, but also would guide to develop the plant either through selecti on or 
to develop newer molecu les to avoid the pathogen. 'n,e scionce of effectronomics, phosphop
roteomics etc are paving way for better understanding of the compl ex processes involved. 11,e 
science of proteomics can be belter utilized for management of plant diseases. 11,e scientists of 
Indian Institute of Spices Research have found a way to manage viral di seases in black peppe r 
in the fi eld by utilizing the knowledge of the interaction between the viruses and the host plant 
by using the proteomics information and by minimizing th e damage and nursing back the vines 
to normal health by supplem enti ng the nutrients and circumven ting the pathogenic processes. 

"'"-'Th is gives an" lrernate stra tegy to manage viral diseases in the fie ld than the usual recommenda
tion of'cut and burn: Similarly the transcriptome dat a generated during the pathogenic process 
between Phylophthom capsici and Piper lIigrll/lI and I~ colubritllllll is paving the way for better 
understanding of the infection process. 

11,e responsibilities of plant pathologists increase with the new challenges fa Cing crop 
production in the changing weather and emerging new diseases. 11,e new,ll'ols available will 
certainly be useful to face all challenges swiftly and uphold the traditions of proving the critic 
wrong. 11,e oldest science of "omics" relevant to plant pathologists is not the science as it is 
understood in genomic era but the art of managing diseases and the 'economics' of crop pro
duction. 
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Recent changes in the Phytophthora populations led to 
severe outbreaks of foliar blights and fruit rots in 

vegetable crops in South India 

P Chowdappa 

ICAR-Central Plantat ion Crops Resea rch Inst it ute, Kasaragod -67 I 124, Kerala 
pn//eI1l 22@glllai/.colll 

AI 

Diseases caused by stramenopil e Phylophthom spp a re emerging as a major prod uc
tion constraint for sustainable vegetable producti on in India. Since 2008, severe out breaks of 
Phytopilihorn diseases such as late blight on tomato, fruit rot on tomato, brinjal and ClIcurbi ts, 
foliar blights and wilts in chilli were recorded in South Ind ia. O ne hu ndred and fi ft y-seven 
isolates o f Phylophthorn infestans, 63 fro m potato and 94 from tomato, we re coll ec ted from 
major potato and to mato prod ucti on areas of South India between 20 10 and 201 2. Th eir phe
notypic and genotypic characteristics were determined and compared with reference isolates. 
Isolates were characterized based on mati ng type, ill vitro metalaxyl sensitivity, mitochondria l 
DNA haplotype, RG57 DNA fin gerprinting patterns, SSR markers and aggressiveness o n potato 
and tomato, in order to monito r popu latio n changes in P illfestnll s. All isolates were A2 mat
ing type, metalaxyl resistant , mtDNA haplotype la and had RG57 and SSR fin gerprints almost 
ident ical to the 13_A2 clo nal lineage reported in Europe. Variation at the 0 13 and SS R4 loci 
allowed discrim ination o f min or variants, deSignated as 13j \ 2_3, 13_A2_3b, 13_A2_3c and 
13_A2_ 1. A comparison of the lesion d iam eters caused by 157 isolates o n detached lea nets of 
three potato and tomato cuiti vars showed a ll isolates to be equally aggressive, confirming that 
the same clonal population is in fec ting both hosts. -n,i s study demonstra tes tha t the I 3_A2 lin 
eage was responsible fo r severe late blight outbreaks on potato and to mato in South Indi a and 
has rel'!aced the prio r population represented by the US- I and other genotypes.Phytophthora 
isolates (86), recovered from blight afTected lea l' tissues of hot pepper fro m d itTerent localiti es 
in Karnataka and Tami l Nadu states between 20 1 I and 20 12, were ident ifi ed majo rit y of th e 
isolates as P.boehlllerine and few isolates as Pcnpsici based on morphology, a simila rity sea rch 
of ITS sequences at GenBank, PC R-RFLP patterns and spec ies- specific PCR using PC I/ PC2 
and PB lIPB2 primer pairs. All isolates of P boe/II /'I erine were meta laxyl sensiti ve whi le Pcapsici 
isolates were intermediate in sensiti vity. P. voehmeriae iso lates were highl )' ~gress i ve and pro

duced significantly larger lesion than th ose of /' cnpsici isolates. PhytophlilOrn lIicolinllne isolates 
(76), recovered from brinj al ( 18) , r idge gou rd (4 5) and to mato ( 19) from d iffe rent loca li ties in 
these states during the Ju ne-to-December cropping seaso n o f 20 12 and 20 13 were character
ized based on phenotypic, genotypic markers and aggressiveness. All br inj al and ridge go urd 
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isolates were A2 while tomato had both A l ( 13) and A2 (6). All isol ates were metalaxyl sensi
tive. They were monomorphic both at malate dehydrogenase (EC I . I. I.37) and mali c enzyme 
(EC 1.1.1.40) and also had identi cal protein profi les. In addition. isolates were genotyped for 
three mitochondrial (rpI5-rns. rns-cox2 and cox2+spacer) and three nuclear loci (hyp. scp and 
p-tub). All genes were polymorphic but nuclea r genes were more va riable than mitochondri al 
genes. Bayesian and net work analyses based on the combined data set of sequences of the three 
nuclear regions reveal ed host speci fi c association. J~ nicotianne isolates were highly aggressive 
and produced Significantly (I' <0.0 I) larger lesions on thei r respecti ve host than on thei r alter
nat ive host. 11,US. the migrati on of I3_A2 genotype P il/festnlls was the cause of outbrea ks of 
destructive late blight epidemics in India and stresses the importance of bio-security in agri 
cultural trade. 11,e emergence of I~ boehl/leriae was responsible for severe leaf blight epidemics 
on hot pepper in South India although it is not serious pathogen on any crop in any part of 
the world . 'n,e significant genetic variations in the population structure of P l/icotial1ae are re
sponsible for severe outbreaks on brinjal. ridge gourd and tomato. 'n,ese invasive and emerging 
Phytophthora species have epidemiological and management implicati ons for the production of 
vegetable crops in India. 
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Phylogeography and molecular evolution of 
begomo viruses infecting okra 

M Kri shna Reddy 

ICAR-Indian In stitute of Horticultural Research, Bengaluru-560089, Karnata ka 
Illkreddy60@glllnii. co lll 

A2 

Bhendi yellow vein mosaic disease (BY VMD) is a serious disease of okra which has 
charac teristi c symptoms of ye llow vei n and chlorosis. Begomoviruses are plant-in fecti ng virus
es, which are transmitted by the whitefl y vector Bell'lisia labaci and have been known to cause 
extrcIne yield reduction in okra around the world. Several begomoviruses have been detected 
infecting okra in Asia, Afri ca and America . Small single stranded circular molecules, alphasat
ellites and betasatellites, which are about half the size of th eir helper begomovirus genome, have 
also been detected in plants infected by begomoviruses. Over the past IO years, Indi a has ex pe
rienced epidemi cs of th e disease, the most recent of which involved a virus and satellites that 
are resistan ce breakin g. Loss of this conventional host- plant resistan ce. which saved the ok ra 
growers from ruin in th e late 1990s, leaves fann ers with on ly relatively poor host plant tolerance 
to counter the extensive losses th e disease causes coupled with whitefl y biotype emergence. Se
quencing of viral genomes from okra resulted in the identification of many species of okra -in 
fecting begomoviruses have been reported from both the Old World and New World. These 
include Colton leaf curl Gezira virus (CLCuGeV) from Sudan, Okra leaf curl Cameroon virus 
(OLCuCMV) from Cameroon, O kra yellow crinkle virus (OYCrV) from Mali and Cameroon, 
Okra ye ll ow mosa ic Mexi co virus (OYMMV) and Okra yell ow mottl e Igula virus (OKYMoIV) 
from Mex ico, Okra yel low vein mosaic virus (OYVMV) from Pakistan , Okra leaf curi Oman 
virus from Oman and Sida micrantha mosai c virus and Okra mottle virus from Brazil. In India, 
distinc tive monoparti te begomoviruses such as Bhendi yellow vein mosaic virus (BYVMV), 
Cotton lea f curl Alabad virus (CLCuAIV), Bhendi ye ll ow vein Bhubaneswar virus (BYVBh V), 
Cotton leaf curl Banga lore virus-(CLCuBaV), Bhendi yellow vein India virus (BYV IV) and 
Okra enation leaf curl virus (OELCuV) have been fo und in okra. In addition to monopartite, 
two bipartite begomoviruses i.e. Bhendi yellow ve in Delhi virus (BYVDV) and Tomato leaf 
curi New Delhi viru s (ToLCNDV) were also identified infec ting okra. Putative recombinations 
were detected in begom ovirus genom es identified in ok ra, indicating that recombination is an 
important mechani sm for their evoluti on. At least nine betasatellites and 12 alphasatellite mol
ecules were associated with okra infecting begolllovirllses. The recent advances made in under
standing th e molecular biology of th e components of the disease compl ex and th eir inte ractions 
with host plants will aid in development of suitable manage ment strategies. 
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Advances in phytonematology in India 

Akhtar Haseeb 

Narendra Dev Universit y of Agriculture and Technology. Kumarga nj . Faizabad. Ull ar Pradesh 
ak"lar/wseevll @yahoo.il/ 

Pl ant Nematology or Agricultural Nematology al so referred as Phytonematology. deals 
exclusively with those fo rms of nematodes whi ch parasitize plants of eco nomic impo rta nce to 
agricultu re. ho rticulture and forestry. The first plant parasitic nematode was recorded in 1743. 
later on named as Angu ina trit ici. Since then, about 2500 nematode species are known to para
sitize the lower as well higher plants at globalleve!. Among these. about 600 species belonging 
to about 85 genera have so far been either described or reported to be associated with more 
than 700 plant species growing in diverse agro-c1imatic zones of our country. In India. many of 
them have been proved to be high ly pathogenic and cause considerable economic yield losses 
in cereals. pulses. vegetables. fruits. ornamentals and forest crops.The historical perspective of 
the growth and development of Nematology in Indi a have been traced out during the period 
from 190 I to 1958 that was marked by some important records of nematode parasites viz .• 
root-knot nematodes belonging to the genus Me/oidogyl/e on tea and bl ack pepper. ufra disease 
(Dily/elldlUs al/gustus) and white tip (Aphe/ellcl/Oides besseyi) of rice. ear-cockle of wheat from 
various parts of th e country. Among the several important developments that led in the ex 
pansion in the science of Nematology in India includes the pioneer wo rk of scientists/workers 
at Aligarh Muslim Un iversity (AMU). Aligarh. Indian Agricultural Research Institute (JAR!). 
New Delhi and Hyderabad. who have made the extensive surveys and worked on the taxo no 
my. In I 953·s. the observation on the occurrence of root-knot d isease on tomato was recorded 
by Prof. Abrar Mustafa Kha n who had put foundation of Plant Nematology in AMU. Aligarh. 
which gained impetus so fast he had never reali zed. Later on after appearance of Molya disease 
due to Heterodera avenae. a serious problem of golden nematode (G/obodera rostoc"iensis) in 
potato in Nilgiris during 196 1 has also rea lized the importance of resea rch in the fi eld of Nema
tology. In 196 1. a Divi sion of Nelfmtology was established at IARhvhich star ted post grad uate 
teaching (M.Sc. and Ph.D. degree programmes) to produce trained manpower in Nemato logy. 
111 is was emerged as a discipline paying more attention to identification and study of di sease 
problems than to taxonomy. Subsequently. the post graduate program was also started to award 
the M. Sc. and Ph . D. degree in Nematology in many SAUs. CAUs. CUs. DUs and other ICAR 
institutes. 11,e organi zation of a series of training programmes by IA RI . New Del hi and AM U. 
Aliga rh also helped in the progress of this discipline in India. During 1967-68. First So uth -East 
Asia Post-graduate Nematology Course held at AMU. Aliga rh and IARI. New Delhi in col 
laboration with the International Agricultural Centre. Wageni ngen (Netherlands). Moreover. 
between 1967 and 1975. five other South-East Asia Post -Graduate Training Courses were also 
o rganized at the IARI, New Delhi and AMU. Aligarh under the stewardship of Dr. AR Seshadri 
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and Dr. AM Khan , respectively. In 1969, Nematol ogical Society of I ndia was found ed and First 
All-India Nematology Symposium was held at the IARI, New Delhi. The pace of publi cation 
on Nematological research ga ined apprec iable momentum from 197 1 when " Indian Jo urnal of 
Nematology" started its publication from Ne mato logical Society,l ARl , New Delh i. In 1977, All 
India Coordinated Research Proj ec t (A ICR P) on 'Nematode Pests of Crops and their Control' 
was launched and funded by Department of Science and Technology, and later (1979) by the 
ICA R. It started fun ctioning at 14 centres all over India . With greate r awareness about nema
tode problems and liberal finan cial ass istance from ICAR under the aegis of AICRP, Nematolo
gy teaching and research centres have cropped up in severa l SAUs and ICA R institutes. 
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Diversity, diagnosis and management of bacterial 
diseases in India 

Ramesh Chand & Dinesh Singh ' 

Institute of Agricultural Sciences, BH U, Varanasi-22 1 005, Uttar Pradesh 
*rc_vlI s@ynhoo. co.ill 

' ICA R-Indian Agri cultural Research Institute, New Delhi - I 100 12 

A4 

In India, about 200 plant diseases caused by different species and out of these, 75 have 
diseases have economic value, Among these diseases. bacterial wilt of solan aceous crops and 
ginge r (nalstollia solalloceorum), bacterial blight of rice (Xa llthomollas oryzaepv. oryzae), bac
terial blight of pomegranate (X. axol1opodis pv. pUl1icae) black rot of crucifers (X. campestrispv. 
campestris), bacterial blight of COttOIl (X. axollopodis pv. lIIalvacearul1l), black spot of mango 
(Xa llthomol1os call1pestris pv. mallgijerae-il1dicae), citrus ca nker (X. citri), canker disease of 
grapes (Xal1thOIl'lOl1aS compestris pv. viticolo) , crown gall of pome fruits (AgrobacteriunI tumeJa
ciells) and bacterial spot (X. vesicatoria) reduce the crop yield. Race characterization of X. axo
lIopodis pv. malvacearlll1l , R soiallaceanllll and X. campestris pv. compestris by using diffe rential 
hosts has been studied in India. In X. axollopodis pv. molvacearulII, out of 26 races described, 
race 32 is the most widely distributed and kn ocked out fi ve bacterial blight resistant genes i.e. 
B7, B2, B4, Bin , and BN. R solal1oceanml is a species complex, which compri ses 6 biovars based 
on carbon utili za ti on (bvs I , 2, n~ 3, 4 and 5), 5 races based di sease reaction on the hosts (races, 
1,2,3,4 & 5) and 4 phylotypes (phylo types I, II , III & IV ) based egl gene. In India, 4 races (races, 
1, 2,3,4),5 biova rs (bvs 1,2, 2T, 3, 4) and 3 phylotypes (phylotypes I, II, & IV) have been report
ed in potato. In this pathoge n most diversity is found, which was isolated fro m potato crops. 
Another bacteri al pathogen X. calnpestris pv. Campestris has a lot diversity in India. O ut of 10 
races of this pathogen reported across the world . Race l and 4 were prevalent in most of the cole 
crops growing states of India and race 6 was fo und only in Del hi , isolated from cabbage crops. 
In any plant di seases management, diagnosis is play vital role. Accurate routine disease detec
tion requires high levels of specificity, sensitivit y and speed. In this context, speCificity is defin ed 
as the capability to detect the orga ni sm of interest in the absence of fa lse positi ves and negati ves. 
Sensitivit y relates to the lowest number of pathogens reliabl y detected per assay o r sa mple. 'n,e 
sensitivi ty levels o f different techniques for detecti on in plant material are as follows (in colony 
forming uni ts (cfu )/ml) I: isolation, about 10- 102; immunoOuorescence i I Fr'\ 03; conve ntional 
PCR, 103- 104 and ELISA, 105- L06. Besides cl assical methods and serological techniques, PC R 
based techniques has been used to detect plant pathogeni c bacteria from seeds, asymptomatic 
plants, irrigation water and soils. In India, PC R based protocol has been developed to detect 
X. campestris pv.cal1lpestris (seeds, planting materials) , nalstol/ia soiallaceanllll (asymptomatic 
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plants, tubers, irrigati on wate r and soil.) , X. oryzne pv. oryzne (Seeds, planting materia ls), X. 
axollopodis pv p"llicae (leaves and propagating material) and X. nxollopodis pv. ,nalllacearu l1l 
(seeds) from difte rent sources. 'Il,e pr imers were designing by using nucleotide sequences d if
fe rent genes such as 16S rRNA, hrp B, hrp F, gyrB, which a re conserved region for specific group 
of bacteria. 'Il,e sensitivity of the primer to detect bacteria was furthe r improved through Bio 
PCR and Nested PCR and able to detect the bacteria below> I 00 cells/ m L. For management , 
preventi ve measures mostly sa nitation is the best way to control the bacterial diseases. 'nlcre is 
on ly two chemicals i.e, Streptocycli ne (10% oxytet racycline and 90% Streptomycin. Antibiotics 
in plants are locosystemi c therefore their curative acti on is very poor and control is mainly d ue 
to their contact action. Early pruning in hot and humid area wh ere monsoon prolong after first 
week of October must be avoided. Horticultu ral practices like of certification o f disease free 
planting material s of pomegr<lnate and grapevine is need to be standardi zed and insured th at 
all the planters sho uld get only disease free planting materials. 
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Trichoderma-Lab to Field 

Pratibha Sharma 

ICA R-Ind ian Agricultu ral Research Institute, New Delh i- llOOl 2 
pS/larmn032003@yahoo.co.in 

AS 

Trichoderma is known and explored worldwide for its ve rsatility as biological co ntrol 
and growth promoting agent and is rightly sa id as anchorage of basic and applied research. 
11le success of bi ological control of plant diseases depend on the availability of eiTective for
mulations of biocontrol agents, their survival during storage and rapid multiplication and col
oni zation after inoculation. However, in spite of the extensive research effort there are very 
few biological strains available at commercial levels. Selection and characterization based on 
antagonistic behavior pesticidal tol erance and evaluation of inter and inter species differences 
based on genetic diversity of effective biologica l control strains of Trichoderl1laharzianlll1l and 
Trichoderllla viride was being made. Different species of Trichoderma are known to produce 
difte rent kinds of enzymes and active antimicrobial metabolites which have a significa nt role in 
biocontrol activity like cell wall degradation, biotic and abiotic stress tolerance, hyphal growth , 
antagonistic act ivity and biodegradation of pesticida l residues. By the advance techniques laid 
in th e molecular biology, we ca n easily isolate, characterize, clone, sequence and express the 
functions of endochitinase, cellulase, Glucanase, Xylanase and can stud y their fun ctions and 
role in the biocontrol mechanism. ~nle success of bioagents Tharz innwn in managing various 
soil and foliar diseases maj orly Purple Blotch of Onion, Stalk rot and Black Rot and Damp
ing-oiT of Cauliflower and tomato, Groundnut rot , Bacterial blight of rice and growth promo
tio n in wheat. Pseudomonas jlollrescens in disease management under field conditi ons has been 
greatly attributed to the development of rhizospheric competent strains which establi sh in the 
root zones of di iTerent crops in different agroclimatic zones of the country. 11,e consortial appli 
cation of these bioagents were also fou nd eiTective against blastof rice leads to development of 
bioformulation based on Integrated Pest Management (IPM ) and established as a ' Biologica lly 
safe Technology' wi dely accepted by farmers ofd ifte rent states O&K, UP. H.P,Punj ab, Haryana, 
Rajasthan) and commercialized successfully twice to Sai Bio Organics, Punjab in (September 
2010) and Government of Rajasthan 
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On-farm production of indigenous AM fungus inoculum 
for improved phosphorus nutrition in upland rice using 

vermiculite based media 
Neha Nancy Tappa, N N jambhul kar ', AK Srivastava' & Dipankar Ma it i' 

ICA R-Central Rainfed Upland Rice Research Station, Hazaribag-825301,jharkh and 
nehn lin n@gll1nil. conl 

' ICA R-Central Rice Resea rch Institute, Cuttack, Odisha 
' Ranchi Universit y, Ranchi -83400 1, jharkhand 

Rice production in the upland ecology is severely impeded due to low phosphorus (P) 
acquisi tion from soil and chemical P fertili zers fi xing in soil on application and soon becom
ing unavai lable. The situation is furth er aggravated under nutrit ionally poor acid ic soils and 
drought prone conditions of this ecology. Moreover, rice in this ecology is grown by resource 
poor farmers practicing subsistence farming. Arbuscular mycorrhi zal fun gi (AMP) can al
lev iate the problem of poor P nutrition by extending its extra-radica l mycelium beyond the 
phosphate depletion zone into a new pool of solution P increasing its uptake. An ill -situ devel 
oped mass-inoculum (M I) fro m the indigenous mycorrhizal consortium can aid in increasing 
rice yields in a way that is sustainable and cost-effective. The success of MI depends upon the 
substrate utilized. An attempt was made to improve effi cacy of MI by modifying traditional 
substrate combinations (soil :sand:FYM) of nucleus inoculum (N!) which is multipli ed in so
larised soil to produce MI. In the present study a suitable substrate combination (Vermiculite: 
Soil: FYM or V: So: FYM) was selected from several combinations tested on the basis of highest 
root biomass of trap crop (Sorghull1 hicolour). It was fortified with different Hoagland solut ion 
nutrient regimens for encouraging root development to further support AMI' multiplication in 
NI. V: So: FYM (70:25:5;v/v/v) enriched with 10 mL Hoagland solutionl50g substratelweek was 
found most suitable. This improved N I was mass-multiplied in micro-plots in-situ to produce 
MI following standard protocol. Under field evaluation, application of improved M I showed 
to result in higher root coloni zation (% RLC), P uptake and grain yield of upland rice variety 
Vandana over control. 11,e improved MI was furth er eva lu ated under fixed plots at varying 
doses (0.5, 0.75,1.0,1.25, 1.5, 1.75 tlha for two consecutive years) to ascertain an optimum dose 
suitable for this ecology. It was observed that improved MI added in any proportion between 
0.5 -1.75 tl ha gave Significantly higher yield (21.4% - 25%) compared to control plots where 
no inoculum was added along with higher %RLC and P uptake. It was thus recommended that 
the improved MI is effective at doses as low as 0.5-0.75 tl ha as compared to that of 1.25 tl ha 
of traditionally prepared MI, without any significant reduction in yield. Further, as a decision 
making tool under precision farming system where inoculum needs to be applied based on site 
and system specific precise dose requirements to avoid excess or less (than requirement) appli
cation, mathematical models were developed for differentially AM responsive rice varieties to 
determin e AM inoculum requirement under known soil P and AMI' population (native) level 
for targeted P uptake by rice. 
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Variability study of indigenous S. rolfsii isolates and host -
pathogen interaction in cowpea - S. rolfsii system 

S Nandi, S Dutta & R Nath I 

Bidhan Chandra KrishiViswavidyalaya, Mohanpur, Nadia, West Benga l 

IPalliSikshaBhabana, Visva-Bharati, Sreen iketan, Birbhum, West Bengal 

Sclerotium rolfsii is a soil -borne plant pathogenic fung;1S with a wide host range and 
worldwide distribution. It is characteri zed by the morphology of sclerotia in most cases due 
to rare availability of its basidial stage. Study on genetic variability of S. rolJsii and host-path 
ogenic interact ion is the utmost need to control this pathogen in holistic approach. Nineteen 
mycelial compatibility groups (MCG) were found among the 28 isolates of S. rolfsii from differ
ent hosts. Most of the S. rolfsii isolates belonged to moderate to high virulence group on cow
pea with no host specificity for the isolates from a particular host. Stepwise regression analysis 
showed among morphologica l parameters growth rate, biomass production were the two most 
significant predictors for predicting the virulence of S. rolfsii isolates upto 94% and among bio
chemical parameters cellulase production capability, pectinase production capability were most 
Significant predictors for assessing the variation in vi rulence of S. rolfsii isolates upto 70%. The 
a and ~ esterase profiling revealed 13 and 7 Electrophoretic Phenotypes each indicating their 
suitability for fingerprinting of S. rolfsii isolates. Two low virulent isolates showed >80% sim
ilarity whereas, DB & Ch. PEA (Highly virulent isolate) showed 96% Similarity during RAPD 
analysis. The BOX-PCR fingerprinting clearly demarcated three MCGs. In ITS-RFLP analysis, 
among 4 restriction enzymes studied Sau3AI revealed maXil)lUm genetic variability among S. 
rolfsii isolates. Sau3A I restriction pattern agreed with mycelial interaction reaction among the 
6 MCGs. Biochemical analyses of various disease- responsive components have thrown focus 
on the pivotal role of different enzymes in cowpea- So rolJsii host- pathogenic interaction. The 
suppressed activity of peroxidase, chitinase suggested their role in the disease development. 

NORTH-EASTERN ZONE 
M3 

ffect ofbioformulation ofMefarhizium anisopliae in 
management of cow pea mosaic disease 

S Bcruah, P Dutta & K C Puzari 

Assam Agricultural University, Jorhat-7850 13, Assam . ,. 
snrodeeborunh@gmail.conl 

A liquid bioformulations of Melarhiziul11 nnisop/iae (amended with oils and adj uvants) 
were prepared. Six oils viz., sunflower, safflower, soybean, mustard, arachnid and coconut oils 
at three difFerent concentratio ns and three adjuvants at different concentration were tested to 

Understanding host-pathogen interaction thlVugh science q( ofllics, A1al'ch 16-17, 2015 41 



~A~bs~t~m~c~~ _____________________________________________ ~ 
see their eflect on growth and development of M. anisopliae in both the biofor mulat ions. Liq
uid formu lation of M. ollisopliae amended with Glycerol (10.0%) + Sunflowe r oil (0.5%) was 
found significantly eflective which showed 84.33% and 94.93% higher surface area covered and 
biomass production respectively than the control. Eflicacy of the bioformulat ions was tested 
against cow pea aphid, Aphis craccivora in pot condition. Liquid for mulation of M. all isoplioe 
supplemented wi th Glycerol (10.0%) + Sunflowe r oil (0.5%) was fo und to be signi fica ntl ), ef
fect ive caus ing aphid morta lity of 80.00% 30 days after sprayi ng with protection of secondary 
spread of cow pea mosaic d isease up to 100.00%. Spra)'ing liquid fo rmulat ion of M. allisopliae 
amended with GI)'cerol (10.0%) + Sunflower oil (0.5%) at 15 da),s interval for twice proved to 
be the best trea tment as compared to control. 

NORT H-EASTERN ZONE 
M4 

Genetic diversity of banana bunchy top virus from 
Northeast India showed existence of distinct PIO isolates 

in naturally growing banana mats 

A Banerjee, R Singh ', S Roy', G T Behere, SS Roy' , S K Dutta" 
H Ra neben nu r5 & S V Ngachan 

ICAR Resea rch Complex fo r NEH Region, Umroi Road, Umiam-793103, Meghala)'a 
a In ri to. 0 rs@gmoil.com 

'1CA R Research Complex for NEH Region, Basar-791101 , Arunachal Pradesh 
' National Bureau of Plant Genetic Resources, Regional Station, Umiam-7930 13, Meghala)'a 

' ICAR Research Complex fo r NE1-l Region, Lamphelpat, Imphal-795004, Manipur 
' ICA R Research Complex for NE H Region, Kolasib, Mizora m-796081, Mizoram 

51CAR Research Complex for NEH Region, Lembucherra, Agartala-7992 10, Tri pura 

Banana bunchy top virus (BBTV) is considered as a major threat to banana (Muso spp.). 
Based on nucleotide sequence identi t)' of DNA R, BBTV isolates are categori zed into two groups: 
the "Pacific -Indian Oceans" (PIO) and the "Southeast As ian" (SEA) group. So fa r, the BBTV iso
lates from Ind ia have been characteri zed as the PIO group members. Recently, we have reported 
the most disti nct PIO isolate of BBTV (BBTV-Umiam) fro m local ba nana mats grow ing in 
mid -hills of Meghala)'a, India. Fur ther survey has been conducted in different states of North
east India. BBTV infectio n has been fo und in commercial orchards, road side banana mats and 
even in tissue cul ture ra ised plant materials (var. Grand Naine). Altogether, ten BBTV isolates 
d istributed throughout the surveyed area were characteri zed based on DNA R segment. The 
full DNA R sequences of each isolate except the isolate fro m Mizoram shared >97.0% similar ity 
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with BBTV isolates reported from plains of India. Howeve r, these isolates showed relatively less 
similarity (- 95.0%) with BBTV-Umi am. In terestingly, th e Mizo ram isolate (naturally grown) 
shared only 91.0-92.0% similarity with both PIO and SEA group members. While, during phy
logenetic an alysis the Mizoram isolate including other isolates from Northeast India clustered 
within PIO group, but the clustering pattern indicated the distin ctiveness of Mizoram isolate as 
of previously reported BBTV-Umiam from Meghalaya. The planting materials introduced from 
the plains of India might be resulting in predominance of th e common PIO isolates of BBTV in 
this region. Howeve r, the ex istence of distinct PIO isolates in naturally growing banana mats of 
Meghalaya and Mizoram furth er strengthened the possibility of differential evolution of BBT V 
in this isolated region. 

SOUTHERN ZONE 

Bioactive compound from Ganoderma applanatum 
with inhibitory effect against the oomycete pathogen 

Sderospora graminicola 

Mahantesh Kurjogi & Sudisha Jogaiah 

Department of Studies in Biotechnology and Microbiology 
Karnataka UniverSity, Dharwad-580003, Karnataka 

jsudish@kud.ac.ill 

M5 

Basidiomycete spp. produces a large number of antimicrobial metabolites and provides 
a good source of plant growth regulators. In present study, we report the efficacy of a pure ac
tive compound (G_app7) isolated by column chromatography from chloroform fraction of C. 
appianatum on inhibition of Sclerospora gral11illicoia, as well as seed treatment efiect on disease 
protection. G-"pp7 consistently demonstrated significant inhibitory effect against Sclerospora 
gral11inicoia by recording 41.4% inhibition of sporangium formation, 77.5% inhibition of zo 
ospore release and 91 % inhibition of zoospore motility. The 2D NMR and LC-MS analyzes of 
the structure of the anti-oomycete G_app7 compound revealed close resemblance to metomi 
nostrobin , a derivative of strobilurin groups of fungi cides. Further study revealed that G_app7 
stably exhibited strong inhibitory efiects at difierent temperatures and ant i-oomycete activity 
was fairly stable for a period of 12 months at 4°C. Seed treatment with G_app7 resulted in a 
significant increase in disease protection (63%) under greenhouse conditiog.s in comparison 
With distilled water control. The isolation of this functiona l anti -oomycett"compound from 
C. appianatul11 provides a considerable agrochemical potential importance for plant protection 
against pearl millet downy mi ldew disease in an environmentally safe and economical manner. 
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SOUTHERN ZONE 

M6 

Disease incidence, severity and molecular characteriza
tion of Phomopsis vexans causing leaf blight and fruit rot 

of brinjal in Karnataka (India) 

S Mahadevakumar & G R janardhana 

University of Mysore, Manasagangotri , Mysore-570006, Karnataka 
gljbelll r@gl llaii. coll l 

Phomopsis leaf blight and fruit rot is a major constraint for the production of brinjal 
in Karnataka (Indi a). -n,e present study reports the prevalence, in cidence and severity of P. 
vexall s in six major brinjal growing agro-ecological zones. P. vexalls isolated from the diseased 
leaf and fruit samples representing all the six zones were studied for their morpho-cultural and 
molecular characteristics. All the isolates were tested for their pathogenecity on 30 days old 
brinjal seedlings. Ana lyses of ITS regions o f all the isolates of P. vexans were studied for th eir 
phylogenetic relationships. The study indicated that incidence of leaf blight and fruit rot dis
ease was high in Northern Transition Zone (10.6-25.3 & 21-33.3%) followed by Southern Dry 
Zone (8.3- 18 & 22.3-62%) and Central Dr y Zone ( 10-17 & 29-39%) . Highest disease severity 
was recorded in Southern Dry Zone (7.7-30.5 & 21.3-61.6%) followed by Central Dry Zo ne 
(5.4-14.2 & 33-64.6%) and Southern Transition Zone ( 11.5- 18.3 & 23.3-48%). All the isolates 
studied showed vari ations in their colony morphology and 18 were belonged to G-type and the 
rest six isolates neither belo nged to G type nor with W type colony. Out of 24 isolates 18 isolates 
produced leaf blight and fruit rot symptoms after 25-28 and 45 -55 days after post inoculati on 
respectively. Phylogenetic analysis of ITS region showed that all the isolates were grouped in 
to a single clade rooted to Va/saambiens and the complete ITS2 sequence analysis o f isolates 
showed the presence of two distinct groups based on indels at three positions. 

DELHI ZONE 
M7 

Genome characterization, infectivity and development of im
munodiagnostics for a Badnavirus associated with banana 

Susheel Kumar Sharma & Yirendra Kumar Baranwal 

[CAR-Indian Agricultural Research institute, New Delhi - II 00 12 

A cryptic Badnavirus species complex , known as banana streak viruses (BSY) poses a 
serious threat to banana production and genetic improvement worldwide. Complete genome 
sequences of three episomal Banana streak MY virus (BSMYY) isolates sampled from triplOid 
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banana hybrids (Chini Champa: AAB; Ma lbhog: AAB and Month an: ABB), grow n in North 
East and South India was achi eved by sequence independent improved rolling circle amplifi 
cation (RCA). RCA coupled with restriction fra gment length polymorphism (RFLP) revealed 
diverse restriction profiles in fi ve BSM YV isolates including above three isolates. Episomal 
BSM YV isolates characterized in present study shared an identity of 45-50% with other BSV 
species and 43-44% with sugarca ne bacilli for m viruses (SC BV) and clustered in major Custe r 
I along with other badnaviruses infec ting banana, together with sugarca ne infecting badna
viruses from Guadeloupe (SCBGAV and SCBGOV) . Nucl eotide substitution rates o f BSMYV 
subpopulati on and BSOLV subpopulation was in th e range of 10-2 to 10-3, which indicated 
low subpopulation variation. In addition to the ex istence of ex tensive recombination within 
the banana streak viruses and sugarcane bacilli form viruses (intra-BSV and intra-SC BV re
combination events), a total of 32 unique recombination events wi thin banana and sugarcane 
badnaviruses (inter BSV-SCBV) were detected. 11,e patterns of distribution of recombination 
events, hot-spots (intergenic region and C-term inal ofORF3) as well as cold -spots (distributed 
in ORr3) displayed the mirro ring of recombination traces in both the group ofbadnaviruses. 
11,e putati ve coat protein (C P) coding region (1'37) o f BSMYV was identified in silico by co m
pat'ison with caulimoviruses, retroviruses and Rice tungro bacilliform virus. 111c p37 was in 
vitro ex pressed as recombin ant protein in pMAL system and used as antigen for raisi ng poly
clonal antise rum. 11,e antiserum speCificall y reacted with BSMYV virions in immunosorbent 
electron microscopy (ISEM) and antigen coated plate-enzyme linked immunosorbent assay 
(ACP-ELl SA). The anti MBP-p37 antiserum (1:2000) was success full y used in ACP-ELISA for 
specific detection of BSMYV infection . To further simplify the methodology of ant igen prepa 
ration , synthetic peptides representing antigenic epitopes were successfully used for producti on 
of polyclonal antibodies to BSMY V. Two immunodominant linea r epitopes were identified at 
Nand C- terminal of putative C P of BSMYV (pep-I and pep-iI), synthesized and used for poly
clonal antiserum production . O nly anti pep-I antiserum strongly reacted with BSMYV virions 
in ISEM and ACP-ELISA (1:2000 and 1:4000) in crude sal' exhibiting >3 fold s diffe rences in 
optical density (00 ) va lues of infected and healthy samples. Globulin (IgG) fracti o n of th e 
ant i pep -I antiserum was conjugated with alkaline phosphatase (ALP) and used successfully as 
secondary ant ibodies in double antibody sa ndwi ch- ELI SA (OAS-E Ll SA) with good serological 
differenti ation among hea ithy and infected samples. Employing the immuno reagents developed 
in present study a sensitive duplex- immunocapture- PC R (O- IC- PCR) was standardized for the 
sensitive, re liable and accurate routine indexing of episomal BSV infection in tissue cuilured 
and field banana samples. In a survey 46% of the samples collected from North, North-East, 
East, West and South India were indexed positive for BSV infect ion indicating its widespread 
Occurrence. A partial tandem dimer containing I .8- mer of BSMYV-IN I was constructed in bi 
nary vec tor. 11,e agroinocu lated banana plants were not positive for BSMYV ·Q.NA in RCA three 
months post-inoculation which might be due to th e homology dependent silenCing because o f 
the presence of integrant eBSV sequences in inoculated banana plants. 
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DELHI ZONE 

M8 

Histone 2B interacts with replication initiator protein of 
Chilli leaf curl virus and confers resistance in chilli 

Nirbhay Kumar Kushwaha & Supriya Chakraborty 

School of Li fe Sciences, Jawa harlal Nehru Un iversit y, New Delhi - Il 00G7 

Chilli leaf curl virus (Chi LCY), a Begol/lovirus within the family Geminiviridae has 
emerged as the predominant species causing leaf curl d isease in India. To explore the poten
tial resistance fac tors in resistant Capsicum mmuum var. Pu njab Lal, suppression subtracti ve 
hybridization was performed. O ut of 480 clones screened, 23 1 unique ESTs were known to be 
involved in di fferent cellular and physiological processes including transcription, replication, 
photosynthesis and defense. Interestingly, histone H2B transcript accu mulation was fou nd to 
be persistently higher in the resistant variety Punjab Lal as compared to the susceptible one. For 
the study of global level post transcriptional modification (PTM) of histones, western blott ing 
was performed using H3K4me3 and ubH2B specific antibodies. ChiLCY induces deposition 
of higher monoubiquitination of H2B and trimet hylation of H3K4 in Nico tiana bell thamia
lIa. Further, chromat in immuno-precipitation coupled with polymerase chain reaction (ChI P
PCR) assay using H3K4me3 specific antibody revealed high virus ti ter in N. benthamiana and 
low in Punjab Lal. These results indicated reduced level of H3K4me3 deposition in the viral 
promoter region in the resistant chilli variety. Low level of H3K4me3 in virus promoter region 
was correlated with reduce deposition of monoubiquitinated 1-I2B in Punj ab La l. To study the 
role of monoubiquitination machinery H UB I (E3 ligase) and UBC2 (E2) in viral pathogene
sis, Tobacco rattle virus based virus induced gene silencing (Y IGS) was performed to knock 
down NbH UB I and NbUBC2 genes in N. bellthamiallll. VIGS assays revealed mild symptom 
of ChiLCY and low viral accumulation in NbH UB I silenced plants whereas UBC2 and UB 
C2+HUBI dual silenced plants remained asymptomatic coupled with dras tically reduced viral 
tite r. Furthermore, NbHUB l and ChiLCV-Rep gets localized in the nucleus. Bi-i1uorescenc 
complementation assay and Yeast two hybrid assay confi rmed interaction of NbUBC2 and 
NbH UBI with Rep ofChi LCY. Interestingly, ChiLCY Rep could interact with CaH2B but not 
with Nb H2B. Interaction of Rep with CaH2B prevent the recruitment of monoubiquit ination 
machinery on H2B. Chi LCY Rep protein impaired PTM of CaH2B, present in higher quantit ies 
in the res istant chilli var. Punjab Lal, which in turn yielded low level of H3K4me3 mod ifica 
tion and reduced viral gene expression. Physical interaction between Rep with CaH2B prevents 
PTM of the later in virus promoter region, as a resul t of which H3K4 me3 mediated activation 
of virus genes does not occur. TI,e present study, for the first time, highlights role of I-I2B in 
begomovirus path ogenesis in a permissive host, N. bellthamianll. TI,is study demonstrates the 
indispensible role of histones in regulation of viral gene expression. Our study also indicated 
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that J-I2B mediated natural res istance in chilli poss ibly operates by two mechanisms. Firstl y, 
naturally abundant J-I 2B sequesters viral Rep protein and hamper th e fun cti on of Rep in viral 
replication. Secondly, ChiLCV Rep can mask J-I2B present as one of the const ituents of vira l 
rninichrolllosome and inhibit the activity of monoubiquitination machinery which in turn re
duces the effi ciency of J-I3K4me3 deposition. 

WESTERN ZONE 
M9 

Analysis of proteomic profile of French bean (Phaseolus 
vulgaris 1.) upon infection with hegomovirus 

Bhavin S Bhatt & AcllUit K Singh 

School of Life Sciences, Central University of Gujarat, 
Gandhinagar-382030, Gujarat 

bhaviII18@glnail.com 

Begomoviruses have emerged as major constraint for vegetabl e production. French 
bean is one of the most important vegetable crops of India which is consumed widely. We have 
cloned and sequenced begomoviral genomic components associated with bean dwarf mosaic 
disease (BDMD) manifested leaf sa mples from Varanasi, India. Sequence analyses confirmed 
bipartite nature of begomovirus and Mlingbeal1 yellow mosaic india virus (MYMIV) is causal 
agent ofBDMD. Agro-inoculation studies on N. benthatniana and French bean plants con firm 
bipartite nature of virus. Compatible pathogen incidence on 'plants changes spatial and tempo
ral expression of genome of host plants. To explore the molecular mechanisms involved in the 
plant-virus interaction , we conducted proteomic analyses of leaf samples agroinnoculated with 
MYMIV. l\venty protein spots were identified and in response to MYMIV infection on French 
bean by Two-d imensional gel electrophoresis (2 -DE). 11,e relative expression levels of most of 
identified proteins were upregulated. 11,ese proteins were mainly involved in defense (25%) 
~al transduction (15%), energy (15%) and metabolic regulation (20%). In our studies, we 

found that, most of the proteins involved directly or indirectly to defense, shoots up at higher 
level when both DNA A + DNA B components inoculated than DNA A components alone. 
This suggested an activation ofSAR in DNA A + DNA B inoculated plants, wl)ich restricts virus 
copy number accumulation, ultimately points out important role of movement protein and nu 
clear shuttle protein in disease establishment. More in depth insights into host protein modula
tion will clear defense pathways taken up by host plants. In summary, aWof I1,e above proteins 
showed changed abundances induced by MYMIV infection on French bea n leaves. SAil. and 
induced resistance might be a combinatorial effect of altered interactome of these protein s. 
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WESTERN ZONE 
MIO 

Molecular characterization races of Fusarium oxysporum 
f.sp. cieeri through RAPD and ISSR markers 

Madhuri Katkar & S S Mane 

Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola-444 1 04, Ma harashtra 
mndhurilcntknrO J@rediffmnil.com 

In present investigation, a total of 30 RAPD and 16 ISSR primers were screened against 
four races of Fusarium oxysporwn f.sp. ciceri, off which 23 RAPD primers produced sCOl·able 
bands with an averages of 7 bands per primer. A total of 155 amplicons were amplified with 
149 polymorphic bands. -Ole level of polymorphism was 96.1 2%. The primer OPA-2 amplified 
maximum of 13 bands while primer OPA-12 and primer OPB-14 ampli fied minimum of three 
bands. Ofr 16 ISSR primers screened 15 primers produced 127 amplicons with an average of 
9 bands per primer. 00' 127 bands, 119 bands were polymorphic and level of polymorphism 
was 93.70%. 111e Primer (GA)8C and(GA)8YC amplified maximum twelve bands whil e primer 
(CT)8RG amplified minimum four bands. In the similarity co-eOicient ofRAPD and ISS R band
ing pattern analysis showed that Race- I had the higher value of simil arity coeffi cient 0.6948 and 
0.7769 whereas Race-3 was had lower value of similarity coeffi cient 0.3701 and 0.3692, respec
tively.111e analysis depicts that Race-3 is distinct from other three races of Fusarium oxyspol"Um 
f.sp. ciceri. In combined ana lysis of genetic diversity of the 4 races of Fusarium oxyspon./m 
f.sp. cice"; by using 23 RAPD and IS ISSR primers shown higher level of polymorphism. 111e 
Race-I had higher value of similarity coeOicient 0.7323, whereas Race-3 was had lower value 
of similarity coefficient 0.3697. 111e UPGMA analysis of RAPD, ISSR and RAPD-ISSR com
bine analysis grouped Race- I, Race-2, under c1uster-A and Race-4 in c1uster-B, whereas Race-
3 showed distinct out-group type reaction with low similarity index and distinct from other 
races of Fusarium oxyspon.ml f.sp. ciceri. 111e RAPD primers OPA- 13, OPA- 16, OPA- 18, OPB-
14 and 0.£13- 5 showed monomorphic banding pattern and l SSR primers (AC)8Yl~ (AG)8G, 
(GA)8Yl~ (TG)8RT, (GA)8T, (ATG)6, (GA)9RY showed monomorphic banding pattern and 
ISS R primer (TG)8RT showed two monomorphic banding pattern with all the races, with the 
distinct band for Race-3 , cou ld be developed into SCAR (Sequence Characterized Amplified 
Regions) for identification of Fusarium oxysponml f. sp. ciceri. 
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Morpho-physiological, pathogenic and molecular 
variability among, isolates of Fusarium moniliforme and 

Fusarium oxysporum from oil seeds 

Bhagwan M Waghmare 

Botany Research Centre, Department of Botany, 
Maharashtra Mahavidyalaya Nilanga, Latur, Maharasht!"a 

bnl1v146@gmail.com 

The genus FusariulI1 (Link.) wi th its difle rent species are known to attack variety of seeds 
both in field as well as storage and the resuits fo und to be responsible for major cause of seed 
deterioration and poisoning of the oil seeds under given set of environmental condition . The 
health of the oil seeds is the basic objectives of th is investigation. It is certainly reveals that 
maximum number of Fusarium species have been recorded from oil seeds. However impor
tance of seed- borne species of Fusarium and thei r difte rent aspects like enzymatic nature and 
discoloration role in seed deterioration is very significant. In recent years many molecular tech 
niques have been used to identify and difte rentiate fun gi. Inter-simple sequence repeat ISSR 
markers were used to investigate genetic diversi ty of Fusarium species. RA PO technique to 
identi fy a species-specific amplificat ion product also studied Intra and inte r-specific polymor
phisms among isolates of the Fusariull1 species which cause pathogenic eftect on the oil seeds 
investigated by using 06 ISSR primers. Regarding the molecu lar properties of Fusarium species 
and their isolates were screened and determination of pol ymorphic and monomorphic bands 
and also determines maximum similarities and differentiation. amo ng the isolates of Fusarium 
species by using phylogeny analysis.TIle impact of Fusarium species on the production of dif
ferent toxins were remarkable when they were associated with the o il seeds (food grains) and 
their toxicity response, which may result into mycotox icosis when consumed by an imals and 
human beings. TIle toxins or fusotox ins like Monilifonnin, Zeral enone, T-toxin, Fusa ri c acid, 

llmolllsins, Trichothecene, Fusarin -C, Fumagillin, Deoxyniva lenol (DON), Nivalenol (N IV) 
and Diacetoxyscirpenol (DAS) were produced by the species of Fusarium among these the De
oxynivalenol (DON), Nivalenol (N IV) and Diacetoxyscirpenol (DAS) we re d.e tected. -nle at
tention is given for the alternative management of such virulent Fusarium species by adopt ing 
the fungitoxic extracts of difte rent part of Botanicals with their different concentration and 
dift'erent solvent systems were beneficial to growth inh ibit ion of Fusarium spc)les. 
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Barcoding of seed-borne fungal pathogens 
H S Prakash 

Department of Studies in Biotechnology. 
Unive rSi ty of Mysore. Manasagangotri. Mysore-570006. Karnataka 

hasrip rakasll@gmail.coI11 

L2 

Ea rl l' identifi cation of seed associated pathogens is of utmost importance to prevent the 
invas ive pathogens and in taking decisions on management strategy. Many morphologically 
similar species are genetically distinct. Further. most taxa in culture do not produce all spore 
states of asexual or the sexua l morpho At global level International Barcode of Life (i BOL) pro
ject is the largest biodiversity genomics initiat ive that created digital identification system for 
life. Internal transcribed spacer (ITS) covering ITS 1-5.8S- ITS2 region of DNA has been recog
nized as the official fungal barcode. Though. for oomycetes. COl sequence is more discrimina
tive than ITS. Likewise. TEF- Ia and p-tubulin are considered as barcodes for identification of 
Fusarium and Penicilli um species. respect ively. Best non-ITS barcoding genes to differentiate 
Colletotrichum gloeosporioides sensu lacto species complex are Glyceraldehyde-3-phosphate 
dehydrogenase (GPD). Glutamine synthetase (GS) and p-tubulin gene sequences. Curvular
ia species could be discriminated by ITS. G PD or ACT (Actin -like) barcodes complemented 
by calmodulin (CAL) or TEF- Ia. Phoma is a highly polyphyleti c genus wi th unclear species 
boundaries. Based on molecul ar phylogeny of the type species of the seven sections of Phoma. 
a new teleomorph famil y Didymellaceae has been established. In the case of Diaporthe species. 
the resolving power of Histone 1-1 3 (I-lIS). beta-tubulin (TUB) was better than ITS. Barcoding 
could be used even by a non- taxonomist to identi fy fungal pathogens; it helps in tracing the 
origi n of pathogens and in identify ing cryptic species. Barcoding has also helped in discrimi
nati on of endophyti c. pathogenic and saprophytic fungi. It has become imperative to validate 
the fu ngal nomenclature with DNA barcode. though such a provision is not mandatory in th e 
existing International Code of Nomenclature (lCN). A concerted network effort is required to 
develop barcode sequences and validate the identity of all the phytopathogens in India. This 
eflu rt has several implications linked to qualit y assurance. trade and quarantine. 

L3 

Molecular characterization of mating type idiomorphs of 
Erysiphe necator from India 

52 

Indu S Sawant. S B Ghule & S D Sawant 

ICAR-National Research Centre for Grapes. Pune-412307. Ma harashtra 
indulika 18@yahoo.co.in 

Erysiphe lIeca/or. earlier known as Ullcilluia lIeca lor. causes powdery mildew disease in 
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grapevines. In many countries. both the asexual and the sex ual stages of E. newtor are reported. 
E. necator is a hetero thallic fungus requirin g the two mating typeidiomorphs. known as MAT! 
I and MAT I -2. for sexual reproduction to occur.The chasmothecia (c1eistoth ec ia) are initiated 
when the colonies of two opposite mating types meet on the infected plant parts and develop 
furth er if surface temperatures remains in favorable range for sufficient period of time. The tel 
eomorph stage of E. necator is reported from Kashmir in north India. but not from peninsular 
India. even though powdery mildew is present since almost 100 years. Molecular analysis o f one 
hundred and twenty E. necalor fi eld isolates collected from peninsular Inelia.showed presence 
of a single band at 232 bp corresponding to MATI -2. None of the samples gave band at 408 bp 
corresponding to MATI -!' However. two bands of 232 bp and 408 bp were detected by thi s 
multiplex PCR method. in few samples collected from Srinagar. Kashmir. 11,US. molecular ana l
ysiS established that E. necator is not sexually reproelucing in penin sular Indi a due to presence 
of only one mating type idiomorph and explains the non -sighting of chasmothecia in vineyards 
in these regions.111e study also brings out that MATI - I is not as common in nature as MATI -2 
and explains why in some other countries. too. chasmothecia were first observed as late as half 
to one century after start of grape cultivation. 

L4 

Morphological and molecular characterization of major 
fungal pathogens associated with diseases of cowpea in 

Karnataka State 

G R Janardhana & S Mahadevakumar 

Mycology and Phytopathology Laboratory. Department of Studies in Botany. 
Uni versit y of Mysore. Manasagangotri. Mysore-570006. Karnataka 

gljbelur@gmail.col1l 

Cowpea is an important legume crop grown in arid and semi -arid reg ions of tropics. 
India is the largest producer of Cowpea among Asian countri es. Field survey conducted during 
2011 -13 in Cowpea growing areas of Karnataka State reveal ed the occurrence of severe fun gal 
diseases responsible for crop yield losses. In the present study. prevalence and incidence of fun 
gal diseases in six major agro -ecological regions of Karnataka are presented. Diseased samples 
were collected and identit y of the associated fungal pathogens was confirmed by microscopic. 
morphological and cultural characteristics. Morpho-cultural ielentificatiQn was supported by 
molecular identification through ITS region sequence analysis. Further. six I~jor fun gal path 
ogens were tested for their pathogenecity on healthy cowpea plants (cv. 152) under green house 
conditions. A total of 14 fungal diseases were recorded and four among them were found severe 
in all the six zones. 11,e major diseases include rust (Uroll1yces vignae/U appendiculatus) . An 
thracnose (Col/elotrichum lilldenlllthiallum). leaf spot (Alternaria lelluissima)and leaf spot 
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(P. veXGlls). TI,e results showed that theincidence of each disease varied from one agro-ecolog
ical region to another. Rust and anthracnose were the most prevalent among fu nga l diseases 
in all the study regions. Phomopsis leaf spot (P. veXGns f. sp. vignae); Oactuliophora lea f spol 
(Dacluliophora sp.) and so uthern blight (Sclero tiu m sp.) were new and emerging diseases on 
cowpea in Southern Dry Zone and Southern Transition Zone respectively. TI, e pathogenecity 
test revealed the developm ent of symptoms after 15- 18 days of post inoculat ions. PCR ampli 
fication and sequence analysis of ITS rONA regions confirmed the six fu ngal pathogens iden 
tity as Phomopsis veXnllS (99%). Alternaria telluissima (99%). Co /lelolric/IL'111 lindenllllhiall w n 
(99%). Sclerotium rolfsii (99%) and Daeluliophom species (100%) simil arity with Maeroplw lninG 
phaseolina. 

Bacterial wilt of solanaceous vegetables: Pathogen 
diversity and management options 

R Ramesh 

ICA R-Central Coastal Agricultural Research Insti tute 
Ela. Old Goa-403402. Goa 

I: ra mesh@icar.gov.in 

L5 

Bacterial wilt (13W) affects economically important solanaceous vegetables (eggplant. 
chilli. and tomato). potato and ginger. BW is caused by Ralston ia solanaeearum. a soil bacterium 
which has broad host range and is distributed widely ranging from tropical. subtropical and 
warm temperate regions of the world. In India. BW is a major threat towards the production of 
solanaceous vegetables. potato and ginger. TIlOugh the pathogen is widely reported from va ry
ing agro-climatic and geographical regions of the country. genetic diversity among the Indian 
isolates is scarcely documented and is largely unknown. High genetic variation between isolates 
was used to define R solanaeearum as a 'species complex: rather than a species. Ea rly attempts 
to study the diversity present in the.R. solanaeearwll species complex. resulted in sepa rate race 
and biovar systems. Later. four monophyletic cl usters called phylotypes have been distinguished 
based on gene sequences and is in correlation to their geographica l location. Our investigations 
using R solanaeearul1l collected during 2008 to 20 11 from different states of India indicated 
that all our R. solmlaeearum isolates are phylotpe I and are most distinct from the other phy-
10lypes. Within phylotype I. the isolates are grouped into two clusters. Sub group one consists 
majority of the isolates and the sequevars are unknown. In Sub group two. all the isolates were 
assigned sequevar numbers. TI,is indicated the existence of R solanacearum isolates with un 
known/ unreported sequevars within phylotype I. M LST analysis of 20 isolates resulted in 15 
haplotypes within Indian strains. All ofwhich are new. different fro m the reference haplotypes. 
As Indian strains look clearly original. two strai ns were sequenced to understand and to study 
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various pathogenici ty and virulence factors. Understa nding of th e genetic diversity of the path 
ogen is essential to develop strategies for the management of BW. Ma nagement of BW has been 
challenging because of th e existence of vast genetic diversity of R. solal1 acearum. One of the 
promising management strategies is developing resistant varieties and our studi es identifi ed 
resistant donors and are used in developing segregating population. We identified a resistan t, 
non -cultivated brinjal and the grafts were evaluated for BW management. Promising endo 
phytic and rhizobacteria were identified for the suppression of BW in brinj al. The antagonisti c 
bacteria reduced the incidence of BW through difte rent mechani sms. 
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Isolation, identification and characterization of chitinase 
producing Trichoderma flavofuscum 

K K Suryawa nshi & N B Pawa r 

Dr. Pa njabrao Deshmukh Krishi Vidyapeeth , Akola-444 104, Maharashtra 
Sll rya IVa Iisil i kk@gmail.col/I 

At present, around 30% of all plant species have been ·destroyed by plant pathogens. 
Fungicides and other organic compounds a re widely used to control plant disease in many 
countries. However) continues use of these chemi cals has adverse effect on ecosystem and also 
leads to development of new strain of pathogens. 1/"ichodenlla sp have inhib itory action aga inst 
pathogenic fungu s like Pythium, Pusarium etc. either by secretion of certain enzymes li ke chiti 
nase, or by enhanci ng the growth of crops by producing secondary metabolites. Chitin ases 
are a group of enzymes that is responsible of hydrolyzi ng chi ti n polymer into its oligomers or 
monomers. we all knows that chit inase produce by Trichoderma has antifungal ac tivity, Hence 
current study was ca rried out to confirm the fact that Trichoderma has caliber to produce chiti 
nase enzymes. These enzymes are capable o f degrading 4-N-acetyl- D glucosa mine, the main 
cell wall component chitinase hydrolyzes chitin, a biopolymer ofN-acetylglucosa mine which is 
being widely used in biological and agricultural resea rch. Optimization of chitinase production 
by 'frichodenllajlavo!usculII was conducted in this experiment. Ti"ichoderllla was isolated from 
soil sample and identified on basis of morph ological character studied under microscope and 
confirmation was done. The identifi ed pure culture of T jlavofusculII was inoculated on Chitin 
rich CZ Broth and incubated for 10 days and filtrate was studied for extracellular chitinase ac
tivity by DNS method. During this experiment, peak chitinase activity was observed at 90 min 
after reaction time .. 

Studies on characterization and pathogenicity of 
~~--""usarium sp. causing wilt of pomegranate 

V K Bhalerao, K S Raghuwanshi, P E More & N A Musmade 

Post Graduate Institute, Mahatama Phu le Krishi Vidyapeeth 
Rahuri, Ahmednagar-4 13722, Maharashtra " 

vkb 145@gmail.com 

P2 

Five different isolates (VKB- [ to V) of Fusarium were isolated from pomegranate (Pu l/i 
ca grallatum L.) plants of Arakta and Ganesh varieties showi ng typical wilting symptoms. 11,e 
fungal cultures were examined under microscope and found th at mycelium was hyaline septate 
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and produce two types of spores i.e microconidia and mac roconidia. The pathogen was found 
to produce pink colored pigmentation. Based on morphological characteristics the isolates were 
identified. The isolate VKB - III was identified as Fusa rium oxysporwn, which showed myceli
llll1 of whitish submerged growth , c ircular compact mycelium with oval straight to curved mi 
crocon idia and thin hooked apex, sickle shaped, three to fi ve septet macrocon idia. -n,e isolate 
VKB- lV was identified as Fusariwn mOlliliforme showing compact mycelium of whi tish pin k 
colour, rai sed colonies with circular margin of pink colour forming simple microconidia in 
chain and fusoid, sharply curved, elongated macroconidia with 3 to 7 septa. The isolate VKB- V 
was identified as FusariulII roseum showing compact raised mycelium of whitish growth with 
pinkish center, fo rming abundant microconidia which are oval straight to curved and straight 
macroconid ia with 3 to 5 septa. Whereas VKB- I and VKB - II were identified as Fusarium spe
cies on the basis of macro and microconidia. The pathogenicity test of five Fusarium isolates was 
carried out by art ificial soil inoculation in pot culture. The ar tificially inoculated pomegranate 
air layers showed typical wilting symptoms after one month . The Fusarium 51" -I and Fusarium 
sp. -II showed partial wilting where as Fusa rium oxysporum and Fusariummolliliforme showed 
drooping of branches after one month of inoculation. After two months of artificial inoculation 
Fusariu lII oxysporum, FusariulII I/IOI/iliforllle and Fusariunl sp. -I showed complete wilt ing. The 
mixture of all th e fi ve isolates of Fusarium sp. showed complete wilting of pomegranate air 
layers of cultivar Ganesh.ll,e investigation confirms the finding that there is wide va riation in 
morphological characters and pathogenicity of Fusarium isolates associated with the wilt of 
pomegranate. 

1'3 

Detection and quantification of sugarcane mosaic virus 
(ScMV) in diseased sugarcane using ELISA and 

RT-PCR technique 

D B Gawade, R K Pal, B H Pawar & U S Kadam 

Mahatama Plulie Krishi Vidyapeeth, Rahuri-4 13722, 
Ahmednagar, Maharashtra 

dattatmygawade@gmail.col1l 

Sugarcane mosaic virus (ScM V) causes yield losses cultivated sugarca ne. l1,erefore, the 
detection of ScMV is very important for disease management. In present study, DAS-ELISA 
(Double Antibody Sandwich- Enzyme Linked Immunosorbant Assay) was optimized as a se
rologicalmethod to identi fy the virus usi ng a monoclonal antibody. Leaf sa mples of sugarcane 
were collected from healthy and diseased plants. A total 80 cultivars of sugarcane were selected 
on the basis of morphological symptoms for ELISA test. Out of 80 cultivars, 57 represented 
the presence of ScMV infection through ELISA. RT-PCR (Reverse Transcriptase-Polymerase 
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Chain Reaction) was performed for detecting ScM V using a pair of primers design to ampli fy a 
fragment in the cod ing region of ScM V coat protein. Nin e Cultivars showing presence of ScM V 
in ELISA were selected for molec ular screening. O ut of Nine cultivars four cultivars showed the 
presence of ScMV through o ne-step RT-PCR. TI,e o ne step RT-PCR result depi cted that four 
cult ivars of sugarcane showed the presence of ScM V infection. TI,is suggested that ELISA and 
RT-PCR can be routinely used for ScMV detection with h igh effi ciency. 

Investigation on mosaic viruses infecting brinjal in 
Western Maharashtra 

A A Awale, V V Chaure & S D Suryawanshi 

Mahatma Pillt le Krishi Vidyapeeth, Rahuri -413722, Maharashtra 
a,j ulla IVa le24@redif);'lIail. co,n 

P4 

Brinjal (SolnllwlI melollgelln) is one of the most popu lar solanaceous vegetable crops 
in Indi a and yields good profit in short period several viruses have been reported to infected 
brinjal naturally throughout the world causing enormous losses in respect of yield and quality 
of fruits. TI,e virus infecting brinjal was readily sap transmissible by mechanical means from 
brinjal to brinjal and other plant species. TI,e virus was not transmitted through the seeds of 
brinjal. 11,e symptoms of mosaic disease were observed periodically in sap inoculated plant 
brinjal and cucumber. TI,e virus was found to be transmissible by aphid species viz., Myzus per
sica e, Aphis gossypii and A. craccivora in non -persistant mann er. Myzus persicae was found to be 
1110re eAicient (90 %) than Apltisgossyppi (60 %) and Aphis craccivora (25%) in transmitting the 
virus. 'n,e virus infected 13 out of25 plant species belonging to Chenopodiaceae, Cucurbitace
ae,Leguminosae and Solanaceaefamilies. TI,e host of virus included Chellopodium nmnmticolOl; 
Cuclllnis melo, Cucumis sativus, LulIa acutanguln, Glycill max, Capsiw III alllluum, Lycopersicon 
eswlentum, Nicotial1a glutinosa and Solanum ,nelollgenn. TI,e non host of the vi rus included 
Beta vulgaris, Helinal1thus am, us, Zea mays, A. hypogen, Cajnl1us cajalla, Cnccia tora, Cyul110psis 
tetragonolobn, Phaseouts vulgaris and PiSUlI1 sativllll1. In DAC-ELlSA (Direct antigen coating 
enzyme linked 1111111unsorbent assay) technique, the resu lts revealed th at virus isolates react
ed positively to antiserum Cucumber Mosaic Viru s. TI,e result indicated that maximum value 
Pune 2.1 16, Satara 2- 103, Nashik -2.204 and Ahmednagar -1.520 was shown by isolate. Brinjal 
virus isolates was positively related to antiserum CMV, wh ich clearly indicated that the virus 
belonged to Cucumo virus group causing Cucumber Mosaic Virus (CMV) . · . ~ 
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Studies on morphological variability and growth 
characteristics of different isolates of Sclerotium rolfsii 

on different media 

P P Shete, P B Deore, & R R Perane 

Mahatma Plude Krishi Vidyapeeth, Rahuri-43 1722, Maharashtra 
poonamshete770@gmail.com 

PS 

Sclerotium rolfsii is a most devastating soil borne plant pathogenic fungus, causes col
lar rot and root rot disease and occasionally causes leaf spot diseases. The stem rot affected 
groundnut samples were collected and reisolated, isolates were identified as Sclerotium rolfsii. 
TI,e morphological characteristics of S. rolfsii on different media revealed that, there was signi f
icant variation in growth of all isolates on different med ia. Among 14 media tested, maximum 
colony growth was observed on oat meal extract agar, potato dextrose agar and sabouraud's agar 
followed by carrot agar. The least growth was observed in Elliot's agar and Rose Bengal agar. TI,e 
colony colour of isolates were varies to dim, pure, white, dull, fluffy, cottony and fluffy cottony. 
TI,e appearance of mycelial growth of isolates was also varies to irregular, clear, thick, tuft, full 
petriplate, thin, bread like, patchy and rare growth of mycelium. TI,e radial growth and con
centric circles were absent in all isolates. TI,e shapes of sclerotial bodies were varies to round, 
ellipSOid, medium round, elongate, spherical, irregular and globose among isolates. TI,e colour 
of sclerotial bodies were also recorded variation viz., brown, light brown, chocolate brown, dark 
brown, yellowish brown, medium red and reddish brown. Among the isolates, the size of sclero
tial bodies ranged from 0.15-1.96 mm and the numbers of sclerotial bodies per cm' varied from 
6.07 to 1.51 cm' . While, the test weight of sclerotia was varies from 261.33 to 53 mg. All these 
growth characters revealed that, there is existence of variability among the isolates of S. rolfsii 
on groundnu!". 

P6 

Identification of Cercospora leaf spot resistance among 
fenugreek accessions and characterization 

of pathogen 

R S Mishra & V P Pandey 

N.D. University of Agriculture and Technology, Kumarganj, Faizabad, Uttar Pradesh 
drramsumanmishra@gmail.com 

Fenugreek (Trigonella foenum-graecum L.) is a minor legume fi eld crop, native of south
eastern Europe and Africa. It is commercially cultivated in India. Fenugreeks have medicinal 
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properties used as spice and vegetable fo r hll111en consumption and fo rage for callie. Diseases 
caused by Cercospora Imversinlla are one of th e major constraints to the production of fenu · 
greek in field condition and it is destructive and wide spread disease in warm humid climate. 
To identify the resistant ge rmplasm and morphological characters of the pathogen under fi eld 
condition on the fenu greek plants, the 20 promising accessions collected from di ffere nt pa rt 
of Uttar Pradesh and maint ained at department of Vegetable science, NDUA & 1~ Kumar· 
ganj, Faizabad, UP, India were selected for the investigation during Rabi 20 ]] 2· ]3 and 201 3· 14 
where disease occurri ng yea r to yea r. -n,e fie ld tria ls were conducted in RBD usi ng plot size 
2.4 x 2.0 m. Cercospora leaf spot disease incidences were recorded from IS randoml y selected 
plants of each plots by using 0· 5 scale at the prematurity of pods. O ut of20 accessions two ac· 
cessions were characteri zed resistant, fOllr moderate resistant 'ant rest were found susceptible 
in both experimental year. Percent disease incidence was observed lowest in 7.63 (NDM ·96) , 
S.10 (NDM·93), 11.4 (NDM ·95), 12.2 (NDM·99) and highest 63.63 (NDM ·S6), 62.3 (NDM· 
SS), 5 1.7 (NDM·90) in 201 2· 13, whereas in 20 13· 14, POI was minimum in NDM ·93 (7.S6), 
NDM·96 (S.43), NDM·95 (I 2.0) and maximum in NDM·S7 (64 .0), NDM·S6 (43.33), NDM ·S4 
(43.22). -n,e fi eld resistant accessions NDM·93 and NDM·96 were produced highest seed and 
biomass yield. Although, artifi cial inoculation studies are needed to ve ri fy the finding of resist· 
ant accessions. 

Molecular and biochemical characterization of 
potential isolates of Trichoderma species effective 

against soil-borne pathogens 

N Srinivasa, T Prameela Devi, Deeba Kamil & Avinash Singode 

ICAR· Indian Agricultural Research Institute, Pusa Campus, New Delhi· ] 100] 2 

1'7 

Trichoderma species can act as biocontrol agents through different bio· control mecha· 
nisms. Characterization and exact identification of strains is the fIrSt step in utilizing the poten· 
tal isolates against plant pathogens. A total of20 morphologically characterized high potential 

isolates (S from T virens and 12 from T Iwrzinnl/lIl ) and 4 low potential isolates (2 from T 
virens and 2 from T hnrzinnum) were molecularly (based on ITS region and tef· ]gene region) 
and biochemically characterised (based on hydrolytic enzymes). tef· 1 was found beller than ITS 
to distinguish the Trichodermn isolates into 2 different species viz.:r virells and T harzial1ll1ll 
based 011 rnaximum parsim ony sequence analysis and were molecularly ·co~rmed . TIle scan 
over the entire results of spec ific activity of the enzymes revealed that there was a clear cut 
difference between the two species of Trichoderma viz. ,1: llIlrziamml and 1: virens against the 
pathogens tested (Fusariwn oxysporul1l, Rhizoctonin solnni and Scierotil/l11 rolfsii). It appeared 
that the Trichoderma isolates alone showed less production of enzymes as compared to during 
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their interaction with soil-borne pathogens. Most of the isolates were fo und with moderate (10-
20 IU/mg) or low (0-10 IU/mg) spec ific act ivity and very few isolates showed high (>20IU/ mg) 
specific activity of enzym es in both wi th or without pathogen interactions. Among the potential 
isolates tested for enzyme assay, 3 isolates from T virens (V-7, V-19 and V-21) and 3 isolates 
from T harzianul1l (H - I 0, H-12 and H -2 1) were found as highly potential isolates based on the 
specific act ivity of the enzymes. Th erefore, these morphologica lly and molecularly confirmed 
isolates having high specific activity of hydrolytic enzymes can be effectively used for biological 
control against soil -born e plant diseases. 

Association of seed borne pathogens with groundnut 
seeds and screening of Aspergillus flavus isolates for 

aflatoxin production 

P E More, S R Zanjare, V K Bhalerao & R U Thosar 

Mahatama Phule Krishi Vidyapeeth, Rahuri -4 13722, Ma harashtra 
prakashem01"e@gmail.com 

P8 

Groundnut (Amchis hypogea Link) is an important oil seed crop and world's second 
largest source of edible oil. Groundnut contains 46-52% of oil. 'Il,e high oil and protein content 
makes it an important food ingredient. It is also a valuable source of vitamin E, K and B. Seed 
borne diseases are commonly observed in cereals and pulses and the reduction in the yield of 
peanut is dependent upon several factors, among which the seed borne diseases have major 
share. The study was aimed to see the association of seed borne pathogens with groundnut 
seeds and screening of Aspergillus Jlavus isolates for aflatoxin production. Seven varieties of 
ground nut viz., SB IX , JL-24, TAG-24, TG-26, JL-220, ICGS- ll and JL-501 were collected from 
Groundnut Breeder, AICRP on Grou ndnut, MPKV, Rahuri. The association of mycoflora was 
studied by standard blotter method as recommended by ISTA and screening of A. Jlavus was 
clone with the help of simple fluorescence method. The fungi associated wi th these groundnut 
varieties were Aspergillus nigel; Aspergillus Jlavus, Fusarium oxysporul11, Phol11a spp. Aspe'gillus 
fumigatus, Alteruaria altemata and Macrophol11illa phaseolin a, 'Il,e variety TG-26 showed the 
highest association of seed mycoflora (40%) while variety JL-501 showed the least mycoflora 
i.e. 25%. TI,e variety TAG-24 showed the highest number of A. Jlavus isolates i.e. 22 of which 
18 were found positive for aflatoxin production while the variety ICGS- II showed the lowest 
number of A. Jlavus isolates i.e. 12 of which 3 were found positive for aflatoxin production. 
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Variability and cross-infectivity potential of 
Colletotrichum gloeosporioides causing 
anthracnose and fruit rot of Annona in 

Maharashtra 

A P Gaikwad, Y S Balgude & K A Gaikwad 

Ma hatma Plude Krishi Vidyapeeth, Agricultural Research Station, 
Lonavala, Tal-Maval, Pune-410401, Maharashtra 

apgaiklVad@redigffnlail.coll1 

P9 

Fruit rot/anthracnose caused by Colletotrichum gloeosporioides has become an increas
ingly serious disease on green, unripe custard apple fruit in Maharashtra. Strains of Colletotri
chum were isolated from the fruits of different Annona spp. collected from orchards in and 
around Pune district in Maharashtra. Isolates were identifi ed using morphological characters, 
colony growth rate, and confirmed with microscopy. Five isolates fro m five Anllona spp. viz., 
A. squamosa, A. atemoya, A. cherimola, A. glabra and A. reticulate were designated as CgAs, 
CgAa, CgAc, CgAg and AgAr, respectively. Pathogenicity testing of these strains was carried out 
on their respective host. The potential for cross infectivity of five isolates of C. gloeosporioides 
was investigated on five Annolla spp. by attached leaf culture and detached fruit techniques 
using mycelial bit inoculation method. Anthracnose les ions (ormed readily on wound -inoc
ulated leaves and detached fruits of all hosts. Five isolates of C. gloeosporioides from AmlOlla 
spp. differed from each other on the basis of leaf spot size, leaf area infected, disease severity 
and virulence index (VI) on leaves as well as fruits of five Al1llOna spp. On the basis of virulence 
index, five isolates were grouped into two virulence categories by attached leaf culture. The iso
lates CgAs, CgAc, CgAg and AgAr were virulent, whereas, CgAa was moderately virulent. On 
the contrary, by detached fruit technique the trend was quite different wherein the isolate CgAs 
was highly' virulent; CgAa, CgAg and CgAr were virulent while CgAc as moderately virulent. 
This revealed that the isolates showed variable reactions on leaves and fruits across five Annona 
spp. Similarly, the isolates on their respective host spp. showed maximum virulence index and 
produced all typical symptoms of disease as compared to other AlIlIona spp. indicating that five 
C. gloeosporioides isolates from five Annona spp. were different. 
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Recurrence of crazy top or green ear of finger millet 
A Nagaraja, K R Shreenivasa '& Suresh Pat il 

PC Uni t (Small Millets), GKYK, Bengaluru -560065, Karnataka 
nlwgnmjn60@gmail.com 

'K rishi Yigyan Kend ra, Konehally, Tumkur, Karnataka 
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Survey during 20 14 rainy season 'crazy top' or 'green ear) of ragi was rampant at two 

villages Pelllll1anahalli and Galaga of Gubbi taluk in Tumku r district, Karnataka th e d isease 
showing up to 50% incidence both on the popular and blas t resistant GPU 28 and susceptibl e 
PR 202 variet ies. After its fi rst report in 1947 by Yenkatarayan fro m the erstwhile state of Mys
ore as well as from Ta mil Nadu; and detailed stud ies by Safeeulla at the Mysore University, the 
d isease was almost forgotten. However during kharif 2006 it was reported from Uttarakhand 
hills. Though the characteristic 'downy mildew' symptoms were absent the affected plants were 
stu nted with short intern odes and profu se ti llering assuming a bunchy and bushy appearance. 
The green ear manifestation at the tim e of gra in fo rmation completely converted the ears in to 
gree n narrow leafy structu res causing complete sterili ty. Part ial or whole ear including lemma, 
palea and glumes were converted into narrow leafy structures giving a 'bush-like' appearance. 
Enquiries revealed that the seeds of GPU 28 were certified and purchased from Raitha Sa mpar
ka Kend ra (RSK) , whereas those of PR 202 were of fa rmer's own. The fi elds on which ragi was 
grown had paddy crop during three to fo ur precedi ng seasons. However, heavy rains during the 
crop growth, water stagnation, prevalence of high humidity due to surrounding pl antat ions; 
poor drainage etc. might have been responsible for such an outbreak. Laboratory studies of the 
affected samples revealed the presence of numerous thick walled oospores in the malformed 
port ion of ears. 

I'll 

Survey for Cercospora leaf spot disease of finger millet in 
the hills of Uttarakhand 

A Nagaraja, Rajesh Khulbe', C Chandrasekhar ' , Salej Sood' & Somashekhar Konda' 

PC Unit (Small Millets), GKYK, Bengaluru-560065, Ka rnataka 
anagaraja60@gmaiLcom 

'1 CA R-Yivekananda Parvatiya Krishi Anusandhan Sansthan, Almora-263601 , Uttarakh and 
' College of Agricultu re, GKYK, Bengaluru-560065, Karnataka 

Finger millet [Elcusinc comcnnn (L) Gaertn.) crop is very adaptable to higher alti tudes 
and is grown in the Himalayas up to 2,300 m. It is widely cu ltivated by the fa rmers of Uttara-
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khand over an area of 1.25 lakh ha bot h in the Garhwal as well as Kumaon regions. Cercospora 
leaf spot caused by Cercosporn eleus;ll;s is second onl y to blast in affecting production and pro 
ductivity of finger millet in Uttarakhand. Hill campus, Ranichau ri has reported that th e resist
ance to the disease is not avail able in the im proved lines. A rowing survey ca rried out during 
the rainy season of 2013 to know th e occurrence and seve rity of th e d isease ;lIler-alia to look 
for resistance sources in the local cultiva rs revealed that, th e di sease incidence ranged from 2-5 
grade ancl was altilude dependent. No cercospora leaf spot was observed at lower alt itudes « 
1000 m) . Some loca l mater ial (PRM 101 2- 1) appeared free from cercospora infection. 'n,e in 
cidence of cercospo ra was much lower in Kumaoll compared to Garhwa l region. ~1l1 e incidence 
of cercaspora leaf spot and brown spot was lowe r in th e fi elds situated on the sunny side, but 
high in shady and moist areas. The symptoms of brown spot and ce rcospo ra leaf spot were ini 
tially alike-as the ashy grey centre characteristic to cercospora was missi ng (e.g. Tal, Gwald am, 
Chamoli) and needs to be thoroughly checked fo r combined infection. C ross sections through 
the infected lesions revealed presence of slender, elongated whip like conidi a with many septa . 
Isolation of the pathogen in V8 juice agar revealed creamy white colonies. 

Longevitiy of Fusarium moniliforme in different parts 
of rice grains 

Pankaj Kumar & Shyam Sunder 

CCS Haryana Agri cultural University, Ri ce Research Stat ion, Kaul -136021, Haryana 
uodlapal1kajbodla@gma;l. co /!/ 

1'12 

The survival o f Fusar;lIm mOlliliforlll incitant of foot rot and baka nae of rice (Oryza 
sativa L.) was studied in different part of grains of two com menrically cultivated Basmati rice 
varieties at CCS HAU Rice Resea rch Station , Kau l during December, 201 3 to August, 2014. -n, e 
recovery of the fungus was more from the infected grains of Basmati CS R 30 (96.25%) than 
Pusa Basmati 11 21 (90.00%) at the time of comm encement of th e experiment. Among d ifferent 
seed components. the maximum infectionlrccovery of F. moniliforme was recorded in lemm a 
(91.25%) follo wed by palea (78.75%), endosperm (58.75%) and embryo (35.00%) in l.lasmati 
CSR 30 during December, 201 3. It declined gradually with sto rage period in a ll the seed compo
nents and reached to 37.50%, 3 1.25%, 16.25%,3.75% and 0.00% in whole grain, lemma, palea, 
endosperm and embryo, respect ively in the month of August, 2014. O n mean basis, the surviva l 
of pathogen var ied Significantly in different seed components. A similar trend in recovery of 
pathogen from the whole grain and their components was observed in Pllsa~smati 11 21. TI,e 
fungus survived in the embryo to the extent of35.00% and 2 1.25% in Basmati CSR 30 and Pusa 
Basmati 11 21, respectively in December, 20 13, which reduced to 2.50% and 1.25% in month of 
July and to 0.00% in August, 201 4 in both cultivars. TI,ese studies have clea rly elucidated that 
the pathogen is both internally as well as externally seed bo rne. 
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Identification of molecular markers for arbuscular 
mycorrhizal responsiveness in upland rice 

Neha Nancy Toppo, Debayan Chakraborty', Jahangir Imam, 
Alpana Anupam, Anirudha Das', 

N P Mandai, A K Srivastava' & Dipankar Maiti 

Central Rainfed Upland Rice Research Stat ion, P.O. 48, 
Haza ribag-82530 I, Jharkhand 

nelwl1nn@gmail. coln 

'Bidhan Chand ra Krishi Viswavidyalaya, Kalyan i-74 1235, 
Nadia, West Bengal 

' Ranchi University, Ranch i-83400 1, Jharkhand 
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Mycorrhizal responsiveness is the change in plant biomass o r phosphorus (P) uptake 
th at results from arbuscular mycorrhizae (AM) colonization. Int er- and intra-specifi c va ri a
tion in rice suggests it to be a geneti c trait opening up the possibility of utilizing this genetic 
variability to select/breed high AM -responsive rice va rieties for exploitation of the biological 
potentials of AM fungi in improving P nutri tion of crops. For this, attempts were made to 
identify molecular markers linked to the AM -responsiveness tra it in rice, a pre-requisite for de
veloping AM -responsive variet ies through marker-assisted selection (MAS). Two differentially 
responsive varieties were selected - Sathi 34-36 (extremely AM -responsive and Jonga (highly 
AM -non -responsive) and crossed. F l hybrids were raised to obtain the F2 seeds. Parent al pol
ymorphism survey with 370 SSR markers revealed that 80 we re polymorphic between th e two 
genot ypes. F2 plants were further phenotyped fo r AM -responsiveness. Bulk Segregant analysis 
was performed with two DNA bulks each consisting of pooled DNA from extremely opposing 
(AM -responsive and non -responsive) F2 phenotxp..!'.s. RM 437 was found to be polymorphic 
between the two bulks on screening with the 80 polymorphic SSR markers and identified to be 
putatively linked to the AM- responsiveness trait. 
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Molecular characterization of Zucchini yellow mosaic 
virus isolates infecting cucurbitaceous plants in Manipur 

region of North-East Hill region of India 

Susheel K Sharma, A Banerjee ', S S Roy, M R Sahoo, H Ranebenn ur' , 
Th Surjit Singh, T Chanu Ng, Arati Ningombam, N Prakash & S V Ngachan ' 

ICA R-Research Complex for NEH Region, Manipur Centre, 
Imphal-795004, Ma nipur 

susheelsha rmn 19@9mail.com 

'ICAR Research Complex for NEH Region, 
Umiam-793 103, Megha laya 

' ICA R Research Compl ex for NE I-I Region, Tripura Centre, 
Agartala-799210, Tripura 

Cucurbitaceous vegetables (bott le gou rd, cucumber, pumpkin and chow-chow) grown 
in the different districts of Manipur were surveyed during the year 201 4. Symptoms of viral 
disease ranging from mosaic, blistering, veinal chlorosis, blistering, lea f deformation and shoe
string of leaves were observed under fi eld conditions. A disease incidence of 38-48% was re
corded on different cucurbitaceous vegetables surveyed. Flexuo~1S virus particles of size 750-800 
x 12 nm were recorded under electron microscope from the symptomatic bottle gourd, cucum 
ber and pumpkin plants. Overall 42% of samples were tested positive in double antibody sand 
wich-enzyme linked immunosorbent assay (DAS-ELISA) using poty-group specific antisera, 
which confirmed the association of a Potyvirus. 1.7 kb region of viral genome (partial Nib, full 
coat protein (CP) and 3' un-translated region) of four isolates were amplified in reverse tran 
scription-PCR (RT-PC R), cloned and sequenced. Basic local alignment search tool (BLAST) 
showed that >l~d isolates shared maximum identity with Zucchini yellow mosaic virus 
(ZYMV) and referred as ZYMV-Btg (isolated from bottle gourd), ZYMV-Cmb (isolated from 
cucumber) and ZYMV-Pmp (isolated from pumpkin). Isolates ZYMV-Btg, ZYMV-Cmb and 
ZYMV-Pmp shared maximum identity of95-97% with ZYMV isolate from Southeastern Spain 
and Florida (97-99% query coverage). Phylogenetically all three isolates were in ZYMV cluster. 
Based on the combined results of symptomatology, electron microscopy, DAS-ELISA and RT
PCR, present study reports high incidence of ZYlvlV on cucurbitaceous plailts(1·own in Mani 
pur. 
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Studies on variability of finger millet blast pathogen 
Py ricularia grisea (eke.) sacco in different cultivars 

B Neeraja, T S S K Patro, Y Sa ndhya Rani , S Keethi & S Jyosthna 

A.N.G.R Agri cultural University, Agricultural Research Station, 
Gajularegha, Vizianagaram-535001 , Andh ra Pradesh 

nrs. vz t1l@gmail.cotn 
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Finger millet (Eleusine caracann (L. ) Gaertn .) loca lly known as Ragi, Chodi, Tydalu, 
Mandu a, Nagli , Kapai and Ma n va occupi es a special position in the hill agricultu re of Andh ra 
Pradesh occupying the largest area next only to Rice. Although, fi nger millet is know n to cope 
with abiotic and biotic stresses, however, under vulnerable conditions some of the diseases 
cause enormous losses and can damage entire crop. Of the several funga l diseases that affect 
finger millet crop, bl as t incited by Pyriculnria grisea (Cke.) sace. is the most devastating and 
economica lly important disease of fi nge r millet growing areas of Andh ra Pradesh. 11,e disease 
occurs regularly and causes heavy losses in grain yield. Due to ex treme variations in th e path ~ 

ogen in different cull"ivars of the fin ger millet an experiment was conducted at Agricultural 
Research Station, Vizianagaram, Andhra Pradesh with recommended agronomic practi ces on 
the va riability of the bl as t (leaf, neck and fin ger blast) in di fferent entries of fi nger millet nursery. 
Total 12 entries were tested for blas t variability. Among them GE 4449 (Leaf blast (Grade)-2, 
neck blast (%) 9.1 , fin ger blast (%) 9.1 ) and GE 4440 (Lea f blast (Grade)-2, neck blast (%) 9.3, 
finger blast (%) 8.9) showed less incidence of blast compared to local check VR-708 (Leaf blast 
(G rade)-9, neck blas t (%) 87.2, fin ger blast (%) 85. 1). For assessing leaf bl as t incidence, 0-9 scale 
is used, neck blast percent was calculated based on the number of ears showing infection on 
peduncle/neck divided by total number of ears in a unit area multiplied with hundred whereas 
finer blast percent was calculated based on th e number of infected fin gers divided by number of 
healthy fin gers multiplied with hundred. 
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Variability among the isolates of Alternaria solani 
causing early blight of tomato 

P S Nikam, 0 G Hingole, 0 P Kuldhar & S S Wagh 

Vasa ntrao Naik Marathwada Krishi Vidyapeeth, Parbhani -43 1402, Maharashtra 
dil1 kumnr007@gnlail. com 
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Early blight caused by Altemaria solani is one of the major biotic constraints in the prof-
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itable production of tomato (Lycopersicol/ esculenltll ll L.). A high degree of diversity in respect 
of symptoms induced. cultural and morpholog ical characte risti cs and molecular va riabi lity 
among the isolates of A. solnlli causing ea rl y blight in tomato/ potato were reported elsewhere in 
India. However. from the states of Maharashtra very meagre work has been done in this respect. 
Therefore. present studies were und ertaken at the Depar tm ent of Plant Pathology. Y.N .M.K. V .• 
Parbhani during Kharif, 2011 -12 and 2012-13. A total of eight isolates of A. solnlli were ob 
tained from the ea rly blight symptomati c d isease samples collected during survey of var ious 
agro-cl imatic zones of Marathwada region of the state of Maharashtra. All th e test isolates were 
assessed for their cuitura l. mor phologica l and molecu lar variability by applying standard pro
cedures.Th e results revealed that. on the basis of cultural charac teristi cs all the 8 test isolates of 
A. solnl/i were fo und distinct from each other. Further. these test isolates were also fo und to be 
varied in respect of th eir morphologica l characteristics viz .• mycelial width. conidial size. beak 
length and septa tion of conidia. Based on pathogenicity test. cultural and morphological var
iability. only four most virulent isolates viz .• AsLt (Latur). AsBd (Beed). As)l (Jain a) and AsHI 
(Hingoli ) of A. solal1i were further subj ected to ascertain their molecular variabilit y. 'l1,e results 
on DNA finger printing pattern revealed that the isolates of AsH I (Hingoli) and As)1 (Ja ln a) 
were distinct from each o th er; whereas. that of AsBd (Beed) and AsLt (Latur) we re closely 
related to each other. The dendrogram analysis revea led genetic si mil arity of abo ut 85% in 
between th e isolates of Beed and Lat ur; whereas. it was about 50% in between the isolates of 

Jalna and Hingoli. 

Variability among the isolates of Xanthomonas 
axonopodis pv. citri by using RAPD marker 

Prerana B Abhang, M V Totawar, Madhuri Katkar, S S Mane, 
Amrapali Jadhao & Rahu l Kadam 

Dr. Panjabrao Deshmukh Krishi Vidyapeeth. 
Akola -444104. Maharashtra 

prernl1nnbhallg09@gmnil.com 
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Citrus canker is one of the most important disease of acid lime caused by Xallthomollas 
axol/opodis pv. citri . The di sease is characterized by conspicuous raised corky necrotic les ions. 
surrounded by diagnostic yellowish halo on leaves. The isolations were made from the symp
tomatic samples collected from different distric ts of Maharashtra viz,. Akola (Xac I). Waro 
ra (Dis!. Chandrapur. Xac2). Nagpur (Xac3). Parbhani (Xac4). Sangli (Xaih Rahuri (A'na
gar. Xac6). Pune (Xac7). The present investigat ion describes variability among the isolates of 
Xac using RAPD primer. The primers OPA. OPB. OPF. ERI C I R. ERIC2. REP, BOX. 2 11 . 220. 
230 and 232 were found to be most sign ificant and polymorphic. Percent polymorphism was , 
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98.10% and average number of polymorphic bands per pri mer is 8. 11,e dendrogram ana lysis 
based on RAPO data revea led 2 major groups among 7 isolates of thi s pathogen. Xac 3 (Nagpur) 
had higher value of similarity coeffi cient (0.7643) wheras Xac 2 (WarOl'a) had lower valu e of 
similarit y coeffi cient (0.5350). 

Occurrence of diplodia ear rot of maize in Karnataka 

S [ Hadapur & B T Ninganur 

Main Agricultural Research Stat ion 
Universit y of Agricultural Sciences. Oharwad-580005. Karnataka 

ha ria pu rsi@glllail.com 
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Maize is an important cereal crop and widely grown in various cl imati c conditions 
across th e country. One of the vital factors responsible for ve ry low yield is due to ubiquitous 
incidence of various diseases. Climate change influenced the shift in th e pattern of disease spec
trum. Since Karnataka state has a considerably large area under commercial culti vatio n and 
seed production programme of both public and private sector companies. disease occu rrence. 
incidence and resultant losses assumes greater s ignificance. Few commercially grown maize 
hybrids were found severely affected with Oiplodia ea r rot disease during kharif seasons of 
201 3 and 20 14 in dillerent part of Karnataka viz .• Kalghatagi (Oharwad district). Haveri and 
Oavanagere districts. 11,e incidence of disease varied from 5.50 to 30.50%. 11,e characteristic 
sy mptoms initially appeared as white to grayi sh mold on and between the kernels on part of 
the ear. 11,e disease starts at the base of the ea r and progresses towards the tip. 'n,e ea r leaf and 
husks on the ear prematurely bleached and become straw coloured. In case of severe infections. 
ears become grayish brown. shrun ken. very light weight and completely rotten. 'n,e d isease was 
favoured by wet weather after sil king and more severe in monocropping system. 11,e in fection 
was prominent between three to four weeks after silking. Small black fruiting bodies (pycnidia) 
found on husks. cobs and sides of kernels. The fungus associated with the ear rot di sease was 
identified as Diplodia /IIaydis (Berk.) Sacc [Syn: Stell ocarpella maydis (Be rk. )] Sutton based on 
morphological characters. 11,e association of Stellocmpella /II aydis (Berk.) Sutton wi th diplo
dia ear rot disease of maize constitutes a new record from Karllataka state. Highest incidence 
(35.80%) was noticed in Ka laghtagi talu ka (Oharwad district) . Haveri and Davanagere districts 
recorded incidence in the ra nge of 5.5 to 26.0%. Losses to the tune of 23 .35 to 47.89% was 
noticed in cob weight. 'n ,e monitory losses ranged fro m Rs.400 -4 60 per quinta l of grains over 
hea lthy grains. 
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Monitoring of maize diseases in Karnataka 
S I Harlapur & B T Ninganur 

Main Agricultural Research Station 
Un iversity of Agri cultural Sciences, Dharwad-S8000S, Karnataka 

h n ria pll rsi@glllail. collI 
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Maize is one of the majo r cereals grown in Karn ataka which has come up on large area 
in different districts both under assured rain fed and irri gated command areas . The area un der 
maize is increasing and the crop has attained its multi fold dynami sm due to its culti vation 
fhrough oorthe year in all seasons. This has mainly responSible for increased severity of many 
diseases due to continuolls availability of host crop for pathogen survival. Hence, extensive 
surveys were ca rried out to assess the prevalence and severity of maize diseases in the major 
maize growi ng areas of northern Karnataka. Studies revealed that, there is a major shift in the 
disease pattern during the recent past. Diseases of minor importance viz., Curuvularia leaf spot, 
Diplodia ear rot and Banded leaf and sheath blight become increasingly severe due to change 
in weather conditions and introduction of many susceptible hybrids. Turcicum leaf blight and 
maydis leaf blight were noti ced during second fortnight of July and severity progressed later 
on and reached maximum during September in Dharwad, Haveri, Gadag and Belgaum dis
tricts. Polysora rust and common rust diseases appeared during second fortnight of August and 
reached maximum during first fortni ght of October in Dharwad, Haveri and Belgaum distric ts. 
Moderate to severe incidence of Diplodia ear rot and banded leaf and sheath blight diseases 
were noticed during second fortni ght of September and attained severe form at grain fillin g 
stage in Dharwad and Uttar Kannada districts. Dry weather prior to silking follo wed by wet 
weather conditions during silking favoured Diplodia ear rot infection. Curvularia leaf spot se
verity observed in moderate to high level at flowering to grain fillin g stage in Dharwad, Have ri 
and Belgaum d istrict. 'n,e late sown crop i.e., August - September was subj ected to severe in 
cidence of foliar diseases. Post flowering stalk rots incidence was severe at fl owering to grain 
filling stage in Bagalkot, Bellary, Koppal, Belgaum and Gadag districts. 
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Variability of colony characters, productivity and quality param
eters of different strains of Agaricus bisporus (Lange) Sing 

o Bahukhandi & R K Sharma 

ICAR-Indian Agricultural Research Institute, New Delhi- I:IOIi'I2 
diwakar 14jan@gmail. com 

Button mushroom is most popular mushroom in northern plains of India, ge nerally 
grown by the farmers seasonally. At different locations different strains of Agnriclls bisporus 
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are preferred whi ch varies in their qualit y and yield potentiality. In present study. 33 strains 
of button mushroom (A. bisporus) were eva luated for their cultural characteristics. frui t body 
traits and yield potentiality. Button mushroom strains were procured from Indi an Type Cultu re 
Collect ion (lTCC). IARI . New Delhi . deposited during 1975 to 1992 were used for the study. 
On the basis of cultural studies. the strains were broadly grouped in to fast. slow and medium 
grow ing. 11,e fast growi ng colon ies had aerial mycel ium and some of them were showing ap· 
pressed. dendric and strandy growth (lTCC-3697. 3614 etc.). Most of the slow growing coloni es 
had appressed thi ck and patchy growth (lTCC-429 1. 3502 etc.). 11,e color of the colo nies of 
difl"erent strains varied from cottony, snowy to milky white. Sectoring and zon e formation were 
recorded in lTCC- I926. 1927.36 13.36 15.3741 strains and in some slow growing colonies. 
where as pigment and exudation formation was observed in few strains viz., ITCC-3607, 3708. 
36 13.374 1,4822 and most of the slow growing strains. Fruit bodies color also va ried creamy, 
snowy to pi nkish white in different strains. O n the basis of yield potentiality. the strai ns were 
grouped in to high yielder. medium and poor yielder. 11,e yield evaluation data revea led that 
potentiality of yield in different strains varied from 2050 g (l TCC-4289) to l 5360 g (lTCC-3741) 
per 100 kg compost. The quality of the mushrooms was evaluated as average. good and very 
good on the basis of shelf life and co mpactness of fruit bodies. Among 33 strains eva luated best 
quali ty mushrooms was obtained in 13 strains. good quality in 10 strains and 9 strains had aver
age quality mushrooms respectively. It has been observed that fas t and medium growing strains 
with appressed, strandy and dendri c mycelium yielded higher productivity and good quali ty 
mushroom than the strai ns showing slow and patchy growth . In A. bisporus, degeneration of 
hyphae. their genetic make-up and physiological characteristics may alter the normal behaviour 
under prolonged storage and could not provide proper results. 
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Detection and characterization of Tobacco streak virus 
infecting okra in Tamil Nadu 

S Rajamanickam & G Karthikeya n 

Tamil Nadu Agricultural University. Coimbatore-64 1 003. Tamil Nadu 
rajamallickam.palll @gmail.collI 

Tobacco strea k virus (TSV) is the most economica lly important virus infecting okra 
(Abellllosclllls esculel/lus L.) and the samples collected from the field was detected by RT-PCR 
using coat protein and movement protein genes of TSV specific primers. 11,ey were also sero· 
logically positive in direct antigen coating enzyme linked immunosorbant assay (DAC-ELl SA). 
Sap inoculation of th e okra strain induced local as well systemic infection on cowpea plants 
cv. C 152 and resulted in the production of circular necrotic lesions and death of plants. 11,e 
coat protein and movement protein genes were amplified with a size of 929 bp and 1.2 kb re-
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spectively including the UTR region as part of RNA3 of TSV. Sequence analysis of the coat 
protein gene had nucleotide similarity of98.3 to 99.4% with known strains ofTSV. The multiple 
sequence alignment revealed that the sequence had two unique variations at the position 15 
where cytosine was substituted with adeni ne and it produced unique variation at the posi ti on 
526 where cytosine was substituted with thiamine. -n,ere was no deletion and add ition between 
nucleotide seq uences in the group. furth er con firms the placement of the okra strain ofTSV in 
a single subgroup. The nucleotide sequ ence of movement protein okra strain had single unique 
variation at position 438. where thiamine was substituted with cytosine. Phylogenetic analys is 
of the amino acid confirms that the okra strain ofTSV forms single subgroup with other crop 
of Indian isolates. 
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Phylogenetic analysis and identification of plant pathogenic 
Hymenochaetaceae members 

Manasi Ma lgaonkar. B N Zaware ' &P B Cholke ' 

National Research Institute of Basic Ayurved ic Sciences. Kothrud . 
Pune-411038. Maharashtra 

l1Ionasimolgoollkar@yahoo.in 

IAnalltrao Pawar College of Arts, Scie nce and Commerce, 
Pirangut. Mulashi. Pune-41 1042. Maharashtra 

' Prof. Ramkrishna More Arts. Science and Commerce College. 
Akurdi. Pune-41 1035. Maharashtra 

The Hymenochaetaceae family of Phylum Basidiomycotina is characteri zed by 28 gen

era and 400 species to date. Phylogenetic analysis and identification of various members of 

this family was attempted using morphological and molecu lar traits. Pathogenic 30 samples 

.J>eJonging lo..!:iymenochaetaceae occurring on members of Fabaceae (Angiosperms) were col

lected fro m Pune region. Morphological studies were carried out using 14 quantitative and 70 

qualitative characters. Out of these. 8 quantitative characters of the 30 samples along with th e 

same characters from previously reported genera of this family were used in Principle Compo 

nent Analysis (PCA) in an attempt to group the samples in different clusters. In addition DNA 

sequence data corresponding to 80S ribosomal large subunit rRNA (28S) .. and 70S (mitochon
drial) ribosomal small subunit rRNA (16S) was collected for the same 30 s(."ples. Sequence 

data for the same rRNA molec ules was also downloaded from NCBI site fo r 12 reported genera 

of Hymenochataceae. The sequences were aligned using MEGA(version4) soft ware and a phy

logenetic tree was constr ucted using maximum parsimony (PAUP 4.0). Results indicated that 

Understanding /Jos/-pafllOgen illleraetioll IllIvl/gh science qf olJlics, A1arch /6- J 7, 20 15 73 



~A~bs~t~m~c~~ ___________________________________________ ~ 
the Hymenochaetaceae genera studied did not appea r to show host specificity; Mitochondrial 

165 rONA - based clustering represented the genetic relatedness between the genera better than 

rONA sequences from 80S ribosomal genes and the temperate specimens of some genera did 

not co-segregate with the tropical specimens, indicating different paths of genetic diversifica

tion between tropical and temperate speci mens of this genus. 

Diagnostics and management of fusarium wilt 
infecting tomato and chilli 

M Loganathan. V Venkataravanappa, 5 Saha, 
S Tripathi , M K Verma & A B Rai 

ICAR-Indian Institute of Vegetable Research, 
Varanas i-22 130S, Uttar Pradesh 

logumllruga@gmail.com 
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Divers ified Fusarium cultures were isolated from samples collected from major tomato 

and chilli areas of India. PCR amplification of genomic DNA of the Fusarium isolates with ITS 

primersand sequencing indicated that out o f 28 isolates of tomato, 20 were Fl,lsariu111 oxysporu11I 

f. sp. Iycopersici and 8 were Fusarium sola IIi while in chilli out of 17 Fusarium isolates 12 were 

Fusarium so/ani and 5 were Fusa rium oxysporum denoting that Fusarium solani is infecting 

both tomato and chilli. In FusariulIl , chitin synthase gene plays a major role in pathogene

sis. To know the relation between chitin synthase gene and virulence of FIIsarium spp, in the 

present study different isolates of Fusarium were amplified with chitin synthase primers and 

phylogenic relationship was studied. Total DNA of F. solani (i 7 chilli isolates)and f: oxysporul1l 
(7 tomato isolates) were amplified by PCR using chitin synthase specific primers, CHS79-F 

(S -TGG GGC AAG GAT GCI TGG AAG AAG -3) CHS3S4-R (S -TGG AAG AAC CAT CTG 
TGA GAC TTG-3). The expected PCR amplicons of300bp in size were amplified in all F solall; 
and f: oxysporum isolates. The amplified PCR products were cloned, sequenced and submitted 
to NCB I. The sequences are available under accession number of KF918427 to KF9 18449. 111e 

chitin synthase gene sequence of f: solani and F oxysporum in fec ting chilli and tomato were 

compared with other plant in fecting fungi available in the database. 111e nucleotide similarities 

in chitin synthase gene of F solani and F oxysporum isolates with f: oxysporum. f. sp. Iycopersici 
(AYS7242 I) ranged from 66.8 to 72.0% and 65.1 to 72.5%, respectively. -nle phylogentic tree 

was generated by MEGA 5.0 SOFTWARE using neighbor joining method with 1000 bootstrap 

replications to estimate evolutionary dista nce between all pairs of sequences Simultaneously. 

111e results of phylogenetic clustering were matching with results of pathogenic va riability with 
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Abstracts 

F. solan; and F. oXYSporWIl ;n vivo. Hence, it indicates that to study the pathogenic variabili ty in 

higher order pathogenic fungi, Chitin synth ase gene can be used as a tooUn view of identifying 
potential biocontrol agents,89 antagon ist, microbes (funga l and bacterial) were tested against 

the wilt pathogen ;n vitro, greenhouse and fi eld condition s, and identified two Tr;chodennn 
isolates v;z., BATF-39-1 and BATF-43- 1 as potential isolates against wilt of chilli and tomato 

which showed >50-70% disease control as well as >40% yield enhancement. Apart from that a 

grafting technique to establish seedling with brinjal as root stock and tomato (cv. Kash iaman) 
as scion was standardi zed to develop resistance fo r Fllsa riwn wil t, bacterial wilt and root knot 

nematode. TI,is technique is more suitable for open field as well as protected cultivations. 

Survival of Cerotelium fici causing rust of fig 

S R Lohate, A P Gaikwad, S N Hasabnis & S B Gurav 

National Agricultural Research Project, Ganeshkhind, 
Pune-411007, Maharashtra 
su II; 1.loha te@rediffma;l.com 

1'24 

Rust disease caused by Ceroteliul1I jic; (Cast. ) Arth. is potentially serious threat to fig 
cultivation that occurs universally, wherever it is grown. About 50% loss have been reported 
indicating the seriousness of rust disease in fig. Survival of any pathogen plays very impor
tant role in recurrence of the disease. TI,is gives idea about the perpetuation of the pathogen 
during off season. Very limited information is available on su rvival of C. jici and recurrence of 
disease. Considering the economic importance of fig rust, present investigation on viability of 
urediospores of C. jici in diseased plant parts was undertaken at National Agricultural Research 
Project, Ganeshkhind, Pune. Viability of C. jic; urediospores under different field conditions 
was studied by collecting spores from fallen as well as attached rusted leaves and shoots.TIle 
detached rusted leaves below infected plants and under tree shade condition as well as attached 
rusted leaves and shoots were the four main spore sources fo r study. Spore viability was studied 
by hanging drop teclNiql e wherein spo re ge rmination count was recorded. TIle urediospores 
remained viable up to 25 and 30 days in detached leaves below plant as well as those stored un 
der plant shade, respectively. In attached infected leaves the spores were found viable up to 55 
days. However, at onset of favorable condition s, the pustules on attached infected leaves yielded 
spores. It clearly indicated that the rust inoculum on attached leaves of fig survived during ab 
errant weather conditions up to the resume of favourable weather condition~On the contrary, 
the detached infected leaves failed to provide viable inoculum for the new flush of fig. 
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Effect of relative humidity on conidial germination of 
Colletotrichum capsici and Leveilula tau rica and 

disease development in chilli 

D G Hi ngole & B P Kurund ka r 

College of Agri cu lture, Badnapur, Jalna 
Vasantrao Naik Ma rathwada Agr icultural University. Parbhani , Ma harashtra 

d iii pk I I I lin rh i Ilgoie@gmaii.colll 

Laboratory experiments were conducted to study the effect of relative humidi ty levels on 
conidi al ge rminat ion of C. capsici and L. tat/rica and disease development in chilli (val'. Parbhani 
Tejas) ill - vitro. Results indicated that conidia of C. capsici and L. tat/rica could not germinate 
at 10% RH up to 48 h of incubation. Maximum conidial germinati on of both these species took 
place at 100% RH Followed by 75, 50 and 25% RH . Symptoms of C. capsici on leaves were not 
observed at 10% RH and on fruits at 10 and 25% RH up to a fortnight. Incubation period was 
minimum at 100% RH and steadily increased as humidi ty levels decreased. Powdery mildew 
symptoms on leaves up to a fo rtnight were not observed at 10,25 and 100% RH . 111e symptoms 
developed within a week's period at 50 and 75% RH. 

1'26 

Loop-mediated isothermal amplification (LAMP) for 
detection of Ganoderma lucidum causing basal 

stem rot of coconut 

K M Sharadraj, K Nidhin a, Smit a Nair & Vin aya ka Hegde 

ICAR-Central Plantation Crops Resea rch Institute, Kasaragod-67 11 24, Kerala 
hegde v64@gllloii.com 

11,e basal stem rot disease of coconut caused by Ga lloderma illCidul1I is one of the devas
tating diseases of coconut in India and in severely infected areas, incidence as high as 80% was 
recorded. 11,e disease can be managed elfectively by an integrated disease management pack
age, if the disease is diagnosed at the early stage. However, by the time visible extern al symp
toms like yellowing, drying and drooping of the outer whorl leaves appear, the damage to the 
palms wou ld have been done by the pathogen. Hence, diagnosis of the disease before the exter
nal symptoms appear is very much essenti al. In the present study, a loop- medi ated isothermal 

76 Understal1ding host-pathogen iJ1lel'OCl ioJl tlnvlIgh science of 0 111ies, March J 6-17, 201 j 



~~ ______________________________________________ A_b_st_/~_C __ ~ 
amplification (LAMP) protocol for real -time detecti on of Cnlloriefllln IIiCir/1II11 associated with 
the basal stem rot disease of coconut was developed using th e 'Cenei" II' rea l-time LAMP reade r 
(OptiCene Ltd. UK). TI,e LAMP primers targe ted th e small subunit ribosomal RNA ge ne of 
Canoderma. Isothermal amplification was carried ou t at 65°C. In the end of amplification, an 
annealing curve analysis was performed to check the fidelity of the amplicons. -n,e sequence 
confirmation of the amplicons was also carried out by PCR amplification with external primers 
of LAMP and sequencing. The specificity of the assay was also tested by including other fun 
gi namely '/hcllOdefllln Iwrzinlllllll and Phytophthora pnll1livom. TI,e total DNA isolat ed from 
C. ILlcidLIIII and root sa mpl es of basal stem rot aRected coconut tested 111 the assay produced 
unique anneali ng peak at 84±0.5°C. Further sequencing and nucleotide BLAST (BLASTn) anal 
ysiS confirmed that the sequences corresponded to Ca noderma small subunit ribosomal RNA 
gene. No am Iification was observed for DNA isolated from T hnrzinllLlI1l and P. pnllllivom. 

Characterization and virulence determination of 
M. phaseolina causing root rot disease in coleus 

M Daniel Jebaraj 

Tam il Nadu Agricultural University, Coimbatore-64 I 003, Tamil Nadu 
Illallizy007@gl llnil.col11 

1'27 

Coleus (ColeLis forskohlii Briq.), is a subtropical and warm temperate medi cin al plant 
and farmers have started raising this crop beca use of its eco·nomic potential. Among several 
limiting factors for successful cultivation, susceptibility to diseases is one of the major con 
straints. The variety C. forskohlii is affected by va rious diseases. Among them, fungal diseases 
in coleus, root rot caused by M. plwseoli lln is th e most serious one wh ich alfects the crop in 
the later stages of growth in tuber formation, though the infection of the pathogen is observed 
throughout the growing period. Characteri zation of this pathogen helps to develop success
ful disease management strategies. In this connect ion, totally eight isolates of M. phnseolilln 

cau ing 00 '0 disease in coleus were isolated from diOerent regions of Tamil Nad u. All th e 
isolates were characterized based on cultural characteristic, growth, myceli a dry weight and 
their virulence. TI,e results of the experiment revea led that, the Athur (M 1'6) produced more 
fluffy and cottony white mycelial growth on PDA and produced maximum mea n dry weight o f 
1.04 g when compared to other isolates. Similarly, Athur (MP6) was found to be highly virulent 
recording a maximum root rot incidence of 78.29% followed by isolates 0f~lhiyamangalam 
(MP8) and Coimbatore (MP7) which recorded 74.27% and 72.43%, respectively. Hence, these 
results suggest that characterization of pathogens might be useful to adopt successful manage-
ment strategies for sustainable production of coleus. , 

, 
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Characterization, identification and detection of multiple 
Phytophthora spp. associated with citrus decline in India 

A K Das. S Nerka r & Ashok Kumar 

ICA R-National Research Centre fo r Citrus. Amravati Road. Nagpur-440033. Ma harashtra 
* dasash i skull In r@hotl1 lnil.coIII 

Phytophthom spp.cause serious diseases like root rot. crown rot. foot rot. gummosis and 
brown rot of frui ts in c it rus inflicting decl ine and yield losses in India.A total of 196 isolates 
belonging to 7 different Phytophtlwra spp (1 41 isolates of P I/icotial/ae. 36 isolates of P. palllli
vom. 6 isolates each of J) citrophthom and P. iI/solita. 4 isolates of I~ boehmeriae. 2 isolates of P. 
tropicalis and 1 isolate of P. lacuslris) were isolated from rhi zosphere soil and water. citrus root. 
leaf. bark and fruit samples collected from 12 major citrus growing states of India. Occurre nce 
of P. iI/ solita and P. lacuslris were reported fo r the first time in India. Morphological characteri
zat ion coupl ed with PCR-RFLP based system of the ITS region of the genomic rONA was used 
as a tool to identify all the seven Phytopht//Ora spp. Sequencing and phylogenetic analyses of 
the ITS region. beta tubu lin gene. translation Elongation factor I alpha and the region contain
ing the mitochondri al cytochrome c oxidase subunit 1 and 2 gene fragments also confirmed 
the identity of these species. Species-specific primer pairs N IC 1 / NIC2 and Pall s I Pal2a were 
successfu lly tested for specific detection of I~ "icotial/ae and P. palmivora isolates. respectively. 
These two species were also detected in citrus roots and rhizosphere soi ls using nested PC R and 
PC R RFLP techniques.The findings relat ive to morphological and molecu lar characterization of 
seven Phytophthom spp. obtained from Indian citrus ecosystem and its implications for patho
gen identification and disease detection would be discussed. 

P29 

Characterization of phytoplasma associated with little leaf 
of brinjal in Kerala and Karnataka States 

Va ndana Yadav. S Mahadevakumar. G R Janardhana & M Y Sreenivasa 

Universi ty of Mysore. Manasaga ngotri. Mysore-570006. Karnataka 
gljbelur@gll1ail.col1l 

Brinjal is one of the important vegetable crops grown in all states of India. In recent 
yea rs. Phytoplasma associated with brinjal causing little leaf or phyllody disease responsible 
for considerable yield loss in all brinjal growi ng regions and the disease incidence is increasing 
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alarmingly year after year. In view of thi s, a study was co ndu cted to identify and characterize 
the phytoplasma associated with brinjal gown in fi e lds and hom e gardens from Kerala and 
Karnataka. A total of 8 samples (6 samples from Karnataka; 2 samples from Kcrala) were col 
lected along with representative asymptom atic brinjalleaf samples from Kera la and Karnataka 
and subjec ted to molecular identification. 11,e genomic DNA of phytoplasma was isolated and 
16SrRNA gene was amplified using P liP? and R 16F2n/R [6R2 primers (nested PCR). Nested 
PCR products were sepa rated on 1.5% agarose gel and expected amplicon size of - 1.25 kb were 
obtained. All the nested PCR products were purified and sequenced from both the direction s, 
aligned and co nsensus sequences we re su bjected to n- BLAST for identification. Sequence anal 
ys is indicated that all the samples coll ected from home gardens of Kerala and field s of Kar
nataka were ge neti call y identical. Vi rtual RFLP pattern obta ined using iPh yClassifier online 
tool alsll validated the phytoplasmal association with little leaf disease of brinjal in two states. 
Phylogenetic tree constructed using Neighbour join ing methods placed all the phytoplasma 
sequences with Calldidalus phytoplasllw Irifolii group VI and subgroup D and the tree was 
rooted with Acholeplasma laidlalVii. The study indicated that wide distribution and occurrence 
ofCalldidalus phytoplasma VI on brinjal plants grown in fields of Karnataka and ho me gardens 
of Kerala were genetically similar and insect vectors must have played a key role in spread ing of 

phytopathogen. 

P30 

Multilocus gene characterization of phytoplasmas associ
ated with brinjallittle leaf in India 

Manish Kumar, Madhupri ya & G'P Rao 

ICA R-Indian Agricultural Research Inst itute, New Delhi - I 100 12 
sha r ma90ma n ish@reditJinail.coln 

Brinjallittle leaf is a phytopl asma associated disease and widespread in India that induc
es severe economic losses. Survey was made in 12 states of India and 60 symptomatic samples 
of orinjal were collected showing, little lea t: phyllody and witche's broom symptom for phyto 
plasma identification with universal phytoplasma specific primers. Presence of phytoplasma 
was confirmed in all the test samples using polymerase chain reaction with first round primer 
pairs (I' 1/1'6) and second round nested primer pair (RI6F2n/R 16R2n) which yielded amplified 
products of l .5kb and 1.2kb, respectively. Further semi -nested PCR assays using uni versal phy
toplasma speCific primer pair secA-Forl/secA Rev3 followed by sec A For2/~cA Rev3 yielded 
- 480bp product of sec A gene with all the symptomatic brinjal plants. BLAST analysis and phy
logenetic analysis of 16Sr RNA and secA gene sequences revea led that tl}e phytoplasma strain s 
aSSOciated with BLL disease belonged to 'Ca ndidatllS Phytoplaslna trifolii' (16SrVI) and 'Ca. P. 
auranlifolin (16Sr II) groups. ' 
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A reverse transcription loop mediated isothermal 
amplification assay for rapid detection of Dasheen mosaic 

virus in Amorphophallus paeoniifolius 

T Makeshkumar & S Kamala 

ICAR-Central Tuber Crops Research Institute. Thiruva nanthapuram -6950 17. Kerala 
rnnkeshctcri@gnlnil.com 

Amorphophnllus paeoniifolills (Dennst.) Nicolson or Elephant foot yam is a tropical ed
ible tuber crop belonging to Araceae. Because of its high production potential and nutritional 
values. the crop plays a very important role in the socio-economic development of the country. 
One of the major diseases affecting the crop yield is mosaic disease caused by Dasheen mosaic 
virus (DsMV). DsMV is a single stranded positive sense RNA virus belonging to Potyviridae. 
For rapid detection ofDsMV infection in A. paeoniifolius. a reverse transcription loop-mediat
ed isoth ermal amplification (RT-LAMP) assay has been developed. Species specific primers to 
amplify a conserved region in the coat protein gene were designed using the LAMP primer de· 
sign software. Primer Explorer V 4 (Eiken Chemical Co. Ltd .• Japan). For getting characteristic 
ladder like bands ofRT-LAMP product in agarose gel. a final concentration of5.4 mM Magne· 
sium sulphate and 0.7 M Betaine in the reac tion mixture was found to be essential. The reaction 
was set at 65'Cfor 50 min and 86'C for 5 min in water bath circumventing the requirement of 
a thermal cycler. In tube detection of the product was ca rried out using fluorescence detection 
reagents as well as ethidium bromide. The assay was found to be 100 times more sensitive than 
RT-PCR. Upon validation. the assay proved to be effective in the rapid detection of DsMY. 

P32 

Development of molecular markers to investigate Rhizoc
tonia solani using conventional and real-time peR 

Balendu K Upadhyay. Sunil C Dubey. Ravindra Singh '& Aradhika Tripathi 

ICA R-Indian Agricultural Research Institute. New Delhi - lIDO 12 
bupndllyny@live.com 

'Mahatma Ga ndhi Chitrakoot Gramodaya Vishwavidyalaya. Satna. Madhya Pradesh 

Forty isolates of Rhizoctonin solani causing web blight and wet root rot in mungbean rep· 
resenting 7 anastomosis groups (AGs) from II states ofIndia were analysed for genetic diversity 
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using internal transcribed sp~cer (ITS) region. '1l1e isolates ~ave ~ 700 bp amplicon using ITS I 
and ITS4 universa l primers. Ih e phylogenetI c analys Is of I rs sequences of 10 representat Ive 
isolates included in the present study along with the sequences of 9 other isolates o rigin ated 
from different parts of the world, showed high level of sim ila ri ty but the no rth ern and southern 
Indian populations were clustered separately. Northern Ind ia populatio ns showed affinit y with 
the isolates of Asian origin. R. so{nlli specifi c markers BKF I and BKRI we re designed from 
these sequences. SCA R markers I3KF2 and I3 KR2 were also developed fro m a specific RAPO 
fragment for detec tion of the pathogen . 11,e ITS based ( I3 KFI and I3 KRI ) and SCA R (BKF2 
and I3KR2) markers provided specifIC and sensitive detectio n of R. so{n ll i DNA up to the level of 
100 pg through conventional PC R. '1l1e markers I3KF 1 and I3KR I detec ted I pg whil e BKF2 and 
BKR2 detected 5 pg of genomic DNA of R. so{nlli using real -tim e PCR assay. Hence, both set of 
marker~ proved to be reliable fo r detection of variou s AG s of R. so{nlli in mungbean . 

Molecular characterization of Anastomosis group, 
AGI -IA of Rhizoctonia solani, incitant of 

rice sheath blight 

D Ourgadevi, S Harish, D Alice & T Raguchander 

Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu 
de"i.ngri 18@gmnil.colII 
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Rice sheath blight, caused by Rhizoctollia so{alli (Teleomorph: 7'l1mwtephorlls CI.lCUIII 

er;s), is one of the most important rice pathogens worldwide causing huge economica l loss 
to the farmers . Variation within R. so{nll; ex ists in nature and hence it is impo rtant for better 
understanding of disease development and for the prediction of future disease outbreak. In this 
study, 25 isolates of Ii. solan; were collected from different rice growing areas of Tamil Nadu 
and studied for colony morphology, anastomosis grouping and genetic diversity. Studies on 
ntorphologicakharacterization o f Ii. so{nll; isolates-showed th at isolates were highl y variable 
both in mycelial and sclerotial parameters, but these cannot be directly related to virulence or 
geographic origin. Hence, pathogenicity of R. so{mli on susceptible ri ce cv. ASO 16 and BPT 
5204 were eva luated and based on thei r symptom expression, the isolates were classified into 
different virulent groups. With the advent of vario us mol ecular marker technologies, the stud 
ies of genetic diversity in plant pathogens have become feasible. In the present investigation 
attempts were made for identification of anastomosis groups of Ii. sO{nIl! b~ed on ITS- RFLP. 
Besides, anastomosis group of the isolates was determined using microscopic hyphal fu sion 
examination with standard AG I-IA tester and also confi rmed using AG I- lA-specifIc primers 
in 20 selected isolates which amplified the AG I- IA specific gene of 26~ bp. 
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Detection of acylated homoserine lactones produced by Ral
stonia solanacearum isolated from diseased tomato plants 

J Shivakumar & S Umesha 

University of Mysore. Manasagangotri . Mysore-570006. Karnataka 
shivndj7 J@gmnil.col1l 

Cell -to-cell communicat ion in many Gram negative bacteria is med iated by signal mole
cules such as acylated homoserine lactones (AI-IL). Research in AI-IL quorum sensi ng has been 
considerably aided by simple methods devised to detect A 1-1 Ls using bacterial biosensors that 
phenotypically respond when ex posed to exogenous AI-ILs. Isolates of RalsJonia solanacearum 
were investigated for the production of AI-ILs. ' l1,e production of signal molecules was detect
ed using Chromobacterium violaceum CV026 and AgrobacJerill111 1.lImefaciells NTl (pZLR4) 
biosensor systems. C. violaceulll CV026 only produces the pigment violacei n in the presence 
of exogenous AHL. Similarly the A. tlllllefaciens NTI (pZLR4) sensor strain has the lacZ gene 
fused to the promoter of the tral gene. which is regulated by auto-induction. The strai n produc
es a blue pigment in response to AHL when the med ium is supplemented with X-gal. which is 
the indicator of a positive result. All bacterial isolates from various bacterial wilts that afTected 
tomato plants produced AI-IL molecules that induced the biosensor. Although it can not provide 
the exact AI-IL structure. using a combination of different sensor strains is a simple method fo r 
the initial characterization of AI-IL molecules. and determining the activation pattern of differ
ent biosensors ca n reflect different AI-IL production profiles in different strains. We have devel 
oped an assay for these signals that couples sepa ration by thin -layer chromatography with de
tection using C. violaceul/1 CV026. An agar well-diffusion assay based on C. vioincelllll CV026 
was used for quantifying AHLs from bacterial supernatants. 'l1,e assay can be used to screen 
cultures of bacteria for A 1-1 Ls and for quantifying the amounts of these molecules produced. 

Detection of food-borne pathogens using 
DNA based technique 

H M Manukumar. Raghava & S Umesha 

University of Mysore. Manasagangotri. Mysore-570006. Karnataka 
ma II uBa /I u@gmnil.com 
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Food-borne diseases are mainly caused by fungal and bacterial pathogens. which are 
transmitted to humans through animal source via food or contaminates the food on the pro-
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cessing line to cause serious hea ith problem. The detecti on of th e pathogenic food -borne 
sti tuents a challenge, because they are present in low numbers and hindered by food ma 
and enumeration of microorga nisms in food are an essential part of any qualil y control or faa 
safety plan. So, quick screening methods for food -borne pathogen are the hot research topic in 
scientifi c fi eld. Tradit ional detection methods had limitations because, they need cuiture medi a, 
and growth fo llowed by isolation, biochemical and/or serological identifi cation, and in some 
cases, subs speci fi c characteri zation. O ne of the most challenging problems to circumvent with 
these assays is sample preparation . Advances in technology have made detecti on and identifica
tion fa ster, more sensitive. mo re specific. and mo re convenient th an trad itional assays. TIle pos
sibilities of combining diOe rent methods, incl uding improved technologies fo r separation and 
concentrat ion of specific bacteria, and fo r DNA extractio n and purifi catio n, wi ll faci litate the 
direct detection of pathogens in food. We have coll ected different food samples from diOe rent 
places and isolated both fun gi, bacterial pathogens viz., Aspe/giflu s niger, Fusarium oxysporum, 
Trichoderma and Escherichia coli, Bacillus subtilis, StaphylococC/ls aurells were identified by pol
ymerase chain reaction (PCR). Amplifying the region of rONA using ITS I, ITS4 and 16S rRNA 
primers. The results showed a high degree of primer specificity to the target pathogens. The use 
of these PCR based methods in isolation and characteri zations of food-borne pathogens were 
discussed in the present paper. 

Detection and diagnosis of Sclerotinia sclerotiorum 
in carnation 

S Vinod Kumar, S Nakkeeran & P Rajeshkumar 

Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu , India 
pia n tpa t hology090@gllwil. com 

1'36 

Carnation is a cut fl ower that tyrannizes the global cut flowe r market, fo llowed by rose. 
However) ca rnation cultivation is ravaged by variolls fungal diseases. Among them stem rot 
is highly torpedoing. TI,e causal o rganism for stem rot was identified as Sclerotil/ in sclerotio
rum through morphologica l and molecular characterization. In order to study th e morpho
logical character, carpogenic germination was induced artificially. TI,e apothecia were cup li ke, 
ochraceous and produced monomorphic, ellipsoidal ascospores. TI,e layers of apothecia were 
studied. Associated structu res of apothecia viz., crozier, sperm atia and paraphyses were also 
studied. TI,e pathogen was furth er confi rmed by molecular characterizatiOll ~ ITS I and ITS 4 
regIons and the PCR product was sequenced and submitted in NCB! with Genbank accession 
no. KP6452. 'O,e sequence (K P6452) showed 99% similarity with S. sclerot iorlllll isolated from 
soybean (K M272350), avail able at NCB! database. 
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Real time loop mediated isothermal amplification - an 
advanced tool for the field diagnosis of Ralstonia 

solanacearum biovar 3 infecting ginger 
T I' Prameela, R Suseela Bhai, A Kumar & M An"nda raj 

ICAR-Ind ian In sti tute of Spices Research, Kozhikode-6730 12, Kerala 
pmmeeiatp@gnlai/.colll 

Ratstol/ ia so/n ll aCeanl1ll biova r 3 infecting ginger is a devastati ng pathogen. which causes 
great economic loss to the far mers. Early detection of the pathogen in rh izomes and in soi l is 
essenti al fo r disease management and to preve nt th e c rop loss due to furth er spread of the path 
ogen. The present study aims for specific and sensitive detection of R so/allacearll l1l in fec ting 
ginger using a modern tool in the diagnostic fi eld, Real time LAM P. An initial cross infectivity 
study confirmed that R so/allacearul1l stra ins from ginger could infect both ginger and to mato. 
But none of the R so/allacearlll1l strai ns from solanaceous hosts li ke tomato, potato or brinjal 
could in fec t ginger. In order to detect the specific strain, a set of six primers were designed fro m 
gyr B gene sequence of ginger R.so/allacearll lll using the software LAMP Designer 1.1 2. 11,e 
primer set was first validated usi ng LAM P, in which the primer set could specifically ampli fy 
and produce ladder li ke amplificatio n only wi th DNA of R so/nnaceanllll from ginger. 11,e posi
tive amplification was also obtained using soil DNA extracted from lI. so/anacea n llll inoculated 
soil. 111is primer set was used further in real time LAMP (Genei II , Optigene Ltd. UK) in which 
only R.so/all acearwn isolates from gi nger could produce a sigmoid amplification curve. Ana
lyzing the annealing curve and Ta value (92± I 'C) confirmed th e amplification o f th e correct 
product. 11,e detectio n limit was found to be Spg of the genom ic DNA. When R.so/an acea rlllll 
inoculated water was used , the detec tion limit was found to be 104 CFU/ml. 11,e method was 
also standardi zed with soil contaminated with R.so/allacearlll ll and found that even th e soil 
supernatant can be used to detect the pathogen. Hence rea l time LAMP can be a su itable diag
nostic tool for on farm detection of lI. so/allacearwn infecting ginger either in soil or in planti ng 
material without any cumbersome sa mple processing. 

.£3 

Characterization of Pythium vexans de Bary: the rhizome 
rot pathogen of cardamom 

I' K Bijitha & R Suseel" Bhai 

ICAR-Indian Institute o f Spices Research, Kozhikode-6730 12, Kerala 
bijilhasll veen@gllwi/.conl 

Among the diseases of cardamom (E/et/aria cnrdall1oll1 l1ln Maton), rhizome rot disease 
caused by the Oomycete Pylhill ll1 spp. is a serious threat in the nursery and in pl antations. In the 
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present study, a deta iled survey was co nducted for rhi zome rot incidence in va rio llS ca rdamom 
growing tr<lc ts o f Kerala. Ka rnataka and '1:1mil Nadu during the monsoon period of 20 12-2013. 
A total of36 pythium isolates we re obtained fro m the collected samples. Based on the morpho
logical characteristics viz .• sporangial shape. shape of oogonia and number of antheridia all the 
isolates were identified as P. vexnns. even tho ugh they showed variatio ns in growth pattern and 
colony morphology on different media viz .• potato dextrose agar. co rn meal aga r. potato ca rro t 
agar and V8 vegetable juice aga r. 11,e molec ular characterization of all th e isolates by ITS RFLP 
using the restriction enzymes Msp l revea led both intra speci fi c and inter specific variabil ity 
within the isolates. However. the isolates showed identical banding patte rn s with the restriction 
enzyme Alu I : n,e variability among the P. vexall s isolates needs to be furth er con fi rm ed. 

Nature of false smut disease of rice in India 
R K Sharma & Deeba Kamil 

ICAR-Indian Agricultural Resea rch Institute. New Delhi - tlOO 12 
rksha /'11 In35@yahoo. co.ill 

P39 

False smut disease o f rice caused by Us ti/agilloidea virells is emerging threat to rice pro 
duction in India. Although role of scle rotia. chlamydospores and conidia of U. virells is highly 
assumptive in causing the primary infection and initiation of the di sease as ex perimental evi
dence is still lacking. Experimental trials were conducted at IARI to standardize the isolation 
technique of the pathogen. Artificial inoculation of the U. virells on rice plant was successfull y 
done in rice hybrid PRH - l0 through inj ecting conidial and mycelial bit suspension @22 x 10' 
cfui mL at booting stage in rice plants. Soil inoculation with sclerotia. nursery raised fro m chla
mydospores treated seeds and seedlings root dip method with co nidial/mycelial bit suspension 
@2x 10' cfui mL as well as its spray inoculati on at booting and panicle emergence stage of the 
plant fail ed to produce the typical false smut symptoms in rice hybrid PRH - IO. Histopatholog
ical studies of fal se smut balls on ri ce spikelet were conducted through SEM and microtomy of 
the infected samples. The identit y of the fungal culture o f U. virens and detec tion of the fun gus 
at differeny stages o f the inoculated plant waS done through polymerase chain reactio n (PCR) 
analysis using U. virells specific internal tran scribed spacer (ITS) based primer. To confirm the 
systemic n ature ofthe disease. pot experiment was planned. Rice seedlings raised fro m seeds of 
rice hybrid PRH - IO treated with chlamydospores were grown in soil with sclerotia of U. virells 
in glass house. U. virell s was detected in host plant only up-to four weeks and later on at panicle 
emergence stage it disappeared. Presence of fungu s was validated through microtomy clubbed 
with SEM and U. virells specific marker. Panicle of the infected ear head (field sample) showing 
typical false smut symptoms also did not reveal the presence of the fungu$. '"Olese obse rvations 
showed that the false smut pathoge n was not able to survive in th e host plant.fo r more than one 
month when growing in upward direction from root to panicle. Along with the data of artificial 
inoculation studies. it may be assumed that the false smut disease may not be systemic in na
tUre. 
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Phenotypic and molecular characterization of chrysanthe
mum white rust caused by Puccinia horiana (Henn) 

R Dheepa. S Nakkeeran. P Renukadevi & S Vinod Ku mar 

Tamil Nadu Agricultural University. Coimbatore-64 I 003. Tamil Nadu 
dheeps. villo@gmail. com 

Chrysanthemum (Delldrallthell1a gmlldiflom) being an important export oriented cut 
flower crop. th e cultivable area is going on increasing in Indi a and Tami l Nadll. Diseased cut 
flower chrysanthemum with symptoms of white rust was observed during 2012-2013 in Ta
mil Nadu in India. Chrysanthemum varieties were surveyed for the occurrence of white rust 
in Kothagiri hills of Nilgiris district and Yercaud hills of Salem district in Ind ia. Historically. 
identification protocols for white rust relied upon macroscopic symptom development and mi 
croscopic examination of infected leaves for teliospores. Symptoms become visible 7 to 10 days 
after initi al infection under favorable conditions foll owed by the production of telia. Infected 
plant s ca n therefore evade detection before symptoms and fruitin g bodies are evident. White 
rust were detected in symptomatic leaves of two variet ies using PCR with P. horialla genus spe
cific primer (Ph-FI and Ph-RI ') amplified a fragment of approximately 240bp. Yet another I~ 
horiana genus specific primer (Ph-F2 and Ph-RI ) amplified a fragment of approximately 340 bp 
corresponding to the region of the 16S-23S rONA intervening sequence. specific for P. horiana. 
The nucleotide sequence analYSis of a 240-bp and 340-bp fragment had 100% identity. Ampli 
fied DNA fragments of 240bp and 340bp were ligated to the pBS based '1'IA plasm id vectors 
using '1'4 DNA li gase separately. The P. horiana primers did not amplify the rONA target using 
DNA isolated from leaf tissue infected with P. chrysall themi. 11,e partial sequence of P. horia/In 
isolates were submitted to the NCBI. Genbank. New York. USA. The isolates were assigned with 
accession numbers KC29I657. KC29I658. KC291659 and KC29 1660. Phylogenetic analyses of 
P. horiana based on I6S-rDNA sequences were grouped in cluster-I. 

Indicator plants for bitter gourd viruses 
K N Ashwini. Vimi Louis &K Anita Cherian 

College of Horticulture. KAU. Vellanikkara-680651. Thrissur. Kerala 
knashwillikn@redifjillail.com 

P41 

Mosaic is a serious problem of bitter gourd cultivation in Kerala and it is mainly caused 
by three viruses viz .• cucumber mosaic vi rus (CMV). poty virus and bitler gourd distortion 

86 Understanding host-pathogen illleracliolllhl'Olfgh science of Oll/ics, March /6-17, 2015 



_ Abstracts --------------------~~~ 
mosaic vi rus (BDM V). Combined infection of these viruses is very cO l11mon in the field condi 
tion. Isolation of individual viruses from the mixed infected field samples is a prerequisite for 
research purpose. Of the three viruses of bitter gourd, BDMV is a wh itefl y transmitted gemini 
virus, where as CM V and poty virus have similar mode of transmission i.e, by sap and aph ids. 
Hence, it is diflicult to isolate individual viruses from the mi xed infected field samples. So a 
present study was conducted to isolate CMV and poty viruses from the mixed field samples 
usi ng indicator host plants. Cosmos (COSIIIOS sulphurolls) and papaya (Carica papaya) were 
used as indicator plants fo r CMV and poty virus respectively. In fec ted bitter gourd leaf samples 
from field were mechanically inocu lated to the seedlings of indicator plants and kept under in 
sect proof cond ition for sy mptom development. The symptoms appeared in cosmos were, vein 
clearing, mosa ic mottling, leaf size reduction and shoe str ing. Puckering, yellowing and leaf 
distortion were the symptoms appeared in papaya. 'n,e infected leaves of these indicato r plants 
were extracted in potassium phosphate buffer and were mechan ically inoculated to bitter gourd 
seedling. Th is technique resulted in the separation of individual viruses from CMV and poty 
virus infected biller gourd samples. 

Isolation and molecular characterization of 
Xanthomonas axonopodis pv. dieffenbachiae 

causing bacterial blight in anthurium 

M Suganyadevi, S Nakkeeran & P Ren ukadevi 

Tam il Nad u Agricultura l University, Coimbatore- 64 1003, Ta mil Nadu 
S ligan yadev i 08@gmail.coln 

P42 

Detection of harmfu l bacteria in plant material is essential to ensure safe and slistainable 
agriculture. Reliable and rapid detection techniques were evolved in the last few yea rs. One 
of the important techniques is molecular characterisation . Anthurium (A llthinllll andremllllll 
Li nden e!lAndre) is an important export oriented cut flower crop. Bacterial blight of anthurium 
was caused by Xa llthomonas axo/lopodis pv. dieJfCllbnchiae pathogen which causing bacterial 
blight was identified by polymerized chai n reaction using specific primers amplified at 750bp. 
DNA sequencing and nucleotide blast results confirmed two isolates of X. axolJopodis pv. dieJ
lenbnchine deSignated as XAD I and XA D2 were submitted in the NCBI bea ring the accession 
numbers Kj603434 and Kj637328, respectively. 

. ~ 

Understanding host-po/hagen illlel'ClClioll Ilnvugh science oj Dillies, March /6-17, 2015 87 



(ltt:.J(I .. ?~~ Abstracts ,'&>,: !is,, 
~-----'-'----------------------".-= . 

. 1'43 

Transmission study on Sri Lankan cassava mosaic virus in 
cassava by whitefly (Bemisia tabaci) and SLCMV 

infectious clones 
S Rageshwari, S Buvaneswa ri . M Deiva mani & Ramalingam Rabindran 

Tamil Nadu Agricultural University,Coimbatore-64 1003, Tamil Nadu 
mgeslllVa rio selva m j@glilnil. coln 

Bell1isia tabaei is one of th e most devastating tropical and subtropical agri cultural pests, 
affecting the yield of a broad ranges of agricultural, fib er, vegetables and ornamental crops. 
Both immature and adult stages ingest phloem sap and can cause damage directly as a result 
of feeding, and indirectly from excretion of honeydew onto the surfaces of leaves and frui t. 
Virus transmission of cassava is by the whitefly vector B. tabaci Gennadius (Brown et al. 1995). 
Cassava mosaic disease was first shown to be transmitted by Bemisia species by Kufferath & 
Ghesquiere ( 1932) in the Congo and they subsequently named it Bemisia Inosaiciveelura Ghesq. 
Cassava mosaic disease (CMD) transmitted by B.tabaei have been reported from Africa and 
the Indian subcontinent (Fauquet & Stanley 2003). Geminivirus transmission is persistent and 
circulative in the whitefly vector, requiring an average latent period of6-12 h prior to transmis
sion. TIle gemillivirllses are considered as non replicative in their vector, and they are 110t passed 
transova ri ally. 11,e virus acquiring ability was studied for both male and fema le whitefli es each 
with 10 individuals. The circulative nature of whitefly was studied by organ PCR where dilTerent 
parts of the viruliferous whiteflies were dissected and used for PC R with specifi c primers. 11,e 
virus SLCMV was detected in both stylet, abdomen and body fluid which reveals that the virus 
transmission was circulative in nature. SLCMV clones were inoculated into different labo rato
ry plants, a ll the inoculated plants showed the presence of virus whereas the mock inoculated 
plants did not show any result. 

Diversity of whitefly transmitted begomoviruses in 
West Bengal 

Jayanta Tarafdar, Nayan Kishor Adhikary, Manoj Kumar, Nibedita Chattapadhyay & 

Rupsanatan Mandai 

Bidhan Chandra KrishiViswaviyalaya, Kalyani -741 235, West Bengal 
'jayanla94bckv@gnlOil. com 

1'44 

Extensive survey. diagnostics and molecular studies on the genomic structures of vari 
ous begomovirus species in fecting different plants species in West Bengal have been doing to 
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get the detai l insight of the viral genom e and poss ibl e associati on o f sub-viral agents. I-Iere we 
will report the detection, characteri zation and phylogenetic analysis of the begomoviruses pre
dominantly occurring in West Bengal. The presence of several begomoviruses in different plant 
species were confir med by nucleotide hybridization technique and PCR based method. Many of 
the isolates ofb egomoviruses in fect ing di fferen t crops were fo und dista ntly related with isolates 
of the respecti ve viruses repo rted in the worl d. -11,e gene ban k accession number viz. FN432356, 
FN691 429, HM035545, 1-1 1'5450 19, HF548665, HF679 120, HF91 238 1, 1-1 1'936708, HF922628, 
HF679 11 9, HG969 195 and HG969 194 of Sweet potato leaf curl virus, Bhend i ye llow vein mosa
ic, Chilli leaf curl vi rus, Tomato leaf curl virus (To LCV) in r idge gourd , Tobacco curly top virus 
in tomato, Bhendi yellow vein mosaic, Mungbeall ye llow mosaic virll s) Tomato leaf c url virus, 
Dolichos yell ow mosa ic virus, Chilli leaf curl virus, respectively. Begomo viruses have been 
emergi ng in most threatening way in several economically im portant crops including cucurbits 
ana trend in sh ifting new host like severe incidence of ToLCV in ridge gourd supply precise 
informat ion about the frequency and distribution of distinct begomovirus isolates and its pos
sible recombination breakpoints, which can shed light on the mechanistic processes underlying 

recombination. 

P45 

Influence of physiological parameters on growth and 
sporulation of Colletotrichum truncatum (Schw.) Andrus 

and Moore causing anthracnose of mungbean 

Vandana Shukla, Payal Devil , Sa nghmitra Baghei' & Bhineshwa ri Sahu ' 

Narendra Deva University of Agriculture & Technology, Fa izabad -224229, Uttar Pradesh 
va II nash u kla20@g//lnil. co /1I 

'Department of Entomology, Indira Gandhi Kri shi Vishwavidyalaya, Raipu r, Chh all isgarh 

Anthracnose caused by ColletotrichwlI Inll/calwlI (Schw. ) Andrus and MOOJ·eis one of 
tbe major diseases of mungbean (\figlla radia la L. Wilczek). The disease has become one of the 
major constraints for mungbean cultivation. An experiment were carried out to study effect of 
different temperature, pH level and light intensity on the growth and sporul ation o f C. /nll/ca 
tum under ill vilro at Department of Plant Pathology, Na rend ra Deva University of Agriculture 
and Technology, Faizabad, Uttar Pradesh. Results of the experi ment indicated that the growth 
and sporulatio n of C. trw/ca/um were recorded at 30°C fo llowed by 250C.whjle it was minimum 
at 400C. Maxi mum dry weight of mycelium and sporulatio n was recorded it' 6.5 pH. However, 
optimum growth of fungu s was also observed at pH of 5.5 to 7.0. Exposure of the fungus to 
alternate cycles o f 12 h light and 12 h darkness resulted in the maximum mycelial growth (8 1.78 
mm) of C. tnmcalllm compared to the 24 h ex posure to either contin uous light dark (67.35 
mm) or (60.58 mm) . 
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Pathogenic behaviour of Alternaria alternata and 
phytotoxicity of its culture filtrates on 

Lepidium sativum 

Pushpanjali Wagh, U K Khare & Sharad Tiwari 

Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur-462002, Madhya Pradesh 
*pushpanjalisLldhir lVagh@gmail.com 

P46 

Allemaria allernala causing leaf spot in Lepidium salivLlIIl was isolated and purified 
from diseased leaf tissues collected from collected from the Medicinal and Aromatic pl ant ga r
den, Department of Crop and Herbal Physiology, Jawaharlal Nehru Krishi Vishwa Vidyalaya, 
Jabalpu r (M.P.) isolated and purified on potato dextrose agar media. Microscopic examination 
of a seven days old culture revealed hyaline, septate and branched mycelia, conidiophores wit h 
30.0-80.2 fl length and 3-6 J.I width and obelavate to obpyriform conidia (23-30 x 9.2- 12.7 fl) 
with short con ical beak arranged in acropetal fashion. The isolated culture and its culture fil
trates were inoculated to germinated seedlings of chandrasur and also incubated with healthy 
leaves in a growth chamber. Typical symptoms of Alternaria leaf spot was observed both in ill 
vivo and in vilro inoculated plantlets and detached leaves respectively. Chlorosis on the hypo
cOlyls and leaves were observed. A. allernala was consistently reisolated from symptomatic leaf 
tissues on POA. Thus, an efficient and reliable screening method wherein the effect of the se
lection agent (pathogen culture, culture filtrate/phytotoxin ) was demonstrated providing sound 
pharmacological rational in terms of micro propagation and development of Alternaria resist
ant L. sntivw"Il, an important medicinal herb. 

1'47 

Biodiversity of fungal endophyte communities inhabiting 
the Ventilago denticulata 

Rahul K Ohabale & Bhagwan M Waghmare 

Maharashtra Mahavidyalaya Nil anga, Latur, Maharashtra 
biorahuI4@gmail.col11 

Venli/ago denticulala is known to possess medicinal properties. Medicina l plants har
bour endophytic mycoflora. V. denliculata has been studied for its endophyte biodiversity and 
their potential to produce bioactive secondary metabolites. There is a need to understand the 
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Omies as a tool for understanding and managing the 
late blight disease of potato 

B P Singh 

ICA R-Central Potato Research Insti tu te, Shimla-171 00 I, Hi machal Pradesh 
directorcpri@gllwil.colll 

L6 

'n,e st ress due to fungi is one of the most cr ucial factor that aR'ec t plant growth and devel
opment and consequently the crop productivity. 11,e Phytophthom illfestalls is one of the most 
confo unding pathogen and model organism. It exhibits high evolutionary potential and rapidly 
adapts to changing environment responsible fo r global annual crop loss of US$ 12 bi ll ion. De
spite over a century of potato resistance breeding, fungicide use, and other control measures, it 
st ill continues to be a major threat to sustainable potato production worldwide. P. infestans pop
ul ation has undergone drast ic change during the last two decade. New population has emerged 
which is more diverse having more pathotypes, carrying the new mating type (A2), haplotype 
etc. 11,e whole genome of P. infes/al/s (240Mb) has been sequenced which is several fold larger 
than those of related species like P. sojae (95 Mb) and P. ramonl/I/ (65 Mb). It has been proved 
beyond doubt that, the dynamism in P. illfes/alls is mainly due to the movement of transposable 
elements and covers 74% of the genome. During interactions, both host and pathogen secrete 
complex protei ns for survei llance, assault, and defence and counter defence activities. Similarly, 
the potato genome (845Mb) contai ning 39045 protein coding genes and more than 700 R-genes 
have been identified which play crucial role in understanding host-pathogen interaction. Ad
vances in science of mol ecular biology, high-throughput analytica l disciplines like genomics, 
transcriptomics, proteomics etc. have emerged to gain deep knowledge about the secretome in 
understanding and managing the pathogen and the disease. Several hypotheses demonstrated 
that P. il/fes/nlls RXLR effectors are candidate Avr genes and are fun ctionally profi led on Sola
num to detec t corresponding R genes. Potato-Phytophthora interaction studies demonstrated 
that P. infes/alls secretes necrosis like proteins (PiN PP1 , l NFl and Elicitin) which playa role in 
inducing hypersensitive response through interacti ng wi th SGTl and R genes. Recently, Eu 
ropean groups have identi fied the RXLR (520) and CRINKLER (4 19) effectors and 19 novel 
pathogenicity genes including unexpected hypothetical genes from the whol e 240 Mb genome 
architecture through microarray. 111is has opened new vistas for developing resistant varie
ties through molecular approach. In Ind ian Scenario, C PRI has identified and cloned 10 de
fense genes from the LB resista nt Kufri Girdhari cultivar and five pathogenicity genes fro m LB 
susceptible cultivar through cDNA microarray analysis. RNA sequencing studies have shown 
express ion of defence genes in the background ofRB transgenics. Similarly, CPRI demonstrat
ed RB regulated defense system in Kufri Jyoti RB transgenic hybrids and identi fied R and II 
like genes in leaf tissues through eDNA microa rray. Based on transcriptomic analysis. we have 
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demonstrated the pathogenicity of enector genes through d sRNA transfection studies which 
would be used fo r development of RNAi based fungicide agai nst PiliJestalis. Based on compre
hensive analysis, RNAi transgenics have been developed by using }' iliJestnlls Av r 3a gene. It is 
noW evident that knowledge of omics is essential to understand the secretome of both host and 
pathogen to develop suitable management strategies. 

L7 

Pathogenomics for plant disease management with special 
reference to potato late blight 

S K Chak rabarti 

ICA R-Central Tuber Crops Research [nstitute, Thiruvananthapuram-6950 17, Kerala 
cha kmba r t i. sk@iari.gov.il1 

Microbes and plants have co-evolved in divergent ways ever since th e first appearance of 
vascular land plants. However, the destructive nature of plant-m icrobe interaction became evi
dent only after the beginning of organi zed agriculture about 10,000 yea rs ago. Ravages of plant 
disease are documented in almost all ancient lite ratures and presently about 12% of the global 
crop produce is lost every year due to diseases. 'n,is loss is more acute in developing co untries 
where food security is already in a desperate situation . It is necessary to reduce this loss as much 
as possible to facilitate and supplement food security. Since disease is a m anifestation of devi

ation from normal physiology, concerted efforts are being made to understand its molecular 
biology so as to get a handle over it. It was, however, a daunting task to understand the complex 
and illusive nature of host-pathogen interactio n before the era of pathogeno mics that attempts 
to utilize genomic and metageno mics data to understand microbe divers ity and interaction as 
well as host-microbe interactions. Plants have evolved two complementary strategies for de
fendin g parasitic colonizat ion. TI,e basal immunity recognizes the pathogen associated molec
ular patterns (PAMPS) that triggers PAMP triggered immunity (PTI ). Pathogens also evolved 
a mechanism to suppress the PTI using a cache of effectors. [n the next layer, resistant plants 
evolved elaborate effector triggered immunity (ETI) that recognizes the effec tor molecules of 
the pathogens through R-proteins. 'n,is situation led to a coevolutionary arms race between 
pathogens and plants resulting in gene ration of large reperto ires of cytoplasmic effectors that 
are collectively essential but individually dispensable and plant d efenses that possess para llel 
redundancies. Pathogenomics facilitated better understanding of this coevolutionary arm race. 
It has been demonstrated that the 240 Mb Phytophthora inJeslons genonw) ncodes a complex 
falllili es of effector proteins that a re grouped into two broad categories: apoplas tic effectors that 
acculllulate in the plant intercellular space (apoplast) and cytoplasm ic effectors that are translo 
cated directly into the plant cell by a specia lized infection structure called the haustorium. Apo
plastic eflectors include secreted hydrolytic enzymes such as proteases, lipases and glycosylases 

Understanding hosl-pathogen i/lferae/ioll through science %mics, March /6-1 7, 2015 95 



~ ~A~bs~tr~a~ct~s ___________________________________________ ~ 

that probably degrade plant tissue; enzyme inhibitors to protect agai nst host defence enzymes; 
and necrotizing toxins such as the Nep l -li ke proteins (NLPs) and PcF- like small cysteine-rich 
protein s (SCRs). The cytoplasmic effectors belong to two major classes, i.e. RXLR and C rin kler 
(CRN). At least 563 RXLR and 196 CRN genes have been predicted in th e P. illJestnlls genome. 
Both CRN and RXLR genes typically occur in repeat- rich, gene-sparse regions of the genome. 
On the other hand, 408 NBS -LRR class disease resistance related proteins have been predicted 
in 844 Mb potato genom e. With availability of genome information of P. illJestnll s as well as 
potato, ongoi ng advances in bioinformatics would facilitat e innovative strategies for effect ive 
man agement oflate blight. Role of pathogenomics in effective plant disease management will be 
discussed in thi s presentation taking the example of potato late blight. 

L8 

Pathogenomics: how can it help in understanding host 
specificity and pathogen evolution? 

Rashmi Aggarwal 

ICAR-Indian Agricultmal Research Institute, New Delhi - I 1001 2 
rashrni.ngganvaI2@g/nail. com 

The next-generation sequencing technologies provide new opportunities to study path 
ogens and the hosts they infect. TI,e increasing availability of crop and pathogen genomes is 
providing new insights into pathogen biology, population structure and pathogenesis which in 
turn provide new opportunities for disease management. PI/ccillia spp. and Cochlioboll/s spp. 
are highly aggressive biotrophs and necrotrophs respectively causing enormous losses to cereal 
crops. All th e three wheat rllsts, yellow rllst (Puccinia slriiJol'lll is), brow n rust (I~ trilicilln) and 
stem rllst (P. gramillis Iritici) affect wheat crop in India and importance of each rust is region 
based. A number of pathotypes exist in each rllst pathogen and there is coevolution happening 
in pathotypes parallel with resistance genes. The full genome sequences of a number of patho
types are available globally. The comparat ive-genome sequence analysis together with transcri p.;., 
tome data analysis offers possibi lities for understanding the evolution of races and detection of 
expressed genes in the host. Si milarly, many Cod/lioboills species have emerged rapidly as dev
astating pathoge ns due to HSTs. 'n,e genome sequences of Cochiioboills and related pathogens 
that differ in host preference, host specificity, and virulence strategies are available. TI,e compar
ative analYSiS, at the whole-genome level with emphaSiS on genes for secondary metabolism and 
small secreted proteins highlight how pathogens develop and utilize these tools to adapt to a 
particular host or lifestyle. Necrotrophs and hemibiotrophs employ contrasting mechanisms of 
promoting the disease, but utili zation of HSTs and protein effectors still overlaps. 'n,e diversity 
in secondary metabolite and SS P genes in each pathogen refl ects enormous diversity among 
these species. But these genes are remarkably conserved among isolates of the same species. The 
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gene products, particularly those associated wi th unique genomi c regio ns, are candidates for 
pathogeni c lifestyle diOe rences. Therefore, key compon ent is understanding determinants of 
virulence. 

Host-pathogen interaction in sugarcane - red rot 
pathogen: role of 3-deoxyanthocyanidin biosynthesis 

pathway enzymes 

R Viswanathall , M Nandakumar, V Ga ncsh Klimar, A Ram csh Sundar & P Malathi 

ICAR-Suga rca ne Breeding Institute, Coimbatore-64 1007, Tamil Nadu 
m sa II i Slvn Iia t fla l'l@ynhoo.co.ill 

L9 

Among the va rious biotic and abiotic stresses faced by sugarca ne, red rot caused by the 
fun gus Co/lelolrichul1ljn/cntlllll is the major constraint, leading to severe yield losses. Sugarcane 
produces redd ish pigment during the host pathogen inte raction which probably contains 3-de
oxyanthocyanidin ph ytoalexins synthes ized de /lova. To understand th e phytoalexins ro le in red 
rot resistance, detai led studies were conducted through HPLC assays and genomic approach, 
with a set of sugarcane variet ies varying in red rot resistan ce. Our results clearl y established th at 
resistant variet ies acc umulated greater levels of phytoalex ins as compared to the susceptible 
ones during pathogenesis. Induction of 3-deoxyanthocyanid in co mpounds viz., apigeninidin, 
luteolinidin and cyanidin along with ullcharacterized compounds of varying concentrations 
related to category of di sease reaction on resistant (R) and susceptible (S) types was found. 
111e diOe rential accumulation of phytoalex in compounds against the pathogen coloni zat ion in 
compatible and incompatible interaction evidenced thei r active role in di sease resistance by 
restricti ng pathogen progression in the latter. Subsequently studies were carried out to assess 
expression of transcripts involved in flavonoid biosynthesis pathway through RT-PCll revea led 
differential transcript express ion of chalcone synth ase, chalcone reductase, flavanoid 3'5' hy
droxylase, dihydrofolat e reductase and 4-coumarate Coenzyme A ligase among resistant and 
susceptible varieties after pathogen inoculation. However, phenylalanine ammonia lyase. cou
marate-4hydroxylasc. isof] avone reductase and chalcone isomerase tran scriptswere found to be 
constitutively ex pressed in both var ieties. 111e results signify specific regulation of transcripts 
in resistant varieties as compared to the susceptible, as active phytoal ex in induction and accu 
Illulation during pathogen intrusion which leads to restri cting pathogen rnv~ion in resistant 
plants. 
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Effect of mycotoxins on pigment synthesis in 
mustard seeds 

M S Ahmad 

T.M. Ilhagalpur Universit y. Bhagalpur-8 12007. Bihar 
dil l sal! II wd@yal/Oo.co.ill 

P48 

Mycotoxins are toxic seco ndary metabolites produced by fun gi that usua ll y belong to 
the genera like Aspergillus. PenicilliulII and Fusarilllll. Some mycotoxins parti cularly aflatoxin. 
citrinin and zearalenone have been analysed as natural contaminants of variolls crops includ
ing mustard (Brnssicn jlllicea L.) from Bihar state at different stages of the crop development. 
harves ting and storage. I n this investigation. eftects of five different concentrations (viz .• 100. 
250. 500. 1000 and 2000 flg/ L) of aflatoxin Ill. citrinin and zea ralenone were evaluated against 
synthesis of different pigme nts (viz .• chlorophyll and ca rotenoids) in th e emerging leaves of 
mustard seeds (var. Pusa bold) during seed ling growth. -n,e inhibitory eftects of those myctox 
ins were observed at all concentrations wh ich were directly correlated with the concentration of 
the treated toxi ns. Maximum inhibitions in chlorophyll a. chlorophyll b. total chlorophyll and 
carotenoids were 78.5. 56.767.6 and 84.9% in aflatox in treated seeds whereas 57.8. 38.3. 6 1.9 
and 68.7% and 64.4. 42.7. 66.5 and 76.1 % inhibitions were recorded by citrinin and zearalenone. 
respectively. 

Pathogen modulation on host machinery for 
gaining virulence 

Shweta Roy. Priya Gupta & Ashis Kumar Nandi 

School of Life Sc iences. lawaharlal Nehru Universit y. NelV Ddhi - I10067 
sillvetnroy 1804@gll1nil.com 
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Plants live in a very complex environment where they are co ntinuously under threat of 
pathogen infection. To combat these challenges plants undergo a huge reprogramming in gene 
expression profi le especiall y. stress respo nsive genes. In our work. we hay~charac ter ized role 
of a Polycomb Repressive Complex 2 (PRC2) member MEDEA. in pathogenesis. PRC2 com
plex function as a chromatin remodeler and repress transcription of target genes. MEDEA. a 
histone methyl transferase. has established role in embryo developm ent and express only in fe 
male gametophyte and early embryo. We found this gene to be high ly induced during pathogen 
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challenge in leaves. P35S:M EDEA plants are susceptible fo r bacterial pathogen as well as over 
expressio n plants a re defective in SA, jA and ABA defen ce signalling. It has lower expression of 
various SA and jA defen ce signaling marker genes as well as lesser accumulation of SA in in 
fected ti ssues. By using Yeast two hybrid assay and Bimolecu lar Fluorescence Complementati on 
(BiFC), we have identified MEDEA interac tor proteins, whi ch arc li kely to influence im mune 
response. Interactio n of MEDEA protein wi th transcription factors as well as nuciea r subcellu 
lar locali zation supports its role as a chromatin remodeler and a key protein in regulating the 
expression of target genes. The results uggested that MED EA gene is an important regulator of 
disease defe nce. 

1'50 

Expression analysis of defense related genes in resistant 
and susceptible cultivars of tomato against Ralstonia sola

nacearum treated with chemical and bio-inducer 

Dinesh Singh, Garima Chaudhary & 0 K Yadav 

ICA R-Indian Agricultural Research Institute, New Delh i-J 100 12 
dinesh_iari@rediffmail.com 

Ralstollia solmlllCearlllll, one of the most important bacteria l pathogen of tomato, is a 
consta nt threat to this crop. In present study, expression pattern analysis of specific defense- re
lated gene transcripts like PR- I a & Glu A (salicylic acid pathway), Lox A (jasmonic acid path
way) and PR-l b & Osmotin -Iike (Ethylene pathway) in resistant (Hawaii -7996) and susceptible 
(Pusa Ruby) tomato cultivars was assessed by using quantitative RT-PCR against the R. solall
acearwrI strain UTT-25 (Biovar 3, race l ), ~n1e plants were treatment with chemical inducers 
of defense like jasmonic acid (100 f1 M), and Salicylic acid (100 f1M) with and wit ho ut Bacillus 
subtilis (00 at 600 nl11 ~ 0. 1) as bio-inducer prior to inoculat io n of pathogen i.e. n. solanacear-
1II1l (10' cfu/ mL). 'The expression ana lysis of all the genes was done at intervals of 6,24,48 and 
96 (h.p.i ). A combination of jasmonic acid + Bacillus subtilis showed the high level of expression 
in all over defense related genes in resistant (Hawaii -7996) and susceptible (Pusa Ruby) cultivar 
of tomato plant. 'The overall differential expression pattern of PR- Ia, PR- Ib and Glucanase A 
gene showed up -regulation in susceptible (Pusa Ruby), whereas down -regulation in resistant 
(Hawaii -7996) cult ivaI's of tomato. While, Lox A and Osmotin-Iike genes showed the up-reg
ulation in resistant as compared to susceptible cultivar of tomato plant. Hawaii -7996 activated 
expressio n of these defense genes faster with a greater degree of responses to R solanacea/'lll/l 
infection than Pusa Ruby. Tomato plants infected with R solallaceanlll1 was up-regulated in 
both ethylene (ET) and salicylic acid (SA) defense- related pathways interactions. In addition, 
Pusa Ruby triggered noticeably less production of defense-associated reactive oxygen species 
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(ROS) in stems and leaves than resistant cultiva r, despite a ttaining similar cell densiti es in t 
plant. ROS activity was fo und more inresistant as co mpared susceptible culti var of tomato after 
24 h of inoculation, whil e, less production of ROS was found in untreated with pathogen as 
control. Coll ectively, these data suggested that the bacterial wilt-resistant plants can specifically 
recognize induction from R sofmwcenrll1ll. 

1'51 

Cloning and characterization of two detoxifying 
enzymes, glutathione s-transferase and carboxylesterase, 

from burrowing nematode (Radopholus similis) 

o B Rosa na, Arun John & Sa ntho sh J Eapen 

ICAR-Indian In stitute of Spices Resea rch, Kozhikode-6730 12, Kerala 
sjeapen@spices.res.in 

RadopholliS sill/ilis Cobb 11lOrne is a migratory endoparasiti c nematode infesting sev
eral tropical and sub -tropica l plant species. Computational screening and conserved domain 
annota tion of assembled EST sequences from the burrowing nematode II. similis revealed in 
seven contigs similar to glutath ione S-transferase (GST) and four contigs for carboxylesterase 
(CES). One each of the co ntigs corresponded to each genes were cloned fro m R. sill/ilis cDNA 
(KM6700 18, KP027005) and characterized by phylogeny and structural motif comparison . Glu 
tathione S-transferase is critical antioxidant and detoxification enzymes to degrade toxic sub
stance while carboxylesterase is responsible for controlling the nerve impulse, detoxification, 
various developmental fun ctions. 111is makes both the proteins as major target of pesticides 
and chemical warfare agents for management of plant parasitic nematode. 11le comparative 
structural ana lysis and molec ular studies of th ese target enzymes that are broadly distributed 
in plant parasitic nematodes, wi ll pave the way to new control regimes for nematode parasites 
specific to plants. We report for the first time the prese nce and amplifIcation of two novel target 
genes (GST and CES) from II. similis. The two genes were compared with correspond ing genes 
reported in ot her nematodes through structura l motif characterization indicates the structural 
diversit y of the conserved motifs present in RsGST and RsCES proteins. 11,e search for protein 
signature motifs through InterProScan analysis confirmed the presence ofthioredoxin-Iike fold 
(lI'RO 12336), glutathione S-transferase, N-terminal and C- terminal (I PR004045, II'R010987), 
and glutath ione S-transferase domain (I'F00043) for RsGST and Ca rboxylesterase, type B 
(lI'R0020 18), Alpha/Beta hydrolase fold (II'R029058) and Carboxylestenise ~main (1'1'001 35) 
for RsCES.11,e 3D protein models of each protein were developed through homology modeling 
and active-sites constituting the pharmacophore residues were predicted for future study. 
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Analysis of potato genes involved during ToLCNDV-pota
to infection using transcriptome sequencing approach 

A Jeeva latha, S Su ndaresha, B P Si ngh, R Baswa raj, R Kumar & Sanjeev Sharma 

ICA R-Central Potato Resea rch Insti tu te, Shimla- 171 00 I, Himachal Pradesh 
jee valntlw_n@yallOo.co.;11 

Api cal leaf curl disease caused by tomato leaf curl New Delh i virus- potato (ToL
CN DV-potato) is one of the most important viral diseases of potato. Identification of resistance 
source of this virus is critica l in order to develop resistant va riet ies. Ea rlier reports suggest 
that under high vector popiti ation pressure, continuous use of same seed stock leads to lowest 
seed generation in Kufri Bahar while other varieties showed faster degeneration under field 
conditions. '1l1e variety Kufri Bahar also showed a delay in symptom expression by 15-20 days 
and developed no or on ly mild symptoms with very low virus load under artificial inoculation 
conditions. Hence, to know the mechani sm behind the resistan ce, an experiment was carried 
out to study the genes ex pressed during ToLCNDV-potato infection in susceptible cul tivar, Ku
fri Pukhraj along with Kufri Bahar using transcriptome sequencing approach. 11,ese cultivars 
were artificially inoculated with ToLCNDV-potato and samples were collected at diffe rent time 
intervals. Symptom expression was started 15 days after inoculation in Kufri Pukhraj and severe 
thereafter, whereas it was delayed up to 35 days and only mild symptom was observed in Kufri 
Bahar. Transcriptome li braries were prepared and sequenced usi ng the Ion ProtonlM System. 
Analysis using potato genome from PGSC showed that genes were diffe rentially regulated dur
ing ToLCNDV-potato infection in susceptible and res istant cuitivars. '1l1is stuely proVides ge
nome- wide transcriptional analysis details of two potato cultivars differing in resistan ce level to 
'I'oLCN DV-potato. 

Understanding the effector proteins associated with 
Potato-Phytophthora infestans interactions through 

transcriptional analysis 

S Sundaresha, Vandana 111akur, Sa nj eev Sharma, Anupama Si ngh, 
Vinay Bhardwaj & B P Singh 

ICAR-Central Potato Research Institute, Shimla- I 7100 I, Himachal Pradesh 
51.1 lido re511O s8@glllO;l.collI 

P53 

Late blight (Phytophthol'O ;11jesloll s) is one of the dreaded eliseases of potato throughout 
the world. To understand the nature of effector proteins that subvert the plant defense and 
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promote the pathogenicity, pl ants of a hi ghly resistant (Kufri Gird hari) and suscept ible (Kufr i 
Bahar) cultivars were challenge in oculated with P. illfestalls and sampled at 0, 24 and 72 h a fter 
inocul ation. To analyse the transcript expression, we performed a comprehensive transcription
al analysis using cDNA microarrays, containing 39,083 potato protein coding genes as well as 
18,034 oligo probes of P. illfestalls in a single 12X 135K Nimblegen array slide. Data revealed that 
out of39,083 potato protein coding genes, 5,308 genes we re up-regulated upon P. infestalls con
tact in resistant cultivar. Out o f 5,308 genes, I I genes (>5 fold expression) and 30 genes (>5 fold ) 
were highl y up-regulated at 24 hand 72 h afte r pathogen interactio n, respecti vely. O n th e other 
hand, in suscepti ble cu ltivar onl y P. illfesta lls eflector genes expression was observed at higher 
level. Rea l time PC R and dsRNA transfectio n assay demonstrated quant ifi cati on and va li da tio n 
of defence and pathogenicity nature of the potato and pathogen genes, respectively. Path way 
maps were constructed to graphicall y represent the ge ne exp ressio n patterns wh ich showed as
sociation of several events involved in biot ic and abiotic stresses. rnlis comprehenSive transcript 
analysis provided usefu l information on nature of host and pathogen eflecto r proteins in de
fense and counter-defense activities and provides a framework in developing resistant vari eti es. 

PS4 

Effect of Trichoderma-treatment on the resistance of 
Castor bean against Fusarium oxysporum ricini 

K B Durga Bhavan i, R Bhuvaneswari, R D Prasad & V Dinesh Kumar 

ICAR- Directorate of Oil seeds Research, Rajendranagar, 
Hyderabad -500030, Telangana 

rbh" va I w23@glllail.colIl 

Vascu lar wilt disease, caused by Fusarilllll oxysponllll fsp ricilli, is o ne of the major dis
eases of castor that results in yield reductio n of 39 to 77%. Tr ichoderma is known to exert bio 
control activit y against phytopathogens by producing antibiotics, siderophores, hydrolytiC en
zymes etc. Different Trichodenlla spec ies, [7" ic!lOderma Iwrzimlllm (Th4d), T asperel/LlIII (N 13, 
TV5, 73 16)J were screened for the management of FllsariulII wilt in castor. Experimentation 
was carried out using comparable concentrations of 1hchodenna and Fusarium using a suscep
tible castor genotype )1 -35. Germination percentage and wilt incidence was recorded regularly. 
Soil samples were collected at different time points to quantify the load of 'I/'ic!wderma and 
Fusarium , on respective selective medium. Wi lt incidence lVas reduced due jp Trichoderma 
Th4d treatment (2 1 %) with differential response to the strains: N 13 (36%), TV~43%) and 7316 
(31 %) while "Fusarium alone" disease severity was 73% in treated pots. Further, fewer Fusarium 
Colonies (190000 CFU/g of soil) were observed in 11,4d-treatment vs other strains of Tri cho 
derma against Fo.r alone treated pots (540000 CFU/g of soil) indicative o f the induced systemic 
reistance (ISR) by Trichoderma. Molecular analysis of the ISR in both 1114d treated and un -
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treated castor seed lings furt her challenged with PusariulIl was done by studying the diRe renti al 
gene ex pression using ca ndidate genes OPR3, PRI and PR2 by RT-PC R. 11,e express ion of these 
genes was seen to be highly elevated in 11,40 alone and 11,40 + Eo. r treated seedlings 24 hpi 
vs untreated and F.o. r alone treated seedlings, respectively. 11,ese resul ts indicated the direct 
relat ionship of the molecular pathways involving ISR with the reduction of wilt in PusariulIl 
infected castor seedlings treated with Trichoderm a. 
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Phytotoxin produced by Colletotrichum gloeosporioides 
and Lasiodiplodia theobromae - A tool for 

pathogenesis in mango 

S Parthasarathy, P Mohammad Faisal, K Prabakar & 
G Thiribhuvanamala 

Tam il Nadu Agricultural Universi ty, Coimbatore-64 1003, Tamil Nadu 
spsarathyagri@glllail.colIl 

Toxic compounds produced by the pathogens viz.,C. gloeosporioides and L. theobrolllae 
were ex tracted and th eir role in pathogenici ty was tested by in oculation of crude culture fil
trates and difte rentially diluted filtrates on mango leaves. Crude toxins ex tracted separately by 
solvent extraction method were tested with mango leaves and fruits at difTerent dilutions to 
confirm their role in pathogenecity. Non-host select ive nature of the tox in was determined by 
electrolyte lea kage, seedling and seed germinati on bioassay using nine non-host plants and 
three cereal seeds. 'n,e tox ic compounds were ex trac ted from the yeast ex trac t and potato dex
trose broths inoculated with C. gloeosporioides and L. theobrolllae respectively, by solvent diffu 
sion method and partially purified by 111in Layer Chromatography (TLC) usi ng standardi zed 
diluents di -methyl sulfox ide and mobile phase of chl orofo rm: glacial acetic acid : ethanol (3: I: I) 
for C.gloeosPQrioides and butanol: water: glacial acetic acid (5 :3:2) for L. theobroll1ae. 11,e tox ic 
compounds partially purified by TLC were directly identified through Gas Chromatography-I 
Mass Spect rometr y (GC/MS). GC/MS analysis revealed that the presence of various toxic me
tabolites from the partial purified sa mpl es. Among them, spiro- l -(cyciohex-2-ene)-2'-(5'-ox
abicyciof2. 1.0 Jpentane),I',4',2,6,6-pentamethyl-and oxa lic acid were detected at higher relat ive 
abundance in all the replicati ons from the C. gloeosporioides and L. theourolnae respectively. 
11,ese results suggest that the toxic compounds produced by pathogens were playing a major 
role in pathogenesis and symptom expression . 
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Viral genome methylation is triggered by tomato 
Ty-2 gene and restricted by viral ac4 

P56 

Varsha Garg, T Vinutha, Vipin Perm ar, Vilas Parkh i, Elangovan Man i, Abdu lrahman A Alatar, 
Moham mad Faisal, Peter Paluka itis & Shelly Praveen 

ICAR-Ind ian Agricultural Resea rch Institute, New Delhi - 1100 12 
vn rshag Ig285@glnnil.coln 

Cytosine methylatio n is considered as o ne of the epigenetic antiviral defe nse. Host 
factors having role in defense contribute towards activating methylatio n machinery and viral 
factors antagoni zing this e ifect de termines resis tance and susceptibilit y. Tomato leaf curl viral 
genome gets methylated d uring infection. Here we show that cytosine methylatio n levels get 
triggered in presence of tomato resistant gene Ty-2. Transgenic expression of vira l protein ToL
CNDV-AC4, limits viral genome methylation in favor of virus. On the co ntrary enrichment of 
vira l derived siRNAs in tomato transgenic, stimulate viral genome methylation suggesting thei r 
role in de novo methylat ion pathway. Const itutive expression o f ToLCN DV-AC4 in tomato 
resu lted in aberrations in phenotype, possibly due to AC4 interfe rence in host DNA methyla
tion. The possible role of tomato Ty-2 gene and ToLCN DV- AC4 gene in regulati on of de IIOVO 

methylation machinery has been disc ussed. 

Effect of Trichoderma mediated induced systemic 
resistance in castor bean against Phytophthora 

parasitica var nicotianae 

R Bhuvaneswa ri , S Velu Mani, R D Prasad & V Dinesh Kum ar 

ICAR-Directorate of O il seeds Research, Rajend ranagar, Hyderabad-S00030, Telangana 
rbhuva na23@gmai l.com 
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Castorbean (Ricill lls conll/nll/is L.) is a non-ed ible oil seed crop belonging to Euphor
biaceae fa mily. Seedling blight di sease, caused by Phylophlhom parnsilica var lIicoilinlle, is one 
of the maj or diseases of castorbean at th e initial stages of growth of th e p¥.tnt. It results in 30 
to 40% of seedling mort alit y, which may lead to severe crop loss under highly favo rable con
ditions. '/hchoderll/o , a mycoparasitic fun gus belo nging to Ascomycetes, is known biocontrol 
agent and its effi cacy in inducing systemic resis tance against phytophthora disease o f castor-
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bean was stud ied. Seeds of DCS107, a susceptible genotype fo r seedling blight, were used for 
the expe rimen t. Seed treatment was given, independently wi th th ree Ti"ichoderma aspere/lum 
strai ns (TaOOR- N 13, -TVS, -73 16) and one Ti"ichodermo hnrziol1um strain (Th4d). After the 
appearance of cotyledonary leaves, 10 day old d iscs of Phytophthora pnrnsil ica was placed on the 
abax ial side, of one of the two leaves. Leaf wetness, temperature (250 C) and humid ity (about 
70%) were maintained. Necrosis caused by the pathoge n was measured at 48, 72 and 96 h post 
infection in three replicates each. When compared with untreated seedlings di sease severity \vas 
reduced by 85.7% in 1114d-treated seed lings. TaDOR-73 16 and -N 13 showed 50% anci42.9% of 
d isease reduction, respectively, over check. 

Critical balance between virus induced vacuolar 
processing enzymes and mitochondrial alternative 

oxidase regulates programmed cell death 

Ajeet Singh, Vipin Permar, Elangov an Mani' , Vilas Parkhi' , Abdulrahman A Alatar' , 
Mohammad Faisa!', R K Jainl , Tomas Cant03 & Shelly Praveen 

ICAR-Indian Agricultural Research Institu te, New Ocl hi- l 100 12 
dhnkaajeet9961@gmaii.com 

'Advanta Indi a Ltd., Hyderabad-S00034, Telangana 

' College of Science, King Saud University, Riyadh-114S 1, 
Kingdom of Saudi Arabia 

'Centro de Invest igaciones Biologicas, CJB, CSIC, Rami ro de Maeztu 9, 28040, 
Madrid, Spain 

PS8 

Programmed cell deat h (PCO), through hypersensitive response (HR) is an impor tant 
defensei1"i'eChanism in response to pathogen attack and its in itiat ion begins \v ith the recogni
tion of the pathogen by the plant. Various factors like ROS, oxidat ive burst and stress signaling 
cont ribute to cell death in the fo rm of necrosis. Role of mitochond rial ox idases are important 
in regulating ox idative burst and Vacuolar Processing enzyme (V PE), cysteine proteases are 
responsible for virus-induced hypersensitive cell death. In th e present study, we have showed 
that the cri tical balance between the levels of AOX and VPEs during Groundnut bud necrosis 
virus (GBNV) in tomato governs virus tolerance. GBNV-NSs, a potent RNAi suppressor has a 
role in inducing VPEs through its localization in vacuoles. Transient expression of GBNV-NSs 
in Nicotiol1a bellthmialla induces localized HR response sim ilar to viral in fec tion by stimulati ng 
VPE levels at in fect ion site, although the systemic basal defense in the fo rm of higher expression 
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of AOX was observed at systemi c site. Overall our results indicated that the tomato genotypes 
with higher levels of AOX express ion during viral infections are more tolerant and susceptible 
genotypes showed higher expression of VPE. leading to HR response. "n,e possible resistance 
mechanism for G13NV in tom ato through a delicate ba lance of VPEs and AOX at infection and 
systemic sit e has been discussed. 

Secretomics-based investigations to unravel plant
pathogen interactions in sugarcane 

A Ramesh Sundar. E Leonard Barnabas. N M R Ashwi n. 
P Malathi & R Viswanathan 

ICAR-Sugarcane Breeding Institute. Coimbatore-64 1007. Tam il Nadu 
ra meshsllllda r_sbi@yahoo.co.ill 
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Seeretom ics is an offshoot of Proteomics. which addresses spec ifica ll y the secreted pro 
teins under distinct physiological conditions on a spatio-temporal manner. Most of the fungi 
secrete an orchestration of effectors against the multitude of defense engi neered by the host. 
Effectors ca n also elicit host defense. when it is recogn ized by certain intracellular receptors 
(R proteins). resulting in Effector Triggered Immunity (ETl). Given the importance of fun 
gal effectors and secretory proteins in host-pathogen interaction. we have employed 2-DE
MALDITOF/TOF to analyze the seeretome of SporisoriulIl scilmllill eUIIl (the suga rcane smut 
fungus) in response to synthetic and host Signals incorporated in a growth medium. DiReren
tial secretion of proteins indicated that the fungus has perceived the host-signals and altered 
its secretome accordingly. Protein spot s identified in this secretome analysis viz .• 0-1. 2-Man
nosidase. Phosphatidylethanolamine- binding protein (pEBp). Glycoside hydrolase. Glucose 
oxidase. etc might be core effectors of th is fun gus. playing cru cial rol es in modul ating host 
metabolism during its interaction with sugarcane. Simi larly secreted molecular signatures of 
the sugarcane red rot pathogen- Col/elolric/1I1111 fa/catum has been decoded to act as patho
gen associated molecular patterns (PAMPs). MS/MS ana lysis of the secreted pAMPs identified 
them as EliCiting plant response-like protein (EPLl). Blastomyces yeast phase-specific protein 
(BYS I) and three other novel proteins. Full length gene sequences encoding EPLl . BYS I and 
a novel protein has been deduced and furth er characterization is under progress. Deciphering 
secretome during sugarca ne-pathogen interaction is expected to answer critical questions in 
pathogen biology during their dynamic interaction with suga rcane. . " 

, 
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Microarray analysis of Ralstonia solanacearum induced 
gene expression in Arabidopsis thaliana 

Devendra Ku mar Choudhary, Vibhuti Munja l, Neelam Sheoran, R K Sa ri tha, 
S Gopa lakrish nan, 

Pratibha Sharma, Rashmi Aggarwal & A Kum ar 

ICAR-Indian Agricult ural Research Institute, New Delh i- I 1001 2 
klllunr@inri.res.ill 

Bacterial wilt caused by the soil -borne bacterium R.so ial/acear/IIII race 4 is a lethal d isease 
o f plant belongs to Zi ngiberaceae fa mily. We used Arabidopsis as a model system to dec ipher 
plant-bacteri al interaction . The bacterium typically wilted the plantlets in a density dependent 
manner. Microarray based ge ne expression analysis was conducted to profil e plant gene expres
sio n during bacteria l colo nization vis-ii -vis wilt development due to pathogen colonization. In 
the first ex periment, plantlets emerged from seeds ofCol-O inoc ulated with pathogen was used 
for gene expression studies. In another experiment, the appa rently healthy 21 days old plantlels 
inoculated with dec imal di lut io ns of bacte rium in the root tip was sa mpled for gene expression 
analysis. Gene expression analysis was carr ied o ut in bacterized Col-O ecotypes using AT HI 
Affymetrix gene chi ps representing over 22,500 probe sets representing approx imately 24000 
genes of A. lil alial1a. Over 1080 Arabidopsis genes were found differentially expressed when 
roots were inoculated with R. soial7acearwl1 at 109 cfu of bacterial suspension, whereas 443 
were differentially expressed at 108 cfu o f bacterial suspension. For seedling emerged from the 
seeds inoculated with bacte rium at 108 cfu, 85 genes were found differentially expressed. TI,e 
up-regulated genes included genes related to absciss ion (MYB 112, DOX I, SRG I), aging (YLS9, 
SRG I, TET6), defense and immune response (like ACO I, LOX I, PAD3, PI3S3, PDF2. 1, PDF2.5, 
PRO PEP2, PR- I-LIKE, PR4, YLS5), aux in stimulus (A BCB4, AIR3, AIRI , PDR9, LB D29, 
IAA30, ASA I, H1353, LRP I, GH3.3), ethylene stim ul us, jasmonic aci d and sa licylic ac id bio
sYJ.lIhesis and signalli ng, water depr ivation (MA PKKK I9, W RKY75, SUS l , ATDI 2 1, WNK4, 
SUS3), tap and lateral root development process (ATEXT3, RALFL27, LI3D29, lAA30, MAPI 8, 
ATMY I366, AH K5, LRP l , LBDl 8). 11,e down regulated genes were defense related genes 
(W RKYI8, LOX2, FMA, FLS2, LOX3, BGLU I8, WRR4, MEKK I, RPM I, RP P4, RPP5, RLM3, 
MLO I2, NS Ll ), ethylene biosynthesis (LOX3, ACS I I, SCLl 3), salicyli c acid (MY B4, MYB7, 
PIF4, MY B60, MY1395, ATMPK5, PRK, SBPASE, LCLl ) and jasmonic ac id signa li ng (jAZ7, 
JAZ5, JAZ8, JAZ IO, O PR3, MYB60, SNG I, LOX3, AOC I, MEKK I, MYB4, LOX2, CY P94B3, 
SBPASE, VS P I ), Shoot system development and morphogenesis (RPT2, L1N2, FT, KCS5, PR K, 
WRKY22, ATM Ll , SBPASE), programmed cell deat h (RABG3 B, XCP2, NSLI , CAD I, XCP I, 
DNDI ). Genome wide expression data from our microaHay analysis clearly indicated that the 
symptom expression was a consequence of altered expression of hundreds of plant development 
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and defense related genes. The ex pressio n data further hi gh lighted the ex istence of distinctive 
as well as shared metabolic and defense pathways between the seed and root mediated inocula
tions. 11,e expression pattern s of a few selected genes were fu rther confirm ed by RT-PCR. 

1'61 

Proteomic approach to identify the differentially ex
pressed proteins in rice plants treated with fungicide 

premixture (Fenoxanil5% and Isoprothiolane 30% EC) 
against blast disease 

R Manikandan, S R Prabhu ka rthikeyan, 0 Du rgadevi & T Raguchander 

Tamil Nadu Agricultural Uni versit y, Coimbatore-64 I 003, Tam il Nadu 
Ilwll izy007@ynhoo.co.ill 

A field experiment was conducted for two seasons in the year 20 12 and 201 3 to eva lu
ate the newe r premixture fungicide (Fenoxanil 5% and Isoprothiolane 30% EC), Fenoxil 20% 
SC, Isoproth iolane 40% SC and Tricylazole 75% W I' with d ifte rent conce ntrat ions against r ice 
blast disease. Among these fungicides, appli cation of premi xture molec ul e 35% EC at the con
centration of 1000 mLiha signi fi cantly reduced blast incidence and increased the grain yield 
followed by the treat ments tr icylazole under glass house and field co nditi ons. Analysis of de
fense molecules revealed that more accumulatio n o f phenylalani ne amm oni a-lyase (PAL), Per
oxidase (PO) and Poly Phenol Oxidase (1'1'0) were observed in premixt ure fungicide 35% EC 
(Fenoxani l 5% and Isoprothiolane 30% EC) treated rice plants challenged wi th blast pathogen. 
Two-dimensional polyacrylamide gel electrophoresis strategy was adopted to identify the fun 
gicide mediated di ffe rentiall y expressed protein s and elucidate th e molecul ar responses in th ree 
way interaction of fu ngicide-host-M. oryzae thro ugh protein profi ling. 'O, e result revealed that 
totally 25 proteins spots were difle renti all y expressed in rice plants under various treatments. 
Among the 25 protei ns, eleven protei ns were altered by the pathogen for successful disease 
development but it was arrested upon treat ment with interaction of fungicide premixlure+
pathogen treatm ents. In additions 14 protein s were up regulated in fungicide treated rice plant s. 
However th ree proteins were newly expressed in fun gicide alone applied plants. 11,ese resu lts 
suggested that application of fungicide premixt ure Significa ntly expressed the proteins in rice 
plants there by induction the resistance were occurred aga inst blast disease. Hence, this study 
revealed that the perfo rmance of fungicide prem ixture 35% EC (Fenoxaliil ~ and Isop rothi
olane 30% EC) were highly eftective against blas t diseases and enhanced r ice grain yield. From 
this study, proteomic stra tegy unravels the fun gicide med iated mechanism of resistance against 
rice blast disease. 
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Expression analysis of defense associated transcription 
factors expressed during Piper colubrinum-Phytophthora 

capsid interaction 

I P Vijesh Kumar, K Johnson George & M Anandaraj 

ICA R-Ind ian Institute o f Spices Resea rch, Kozhikode-6730 12, Kerala 
vijesh i p2000@yal/Oo.co. ill 

Transcription fac tors are master regulators of gene expression at the transc riptio nal level 
and are also implicated in pl ant stress response. PAMP triggered immun ity (PTI) and effector 
triggered immunity (ETI) leads to biotic stress signaling involving induction of defence- relat
ed transcription fa ctors like MYB, MYC and WR KY etc. Study o n expression analysis of these 
transcript ion factors is very important to understand th eir importance during host pathogen 
interaction. In the present study quantitative RT-PC R analys is was done fo r three transcription 
factors viz, MYB, MYC and WRKY, to assess th e tran scription al ac tivity of these ge nes dur
ing Piper coilibrilllllll -Phylophilwra capsici interac tio n. Quantitative RT-PC R analysis revealed 
higher folds of expression of these genes at initial stages of infec tion when co mpared to later 
stages. MYB gene showed upto 1.25 fold expression at 4hpi , MYC gene showed 2.6 fold expres
sion at 8 hpi and expression ofWRKY gene was 1.65 fold at 4 hpi. -11,e higher expression level of 
these transcription fa ctors during ea rly stages of infection highlights the important role played 
by them in the early signaling events during defence gene activation. 

P63 

Influence of temperature on symptom expression, detec
tion of host factors in virus affected black pepper 

P Umadevi, A I Bhat, K S Krishnamurthy & M Anandaraj 

ICAR-Indian Institute of Spice Research, Kozhikode-6730J 2, Kerala 
un/avC1111wI128@gmail. coIII 

Expression of symptoms in black pepper (Piper lIignllll L. ) plants in fec ted with Pi per 
yellow mottle virus var y depending on the season, being high during SUl11mer months. Based 
on this observation we made thi s attempt to address the influence of temperature on symptom 
expression . Our controlled environment study revealed increase in viru s titer, total proteins, 
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IAA and reducing sugars when exposed to temperature s t ress. 11,ere was change in the 20 sepa
rated prote in before and after exposure to temperature stress. 11,e 2D-proteomics-LC MS iden 
ti fi ed host and viral protei ns suggesting virus- host interacti on during symptom expression . 
111e analys is/detec tio n of host bi ochemical compounds, proteins and the informat ion from this 
study will help further our understanding of the detailed mechanisms underlying the viral rep
lication and damage to the crop to possibly develop management strategies. 
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Selection of reference gene for transcript normalization 
and expression analysis of defense related gene in Piper 

nigrum - Phytophthora capsid pathosystem 

P Umadevi, E J Suraby, M Anandaraj & K Johnson George 

ICAR-Indian Institute of Spice Research, Kozhi kode-6730 12, Kerala 
It I'fln va 111ItlI128@grnail.conl 

A systematic validation of reference ge nes is a prerequ isite for any gene expression stud 
ies and vali dated reference gene for gene ex pression analysis in Piper l1igrlll1l is lacking. In the 
present study, the leaf transcriptome available for a moderately resistant variety to PhylophtllOm 
capsici was used and the annotated reference genes namely Actin, Glyceraldehyde phosphate 
dehydrogenase, P-Tubulin, Ubiquit in conjugating enzyme (UbCE), 18s rRNA and Elongation 
factor- I-a were used to identify the stable reference gene for qRT-PCR based gene expression 
analysis of identified transcripts of P. nigl'lll1l - P. capsici pathosystem. A viru lent isolate of P. 
capsici (05-06) was used to challenge inoculate moderately resista nt and susceptible va riet ies of 
black pepper and cDNA syntheS ized from tota l RNA ex tracted at different time co urses were 
lIsed as templ ate. 11,e selection of stable reference ge ne was done with diOe rent algo rithms 
(geNorm, NonnFinder and Bestkeeper) along with Reffinder. PnGAPD I-I / Ubiqui tin conju 
gating enzyme (PnUbCE) was optimised as set of genes that ca n be used as intern al control 
for expLessiQJ1 inJea f tissue upon 1>. nigru/Il -J~ capsici interaction. 11,e ex pression patterns of 
loclls_3839 which codes for 1,3 beta glucanase (PnBG lu) was analysed with most stable ref
erence gene combination PnGAPDI-I and PnUbCE at diffe rent time courses ranging from 0.5 
hpi to 72 hpi . Const itut ive expression of p I, 3-glucanase was observed in II SR Shakthi and th e 
maximum transc ript abundance of PnBGlu occ urs at late hou rs of infection (72 hpi) . In con
trast in the susceptibl e va riety, the constituti ve expression was absent and only dOlVnregulat io n 
of PnBGlu was observed. 11,e possibility to identify excellent refe rence gel;es?or a non model 
crop P. l1igl'lllll from the transcriptome data was elucidated. 11,e d ifferentia l express ion of 1,3 
beta glucanase in two test genotypes provides the underl ying mechanism of defense against the 
oomycete pathogen, P. capsici in black pepper. 
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Elucidating disease resistance response associated 
transcriptome of tomato against bacterial wilt 

M Dasgupta. M R Sa hoo. M Premi Devi & N Prakash 

ICAR Research Complex for NEH Region. Lamphelpat. Imphal-795004 . Man ipu r 
Illnd" lldg78@redifJilln il.colll 
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li nls lOrlin solallncearum is a phytopathogen ic bacte rium that causes wil t d isease of to
mato (Lycopersicoll eSCl/ lelll ulII Mi ller). During bacterial wil t pathogenesis. n. solnllncenrlllll 

in fec ts roots and effec tively colonizes the host plant xylem tissue. causing wilting of the wh ole 
plant. Because of its wide host range and soil borne nature. sustainable control of the disease 
is di ffi cult . Plant resistance or susceptibili ty is dic tated by the genetic backgrou nds of both the 
host plant and the invad ing pathogen.l 11erefore. a better understanding of the mechanism of 
the resistance responses in the host is essential to combat th e disease. An attempt has been 
taken to identi fy va rio us host funct ions which are important fo r either provid ing or inducing 
res istance agai nst this bacterium by transcriptome analysis. However, for this bacterial disease 
of to mato. genes imparting resistance to this path ogen has not been reported till date. To mato 
germpl asm have been coll ected fro m north eastern states and also from other pa rts of the coun
try. We have characterized the resistant and susceptible genotypes by fo lloWing standard meth 
ods of pathogenicity assays on tomato plants followed by studying the changes in antiox idative 
enzymes and increase in proline content after challenging with n. sola llacearull l.To understand 
th e mechanism of resistance. we will perfo rm to mato gene expression profilin g following R. 
solanacenrunl infec tion in susceptible and resistant accessions to identify tomato genes expres· 
sion profi ling after challenging with the bacteriulll . Functional studi es of SOllle important up or 
down regulated genes by overcxpress ing and underexpressing wou ld shed more light on mech
anisms of resistance aga inst this pathogen. 

Exploring micro RNA-like small RNA in yellow stripe 
rust Puccinia striiformis tritici 

1'66 

Deepika Kulsh reshtha. P Kadimi. I Singh. S Srivastava. S Sharma. V K Singh & R Aggarwal 

ICA R-Indian Agricultural Research Institute. New Delhi- l 1001 2 
rash III i. ngga nvn J2@glllni l.com 

The advancement in sequencing techniques has made it possible to study small RNAs 
li ke miRNA. siRNA etc. comprehensively and efficiently. MicroRNAs are short (-20-24 nucle-
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otides) non-coding RNAs that negatively regu late the gene expression post-transcript ionally in 
animals and plants. TI,i s negat ive regul ation can be either by degradation of messenger RNA 
(mRNA) or by inhibition of protein translation. The existe nce of mi RNAs is well studied in 
plants and animals but in fungi, the informat ion is lim ited. Here, we report the pred iction of 
miRNAs in fungus Puccinia striijorl11is tritici (Pst) using EST data available in NCB!. In silico 
approach has been used to predict the miRNAs and their hairpin precursors in thi s fungal path
ogen. A total of 7550 ESTs were available in NCB] for P. strijonnis which were pre-processed 
usi ng a perl program named 'ESTtrimm er' and then assembled using CAP3 assembly program 
and resul ted into 6106 assembled ESTs.Of 6 106 ESTs, 1215 precursor mi RNAS were predic ted 
that resulted into 120 miRNAs of which 71 were unique sequences. We identified targets of 120 
predicted miRNAs. For target identi ficati on, 6 106 initi al EST sequences of P. strijorl11is were 
used. Of these, 3167 ESTs were sca nned for sequence complementary sites on hi t sequences 
from BLAST (allowed 4 mismatches) . Th ese complementary targets were allowed to fold and 
their secondary structures were analysed for ellicient folding that results into stable complex 
with lower MFE (minimal free energy). O f these, 232 potential ta rgets were annotated success
fully. TI,e targets identified were mostly from fatty acid metabolism and its biosynthesis, signa
ling pathways, amino acid metabolism, purine metabolism, basal transcription fac tors, etc. It is 
well kn own that PAMP-triggered immunity (PTI ) plays a vital role in the resistance of plants to 
numerous potential pathogens. O ur furth er study will include experimental validat ion of these 
predicted miRNAs to evaluate the effectiveness of our method. Our findin gs will improve the 
understanding towa rds the role of these small RNAs in fungal kingdom and pathogenicity of 
Pst. 

Sequential events in the infection process of 
Colletotrichum gloeosporioides in black pepper 

C N Biju, A M Suj atha & R Praveena' 

ICA R- Indian Institute of Spices Research, Regional Station, 
Appanga la, Madiker i-571201, Karnataka 

bijucn 123@redi{jina il. col11 

' ICAR- Indianlnstitute of Spices Research, Kozhikode-673 01 2, Kerala 
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. . Colletotrichwn gloeosporioides (Penz.) Penz. and Sace., the ascomy~tous fun gus wh ich 
mcltes anthracnose/ fungal poilu disease is a major challenge to black pepper production, es
peCially under misty weather conditions. It is reported that, related species of ColletotriciIul11 
adopts a hemibiotrophic strategy to establish compatible parasitic relationship with severa l 
crops. However, informations on sequential events involved in the infection process of C. gloe-
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osporoiodes in black pepper are scanty and hence, the present study was devised. The conidi 
al suspension (l x 106 spores/mL) prepared from sporulating colony were sprayed on young 
leaves of the variety, Panniyur- I and incubated under high humidity conditions. 11,e leaf sam 
ples collected at 2 h period till 24 h and later at an interval of 24 h upto 168 h after inoculation 
were subjected to staining, destaining and microscopically examined. Conidial germination 
was observed 4 h after inoculation. l1le germinating conidia were found congregating more 
towards stomatal region and 75% of conidia germinated either with one (most cases) or two 
germ tubes after 12- 14 h. Higher percentage of germination was noticed, when the conidia were 
in dis aggregated condition. 11,e melanized clavate/spherical shaped appressoria differentiated 
from germ tubes had more affinity towards guard cells. 11,e infection hyphae originating from 
appressoria entered through stomata and subsequent intra/intercellular invasion was observed. 
Invading hyphae in the mesophyll cells and localized tissue death were noticed after 22 h. Acer
vulus initials were formed and mature acervuli were observed after 120 hand 144 h, respective
ly. Acervuli with setae were observed after 144 hand 168 h after inoculation. Several loca lized 
necrotic spots manifested on leaf surface after 72 h and invaded epidermal cells turned brown, 
resulting in rapid collapse and cell death . 11,e present investigation shed light into the sequential 
events involved in the infection process in black pepper-Co gloeosporoiodes pathosystem, which 
might facilitate in elucidating the mechanism of host plant resistance, physiological speciali 
zation of the pathogen and helps to decipher cascade of events associated with host -pathogen 
interaction. 
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Host pathogen interaction in bacterial wilt pathogenesis 

S Umesha 

University of Mysore, Manasagangotri, Mysore-570006, Karnataka 
pmumesh@gmail.com 

Ralstonia solanacearum causes bacterial wilt, which is one of the most important and 
widely spread bacterial diseases of solanaceous crops in th e tropics, subtropics, and warm tem 
perate regions of the world. Extracellular polysaccharides are specific elicitors which have been 
used in our study of differential expression and some experiments have suggested that certain 
plants can recognize EPS from specific bacteria which acts as specific elicitor to prevent bac
terial diseases by activation of Induced systemic resistance. Extracellular polysaccharide (EPS) 
were extracted from R. solanacearum strain DOB-RI, the partially purified EPS was air-dried. 
EPS was quantified by the Elson-Morgan assay for hexosamine sugars using N-acetyl-galac
tosamine as the standard. 11,e chemical characterization of the different EPSs was carried out 
using spectroscopic methods, purified through HPLC and mass of the compounds were de
termined by LC-MS. Complete structural variation of isolated compound, in NMR (HI, C13, 
COSY, TOSY, NOSEY and HMBC) was also elucidated. 11,e concentration of H,O, was two 
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folds higher at 12 hpi than in control when treated wi th EPS and antioxidant enzymes viz., APX, 
GR, MDHAR and DHAR were rapid ly increased in susceptible and highl y suscept ibl e (HS) cul
tivars upon EPS treatment. The growth of Rnlstollin solnllncennlll1 in plant ti ssues, particularly 
during disease development, probably leads to the formati on of colo nies th at can be linked to 
biofi lms. Very little is known about the facto rs required for biofilm formation in R. solnnncear-
1//11. Isolates were tested for biofilm formation using a microtiter plate method. 11,e differences 
in the format ion of biolilm among the R. solal1acenrum isolates were stud ied using cell free 
extracts. Structure elucidatio n of the compound responsible for these differences was ach ieved 
using NMR and MS techniques. Proteomic approach was employed to identify th e difte rentia l
Iy expressed defense related protei ns between the bacteria l wi lt resistant and susceptible chill i 
(Cnpsicu /ll nl1llllUII1) cul tiva rs when subj ec ted to biotic stress. Anugraha and i'usajwala culti 
vars were considered as resistant and suscept ible cllit ivars. respectively. Proteins were extracted 
from leaves of 3-week-old seed li ngs of the resistant and susceptible cultivars and sepa rated by 
2-DE (Two dimensional electrophoresis). O ur results indicate that a total of 400 protein spots 
are successfully identifi ed under biotic-stress conditions (by PDQuest software analys is), out of 
this 70 protein spots are d ifte rentia lly expressed between the resistant and susceptible cultivars. 
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Role of micro RNA in the pathogenesis of tomato leaf curl 
New Delhi virus 

VG Malathi 

Tamil Nadu Agricultural University. Coimbatore-641003. Tamil Nadu 
vgl1wlnlhi@redifJinnil.colll 

Increasing evidences in rece nt years indi cate that the symptom development in vi ral 
pathogenicity is due to altered host gene expressions which in turn are regul ated by microR
NA. miRNAs regulate various aspects of plant development such as leaf. root and nower devel
opment via post transcriptional control of many transcription factors. Whether begomovirus 
pathogeni city involves microRNA and whether the levels of selected mi croRNA are altered un 
der begomovirus pathogenicity were examined .To determine altered expression of miRNA 
and to ascertain their role in symptom development. we had selected the system of Nicolinlln 
belllhallliallalTomato leaf curl New Delhi virus (ToLCNDV)-[LuffaJ and Luffa leaf distortion 
betasatellite (LuLDI3) which is constantly associated with it.TI,is system was chosen as the inoc
ulation of the ToLCN DV-[LuffaJ isolate produces clea r symptoms in IOdpi. The PTR construct s 
were found to be highly infectious (100% infectivity) in N. bell ihalllialln. However. by 21 dpi. 
newly developed leaves of systemically infected plants exhibit reduction in symptom severity 
(recovery) . Therefore. in this system. recovery from symptoms due to RNAi and re-appearance 
of symptoms due to suppressor activity (silencing of RNAi) and its correlation with micro RNA 
can be studied. In this study. we have done microRNA profiling of the host to assess the tran 
scriptional va riation in healthy (mock). symptomatic. recovered and symptom re-appearance 
stage leaves following betasatellite inoculation.ToLCN DV-[Luft'aJ DNA A alone infected plants 
developed only mild downward leaf curl in newly emerged leaves within 4 dpi. while DNA A 
and DNA B developed downward lea f curling. l3y 14 dpi. the symptoms developed into down
ward leaf curling. petiole curvature and stunted. By 21 dpi. these symptoms had become con
siderably attenuated in newly emerging leaves. It remained attenuated and. by the end of the ex
periment (30 dpil.leaves were essentially symptomless. In contrast to the plants inoculated with 
DNA A alone or DNA A and DNA B. the plants co-inoculated with LuLDB either the combi 
nation (DNA A and LuLDB or DNA A. DNA 13 and LuLDB) remained symptomatiC ever since 
the initiation of symptoms for the duration of the experiment and led to the death of the plan t. 
TI,e leaves become extremely curl ing. reduced leaf lamina. and interveinal chlorosis intensified 
completely occupied the entire leaf lamina and the leaves became bleached. There was no re
covery in the plants where there was infection with betasatellite. LuLDI3.Alteration in the levels 
of all the miRNAs were analyzed in the study; one important observation of our experiment 
was with ToLCNDV in DNA A alone inoculated plants. When compared to the mock inocu
lated plants increase in the levels of miR159. miR164. miR167. miR1 71. miR319 and miR393 
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(va rying from 3- 10 fold s) at symptom initiation . severe symptom expression and also at the 
recove ry stage of in fection. At symptom re-appearan ce stage when betasatellite was inoculated. 
the magnitude of in crease was brought down in all miRNA except miR 164. Co-inoculation 
of betasatelli te with D NA A or DNA A and D NA B resu lted in up - regulation of the five miR
NA. miR1 59. miR167. miR1 7 1. miR3 19 and miR393.Study on the regulatory pathways of the 
miR 159. miR319 and miR393 might help to elucidate th e molecular details of some of the signal 
interaction events between the vira l pathogenicity and phytohormones as miR1 59.miR319 and 
miR393 a rc involved in ABA and auxin signalling.llle results on micro RNA assume greater 
importance in the co ntex t of rece nt findin g that accumulation of miR393 contributes to plant 
resistance against bacteria by negatively regulating the mRNA level of F-box auxin receptors 
TIR I. A FB2 and AFB3. 
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Chickpea wilt and its management through 
resistant breeding 

j E jahagirdar & 0 N Ohutraj 

College of Agri culture, Badnapur-43 1202, jalna, Maharashtrn 
jagd ishjn Ilag i rda r@glnnil.colll 
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Chi ckpea (Cicer nrielil/lI111 L.) is the wo rld 's third Illost im portant pu lse cro p. 11 is well 
known that pulses are th e best and a cheapest source of protein in the hUlllan diet and especially 
for vegetarian . Among the importan t diseases of chickpea wil t is the severe in the central zone 
of India. -n,e yield loses due to the di sease are ranges fro lll 10-50%.To develop Fusnrium wil t re
sistant the genotypes, crosses have been made using Line x tester design by using four lines viz., 
BON 9-3, BONG 797, Vijay and Oigvijay and six tester donor parents for Fusnrium wilt viz., 
Bcr 23, BCr 59, BCr 27, BCr 45, BCr 26 and BCr 69 during Rabi 201 3-14. Twenty -four FI 's 
along with the susceptible check jG 62 were screened in the wilt sick plot. Among F I 's Oigvijay 
x BCr 27 (0.0%), BOBG 797 x BCr 59 ( 1.65%), Vijay x BCP 45 (1.78%), BON 9-3 x BC r 26 
(1.92%), Vijay x BCP 27 (2.63%) and BONG 797 x BCr 27 (2.75%) were resistant for FusnriulII 
wilt. 11,e wil t incidence of susceptible check was 100%. 11,e back cross breeding program is 
being implemented to develop back cross progenies during Rabi 2014-15 for further studies on 
the inheritance pattern of Fusariu III wilt of Chi ckpea. 

Identification of diploid cotton genotypes against 
Fusarium oxysporum f.sp. vasinfectum 

D H Sarnoba t, K B Pawar & T K Narute 

Mahatma Plude Krishi Vidyapeeth, Rahuri , Maharashtra 
dhn"ll.dhe",re@redifji ,lail.co" , 
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Cotton wi lt incited by F. oxysporwlI f. sp. vasil/feCI urn is one of the most serious disease 
inflicting unaccountable quanti tative as well as quali tative losses. A total of 240 diploid cotton 
genotypes were eval uated under glasshouse and fi eld cond iti on by Pu ne teclini~e. In seedling 
Resistance Test (SRT), the earthen pot of 15 x 15 cm size were filled with wilt sick soil and 
dibbled with 10 seeds Ipot. The germination count was reco rded after 7 day after sowing and 
the seedling were observed for wilting upto 6 weeks. 11,e virulence of the Fusnrilllll organism 
determined by "Pilot Test" in which highl y susceptible cultivar of 01-1 2 was sown. When cotton 
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seed ling of susceptible cultiva rs showed more than 80 per cent wilt ing within 6 weeks, wilting 
per cent of seedling was wo rked out. In Adult Plant Resistant Test (APRT), Seedling showing 
resistant reaction « I 5 per cent wilt incidence) in glasshouse at SRT was transplanted in wil t 
sick plo t. Max imum 20 plants were maintained and wi lt ing was observed and recorded till 
plants attain maturity. Further the plant s which do not show wilting up to maturity are uprooted 
and cut opened longitudinally for recording vasc ular discoloration. The discoloration is graded 
as I) resistant: >50% plants showing hya line reac tio n. 2) Suscept ible: <50% plants showing 
hyaline reaction. Resu lt showed that all the genotypes scree ned , ex hibited varied degree of reac
tio ns aga inst J' oxysporlllll f. sp. vasillfeclllIIl. Among th e 240 diploid cotton genotypes, on ly ten 
genotypes showed resista nt reaction and 16 genotypes showed moderately resistant reactio n in 
seedling resistant react ion. Out of these 26 cotto n genotypes, 24 genot ypes viz., J LA 0606, J LA 
0715, Das 385, GBhv 229, GBhv 253, GB hv 255, GBhv 277, Digvijay, GVhv 655, GVhv 63 7, G. 
Cot 19, AKA 07, JLA 794, JLA 802, 1'1 - 11 -9, F I- II - 17, 1' 1-11 -18, FI - Jl -20, Fl - Jl -21, FI - Il -
23, PA II , RAC 024, BN I, RCH 2, NHH 44, Malli ka shows resista nt reac tion in Ad ult Plant 
Resistant Test: n,e findin gs of present invest igation are the identification of resistant sources of 
diplo id cotton genotypes against FlIsarillm oxysporllll1 f.sp. vasillfeclllll1. 
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Assessment of partial resistance in Indian wheat cultivars 
and postulation of stripe rust resistance genes 

Vaibhav K Si ngh, R C Mathuria, Robin Gogoi & Rashmi Aggarwal 

ICAR-Indi an Agricultural Research Institute, New Delhi -Jl001 2 
dr.sil1ghvaibhav@gnwil. com 

Stripe (or yell ow) rust, caused by PI/ceillia slriijo/,/Ilis Westend. f. sp. trifiei Eriks. & Henn. 
is one of the most damaging diseases of wheat and dominant factor limiting yield potential 
in wheat worldwide. Several Yr-genes that confer resistance to stripe rust in wheat have been 
identified and deployed into commercial wheat cult ivars. Experiments were conducted to as
sess the level of partial resistance in Indian wheat genotypes and also postula tion of yell ow rust 
resistance genes. Thirty three wheat cult ivars including susceptible checks and four isogeni c! 
differential lines with known resista nce genes were screened agai nst different pathoty pes of 
PI/ccil/ia striijormis for yellow rust resistance both at seedling in temperature controlled growth 
chamber as well as adult plant stage under field conditio ns. By applying the gene matchi ng 
technique, different combi nations of three yellow rust resistance genes, viz., Yr2, Yr9 and Yr 18 
were characterized. Partial resistance (adu lt plant resistance) was assessed under fi eld condition 
through host response and epidemiological parameters estimates i.e., AUDPC, rAUDPC, FRS, 
infectio n rate and coefficient of infection. On the basis of these parameters, promising adult 
plant resistance was observed on the cultivars DBW 7 1, POW 314, HS 277, HS 507, VL 804, VL 
829, VL 907, HPW 349, HD 2967, HD 3043, N IAW 34, C 306, HI 1563 and WH 1080 cons ist
ently during rab i seasons of2012-14. All these promising yellow rust resistant varieti es at adult 
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plant stage were suscept ible at seedling stage to one or more pathotype/s of yell ow rust, which 
indicated presence of adul t plant resistan ce. At seed li ng stage, adult plant resistance gene Yr I S 
was postul ated in eight var ieties namely HS 277, VL S04, VL 829, HD 2733, NI 5439, NIAW 34, 
PBW 175 and C 306. All these vari eties exhibited effective adult plant resistance. 
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Influence of inoculum density of Fusarium oxysporum 
f.sp. cieeri isolates on chickpea wilt 

N B PaIVaI', B TRaut & V V Deshmukh 

Dr. Panjabrao Oeshmukh Krishi Vidyapeeth, Akola-444 104, Ma harashtra 
I1 bpnlVn r@ynhoo.co.i l l 

Both inoculum densities and isolates of F. oxysporum f.sp. ciceri(weakly path ogenic or 
highly pathogenic isolate) Significa ntly influenced quantitative development of FusnriulII wilt 
in three chi ckpea cultivars, with Significant increase in fi nal cfll count over init ial cfll cOllnt. The 
inoculum levels of 50 and 100 g pe r kg soil of WP I (F5) leads to 7.0 and 13.3% lVii t incidence 
in ]G-62. But with increase in inoculums levels of H PI (F22) cul tivar ]G-62 showed progressive 
increase in wilt incidence and attend 100% wilting at 25, 50 and 100 g/kg soil inoculum levels. 
Also, the rate of mu ltiplication of cfu in cv. ]G-62 is more, ranged from 12. 19 to I.S9 pe r 50 
mg soil than AKG -96 (moderately susceptible) and SAKI-95 16 (resistant). Eva luation of 65 
genotypes against Fusar iu lIl wilt under pot culture and water culture showed that, on ly three 
(PG-05 1 12, AKG-84 and AKG-88) and tlVO genotypes viz., PG-051 12 and AKG-S4 were fou nd 
disease free under pot culture and water culture respectively. However, 15 and 17 chickpea gen
otypes showed a highly susceptible react ion in pot culture and water culture. 

1'73 

Monitoring virulence of Xanthomonas oryzae pv. oryzae 
an<lidentification of effective R genets for its management 

in Hyderabad Karnataka 

o Pramesh, Ma ll ikarjun Kenganal & Shankar B GowdaI' 

All In dia Coordinated Rice Improvement Project, Agricultu ra l Resea(c~Stat ion 

Ga ngavathi, University of Agricultural Sciences, Ra ichur, Karnataka 
pn I'm i. in l' i@gllmil.col l l 

Bacteri al leaf bl ight (B LB) caused by Xmriho llloll ns oryzne pv. o'l'yzne is an impor tant 
limiting factor of rice prod uctivi ty across th e globe includ ing in Indi a. To develop a strong 
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management strategy req uires the clea r knowledge of the virulence structure of the pathogen 
population, but, which changes regularly, and hence, monitoring the virulence pattern is inev
itable. Th e trial on virulence monitoring of Xnlltho/1/ollns oryzne pv. oryzne was conducted at 
Agricultu ral Resea rch Station , Gangavathi during kharif 2011 to 2014. The trial consisted of 
twenty two near isogenic lines (lRBB lines) possessing different BLB res istant ge nes (singly) or 
in va rious combination in th e background o f rice cultivar IR 24. The difl.'erenti als li ke DV 85, 
Ajaya (l ET 8585) and TN I were also included in the trial. The experiment was conducted for 
four consecutive years from 201 1 to 20 14 durin g kharif under natural epiphytoti c condition and 
eva luated based o n Standard eva luati on scale 0-9 for BLB.Most of the single gene difl'e rentials, 
except xal3 (lRBBI 3) and Xa21 (IRBB21)showed susceptibl e reacti ons. All the difl'erentia ls 
with two gene combin ations showed res istant reacti on. One differentials with three gene com ~ 

bination I RBB59 (xa5 + xal3 + Xa2 1) showed susceptibility, whereas, most of the lin es with 
three gene such as, IRBB 56 (Xa4 + xa5 + xa I3), IRBB57 (Xa4 + xa5 + Xa21), IRBB58 (Xa4 + 
xa 13 + Xa2 1), and four genes combinations IRBB60 (Xa4 + xa5 + xa 13 + Xa2 1) showed resistant 
reactions. -n,e results observed from 2011 -2014 were consi stence and revealed th e stability in 
the vi rulence pattern during the trial period. The study has also identified the efl'ective R gene 
or their combinations to be lIsed for va rietal improvement for sllccessfu l management of thi s 
di sease in HK region. 

Collection and evaluation of natural escapes for 
resistance to katte disease of cardamom 

K A Saju, K Dhanapa!' , K N Harsha & S K Bhat 

Indian Cardamom Research Institute, Regional Station, Spices Board 
Donigal P.O., Sakleshpur-573 134, Karnataka 

saj II ka IInm@redilJil1nil.col1/ 

'Indian Ca rdamom Research Institute, Spices Board, Myladumpara, 
--raukki -685553 , Kerala 
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Kalte disease of small ca rdamom(Eleltnrin cnrdnll1oll/Uln Maton) caused by Cardamom 
mosaic vi rus (CdMV) is a severe problem in many cardamom growing pockets in Karnataka. 
Natural escapes from hot spots are potential sources of resistance that could be developed into 
new varieties thro ugh breeding programme. A total of 18 knlte escapes collected during 1985-
2010 and maintained as germplasm were cion ally planted (September 20 12) in poly bags for 
screening for resistance to the disease. Ten plants of each collection were inoculated with viru
liferous aphids three times at 45 -50 days interval during December - March (201 3- 14). One leaf 
funnel each was made on two tillers in a clump and labeled for inoculation with aphids and fur-
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ther monitoring. Aphi ds were subjected to 2 h of fasting, 10 minutes of acquisition feeding and 
12 h of inocul ation feed ing. Five aph ids were released pe r leaf funn el (i.e. 10 per plant) consist
ing young and adult individuals. After inoculati on feeding, the plants were sprayed with insec
ticicle (Quina lphos 0.02%). The inoculated tille rs were monitored for symptoms expression o n 
newly emerging leaves and recorded 45 days after each round of inoculat ion. A susceptible local 
Malaba r cull iva I' se rved as con trol. Eleven plants (SK I' 75, 104, 187,202,368,369,370,373,374, 
375 & control) showed kalle sympto ms after 3'" round of inocul ation (as on 30-04-2014) and 
another o ne (S KI' 371) showed natural infecti ons of Banana bract mosaic vi rus (BBrMV ). On 
incubatio n fo r another 120 days, th ree mo re access ions (SK I' 74, 164 & 184) were expressed 
symptom s of kalle (as on 3 1-08-201 4) . The remainin g fo ur access ions (SKI' 72, 80, 8 1 & 182) 
free of kalle symptoms were identifi ed as tolera nt to the d isease and are under fi eld evaluat ion 
in hot spots since September 2014. 

Induction of systemic resistance by rhizobacteria in 
tomato against bacterial wilt caused by 

Ralstonia solanacearum E.P. Smith 

C Gopalakrishnan & Rashmi B Artal 

ICAR-Indian Institute of Horticultu ral Research, Bengaluru-560089, Karnataka 
gopaikrall @iilll:el"nel. ill 
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'n,e potential rhizobacteria of Ralslonia solmlneeal'll l'll (Rs), viz., Pseudolllonas fluo 
reseC/lS (I'f) and Baeilllls subtilis (Bs) were used a lone and in combinat ion in the induction of de
fense reaction in tomato in the pot culture experiment carried Ollt under glasshollse condition. 
Six treatment s, viz., (i) seeds treated wi th Bs, (ii ) seeds treated with I'f, (iii ) seeds treated with 
Bs and challenge inoculation with R. solanaeeal"lIIn (Rs) 15 days after sow ing (DAS), (iv) seeds 
treated with Pf and challenge inoculation with Rs 15 DAS, (v) plants inoculated with the path 
ogen 15 DAS and (vi) untreated control were imposed in a controlled randomized bl ock des ign 
with four repli cations each. For sampling, plants were carefu lly uprooted without causing any 
damage to root tissues at different time inte rva ls (0, I, 2, 3,4, 5, 7 and 10 days after the patho
gen inoculat ion) to study the ind uction of defense enzymes in response to pathogen attack in 
tomato seedli ngs. PAL activity was determined as the rate of conversion of I-phenylalanine to 
transcin namic acid at 290 nm, PO act ivity was dete rm ined as changes in the absorbance/ min 
mg/protein , I'PO activity was determined as changes in absorbance at 495J'm~l1in mg/protein 
and the phenolic content was determined as pg catechol mg/protein . ResuTis indicated that 
seed treatment with Pf induced the plants to synthes ize PAL, whereas an additional increase 
in the synt hesis was obse rved in Pf pretreated plants challenge inoculated with Rs. The activity 
reached the maximum level on the third day after pathogen challenge and thereafter the act iv-
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ity rema ined at higher levels throughout the experimental period of 10 days. In plants treated 
with the pathogen alone, increased ac tivity of PAL was observed for a period of 2- 4 days an d 
thereafter declined drast ica ll y. Increased act ivi ties of 1'1'0 and PO were observed in Pf pre
treated tomato plants chall enge inoculated wi th the pathogen , whi ch remained at higher levels 
throughout the experimental period. 'n,e activity of 1'1'0 and PO reached maximum levels of 
3.12 and 2.58 OD/min/mg of protein , respectively, on third day of challenge inoculation with 
the pathogen. 11,e max imum phenoli c content was observed in pf pretreated plants cha llenge 
inocul ated with the pathogen and the higher amounts of Phenolics (88.0 Ilg of catecol/mg of 
protein) were noticed even on the lO,h day after challenge inocu lation. In plants inoculated with 
pathogen alone, the phenolic content declined to th e initial level on the 10,h day after inocula 
tion. Plants treated with P. jlllorescells alone also increased phenolic contents as compared to 
untreated control plants. 

Identification of different genotypes of barnyard 
millet against sheath blight disease incited by 

Rhizoctonia solani Kuhn 

T S S K Patro, II Neeraja, Y Sandhya Rani, S Jyosthna & S Keethi 

A.N.G.R Agricultura l Universit y, Agricultural Research Station 
Gajularegha, Vizianagaram-53500 I, Andhra Pradesh 

nrs. vZ11'I @gmail. com 
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Barnyard mill et (Echinochlon !rumelltncen ) locally kn own as Shya ma, Sanwa, Oodalu, 
Khira, Swa nk, Kuthiraivolly Udalu and Kodisama is cultivated throughout Ind ia in the states of 
Tamil Nad u, Orissa, Punjab, Madhya Pradesh, Chhattisga rh , Andhra Pradesh and Karnataka, 
as ce real crop under ex treme soil and climatic cond itions of agriculture. 11,e crop was found 
in fec ted with sheath blight caused by Rhizoctollin solnlli kuhn. leading to considerable losses in 
grain yiela under favorable envi ronmental condi rions. An experiment was condu cted at Ag
ricultural Research Station, Vizianagaram, Andh ra Pradesh during Kharif 20 14 with recom
mended agronomica l practices with basal 25N: 40P: 25K and top 25N in kg/ha . 'n,e percentage 
disease intensity was calculated as number of infected nodes divided by total number of nodes, 
multiplied with hundred. Twenty five genotypes of diffe rent maturity groups of Barnyard millet 
were screened for sheath blight susceptibility under natural field conditions usi ng susceptible 
check VMBC-33 1. Among th e 25 entries of barnyard millet, screened against sheath blight 
BAVT- IS, 23 and 4 was recorded as resistant genotypes and BAVT-2, Sand 21 was recorded 
as susceptible genot ypes and the pathogen was isolated, purified and identified at Indian Type 
Culture Coll ection Centre (ITCC). 11,e resistant genotypes can be furth er exploited in breeding 
programmes. 
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Evaluation of national elite germplasm genotypes of 
finger millet for their reaction to blast incited by 

Pyricularia grisea (eke.) sacco 

T S S K Patro, B Neeraja, Y Sa ndh ya Rani, S Iyosthna & S Keerthi 

A.N.G.R Agricultu ral Universit y, Agricultural Research Station, 
Gajularegha, Vizianagaram -535001 , Andhra Pradesh 

ars. vZI/I@glllail.colll 

Finger mill et (Eleusille coraWI/{/ (L.) Gaertn ) loca ll y known as Ragi, Chodi, Tyda lu, 
Mandua, Nagli, Kapai and Marwa is cul tivated throughout 1 ndia in the states of Tamil Nadu, 
Orissa. Jharkhand, Maharashtra. Uttarakhand, Alldhra Pradesh and Karnataka as a cereal crop 
under extreme soil and climatic conditions of agricu lture. The crop does not sutfer much (rom 
diseases yet blast incited by Pyriwlaria grisea (Cke.) sace. is a major production constraint at 
times causing heavy yield losses both in quantity and quality. An experiment was co nducted at 
Agricu ltural Research Station, Vizianagaram, Andh ra Pradesh with recommended agro nomic 
practi ces on the finge r mi llet national elite germ plasm genotypes for reaction to blast. The per
centage of neck/ finger blast was calc ulated as number of infected neck/ fingers divided by total 
number of necks/fi ngers multiplied with hundred . Total 54 ge not ypes were tested, among them 
PCGFI8 {6.5% neck blast (NB) and 7.2% finger blast (FB), PCGF42 (7.9% NB and 8.4% FB), 
GPU -28 (7.9% NB and 8.9% FB), PCGF26 (8 .5% NB and 9.3% FB), PCG F] 7 (8. 7% NB and 
9.8% FB) , PCGFI3 (9.5% NB and 10.2% FB) and PCGF46 (9.8% NB and 10.9% FB) showed 
lesser incidence of neck and finger blast compared to check VR-708 (52.3% NB and 54.7% FB). 
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Development of blast resistant lines in 360 finger millet 
genotypes ofPR 202 x GPU 48 

T S S K Patro, S Iyothsna, N Anu radha, Y Sand hya Rani, 
B Nee raja & S Keer thi 

A.N.G.R Agricultural University, Agricultural Research Station , 
Gaju laregha, Vizianagaram-53500 I, Andhra Pradesh 

ars. vZII1@gmail.com . . , 

Vizianagaram, being the hotspot for blast disease in finger millet, it is essential to iden 
tify the blast resistant gene mapping population and incorporating it into early generation seg
regating material for developing resistant varieties. Hence, an investigation was ca rried out on 
finger millet varieties in Agricultural Research Station, Vizianagaram with 360 genotypes de-
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rived from the cross between a highly blast susceptible va riety PR 202 and blas t res istant GPU 
48 and the parents act as checks, sown in a single seed progeny method. All the quantitative and 
qualitati ve characters were recorded along with sco ring of leaf blast, neck blast and fin ger blast. 
It was co neluded that the lea f blast ranged fro m 1.00 to 3.50 with a mean of 1.94, th e neck blast 
ranged from 7.35 to 38.00 with a mea n of21.93 and the finger blast ranged from 8.75 to 45.20 
with a mean of 22.64. Further, 89 lines were found resistance for leaf blast, one line for neck 
blast and no lines for fin ger blast showed better/equal ability to resistant parent. So the identi 
fied resistant lines may serve as potenti al parental genotypes for future breeding programmes 
to develop desirable stable segregants for fin ger millet crop improvement programmes. 

Evaluation of sorghum germ plasm for resistance to 
anthracnose (Colletotrichum graminicolum) and 

leaf blight (Exserohilum turcicum) 

T G Nageshwar Rao 

All India Coordinated Small Millets Improve ment Project 
Uni versity of Agricultura l Sciences, GKVK, Bengaluru -560065, Kamataka 

llagesll@sorg"ulII .res. il1 
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One hundred sorghum germplasm lines were eva luated for their react ion to sorghum 
anthraCllose caused by Collelolrichum gml1l illicola P. Henn ., Kabat & Bubak and leaf blight 
caused by Exseroh illllli IllrciCll11l at CRS Solapur during Kharif 20 14 along with eight checks 
(seven resistant and one susceptible check). Each entry was planted in rows of 3 meters at spac
ing of 45 x 15 cm. 11,e design of experiment was augmented des ign with single replication for 
each entry. A fertilizer dose consisting of80:40 NP in kg/ha was applied. 11,ese ge rmplasmlin es 
were coll ected from Gujarat, Madhya Pradesh, Rajasthan and Tamil Nadu states. 11,e incidence 
of sorghum anthracnose was recorded on 1-9 scale at physiological maturity of the crop. 11,e 
midrib infection due to sorghum anthracnose was recorded in cm on the leaves, while leaf spot 
infection was assessed on 1-9 scale. 11,e inoculum of s"Orghu l11 anthrncnosnl'"S multiplied on 
autoelaved sorghum grain medium. Ten observations were recorded fo r each entr y and aver
age was worked. 'O,e in cidence of anthracnose was observed on all the entries. Of the hundred 
germplasm lines evaluated, 20 access ions have recorded resistance reaction with an incidence 
of less than 3, whi le 33 accessions were moderately resistant, while a ll others were highly sus
ceptible with an incidence of more than 5 on 1-9 scale. 'Il,e susceptibl e entry Khadda r reco rded 
an incidence of 8, while a resistant check viz., IS 1107 and 159627 recorded 2.5 on 1-9 scale. 'Il,e 
mean midrib index was found to be 3.7, while leaf spot index was 4.8. All the above lines were 
screened fo r incidence of leaf blight caused by Exserohi/u11l tllrciCII lII , and high level of inci
dence was observed on all the entries. Of the 100 germplasm lines eva luated for the incidence 
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of leaf blight only four entries viz., E- l, EG - ll ,ERS-16 and GGU B-25 were found to be highly 
resistant with a reac tion of <3 on 1-9 sca le, while all other entries we re highly susceptible with 
a reaction of >7. "l1,e susceptibl e check Khatar Khatar recorded an incidence of9.0. 
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Identification of neck blast resistance sources from local rice 
germplasm collected from Northeastern Hill Region of India 

Susheel Kumar Sharm a, P K Sharma, Premila Devi 11lOngbam ',T Chanu Ng, "Ill Surjit Singh, 
M A Ansa ri , I M Singh, N Prakash & S V Ngachan ' 

' ICA R-Research Compl ex for NEH Region , Manipur Centre, Imph al-795004, Manipur 
susheelslwmw 19@9mnil.com 

' ICA R Research Complex for NEH Region , Umiam -7931 03, Meghalaya 

Rice blast disease caused by Mngllnporthe oryzae is a seriou s threat to rice production 
in India . In present study a total of 450 local rice germplasm collected from different No rth 
eastern states (Manipur, Megha laya, Nagaland and Arunachal Pradesh) were screened for rice 
blast disease under natural disease pressure for three consecutive years (K harif 20 12, 2013 and 
2014). Entries were screened for leaf blast under uniform blast nursery conditions and for neck 
blast under natural disease pressure with a local variety Punshi as susceptible check. Based on 
the combined results of three consecutive years of screening 146 entries showed low reaction 
to neck blast disease (score 0-3) and 84 entri es showed low reaction to leaf blast disease (score 
0-3). 11,e entries showing resistant reaction neck blast is the putative sources of resistance har
bOlll"ing 1I1lcharacterized novel resistant genes. Present work wi ll have practical implicat ions 

in further res istan ce breeding again st blast disease and cloning as well as fun ctional analysis of 
novel blast resistance genes. 

Screening of groundnut germplasms for rust disease 
against Puccinia arachidis 

A L Harde, R R Perane, D B Gawade, A P Surywanshi & K M Lambe 

Mahatma Pilltle Krishi Vidyapeeth, Rahuri-413722, Maharasi,tr! 
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Groundnut (Arachis hypogaen L.) is one of the important legume oilseed crops of the 
world. India is th e second largest prod ucer of groundnut after China with area and production 
and productivity. Grou ndnut is susceptible to many di seases caused by fu ngi , bacteria, viruses 
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and nematodes. O ut of these th e important fungal foliar diseases is rllst caused by Puccinia 
arachidis Spegazinni. Occu rrence of these diseases result in reduction of quality and hamper 
yield up to 50-70%. One hundred fourteen groundnut genot ypes from various Arachis spp. were 
screened in the fi eld condition against rust during Kharif 201 3- 14. Out of these 11 4 groundnut 
genotypes, 13 genotypes showed the resistant reaction and 46 entries showed moderately res ist
ant reaction. 11,e 5 1 genotypes recorded susceptible reaction and 4 entries recorded highly sus
ceptible reaction to the rust disease. Fourtee n genotypes from various culti vated Arachis spp. 
and wild species were sc reened in the glasshouse condition by artificial inoculation. Out of these 
groundnut genotypes, folll' wild species (Arachis diogoi, A. valida, A. balizicoi and A. cm'della
s;) showed resistant reaction to rust disease, while, eight cultivated ground nut genotypes also 
showed resistant reaction (RHRG-6083, GPBD -4, KDG -128, ICG- 11 426, ICG- 12672, lCGV-
86590, ICGV-94118, ICGV-96283), and (SB - XI and JL- 24) were recorded highly susceptible 
reaction to rust disease. 

Screening Piper germplasm accessions against 
Piper yellow mottle virus 

A I Bhat, T K Jacob, K V Saji , A Siljo, S Sasi & K P Deeshma 

ICAR- Indian Institute of Spices Research, Kozhikode-67301 2, Kerala 
aib65@yahoo.co.ill 
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Piper yellow mottle virus (PYMo V) (genus: Badnavirus) is an important production 
constraint of black pepper in India and other parts of the world. 'n,e virus is transmitted pri 
marily through vegetative means and seeds while secondary spread OCClll' through different 
species of mea lybug. None of the currently grown varieties/cultivars of black pepper are re
sistant to the virus. In order to fil~d source of resistance to the virus. cultivated accessions of 
black pepper and related species were s-c reenea. Each germplasm accessions was propagatea 
vegetatively through cuttings in insect proof glass house and inoculated with PYMoV through 
mealybug, Ferrisia virgala. 11,e non -viruliferous young adult mealybugs were given a 24 h ac
quisition access on infected black pepper leaves. Fifteen mea lybugs each were then transferred 
onto test accessions and allowed an inoculation access period of 24 h after whi ch plants were 
sprayed with insecticide and kept for observation in the insect proof glasshouse. After 90 days 
of incubation, the plants were scored both Visually based on symptoms and through PCR test 
using PYMo V specific primers. Results of screening of 2300 accessions that included 1334 of 
cultivated accessions of black pepper and 966 accessions of wild Piper (belonging to P. mgyroph
yllul11, P. attelluatUl11, P. babahudani, P. barberi, P. betle, P. chaha, P. colubrinul11, P. galeatw11, P. 
hapniul11, P.hymenophyllum,P. longum, P. mullesua, P. lligl"Um, P. peepuloides, P. sarmentosum, 
P. silentvalleyense, P. "'gandhi, P. sylvaticum, P. thomsonii and P. trichostachyon), none showed 
resistance to PYMo V 
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Salicylic acid induced defence responses in Curcuma 
longa (1.) against Pythium aphanidermatum infection 

N Radhakrishn an & R Balasubramanian 

Centre for Adva nced studies in Botany, Guindy campus 
University of Madras, Chennai -600025, Tamil Nadu 

i I 51 nerk@glnail.colII 

The soi lborne Oomycete, Pylhillln aphanidermalwn is the causal age nt. of rh izome rot 
disease, o ne of the most seriolls threats to turmeric crops in India. At present. effective fun g i

cides arc not available. Here, we report the enhanced res istance response induced by salicylic 
acid (SA) in susceptible turmeric plants. 11,e en zymati c acti vities of pathogenesis related (PR) 
proteins in control and SA treated turmeric plants were measured. SA pretreatment elicited 
marked increases in the activity levels of protease, trypsin and chymotrypsin inhibitors, soluble 
and iOllically bound peroxidase activity. Such an increase in enzyme activities and protease 
inhibitors was enhanced and occurred much more rapidly in P. aplianiderlllallllil infected rhi 
zomes than those that were previously treated with SA (0.5 mM) suggesting that increased ac
tiv ities of peroxidases and protease inhibitors may play a role in restricting the development of 
disease symptoms in the rh izomes infected with P aphaniderlllaiw/l as evidenced by reduction 
in cell death. SA also induced new polypeptides in turmeric rhizomes corresponding to 19.0 
and 41.0 kDa. The results demonstrated that SA is an effective resistance activator in turmeric, 
and also a potentially useful agent for the control of rhizome rot disease. 

Nursery evaluation of indigenous and exotic apple 
cultivars against altern aria blight in Kumaun 

region of Uttarakhand 

Mukesh S Mer, Ani l Kuma r, Brij Lal Att ri & Raj Narayan . ;, 

ICAR-Centrallnstitute of Temperate Horticulture, Regional Station, 
Mukteshwar-263 138, Uttarakhand 

mennuke51Isillgli86@grnail.colll ~ 
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Allemaria leaf spot caused by fun gus (All ernaria sp. ) is an emerging disease of apple 
nursery fi eld. Alternaria leaf spot causes unsightly necrotic spots or blotches on the leaves which 
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when viewed under mag nification often have concentric rings of darker brown within the le
sion. A study was conducted dur ing 201 2, 2013/ 14 to eva luate 31 varieties of apple (Maills do
//lestica Borkh.) propagated in MM -rootstock series and seed ling rootstock for alternaria blight 
disease in CITH RS Mukteshwar record ing the total leaf area affected spot per plant. ·n,e disease 
severity on plant leafs recorded using a five point rating scale which was recomm ended by 
A ICRP on sub tropical fruit crops based on the percentage of leaf area affected by the disease. 
'Il,e apple variety CITH Apple Lodh- I in seedling rootstock, CITH -Apple Lodh- I, Chaubatiya 
Princess on MM -106, MM I II have been found 20-25% disease susceptible for alternaria blight, 
respectively. 'Il,e Skyline Supreme, Oregon Spur, Red Spur, Red Deli cious, Vance Delicious have 
been recorded the 10-15% susceptibility upon seed ling rootstock. The va riety Gala Mast, Mollis 
Delicious, Golden Delicious, Chaubatiya Anupam on MMl 11 and Prima, Mayan on seedling 
rootstock have been fo und res istance to alternaria blight.111e present study showed that the cul 
tivars Gala Mast, Mollis Delicious, Golden Delicious, Chaubatiya An upam were showed highly 
resistance to alternaria blight disease. 
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ISSR marker analysis of ground nut germplasm resistant 
to rust disease 

AL Harde, R R Perane, D B Gawade & C D Sako re 

Mahatma Phule Krishi Vidyapeeth, Rahuri-4 13722, Ma harashtra 
arvindhnrde@gnlnil.colll 

Groundnut (Arachis hypogaen L.) is presently cultivated in more than 80 countries in 
tropical and warm temperate regions of the world. 11,e rust of ground nut is caused by P/lccin -
in arach idis Speg. 11,e genomic DNAs of ten resistant and two susceptible groundnut geno
types were subjected to PCR amplification llsingJ2 1SSR markers. It was observed that, 22 ISSR -
markers showed pCR amplification, while 10 primers (ISSR 3, ISSR 5, ISSR 7, ISSR 8, ISS R 9, 
ISSR 11 , ISSR 12, ISSR 13, ISSR 18 and ISSR 25) did not yield any amplification. Twenty two 
ISSR markers amplified a total 206 bands out of which maximum no. of bands (18) were am 
plified by marker ISSR 1 fo llowed by ISSR 30, ISSR 31 and ISSR 17 amplified 14,13,1 3 bands, 
respectively. Whereas ISSR IS and ISSR 24 primer yielded only two bands. Out of 206 bands, 
124 bands were polymorphic wit h an average polymorphism of 57.17%. Fifty four bands were 
unique and 28 were monomorphic. Each primer thus produced on an avg.5.63 polymorphic 
bands. 11,e sizes of amplification product ranged from 177.4 to 2342.5 bp. These 22 primers 
produced 54 unique bands wh ich may be species specific bands were unique with 44.44% poly
morphism. 1874.2 bp band was present in resistant genotypes while it was absent in susceptible 
genotypesviz., SB-XI and JL-24, respectively. 11,e ISSR 30 amplified 14 ba nds out of which 11 
were polymorphic and 3 were unique bands with 78.57% polymorphism. 1225.3 bp band was 
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only prese nt in ICG 13160 and the band 11 22.9 bp and 264.4 bp we re onl y present in ICG 
13 165. These unique bands may be species specific. 

Biochemical mechanism of resistance in slow and fast 
rusting pearl millet genotypes 

Hanamanth & P V Pati! 

College of Agr iculture. Bijapur 
University of Agricultural Sciences. Dharwad-580005. Karnataka 

pvpatil J@rediffmail. colll 
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Rust caused by the fu ngus Pucci"ia subs/ria/a Ell. and Brath.val'. indica (Ramchar and 
Cumm. ) is one of the major diseases affecting both forage and grain prod uction in pearl millet. 
In order to understand the nature of biochemical changes due to rust disease.nine pea rl millet 
ge notypes(ADMRl 7. ADMR49. ADMR 10. ADMR 16. ADMR 27. J 25 10. J 2496. J 2526 and 
J 25 17) have been subjected for biochemical anal ys is both under healthy and diseased condi 
tion. Field trial was conducted during kharif 20 13- 14 at Regional Agricultural Research Station . 
Bijapll\'. while glass house experiments were undertaken at Department of Plant Pathology. 
College of Agriculture. Bijapur. University of Agricultural Sciences. Dharwad. Karn ataka. All 
the nine genotypes were sown in field in randomised block design wi th three replications and 
simultaneously th e same genotypes were also raised in the pots in glass house to get th e healthy 
plant s for biochemical analysis and three pots were maintained for each genotype. Irrespec tive 
of the genot ypes. to tal sugar co ntent was less in diseased leaves compared to healthy leaves at 
60 DAS. However. at 80 DAS. the total sugar content was more in diseased leaves compared to 
hea lthy leaves. due to synthesis of sugars by the pathogen interaction in the amylolyt ic activi ty. 
Tota l sligar co ntent , reducing sugar and 11 0 11 reducing sugar content was increased in diseased 
leaves from 60 to 80 DAS. At 60 DAS they were more in healthy leaves as compared to diseased 
leaves. Howeve r. at 80 DAS. thei r content was more in di seased leaves compared to healthy 
leaves. Tota l free phenol and am ino acid content was decreased in both healthy and di seased 
leaves from 60 to 80 DAS. At both 60 and 80DAS total free phenol and amino acid co ntents 
were more in healthy leaves as compared to diseased leaves irrespective of the. geI¥'types. due 
to decrease in enzymatic activit y in diseased leaves and also util isation of amino at.'ds and syn
thesis of phenolics by the pathogen. 
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Screening of genotypes and varieties against fusarium 
wilt of pigeon pea 

K l' Apet, I' S Raskar, P G Chavan & 0 V Pawar 

College of Agricullure,Vasantrao Naik Marathwada Kr ishi Vidyapeeth 
Parbhani -43 1402, Ma harashtra 
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Sc reening of selected genotypes/va rieties/cullivars against fusar ium wil t of pigeon pea 
was carried out during 2009- 10 at research field of College of Agriculture, Marathwada Krishi 
Vidyapeeth , Parbhani. ll1irty four genotypes/va rieties/cultivars were screened. Results revea led 
that of the 34 pigeon pea genotypes/va rieties/culli vars evaluated under natural epiphysis of wi lt 
(F oxysporulIl f.sp. udulIl) sick plot, eight (1'1'-02-5, 1'1'-02-23, 1'1'-02-134, 1'1'-1034, 1'1'-8208- 1, 
P1'-S20S-1/SMVT- l , BSM R-846 and ICP-8858) were found resistance with wilt incidence in the 
range of 3.33 to 9.00%. Seven (1'1'-02-8, P1'-02-27, 1'1'-02- 128, 1'1'-02-13 1, PT-02-7, ICP-8862 
and ICP-91 74) were moderately resistance with wilt incidence to the tune of 12.69 to 19.86%. 
Twelve (1'1'-02-3, I'T-007, PT-02-28, P1'-02-29, P1'-02 -30, 1'1'-02- 126, Pusa-2003-2, BDN-708, 
BDN -2001 -6, BSMR-736 and ICP-8803) were found susceptible wi th wilt incidence to the tune 
of2 1.52 to 46.87%. Whereas, seven viz., 1'1'-002, (SMVT-Il ), 1'1'-9902 1 (SMVT-Il ), 1'1'-2-32-1, 
PT-9902 1 (RTV- I), Bahar, Pant -A-226 and Pusa-2003-1 were found hi ghl y susceptible with 
wilt incidence in the range of 50.26 to 65.00%. 
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Phenotypic responses of Arabidopsis thaliana ecotypes to 
Ralstonia solanacearum race 4/biovar 3/phylotype I 

Devendra Kuma r Choudhary, Vibhuti Munjal, Neelam Sheoran, S Gopalakrishnan, 
Pratibha Sharma, Rashmi Agga rwal & A Kumar 

ICA R-Indian Agricultural Research Institute, New Delhi - I 100 12 
kllIlUlr@inri.res. ;1'I 

Bacterial wil t caused by the soil-borne bacterium Halslol/ia soial/aeearllln race 4 is a le
thal disease of several vegetables and spices in the fam ily Solanaceae and Zingiberaceae respec
tively. Edible ginger, among other Zingiberaceae plants such as small cardamom and turmeric, 
is reported as host for race 4 strains of Il. solanaeearwII. We used Arabidopsis as a model system 
for studying plant-bacterial interactions, because it is one of the best characteri zed plants. In 
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order to understand the phenotypic response of Arnuinopsis thnlialln Col-O to R.so/nllaeenrul1l 
isolate, CaRs-Mel', decimal dilution of bacterial suspension were inoculated on seeds and roots 
of plants. 11,e bacterium typically wilted th e plantlets ina densit y dependent manner where th e 
yellowing and wilting was observed within 7 days and 14 days at 10lO and 109 cfu respectively. 
At lower conce ntratio ns of 108 cfuand below the seedling survived, but showed sign ificant root 
growth inh ibi ti on as compared to mock. Bes ides, there was a signifi cant increase in th e length 
and number of roo t hairs du e to bacteria l coloni zation. Interestin gly the plantlets succ umb to 
wilt within 6 days post inoculation when the bacterium was inocul ated onto roots. We also 
sc reened other ecotypes of Arnuinopsis thnlinlln against CaRs-Mel" All ecotypes except Lands
breg erecta (Ler) were highly susceptible to race 4 strain of R. so/allneeanllll . Scanning electron 
microscopic and lig ht microscopi c analys is cl early loca li zed th e bacteria l cells on the rhizo 
plane, root interiors of the plantlets. Popu lation estim ation by dilution plate experiment clearly 
revealed that there was a progressive multiplication of R. so/allneennll1l on rhizoplan e and en
dorh izosphere.111ere was a 10 o rder increase in the population of bacterium from6 -logCrU/g 
to 7.7 -logC FU/g. 11,is study would pave way for utili zing Ler ecotype as a potential resistance 
sou rce for R- genes against R. so!nllncenrwll as R- genes are scanty for race 4 strains. 

Performance of Fluxapyroxad 250g/l+Pyraclostrobin 
250g/1500SC (BAS7030IF) against powdery mildew 

disease of mango 

M R Ravikum ar & K B Yadahalli 

College of Agriculture, Hanumanamatti 
Un iversity of Agricul tu ral Sciences, Dharwad-S8000S, Karnataka 

rn vi ku Ilia r. bne /@gl1lni/.com 
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Mango is the most important commerc ially grown fruit crop of the country. It is called 
the king of fruits. TI,e study on powdery mildew revealed that, Minimum PO I on fruits (Per 
cent Disease Index) was observed in the treat ment of Fluxapyroxad 2S0g/L + Pyraclostobin 
2S0g/ L SOOSC @200mLlha(PDI 18.60%) and the nex t most effec tive treatment was Fluxapy
roxad2S0g/L + Pyraclostobin 2S0g/L SOOSC @ISO mLiha (20.30%). However, ' th~maximum 
powdery mildew di sease severity (POI) was recorded in untreated control S4.40%.Overa ll , 
Fluxapyroxad2S0g/L + Pyraclostobin 2S0g/L SOOSC @200mLlha was found most effective treat
ment which recorded 66.91 % di sease reduc tion followed by Fluxapyroxad2S0g/L + Pyraclos
tobin 2S0g/L SOOSC @ISOmLiha recorded 62.68% reduction over control. The highest yield 
was recorded in Fluxapyroxad 2S0g/L +Pyraclostobi n 2S0g/L SOOSC @200 mLlha (30.30t/ ha) 
followed by Fluxapyroxad 2S0g/ L +Pyraclostobin 2S0g/L SOOSC @ISOmLiha (28.20t/ ha). 11,e 
least yields were recorded in untreated control(l4.80t/ha). 
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Changes in grain quality and grain yield of slow leaf 
rusting Indian bread wheat genotypes 

by leaf rust 

G S Arullakumar & I K Ka lappanavar 

D r. Sanjaya Rajaram Wheat Laboratory, Main Agricultural Resea rch Stati on 
University of Agricultural Sciences, Dharwad-5B0005, 
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Leaf rust of wheat (Triticul11 aestivLII11 L. em. TI1ell )caused by Puccillia triticilIn Eri ks. 
is a most important disease across the world. We assessed the effect iveness of leaf rust among 
slow rusting genotypes in comparison with susceptible and resistant Indian bread wheat gen 
otypes for grain yield, thousand grain weight, grai n protein content, sedim entati on value and 
thei r losses. In total 40 genotypes including, 19 resistant, I I slow- rusti ng and 10 susceptible 
genotypes were used in two year (rabi 2011 - 12 and 20 12- 13) experiment at All Indi a Co-or
dinated Wheat Improvement Project, Main Agricultural Research Station (MA RS), Uni versi ty 
of Agricultural Sciences (UAS), Dharwad (Ka rn ataka) under fungicide -protec ted and unpro
tected treatments with high disease severity. Twelve genotypes with resistance were immune to 
leaf rust remaining 7 genotypes showed slight infecti on. Slow rusting genotypes showed varied 
range of disease seve rit y and susceptible checks displayed 100% disease severity. Mean yield 
losses for resistan ce, slow-rusting and susceptible genotypes were 1.57, 10.62 and 25.BO%, re
spectively. TI,e average mean loss of thousand grain weights was showed significa nt red uction 
for resistance genotype (4.55%), slow rusting (6.75%) and susceptible genotypes ( 11.62%). 'n,e 
grain quality pa rameters were either increased or decreased or no sign ificant changes obtained 
when compared with protected and unprotected cond itions among a ll the.Jhree group of gen
otypes. High levels of disease severity increased grain protein content and sedimentation value 
of the susceptible genotypes, Lal Bahadur (B.B7 and 5.71 %, respectively) and Agra local ( 1.40 
and 4.B5%, respectively) . In the genotypic cor relation protein content was posi tively non sig
nifica ntly correlated with sedimentation value. Majority of slow-rusting bread wheat genotypes 
showed reduction in grain protein content varied from 1.09 to 10.26% with low disease levels 
and low yield losses. Such geno types ca n be used for wheat breeding programme with slow dis
ease development allowing less selection pressure on leaf rust pathogen. 'n,e results confirmed 
the economic importance of leaf rust for its effect on yield loss and grai n quality of Indian bread 
wheat genotypes. 
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A high-throughput protocol for screening against 
Bakanae disease of rice 

R Abd ul Fiyaz, S Gopala Krishn an, B M l3ashyal & A K Singh 

ICAR-Indian Agricultural Research Institu te, New Delhi - I 100 12 
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Rice is one of the most important staple food crops grow n in diverse ecological cond i
tions c ross the world. Its prod uctivity is limited by various biotic and abi otic stresses. Among 
the bio ti c stresses, Baka nae or foo t rot disease, caused by Fllsarillm j llj ikll roi (teleomorph: Cib
berella j lljik/./roi , Sawada, Wollenweber) is one o f the emerging diseases limiting productivi
ty and quality. The infection leads to complete mortality o f plants and also causes secondary 
spread affecting the productivity. In the present study, a high-throughput, reliable bioassay for 
screening rice germpl asm against bakanae disease was developed and compared with oth er 
conventional techn iques. This technique involves soaking of rice seeds in fungal spore suspen
sion of I .Ox I 06 ml- I for 24 h at room temperature which produces consistent and reproducible 
symptoms of bakanae disease, namely, seedling elongati on and mortality. Raising seedlings at 
30"/25"(±3)"C day/night temperature and 60/80 (± 10)% day/night relative humid ity in glass
house were fo und to be ideal for screening. TI, e new method described here would enable 
scree ning several hundreds of rice germplasm within a sho rt span o f IS days, witho ut any loss 
of precision in the p reviously used methods described for screening aga inst bakanae di sease. 
-n,e new rapid bioassay developed here may find wider application in both pathogen and host 
studi es, including the identification of sources of resistance for bakanae, mapping QTLs/ genes 
govern ing resistance and to develop resistant varieties with inbuil t resistance and to manage the 
th rea t that the pathogen poses to rice productio n espec iall y in Basmati r ice. 
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Breeding for resistance to mungbean yellow mosaic disease 

Nidhi Singh, Joyashree Mallick, Pooja Rai, Bandapkuper Mawkhlieng' , Somnath Roy' , 
Amrita l3anerjee' & Somnath Bhattacharyya 

l3idhan Chand ra Krishi Viswavidya laya, Nad ia -74 1252, West Bengal 

' ICA R-National Bureau of Plant Genetic Resources, Umiam -7930103, Me~alaya 
sro),pbr@gmail .com 

' ICAR Resea rch Complex for NEH Region, Umiam -7930103, Meghalaya 

Mungbea n [Vig lla radiata (L. ) R. WilczekJ is an important pulse crops in India. Ye llow 
Mosaic Disease (YMD) is a maj or threat to mungbean cultivati on. It is caused by diffe rent vi 
rus species (MYMV, MYMI V and HYM V) of geminiviru s. An efro rt was initiated to improve 
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mungbean for resistance to YMD in Easter n and No rth-eastern India. MYMIV has been re
po rted to occur in th e lower Gangeti c a ll uvial zone (West Bengal). Two RIL populati ons of 
mungbean have been de rived from the crosses between 131 (susceptible) x Sub2 (resistant) and 
PM5 (resistant) x Sub2 (resistant). One hundred forty seven lines of th e RI L popu lation of B Ix
Sub2 and sixty-nine lines of PM5xSub2 along wi th parents BI. PM 5 and Sub2 were screened 
and eva lu ated aga inst MYM I V. Scoring of disease severity in the RI L population (13 1 xSub2) 
revealed approximately 3: I (susceptible: resistance) segregation. In another RI L (PM5xSub2). 
almost 88% lines showed res istance and 12% showed either moderately resistance or susceptibl e 
(as both the parents were resistant to MYMV). suggesting that the resistance gene present in 
both parents are probably all eli c with some modifier genes. 111US. RIL population derived from 
131 xSub2 is the ideal population for mapping major gene and PM5xSub2 for mapping the mod
ifiers . Moreover. co -existence of both MYMV and MYM IV has been detected in Nor th -eastern 
India (Meghalaya) through PCR assay using species-specific primers. Full genome character
izat ion of the virus species is underway for furth er confirmation. Screening of the RILs under 
both conditions may result in identification of lines having resistance to both virus species. 

P93 

GRG-811;A early medium duration pigeonpea variety re
sistant to wilt and SMD 

D M Mahalinga. Sureshbabu. S K Jaya lakshm i' & B Zaheer Ahamed' 

Agricultural Resea rch Station. Aland Road. Kalaburagi -585 101. Karnataka 
dmmahalinga@rediffmail .com 

'College of Agriculture. Kalaburagi-585 I 01 . Karnataka 
' KVK, Kalaburagi -585 I 01. Karnataka 

Pigeonpea (Cajalills cajan (L.) MillsI') is an important pulse crop in Karn ataka. Wilt 
caused by FusariulII udulII Butler and sterility mosaic disease (SMD) caused by pigeonpea ste
rility mosaic virus (P PSMV) and transmitted by an eriophyid mite Aceria cajalli are the major 
biotic constraints to pigeonpea production. Most of the pigeon pea popular geno types/varieties 
being grown by farmers are highly susceptible to either of the diseases. 11,e popular wilt resist 
ant varieties ICP-8863 and TS -3 R are highly susceptible to SMD. Keepi ng this in view efforts 
we re made to identify multiple disease resistant (wilt and SMD) varieties by screening a number 
of entries in wilt and SMD sick plots. Most of the genotypes showing resistant reactions to wilt 
were showing susceptible reaction to SMD and vice-versa. 11,e on ly one ea rly med ium duration 
(165 days) genotype i.e. GRG-8 11 was showing promising reaction for both the diseases viz .• 

resistant for Fusarium wilt (6.94%) and moderately resistant (15.68%) for SMD wi th good yield 
(l 3q/ha). Looking to these advantages this variety has been accepted for farm trial (for two 
years) for growing in wilt and SMD endemic areas of northern Karnataka. 
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Evaluation of pigeonpea minicore collections against 
sterility mosaic disease 
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Sterility mosaic disease (SMD) considered as "green pl ague of pigeon pea" caused by pi 
geonpea sterili ty mosa ic virus (PPSMV) and the virus is transm itted by the vector eriophyid 
mite, Acerin cnjnlli Chann abasava nna is one of the major biotic factors which leads to heavy 
losses and hence pose a big challenge for pigeonpea production in Indian sub continent. Most 
of the popular pigeon pea varieties cultivated by fa rm ers are highly susceptible to SMD due to 
prevalence of highly virulent isolate (Bangalore (B) isolate) in northern Karnataka. Keeping 
this in view 196 pigeo npea minicore collections were evalu ated in SMD sick plot mai ntai ned at 
ARS, Bidar for two yea rs during kharif 201 2- 13 and 20 13- 14 for their reaction to SMD. Only 3 
genotypes viz., ICP-7035, Bahar and IC P- 11 9 1 0 were showing resistant reaction by reco rding 
less than 10% of disease incidence, six genotypes viz., ICP- 16264, ICP-14976, IC P-345 1, MA-6, 
IC PL-129808 and GRG-811 were showing moderately res istant reaction by reco rd ing disease 
incidence from 10-30%. Remaining 187 genotypes were showing highly suscept ible (>30%) 
react ion. 
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Molecular detection and role of extracellular polysaccharide 
in host resistance of bacterial wilt pathogenesis of eggplant 

P Avinash & S Umesha 

Un iversity of Mysore, Manasagangotri , Mysore-570006, Karnat,;ka ' 
p",umesh@glllnil.co", 

Single-strand conformation polymorphism (SSCP) and Low stringency single specific 
primer (LSSP) PCR were assessed for genet ic typing and molecul ar conformation of pathogens. 
Extracellul ar polysaccharides are specific elicitors which have been used in study of differenti al 
expression and so me experim ents have suggested that certai n plant can recognize EPS from 
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specific bacteria which acts as specifi c elicitor to prevent bacterial diseases by acti vat ion of In
duced systemic resistance. SSCP and LSSP were developed to molecul ar characterization of 
/lois/ollio soianoeearul'II DOB-RI strain from suspicious bacterial wiit fi elds. Extracellul ar pol
ysaccharide (EPS) were ex tracted from Ii. soiolloeeorll/II strain DO B-RI , the partially purified 
EPS was air-dri ed. EPS was quantifIed by th e Elson-Mo rgan assay for hexosa mine sugars using 
N-acctyl -galactosami ne as the standard. The mo rphological and structural cha racterization was 
assessed by SEM and AFM. Chemi cal characterization of the difte rent EPSs was car ri ed ou t 
using spectroscopic methods, purified through HPLC and mass of the compounds were deter
mined by LC- MS. Complete structural elucidated through I Rand NMR analysis. Seed germina
tion was increased and disease incidence was decreased upon EPS treatment. The concentration 
of H,O, was two folds higher at 12 hpi th an in control when treated with EPS and ant ioxidant 
enzy mes viz., APX and GPOD were rapidly increased in highly susceptible (HS) cullivars upon 
EPS treatm ent. The enzymatic activities of th ese enzymes were confirm ed by amplification of 
APX and GPOD defence genes. TI,e developed molecular detection and elicitor which are val
uable tools and eco- friendly approach to manage plant diseases. 

1'96 

Differential accumulation of SA responsive proteins in 
bacterial wilt susceptible and resistant chilli cultivars 

Bhadvelu Chandrasekhar & S Umesha 

Un iversity of Mysore, Manasagangotri , Mysore-570006, Karnataka 
bhadve/uehalldl'Osekhar@gmaii.colll 

To investigate the molecular mechanisms of bacterial disease resistance in chilli plants, 
a proteomic approach was adopted. Two cultiva rs of chilli were selected on the basis of their 
response to bacterial wilt disease caused by Rais/ollia soiallaeea rulIl inoculation viz., cv Allugra
ha as Resistant and cv Pusnjwn!n as Susceptible vari et ies. rotei ns were extracted from leaves 
of 3 week-old-seedlings of the two chilli cultivars from difte rent treatments which include SA 
treated, Pathogen treated foll owed by challenge inoculation with SA and sepa rated by 2-DE, 
proteins were separated based on their individual pH on immobil zed pH gradient strips by first 
dimension (Isoelectric focusing) followed by Mwt on SDS- PAGE by second dimension. TI,ese 
difterentially expressed protein spots between the res istant and suscept ible chilli cuitivars were 
analyzed using PDQuest analysis softwa re. Our results indicate that a total of 400 protein spots 
were successfully identified, out of this 70 protein spots were difte rentially expressed between 
the resistant and susceptible cultivars, among them 52 spots were upregulated and 18 were 
down regulated. TI,ese SA responsive proteins were expected to be involved in signal trans
duction, stress/defen ce/detoxification, protein metabolism (i.e., translation, processing, and 
degradation), photosynthesis, amino acid metabolism, carbohydrate metaboli sm, and energy 
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pathways. and may therefore be functionally relevan l for many biological processes. TI,e pres
ent st udy provides important information with regards to proteomic methods aimed to study 
p rotei n regulat ions of the CnpsiwlII nIllllltlfll - R. solnllnCenrtllll pathosystem. especially in terms 
of host res istance to this pathogen. 

Differential response of black pepper genotypes to 
Phytophthora isolates 

J Cissi n. K Nirmal Babu. R Suseela Hhai & ,vI Ananda raj 

ICA R-Indi an Institute of Spices Research. Kozhikode-673 0 12. Kerala 
/I i m lal bnbll@spices.res.ill 

1'97 

The dras tic drop in the black pepper productio n in all growing countries has been at
tr ibuted mainly for pronounced death of vines by the dreaded disease foot rot caused by Phy
lophlhom capsici Tsao. Developing va rieties res ista nt to Phylophlhom foo t rot is Sign ificant in 
this context. Fifty seven genotypes of black pepper incl udi ng 28 culti va rs and 29 hybrids were 
phenotyped fo r Phylophll /Om resistance with leaf and stem inocul atio ns with two distinct black 
pepper Phylophlhom isolates namely 05-06 and 98-93. O nl y o ne genotype Acc. No. 1324 was 
found to be in the resistance level with ~ 5mm leaf les ion and < 10111111 stem lesion size. How
ever. 50% of th e genotypes ex hibited differential response on inoculation with th e two isolates 
with mo re than 7mm difference in lesion size and the rest of th em were equally susceptible. 
Among th e differentiall y reacted genotypes 79% of them showed more aRinity towards the iso
late 98-93. 

P98 

Biotechnological approaches and R-Gene mediated resist
ance in banana for Fusarium wilt 

Ramesh & Ajit Kumar 

College of Horticulture Vellanikkara.Thrissur. Kerala 
rkokile@gnwil. conl 

Many cOlllmerci al banana varieties lack sources of resistance to pests and diseases, as a 
consequence o f sterility and narrow genetic background. Fertile wild relatives. by contras t. pos
sess greater vari ability and represent potential sources of disease resistance genes (R-genes). 'n,e 
largest known family of plant R-genes encode proteins with nucleotide- binding site (N BS) and 
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C-term ina lleucine-rich repeat (LR R) domains. Conserved motifs in such genes in diverse plant 
species ofTer a means for isolati on of candidate genes in banana which may be involved in plant 
defense. Hence, investigations are carried out at College of Horticulture lh rissur to characterize 
R-gene mediated resistance ge ne analogs in banana for Fusarium wil t. ~n1e aim of this study is 
to characterize the Fusarium wilt resistan ce gene ana logs. In thi s st udy we lIsed two banana va 
rieties Palaya nkodan (Resista nce to Fusarium wilt) and Poovan (Susceptible to Fllsarillm wilt). 
Arti ficia l screening has done to confirm resistance/susceptibi lity to Fusarilllll wilL Based on the 
conservative regio ns of the nucleotide-binding site and the leuci ne-rich repeat (NBS-LRR) in 
cloncd wilt resistance genes, the polymerase chain reacti on with degenerate primers was em
ployed to isolate resistance gene analogues (RGA s) from the geno mi c DNA of wilt res istance 
germplasm 'Palayankodan' banana. As a result, fragments of RGAs were isolated, which were 
of expected size (about 530 bp). Analysis of the deduced amino acids of these RGAs show th at 
they share the NB-ARC domain and containing 4 conservative ami no acid domains and hy
drophobic amino. Other results reveal that sequence identity of the RGAs range from 41.1 % to 
99.3%, while identity of the ded uced amin o acid sequences range from 33.2% to 96.3%.111e Foc 
resistant cultivar 'Palaya nkoda n' has 'R' genes o f class NBS type and can serve as source for this 
type of genes for molecular breeding. Study wi ll be useful for development of molecular mark
ers for marker assisted selection and cloning of full length R" genes for Fllsariul/I wilt res istance. 
Technica ll y, these RGAs isolated in the present study would lay a base for the further cloning of 
wilt resistance genes in banana, which could also be used as molecular markers for screening 
candidate wilt resistance genes in banana. 

1'99 

Identification of stable reference genes for quantitative 
real time PCR studies and expression analysis of resistance 
genes under Piper colubrinum- Phytophthora interaction 

Neema Malik, Johnson K George & M Anandaraj 

lCAR-lndi an lnstitute of Spices Research, Kozhikode-6730 12, Kerala 
kokka tjollll@spices.res. ill 

Piper col"bri""l7l Link.is a distant relative of cu lti vated black pepper highly resistant to 
the most destructive pathogen, Phythophthom capsici, the causative organ ism of foot rot dis
ease. lnvest igating the expression of defense genes and R genes in the plant can be of utmost 
importance in understandi ng the resistance mechan ism. Relative gene expression studies using 
qRT-PCR is gaining importance in plant biological resea rch and identifi cation of stable internal 
reference gene is essentia l for valid qpCR analysis. A study was undertaken for investigation on 
the stable reference genes and the expression ana lysis of selected R genes in Piper coll/bril1/."" 
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under Phy lophtllOl'n interaction . Expression profi les of six co m mo nly used housekeeping genes 
(ACT, GA PD, SKPI , a TUB, FLA P and EF la) were evaluated for tra nsc ript stabili ty an alysis 
using mock inocul ated and pathogen inoculated (using jJ capsici 05·06 and P. capsici 98·93 
isolates) Piper coillurilllllll leaf tissue samples at l hpi, 2hpi, 8hpi and 16hpi along with un in · 
ocul ated sample. 'Il, e ex press ion pattern was analyzed fo r the reference ge nes using the onl ine 
tool RefFinder which in corporates four d iffe rent co mputati onal algori thms. SKI' I was revea led 
to be the most stable reference gene under the given ex perimental cond it io n fo llowed by eFla 
and ACT and TUB was found to be the least stable. Using SKPl as reference gene, we analyzed 
th e expressio n pattern o f fo u r d ift" rent R ge nes (PC R07, LR2277, LR2905 and INR 1990) in the 
leaves o f I' coillbrilllllll challenge inoculated with two stra ins of Phylophlhorn at dift" rent hou rs 
post in ocul ation (hpi). All th e genes showed a max imu m expression at 16hpi wi th both Phy' 
lophthorn strains except for PC R07 which showed max imum expressio n at 8hpi wh en infected 
with Phy lophlhorn 05·06. 

PIOO 

RNAi vector construction using 2b gene from black pep
per isolate of Cucumber mosaic virus 

K A Revathy & A I Bhat 

ICAR· lndian Institute of Spices Research, Kozhikode·67301 2, Kerala 
ish IVa rnbha l@spices. res.il1 

Cucumber mosaic virus (CM V) is a major production constraint in 1200 crops includ · 
ing bl ack pepper. None of the currently grown vari eti es/culti va rs o f black pepper are resistant 
to this viru s. 2b gene of CMV is known to suppress post transcr iptiona l gene silenCing in th e 
host. Hence the study was done to prepare a hairpin construct using 2b gene which can provide 
RNAi medi ated resistance in black pepper. Initially 2b gene was ampli fied from CMV infected 
black pepper leaves using gene specific primers, cloned and sequenced. 2b gene compri sed of 
337 nucleotides potentially coding for III amino acids. Also o n sequence comparison it was 
fo und that this gene showed at the nucleotide level 82 to 95% and 65% similarit), to subgroup 
I and II strains respectively indi cating that the resistance conferred by this gene will be highly 
host specific. Hairpin construct was asse mbled with Phytoene desaturase, 6th intron of size 236 
bp from Solanumlycopersicum in between the 330bp sense and antisense strands of 2b gene in 
pBSK vecto r. 1his was then mobil ized into the binary vecto r pBI 12 1. Confirmati oifo f co nstruct 
was don e by PCR, restriction digestion and sequencing. Finally th e constru ct was transferred to 
Agrobaclerilltll IlIlII eJacielis. TIl is will be used fo r transformati on of black pepper. 
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Marker assisted pyramiding of three genes governing 
blast resistance (Pi54, Pi!, Pita) into a popular 

indica rice variety "Samba Mahsuri" 

S Gopala Krishn an, R Rathour, P Dwivedi, G Dhawan ' , U 0 Singh' , T R Sharma" M Variar", 
S K Prashanthi" P K Bhowmick, M Nagarajan6 & A K Singh 

' ICA R-Indian Agricultural Research Institute, New Delhi - lIOOl 2 
gopa'-icar@yahoo.co.il l 

'CSK Himachal Pradesh Krish i Vishvavidyal aya, Palampur- 176062, Himachal Pradesh 
' Indian Agricultural Research Institute, New Delhi -11001 2 

"Nati ona l Research Centre on Plant Bi otechnology, Pusa Campus, New Delhi - II 001 2 
' Central Rainfed Upland Rice Research Station, Hazaribagh - 825301 , Jharkhand 

' University of Agricultural Sciences, Dharwad-580005, Karnataka 
' Rice Breeding and Genetics Research Centre, Aduthurai -6 12 101 , Tam il Nadu 

IlIas t disease caused by Magl/aport"e grisea is one of the most dreaded diseases of rice 
causing yield losses upto 90%. -n,e ri ce variety BPT5204, popularly known as "Samba Mahsuri" 
is one of the most popular rice varieti es among both farm ers and consumers, owing to its me
dium slender grain, excellent grain and cooking quali ty characteristics. It is highly susceptible 
to blast disease which not affects its productivity but al so its grain quality. -n,erefore, the pres-
ent study was conducted with obj ective of pyramiding three genes governing blast resistance, 
namely Pi 54, Pil and Pita into BPT5204 using DHMASQI64-2b as the donor through marker 
assisted backcross breeding. Foreground selection using gene based markers for target genets) 
and background selection augmented with phenotypic selection for grain and cooking qUali J 
ty was employed fo r accelerat,," 'ecovery-of-recurrent parent genome and phenome. A set 0 

30 elite lines including 17 mo nogenic li nes, one two gene and 9 three gene pyramided lines 
were developed and evaluated for agronomic performance at three locati ons namely New Del-
hi. Pusa and Aduthurai for two seasons. TIle improved lines showed resistance to blast disease 
both under under artificial inoculation as well as under three hotspot locations as compared to 
susceptible reaction shown by BPT5204. Based on the phenotypic performance as well as the 
disease reaction three elite pyramided genotypes namely BPL I6 (Pi54+ Pil), two three gene 
pyramids (BPL 27 and BPL 33) were identified as promising, which are being multiplied for 
further evaluation in the natio nal trials. 11,e evaluation and deployment of these pyramided 
lines will help in effective management of ri ce blast in Samba Mahsuri growing regions of India. 
Additionally, since these lines with improved agronomic performance, gra in and cooking qual -
ity wi ll also serve as useful dOllors for blast resistance, particularly in improvement of medium 
slender rice grain varieties. 
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In vitro selection of resistant candrasur (Lepidium 
sativum L) plants against leaf spot caused by Alternaria 

alternata via tissue culture technique 

Pushpanj ali Wagh, U K Khare& Sharad Tiwari 

College of Agri culture, Jawaha rl al Nehru Krishi Vishwa Vidyalaya 
Jabalpur-462002, Madhya Pradesh 
pl l sllpa Iljal i Slid" i r. IVagl l@glllnil.col ll 

Disease resistance in callus cultu res of chandrasur (Lep idiu/n sat ivlIm ) aga inst leaf spot 
d isease caused by A lternar ia al/ernata was induced by subjecting the calli ra ised and main 
tained on semi-solid Murashige amd Skoog (MS) medium, to various concentrat ions of A. al
ternata culture fil trates (0%, 5.5%, 6%, 6.5%, 7%, 7.5% and 8%) . At higher co ncentrations (from 
8.0 to 10.0 mil L) almost all the call i died and total cell mortality was observed. At nex t lower 
concentration of 7.5 milL 13% calli survived. At lower levels of toxic cul ture fi ltrates (5.5 mil L 
andbelow to 5.5 milL) and also in the uninoculated ca llus no effect on growth of call i was ob
served. LD50 value was calcul ated on the basis of fresh weight of callus when subjected to tox ic 
medium and it was fo und that at 6.0 mil L, 50% callus survived. 11,e leaves of putat ive resistant 
clones remained green and viable in the presence of toxin and regenerated shoots di rectly on 
the toxin- free regenerati on medium. 

. , 
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Plant quarantine as a biosecurity tool for exchange of 
plant genetic resources under SPS regime 

S C Dubey. Kavita Gupta. Jameel Akhta r. V Celia Chalam & Z Khan 

Nat iona l Bureau of Plant Genetic Resources. New Delhi - 10012 
scdubeY@llbpgr.en let.ill 

Lli 

Introduction of va luabl e planting materials from other countries has played an im por
tant role in crop improvement in India. However, sllch introductions without proper examina
tion for associated pests may prove disastrous as is evident from several glaring examples of pest 
outbreaks in th e past. "n,ese introduction s highlighted the fact th at increased international trav
el and trade under WTO had exposed the country to the danger of infiltration of exotic pests 
harmful to our agricu lture. Therefore. plant quarantine assumes utmost importance in safe ex
change of plant genetic resources (PGR). Plant quarantine is a gove rnment endeavour en forced 
through legislative measures to regulate the introd uct ion of planting materials. plant products. 
soil and living organ isms. etc. in order to prevent inadvertent introduction of pests harmful 
to the agriculture of a country/s tateiregion and if introduced. prevent their establishment and 
further spread. NB PGR is the nodal institution for exchange of PGR and has been empowered 
under Plant Quarantine (Regulation of Import into Indi a) Order 2003 to handle quarantine 
processing of germplasm and transgenic planting material being imported for research pur
poses in the co untry by both public and private sectors. Every year around 80.000 samples 
(t rue seeds. rooted plants. cuttings. rhizom es. suckers. bulbs. nuts. tissue cultured plantlets etc.) 
are processed which involves visual examination for the presence of unwanted pests and stag
es thereof. pl ant debris. weed seeds. soil clods and other contaminants followed by det ailed 
testing using specialized techniques for their diagnostics using modern facilities. At NB PGR. 
adopt ing a workable strategy. a number of pests of great economic and quarantine Significa nce 
have been intercepted in exotic material. many of which are yet not reported from Indi a viz .• 
insects like Acnllthoscelides obtectlts in Cajalllls cajall . Antholloll/us grandis in Gossypiulll spp .• 
Ephestisa elutella in Macadamia nuts and Viglla spp .• Qltadrnstic/lOdella eltcalytii in Eucalyptus. 
nematodes like Heterodera schachtii. Ditylellchus dipsaci. D. destructol; Rhadinaphelellchus co
cophilus. etc. in soil clods and plant debris. fungi like Claviceps plllpureo in seeds of wheat and 
barley. Peronospora mal/shuricn on soybean. Fusarium nivale on wheat. barley and Aegilops. 
Uromycesbetae on Sllgarbeet. bacteria like Xanthomol/os ca mpestris pv. campestris on Brassica 
spp. and viruses like Barley stripe mosaic virus in barley. Cherry leaf roll virus on French bean. 
Cowpea mottle virus in cowpea. Pea seed borne mosaic virus in broad bean. Tomato black ring 
virus on cowpea and French bean. etc. All attempts are made to sa lvage the infected/ infested 
material and only healthy material is released to the indentors. At NBPGR. priority has been 
given to ident ify critical gaps in plant quarantine and to re-orient research areas using modern 
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techniques in order to prepare us to meet the challenges posed by increasing international ex 
change. 

Wheat rust in peninsular zone: Past and present 

I K Kal appanavar, G S Arunkumar, B K Homao' & S C Bharadwaj' 

University of Agri cultural Sciences, Dharwad ·5, Karnalaka 

'Maharashtra Agriculture Cultivation of Science, A RS, Pun e, "'Iaha rashtra 
' Direc torate of Wheat Research, Region al Research Sta tion , 

Flowerdale, Himachal Pradesh 

Ll 2 

Present ly, three wheat species namely 7/'iticcunl aes /i l'wn L. em. Theil (Bread Wheat) 
T durwn Desf (kot hia, macroni wheat) and T dicoccum (Schrank) Schubler are commercially 
grown in different parts of Peninsular Zone includes Karnata ka, Maharashtra, part of Andhra 
Pradesh and Gujarat. Among the rusts, the leaf rust (Pucccillia triticilla Eriks.) is known to occur 
in all the wheat grow ing areas of Peninsular Zone in general and Ka rnataka in particular plays 
an important role in wheat rust epidemiology. It serves as donor of stem and leaf rust inoculum s 
to diOe rent parts of the co untry. First ten years (1986 to 1995-96) totally seven different leaf rust 
races detected out of wh ich race 77 group was most predominant. However, as high as 10 leaf 
rust races reported. Eight different stem rust races were detected in this period out of wh ich first 
fi ve years 11 7 was most predominant subsequently this race not detected . Tota ll y, as high as six 
races were detected. Next ten yea rs (1996-97 to 2005-06) only three leaf rust races were detected 
out ofwh ich race 77 and 104 group was most predominant. As for as stem rlls t races con ce rn ed 
on ly o ne race (40A ) detected during 1996, 2000 and 2005. From 19986 to 2007 stem rust races 
detected and after that it was not noti ced in the farmer's fi eld of Karnataka. However, leaf rust 
cont inued to appear till date. Recent three yea rs survey has been done both in Karnataka and 
Mah arashtra. [n total, among all th e year survey showed the presence o f 20 diOe rent races in 
wheat growing areas of Karnataka. During 20 I 0- 11 and 2011 - 12 pathotype 12 1 R 63- 1 (77-5) 
showed highest frequency in the surveyed area (35.7 1 and 58.90% respectively) whereas, during 
201 2- 13 pathotype 121R60-1 (77-9) was fo und in highest frequen cy (29.89%). DNA profiling 
was don e to know the extent of genet ic diversity. Twenty five isolates were grouped into 14 clus
ters. 11,e cluster XIV was largest with 12 isolates in cluding phenotypica lly known j olates (1 2-
4, 77-6 and 77-5). Remaining 13 isolates formed individual cluster including phenotypically 
known isolates (104 -2 and 162-2). 'n,is clearly reveals that, these 13 individual clusters differed 
100% with each other and also wi th cl uster XlV. [n the cluster XIV, twelve isolates showed simi 
lar as they were grouped in the same cluster and these isolates were 100 per cent dissimilar from 
that of all other 13 isolates. Survey of leaf and stem rust in Maharashtra duri ng 2010- 11, 2011 -
12 and 20 12- 13 in Maharashtra districts like Pu ne, Nasik, Satam, Ahamadanagar and Kollapur 

Understanding lIosl·palhogel1 illleracliollllllvugh science qf omics, MOI r:/i / 6-17, 2015 149 



• :..:A :.cb-'-s :..:.tr-'-a-'-c :.::t s __________________________ ~ 

showed th e h ighest severity of the disease during 20 I 0- 11 as compare to 2011 - 12 and 201 2- 13. 
Out of three years survey totally 15 races of leaf rust were detected. The race analysis showed 
the presence of II d ifferent pathotypes during 20 10- 11 belonging to four gro ups (77, 104,162 & 
12). Among the four groups highest per cent was observed in group 77 and race 77 -5 was found 
highest with 61.77% followed by 104-2 with 12.22%. During 20 11 -12, a race 104-2 was sholVed 
dominant wi th 4 1.67% and during 201 2- 13 races 77-9 and 12 was found equally dom in ant with 
26.32%. In compar ison of a ll the surveyed years, race 77 -5 lVas found highest with mea n of 
32.2 1 % followed by 104-2 wi th mean of 2 1.4 7%. 11,e survey of stem rust in Maharashtra showed 
the presence of five important races during 20 tO- 11 and 20 11 -12 but disease occu rrence was 
not noticed during 201 2-13. The highest severity was observed during 20 I 1- 12 with four races, 
among them race 40A was found domi nant with 66.67 and 58.33% during 2010- 11 and 2011 -
12, respectively. 

Ll3 

Molecular characterization of non-aflatoxigenic fungi and 
their application in aflatoxin management in ground nut 

S R Niranjana 

University of Mysore, Manasagangotri , Mysore-570 006, Karnataka 
IIi m IIja lIasr@redifJillail.colll 

In nature all the Aspelgillus flav" s isolates a re not aDatoxin producers. Because of mu 
tation in the genes involved in the biosynthesis pathway of aDatoxin , several strains ex ist as 
non-afl atoxigenic. In India. the studies and research regarding isolation and characterization 
of non -afl atoxigeni c Ajlavtls and its lise in managing aflatoxin and aflatox igeni c fungi in agri 
cultural crops is generally ignored. An attempt has been carried out where 78 A. flavus isolates 
were isolated fro m groundnut seed samples belonging to dille rent agro-climatic zones of India. 
Ihey were differentiated based on their afl atoxigenic and toxigenic nature based o n cultural, 
analytica l, immunological methods and finally nine isolates were categorized as non-aDatox 
in producers. But, dendrogram obtained from Random -ampli fied polymorphic DNA (RAPD) 
and ISS R-PCR failed to discriminate the A. fla v"s strains either on their toxici ty or their geo
graphica l origin . Ge netic characteri zat ion of these isolates using 13 primer pairs encoding the 
specific genes involved in afl atoxi n biosynthesis pathway revealed the presence of six different 
deletion patterns (B -G). Among the 13 genes tested aDR was common deletion found in fi ve 
deletion patterns (C-G) in controlling toxigenic stra ins. In the furt her study, the management of 
aflatoxige ni c fungi lIsing non -aflatoxigeni c A. flavus strains in comparison with rhi zobacteri a, 

'lhchodenna isolates and plant ex tracts were evaluated for their potential to reduce aflatoxigen
ic fungal infection and aflatoxin contamination in groundnllL Two rhi zobacterial strains and 
one 'lhchodenlla isolate found effective under in -vitro as well as ill -vivo studies. Vanillin from 
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Decolepis IW Illi/lonii was reco rded its eflective in reducing A. flOl'lIS in cidence and aflatoxin 
production. In addi tion , among the ni ne non -afl atoxigenic stra ins, AFG SS and AFGSI2 sig
nificantly reduced the po pulat ion of aflatox igenic fungi and total aflatoxin in rh izosphere/ ge
ocarposphere soil samples under green house cond itions. Q uantifi cation of afl atoxin by ELI SA 
analysis in seeds revealed that AFGSS and AFGS I2 strains Signi fi cant ly reduced aflatoxin level 
and was well correlated wi th red uced seed -borne infectio n of aflatoxigenic fun gi, de termined by 
standa rd blotte r method. The resuits demonstrated th e biocont rol potent ia l of nat ive non -afla 
toxigenic strai ns AFGSS and AFGS I2. Determinat ion of ot her toxins in non -afl atoxigenic A. 
flavus and its bio-for mulation for field appli cation is unde r p rogress. 

Immigration of plant pathogens and their need for 
regulation to protect cut flower industries 

L14 

S Nakkeeran, P Renu kadevi, V G Malathi, R Dheepa, S Vinod Kumar & M Suganyadevi 

Ta mi l Nadu Agricultu ral UniverSit y, Coi mbatore-64 1003, Ta mil Nadu 
lIakkeemlrayya@gllla il.col/1 

Cut flowers, being a h igh valued crop, most of the entrepreneurs venture in to the cul 
tivation of cutOowers li ke carnation. orchids, 3nthuriulll. gerbera, lillium. alstomeria. bird of 
parad ise, chrysanthemum and rose. The impo rt of the propagative materi als results in the 
introd uction of unknown diseases of National significance, which are to be quaran tined and 
regulated. Based on OUf experience with variolls cut flower growers, we came to detect the en
try of quarant ine pathogens like tomato spotted wilt virus fro m cut chrysanthemum, which is 
not known to ex ist earlier. 11,e TSWV was introduced th rough chrysanthemu m stem cu tt ings 
(Delldm ll ihellla gmlldiflora Tzvelev). RT-PCR was perfo rmed using the tospovi rus degener
ate pr imers gl 3617/ F-S'CCTTTAACAGTDGAAACAT 3'; gI443Sc/R- S'CATDGCRCAA
GA RTGRTARACAGA3') correspond ing to the RNA- dependent RNA polymerase (RdRp) 
gene of tospovi ruses. An amplicon of approximately 7S0 bp (K/0 13S34) was amplified fro lll 
the symptomati c samples and had 98% identit y with the RdRp gene of Tomato spotted wilt 
virus(TSWV) (Gen Bank Accession numbers, KC2619S0, KC26 19S6, KC26 19S9, KC26 1962). 
Fur ther it was confirmed with two sets of p rimer pai rs specific to the TSWV nucleocapsid gene 
(GK TSWV CP F-S'CAAGCAATAAAGATAAAGAAAGC3';GKTSWV CP R- S'AGCATATAA
CAACTTCTACGATC 3'), and movement protein (MP) gene (GK TSW V MP F~'ACCTAT
TATACACTTTGCTAAGAA3'; GK TSWV M PR S'AATGCAAAATW RACAG AAATT 3') of 
TSWV (GeneBank Accession numbers for N gene-K/494928; MP gene - K/494927) exhibited 
the highest nucleotide identity of 98% with correspo nding regions of TSWV isolates fro lll 
different hosts and countries. Chrysanthemum was also in fec ted by white rust, the quara nt ine 
pathogen Puccinia horiana. 11,e Phoriana spec ies specific primer (Ph- I' I S'- TGCATGAAT-
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TTTTGAAAGGT-3' and Ph-RI -5' -CAAAAATTATTTTGTGAG AGGG -3') amplified a frag
ment of approximately 240bp. Yet another, P. horiana species specific primer for the region of 
18S to 28S rDNA intervening sequence (Ph -F2 5' CCCCTTTTTTATTATATAACACAAG-3' 
and Ph-RI -5' -CAAAAATTATTTTGTGAGAGGG-3') amplified a fragment of approximately 
340 bp. DNA fragm ents amplifi ed with species specifi c primer pairs of P. horialla were cloned 
and sequenced for the K5 rust isolate from the variety (pun ch white) and the isolate HP2 from 
the variety (Safli n Pink). In th e BLAST analysis sequences f K5 and HP2 isolates (Accession 
no: KC29 1657, KC291658, KC29 1659 and KC291660 respectively) had a nucleotide sequence 
identity of 100% with the P. horialla (Accession no: EU816916.1, HQ201326. 1 EU8 169 16. 1 and 
EU8 16924.l) isolates.The pathogen causing bacterial blight was identified up to genus level 
through MALDI TOF-MS as Xan thornonas. It was further confirmed as Xantholllollas axollo
podis pv. dieflellbachiae through FAME analYSiS, BIOLOG and by polymerized chain reaction 
using pathogen specific primers. DNA sequence of X. axollopodis pv. diejJenbachiae isolates 
designated as XAD I and XAD2 were submitted in the NCB! Gen Bank bearing the accession 
numbers K]603434 and K]637328 respectively. House keeping genes also confirmed the identity 
of X. axonopodis pv. diejJenbachiae (K]603435, K]603436, K]603437,K]603438, K]637329 and 
K]637330) .Survey was conducted in ca rnation growing areas of Tamil Nadu revealed the occur
rence of stem rot of carnat ion seedlings.111e pathogen was confirmed as Sclerotinia sclerotiorUlI1 
through morphogenetic and molecular means. 11,e genomic DNA was extracted from the fun 
gus by CTAB method and the region between ITS I and ITS 4 primers were amplified with the 
primer pairs, ITS I (5'-TCTGTAGGTGAACCTGCGG-3') and ITS 4 (5' -TCCTCCGCTTATT
GATATGC-3') . 11,e amplicon of - 600bp obtained were sequenced. 11,e nucleotide sequence 
(GenBank accession number KP676452) had maximum identity of 99% with S. sclerotionl l11 
(KM272350). 
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PI03 

Investigation of black cells and black spots of pomegran
ate during sea transportation and cold storage 

AM Nava le, K S Raghuwanshi , A A Awale & P S Sabnis 

Mahatma Plnde Krishi Vidyapeeth, Rahuri -41 3722, Mah arashtra 
a Illlnsa hevllnvale@yahoo.coln 

A laboratory and fie ld experiment conducted at Department of Horti culture, Mahatma 
Phule Agricultural University, Rahuri during 2009- 10 to find out the reasons for development 
of blackening of seed arils (seed) as well as the black spots of pomegranate during sea transpor
tation and cold storage. The laboratory study revealed that inhibitors viz., Potassium metabi 
sulphate (5 mM) inhibited the enzyme activity about 98% when pyregallol and catechol were 
acted as substrate. 11,e pathogens viz., Aspergillus nigel; Microphamina sp. and Pellicil/iulll sp. 
were responsible for spoilage of fru its; however fruits treated with Waxol + Carbendazim (0.1 %) 
controlled the attack of spoilage of microorganisms. In fi eld co nditions the pathogen responsi
ble for black spots were Cladosporium cladosporiodes, Col/elolric/lum gloecisporiodes, Allemaria 
alternala and Allemaria lellnuissima.ll,e fungi cides viz., Difenconazole @ O.I %, Propiconazole 
@ 0.1 % and Carbendazim @ 0.1 % were found effective for the both leaf and fruit spots diseases 
in Mrig bahar (june-November) conditions. -TI,e levels of residues of fungicid es were within the 
maximum residue limits. 

PI04 

Bio-efficacy activity of fluorescent Pseudomonas against 
Fusarium sp. causing wilt of pomegranate 

V K Bhalerao,lC SRaghuwanshi, N A Musmade & P E More 

Mahatama Phule Krishi Vidyapeeth , Rahuri-4 13722, Ahmednagar, Maharashtra 
vkb145@gnwil.com 

Twenty four isolates of rhizobacteria isolated from four different locat ions were screened 
for ill vilro antagonism by using co-inoculation technique against five different isolates of 
Fusarium sp. pathogenic to pomegranate (Punica grallatum L.) plants. Among the twenty four 
isolates, twelve fluorescent rhizobacteria viz., KHFR- I, 2, 3, 6, 7, RHFR-9, 10, 14 and NHFR-
17,18,19, 20 identified as Pseudomonas sp. were found effective in inhibiting the growth of 
five Fusarium sp. Fluorescent PseudolllOnas isolate Kl-IFR-6, 7, RHFR-14 and NHFR- 18 exerted 
maximum inhibition (83.52% each) of Fusarium sp-I and isolate RHFR- 14, and Nl-I FR-19 ex-
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erted maximum inhibition on radial vegetati ve growth of PlIsoriulII sp. - [I. 'n,e rhizobacteri 
al isolate NH FR- 18 showed the maximum inhibition of radial vege tat ive growth of PI/Sori/IIII 

rosell/II (85.00%) and PI/SO rill/II oxysporulII (83.53%) followed by KHFR -7 RHFR- 1O (each 
with 82.35% and 8 1.25, respectively). The isolate KHFR-7 exerted maximum inhibition of my
celia growth of P/lSOrilllll 1II0llilifonlle (86.36%) followed by N H FR-18 (85.22%) and RH FR- IO 
(84 .09%). l1,is ca n be att ributed to th e release of antagonisti c substan ces like siderophores or 
antibioti cs in advance in culture media. The siderophores enhance the microbial acquisition of 
iron and make it unavailable to FusariulIl suppressing its growth . 'n,c investigation confirms th e 
findin g that fluorescent Pseudol/wllas are involved in the suppression of a ll Pusarilll1/ species 
under study. 

Effect of different agrochemicals on intensity of 
Alternaria leaf spot/blight on cluster bean in arid 

region of Rajasthan 

B 5 Rathore 

Agricultural Research Station, Agricultural Univers it y, Mandor, 
Jodhpur-342304, Rajasthan 

ralhorebs1957@rediOi lloil. colII 

1'105 

Cluster bean or Gua r (eyrl/posidis tetragollolobo) is a drought-tolerant legume crop. It 
is an important source of nutrit ion to animals and human and is consumed as a vegetable and 
catt le feed. Extracts from guar seed accounts for guar split/gum of about 29%. India earned Rs. 
11 735 erore from export of guar seed and its products to various countries in year 2013- 14. AI
lernoria leafspot/blight is an (Allemoria C/lculllerillo var. cymllopsidis) is an important disease of 
cluster bean and frequently causes considerable losses in both seed yield and quality. 11,erefore, 
a field experiment was conducted in Kharif seasons of 2013 and 20 14 to find out the eflicacy 
of different agrochemicals for the management of this disease at Agricultural Research Station, 
Mandor, Jodhpu r on a susceptible cluster bean cv RGC 936. The ran domized block design was 
followed with three replications maintaining a plot size of 4 x 3 m. Pooled data of two years re
vealed that minimum disease intens it y (5.17%) and maxi mum seed yield (13 g/ha), fodd er yield 
(27.63 g/ha), pods (52.3 pods/plant), net return (Rs. 49066/ha) and cost benefi t.1.1tio (Rs. 2.42/ 
Rs. invested) respectively, recorded in the plots that were sprayed with difenconazole (@0.05%) 
as compared to maximum disease intensity (52.5%), and minimum seed yield (5.96 g/ha) , fod 
der yield ( 13.05 g/ha), pods (28.0 pods/plant) , net return (Rs. 15631/ha) and cost benefit ratio 
(Rs. 0.86/Rs. invested) recorded in control. 

Understonding host-pathogen iI/ferae/ion l/lIrJlIgh science %mies. March / 6-/7. 20/5 155 



ilr-li"'.f·"~ Abstracts &\\!!' ~ft 
~~~--------------------------------------- '-

PlO6 

Biological management of Stemphylium blight of Onion 
(Stemphylium vesicarium) 

ON Dhutraj, J E Jahagirda r, H M Rakh ' & Vtpa l Dey' 

College of Agr iculture, Badnapur, Jalna, Maharash tra 
dlldh l/l mj@glnnil.coln 

'Yasa ntrao Naik Marathwada Krishi Yidyapeeth ,Parbhani, Maharashtra 

Stemphylium blight caused by Slel1lphylillln vesicalil/Ill (Wallr. ) E. Simmons is one of 
the most destructive diseases, cause yield losses of about 90% and appea ring in severe form and 
posing a threat to the cul tivation of onion. Considering the economi c importance of the disease 
the present invest igations were undert aken. An ex periment was ca rried out to find out the bio
logical management of Slemphylillm blight with botanical s/plant extracts and bioagents. All the 
10 botanicals/plant extracts evaluated ill vitl'D (@ IO, IS and 20% each) were found fungistatic/ 
fungicida l against S. veSiCalil/lII . However, significantly least mean radial mycelial growth (1 3.44 
mm) and significa ntly highest mean mycelial inhibition (85.05%) was recorded with A. il/dica 
followed by Z. officiI/ale (75.03%) and A. sativll/II (65.98%), respectively. All the six fu ngal and 
two bacterial bioagent/antagonists eva luated in vitro against S. vesicariwn were found anti fun 
ga l against the test pathogen. However, T vilide was found most efFective and recorded least 
linear mycelial inhibition (78.5 1%) of the test pathogen fo ll owed by T lralzinl/wl/ (71.85%) and 
T IWlll n 11l1l1 (66.29%), respectively. TI,e results obtained on the fi eld enicacy of three funga l and 
one bacterial antagonists viz., T vilide, T harzianwll, T konil/gii and P j1uolesce"s; and three 
botanicals viz., Neem (A. indica), Noni (M. citrifolia) and Nirgudi (\( negllndo), revealed th at, 
alLthe spray treatments signifi cantly reduced the Stem hylium blight disease incidence, intensi
ty and per cent disease control significantly increased the bulb yield in on ion cv. AFLR. Among 
th e botanicals tested, A.indica (@IO%)wasfound most efFective and recorded significantly least 
mean disease incidence (23.75%), intensity (15.00%) and per cent disease control (64.89%) with 
corresponding significantly increased bulb yield (264.16 q/ha) with highest lC BR of 1:51.33. 
The second and third best bioagents found were T viride (@ 20 milL) and T hnrzimnml (@20 
milL), which recorded significantly least mean disease incidence, respectively of 25.00 and 
28.9 1 %, intensit y respectively of 16.48 and 20.36% and per cent disease control respectively, 
6 l.62 and 51.57% gave corresponding maximum bulb yield, respectively of 232.50 q/ha and 
223.4 1 q/ha with maximum ICBR (1:12.69 and l :ll.05, respectively) . 
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PlO7 

The bioefficacy of Pseudomonas strains isolated from 
chilli rhizophere of TBP area of Karnataka against plant 
pathogen Fusarium oxysporum under in vitro condition 

Priti S Sabnis, Mahadevaswamy & A M Nava le 

Mahatma Pillde Kr ishi Vidyapeeth , Rahuri -413722, Ma harashtra 
pritisnbl1is@gllwil.colll 

The bioeAicacy of Pseudolllollas st rains isolated from chilli rhizophere of TBP area of 
Karnataka against plant pathogen Fusarium oxysporwn under ill vitro condition. Total 40 iso
lates of Pseudolllonns were screened for their biocontrol activit y in vitro against fungal pathogen 
i.e., FusnriulII oxysporum on PDA medium by the dual cu ltu re technique. Qualititatively out 
of 40 isolates, 21 isolates showed inhibitory act ivity against Fusarium oxyspOrLlII1. -n,e isolates 
of Pselldol1lOlIaS which showed inhibitory action against fungal pathogen, further exami ned for 
quantitative estimati on. TI,e isolate PS-5 isolated from Manvi taluq of TBP area was found to 
be most eAident strain which reduced the radial mycell ium growth of F. oxysporwlI up to 6.69 
with inhibition of 25.66% after 3 days of incubation and the least reduced myceliu m growth 
was reco rded in PS-2 1 isolate i.e., 8.80 with inh ibition of2.22% in terms of plant pathogenicity 
against plant pathogen. 

Management of foliar and basal rot diseases of 
Aloe vera (1.) burm by fungicides 

SA Oilpak & S D SlII:yawanshi 

Mahatma Pillde Krishi Vidyapeeth, Rahuri -4 13722, Maharashtra 
sll raddlladi Ipak 30@gnwil.collI 

1'108 

Aloe vern has medicinal h istory around world. The foliar diseases caused by Altemaria 
alternntn and Pllomn sp. TI,e basa l rot disease of Aloe caused due to Fusnrium O;i~Orulll and 
Sclerotium rolJsii. Percent disease incidence of foliar diseases was observed in difterent Aloe vern 
genotypes coll ected from difte rent locations. For management of fo li ar and basal rot diseases 
spraying with Carbendazim + Oithane M-45, Tebuconazole + Oithane M-45, Carbendazim + 
Propiconazole 70 WI', Tebuconazole + Propiconazole 70 WI', Carbendazim + Tebuconazole 
and Oithane M-45 + Propiconazole 70 WI' was taken. 11,e fungi cides viz., I'ropiconazole, Tebu
conazole, Hexaconazole, Carbendazim and Oithane M-45 were used. Lowest disease incidence 
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of fo li ar disease was observed in treatm ent with spraying o f Ca rbendazim + Dithane M-45. 
Lower disease incidence of basal rot disease was observed in treatment with spraying of Tebu 
conazole + Dithane M-45. Lowest disease incidence was observed on top leaves and highest 
disease incidence was observed on lower leaves in all genotypes coll ected from difte rent places 
viz., Genotype IC 11 2527 collected from Anand, Gujarat and genot ype IC I 12532. Maximum 
disease incidence was obse rved in genotype AKAV04 collected from Akola. In vitro and ill vivo 
the highest di sease intensity of foliar di seases obse rved in control. All fungi cides Ca rbendazim 
(0.2%), Dithane M-45 (0.3%), Hexaconazole (0. 1 %), I'ropiconazole (0.2%) and Tebuconazole 
(0.2%) showed cent per cent in hibition for all pathogens except SclerotiulII rolfsii showed ma xi
mum growth in Carbcndazim and Flls(lriunI oxysporlllll showed growth in Dithane M-45. 

Integrated management of gummosis of mandarin 
orange caused by Phytophthora citrophthora in 

Marathwada region of Maharashtra 

R U TIlOsar, G I' Jagtap, K S Raghuwanshi & P E More 

Mahatma Phule Krishi Vidyapeeth, Rahuri -41 3722, Ahemdnagar, Maharashtra 
ratnnth03@glnail.coIlI 

1'109 

Gum mosis of Mandarin orange caused by Phytophthora citrophthom caused considera
ble losses in Marathwada region of Maharashtra. ~nlerefore, an extensive roving survey in 11 5 
field s was conducted to study the incidence of gummosis in the region. TI,e average disease 
incidence was observed in the range of 10-65%. TI,e highest disease severit y and incidence was 
observed in Na nded district followed by Jalna, Parbhani, Hingoli, Aurangabad, Latur and Os
manabad districts. To manage the disease the bio efficacy often fungi cides viz.,propi neb (Antra
col 70WP), hexaconazole (Contaf 5HC) , iprodione 25% + carbendazim 25% (Quintal 25 WP), 
fosetyl AI Aliette SOW P) , tridemefon (Ball' ton 25WP), dimethomorph (Acrobat 50WP) , cop
per oxy chloride (Blue copper 50%), copper hyaroxide (Kocide 77WP) and propiconazole (Tilt 
25 EC) and aqueolls extract of seven botanicals i.e. leaf extracts viz., mehendi, dhatura, acacia, 
euca lyptus, lantana, glyricidia and neem (@5%conc.) were tested in vitro against P. citropllthorn 
using poison food technique.AII treatments were elTect ive against the Plry toplrthorn citrophthorn 
over untreated control. Among fungicides, the dimethomorph showed the least mean colony 
diameter ( 19.02 mm), and maximum per cent inhi bition of mycelial growth of (47.97%), which 
was at par with iprodio ne + carbendazim (20.45 mm & 43.95% inhibitio n) and copper hydrox
ide (23 .10 mm & 37.05% inhibition). TIlese were followed by fo setyl -AI, propineb, copper oxy
chloride, propiconazole, tridemefon, hexaconazole and captan. All treatments are statistically at 
par with each other.A mong botanicals, the treatment of Lantana was Significa ntly superior over 
other treatments and recorded minimum mean colony diameter (20.S5 mm) and highest mean 
mycelial growt h inhibition (45.02%). Glyricidia ranks second, followed by mehendi, dhatura, 
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acacia , neem and eucalyptus in inhibiting the P ci/ropil/flOm, 

PllO 

Efficacy of antimicrobial peptides against Xanthomonas 
axonopodis pv. punicae 

Raghuwanshi, K S Star Lu ikham & S G Bo rkar 

Mahatma Plude Krishi Vidyapeeth , Rahuri -41 3722, Ma harashtra 
drksr63@glllaif.colIl 

Bacterial blight disease of pomegranate, is a economically important diseases causing 
huge devastating losses. Bacterial blight o r Oily spot disease of pomegranate caused by Xml 

t!IOII/OllnS axollopodis pv. p'lllime (Xap) attack all above grou nd parts of the pomegranate. 11,e 
Xap not only developed resistance to different commonly sprayed fungicides and antibiotics but 
also caused a heavy cytotox icity to human and animals and a)so have a negative environmental 
impact. 111erefore, the ill I'i/ro studies on the effi cacy of nine different antimicrobial peptides 
(AMPs) agai nst the Xarl/homollas spp. were conducted. Fil ter paper disc and micro -dilution 
broth methods were used for ill I'i /ro eval uat ion of the ant i-microbial peptides (AMPs) viz., 
04EI , pEpll , ESFI , ESF4, ESFS, ESF6, ESF!2, ESP! 3 and ESF I7 aga inst xap. 11,e Od4EI was 
the most elfective AM I' against xap, which foll owed by PEP II , ESt' I and ESF 17. While ESF 12 
lVas the least effective amongst all. Whereas, ESF4, ESF6, and ESF I3 was not effective aga inst 
Xap. 11,e micro -di lutio n broth method through ELI SA reader showed that the inhibition of 
growth of Xap was greater than 90% (MIC90) in D4EI, PEPII, ESF I7, ESFS and ES FI 2at 500 
pplll concent rati on. Percent growth inhibition observed in 04EI , PEP II, ESF 17 and ESF 12 
were comparable to that of Streptocycline. 111l1s, the peptides viz. , D4E I, PEpII, ESF I, ESF ! 7, 
ESFS, ESF 12can be used effect ively for improvement of Pomegra nate. 

PIll 

Trichoderma spp. mediated inducted systemic resistance 
against bacterial leaf spots of tomato 

C D Oeokar, K S Ghutukade & N A Musmade 

Ma hata ma Phule Krishi Vidyapeeth, Rahuri -4 13722, Maharashtra ;, 
cd_deoka r@rediffirlaif. colI l 

Twelve species of '[i-ichoderma species were isolated from different districts of weste rn 
Maharashtra. 11,e ill I'i/ro effiCiency of Trichoderma isolates in inhibiting the growth of Xall 

thomonas mlllpes/ris expressed inhibition method. Among the 12 7i-ichoderllla isolates 111-3 
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produce a highest inhibition zone of24.44 mm followed by -11, - 5 (22.00 mm ). Observat ion on 
disease incidence of tomato recorded that the 1h-3 showed the resistance response to challenge 
inoc ulation of X. w lI/pestris at 5. 10 and 15 days after inoculation followed by 111 -5. While 
the inocu lated control showed max imum disease intensity towa rds bacter ial leaf spot of to
mato. 11,e lowest d isease in cidence of 26.67%. 28.33% and 33.00% was recorded by the cha l
lenge inoculation of 111-3 isolate in soil and seedling treatment after five. ten and fi ftee n days 
of inoculation respectively. 11,e hi ghest d isease incidence was observed in the uninoculated 
control treatment. 11,e significant increase in the biochemical constituents like protein content 
(94.50%). total phenol (69.03%). reducing sugar (18.18%). Phenyl alanine ammonia lyase activ
ity(34.66%). Peroxidase activity (5 1.28%) of tomato due to soil and seedling treatment of 111-5 
isolate of 'l/"ichodenna sp. were observed after 15 days of inoculat ion . -n,erefo re it is found th at 
1"ic!/Oder/lla spp induce systemic resistance in tomato plant against bacterial bl ight disease. 

PIl2 

Natural occurrence of entomopathogenic microorganisms 
and efficacy of B. bassiana and Metarhizium anisopliae 

against white grub infesting soybean 

Ajay Kumar Pandey 

G. B. Pant University of Agriculture and Technology 
Pantnagar. Udham Singh Nagar-263 145. Uttarakhand 

drajay2002@gmai/.col11 

White grub (Coleoptera: Sca rabaeidae) is a major destructive pest in western Himala
yan region. Survey was conducted in 14 villages. representing white grub endemic pocket of 
Haridwar. Pauri and Tehri distriGts from August.to September during 2009- 11 to quantify the 
mortality of whitegrub through natural infection of entomopathogenic microorganisms. For 
the observation, one square meter area from different crops were excavated and all the avail
able grubs were coll ected in buckets having sa me soil and host plant for feeding of grubs. 11,e 
diseased o r dead cadaver were also collected and brought in the laboratory and identifIed the 
causal organisms. Field experiments were also conducted at Crop Research Center. College of 
Forestry and Hill Agriculture. GB PUA&T. Ranichauri during 2009- 10 to evaluate the effec
tiveness of entomopathogenic fun gi. Beauveria bassiana and Metarhiziwn allisop/iae with few 
insecticides against white grub. !-I% trichia /ongipenllis damaging soybean. 11,e study revealed 
that microorganisms like B. cereus. B. bassialla. M. allisopliae. Steillernema. Heterorhabditis 
are major disease causing agents in whitegrub under rainfed condition of Uttarakhand which 
caused 15.55 to 2 1.63% natural mortality of grubs with an average of 18.91 %. However. among 
the microorganisms. B. cereus found to be significa ntly more efficient (7.03% mortality) than 
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th e entomopathogenic fun gi (3.80% mortality) and nematodes (3.20% mortality). O n the basis 
of average cumulative plant mortali ty under field condition , M . allisopliae (5.0 x 10" spores/g) 
was found to be superior compared by recording lowest plant mortality (2 1.83%) and 6 1.58% 
reducti on in grub populat ion followed by B. bassiana (5.0 x 10 1J spores/g) where the plant 
mortality and reduction of grub population was 25. 18% and 54.75%, respec tively, compared to 
control. Highest percentage of yield increase ( 11 3.4 1 %) was al so recorded with M. allisopliae. 
However, among all the treatments, chemical insecticides i.e. imidacloprid was found to be 
th e most effective in reducing the grub popu latio n (82 .28%) and thereby increasing the yield 
206.86% over co ntrol. 

PIl3 

Investigation of bacterial soft rot of Aloe vera caused by 
Pee to bacterium chrysanthemi 

5 0 5ur yawanshi, A A Awale, R W Ingle & 5 A Dilpak 

Mahatma Plude Krishi Vidyapeeth, Rahuri -4 13722, Maharashtra 
5urYflWnJ1sh;,sonnnl@gnwi/.col1"1 

50ft rot of Aloe vera has a long botanical and medicinal history around world. 11,e soft 
rot disease of Aloe caused due to PectobacteriulII clllysnnthemi which was confirmed by dif
ferent parameters i.e. morphological and biochemical characterization and pathogenicity tes t. 
It is dinicult to control by fun gicides, bactericides treatments or cultural practices. In present 
investigat ion studies were undertaken to control this disease through the use of chemicals as 
well as bioagents. III vitro control of PectouacteriulU chrysall thel1li treatl11ent with streptomycin 
sulphate at 100 ppm, 200 ppm, 300 ppm and copper oxychloride at 0. 1 %, 0. 2 %, 0.3% were
used. The results indicated that th e growth of Pectobacterium chrysallthemi observed in control 
plate. 11,e fungi cide copper oxychloride @ 0. 1 %,0.2%,0.3% showed 14.50111111, 16.00111111 and 
17.50 111111 resp. zone of inhibition for Pectobacterillnl chrysanthelll i pathogens. 11,e bactericide 
streptomycine sul phate @ 100 ppm, 200 ppm, 300 ppm showed 15.80 ml11, 17.60 mm and 18.50 
ml11 resp. zone of inhibition for this pathogen. However, th e highest colony counl of Pectobacte
riulII chrysallthellli was observed in control plate. 11,e bioagents viz. , -II-ichodenlla viride, Pseu
dOlllollas fluorescells and Bacillus sllbtilis were used for control of Pectobacteriwlli,rysnnthemi. 
Per cent growth inhibition of bacteriul11 was observed with Bacillus subtilis 86.77% followed 
by PseudonlOllas fI"orescells 77.1 7% and minimum growth inhibition i.e. 60.90% was observed 
wi th Trichoderma viride. 
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In vitro efficacy of different bioagents against major seed 
borne fungi of cotton 

M S Bandgar, 0 V Ingole & B G Barhate 

Ma hatma Phule Krishi Vidyapeeth , Rahuri -4 13722, Maharashtra 
ltIohnllballdgar212@glllail.colII 

Colton (GOSSypilllll spp.) is one of the important commercial fiber and cash crop in I n
dia. Seed samples of four varieties viz., AKA-?, AKA-8, LRA-5166 and PKV Hybr id -2 were 
tested for seed mycoflora by standard blotter paper (ISTA, 1985) and agar plate method . Seed 
samples of cotton showed association of eight fungi viz., Aspelgiflus jlavus, Aspergiflus Iligel; 
Chaelomiulll globosllm, Cladosporium oxysporum, Co fletotrichllm demaliuln, Fusarium semitec
tum, MyrotheciulII roridlllll alld Rhizoctollia bataticola belonging to seven genera. Among two 
methods, agar plate method was found superior than standard blotter paper for detecting seed 
borne mycoflora of cotton. An attempt was made to see ill vitro efficacy of different bioagents 
i.e. Trichoderllla viride, l'selldomonaasjluorescens and Baciflus subtilis against major seed borne 
fungi of cotton by using dual culture techn ique. Rhizoctonia bataticola, Myrothecillrll roridllln 
and Cofletotrich",n dematilllll are major seed borne fungi of cotton. Among these bioagents, 
Trichoderllla viride was found effective which shows 66.00%, 84.80% and 88.25% growth inhi 
bition of R. bataticola, M. roridultl and C. dematiLl/n, respectively followed by l'seudoltlonaas 
jluorescells and Bacillus subtilis. 

PllS 

Antifungal effect of cow urine extracts against Colletotri
cum capsici causing leaf spot disease of turmeric 

:-s-Mishra, amveer & V P Pandey 

N.D. Universit y of Agriculture and Technology, Kumarganj, Faizabad, Uttar Pradesh 
d ITO til S Ullla III n ish ra@glllail.colII 

11,e present study was conducted to determine inhibitory effect of cow urine with five 
plants namely Azadiracta indica, Affiutll cepa, AfliulII sativulII, Calotropis procera and Datura 
stramonium against Cofletotricutll capsici isolated from leaf spot of turmeric. Poisoned food 
technique was performed to investigate antifungal efTect of plant extracts with cow urine, ac
etone and distilled water. All extracts were found inhibitory against C. capsici but to a varied 
extent. 11,e effectiveness of cow urine based Affium cepa extract was 51.58% followed by Aza
diarcta indica {48.63%)and Datllra stramolliulII (46.58%). Acetone based plant extracts were 
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a lso effective against C. capsici. 11,e highest inhibition was recorded in , AlliulIl cepa (49.2 1%), 
followed b)' Azadiracla illdica (45.79%) and AlliulII salivulII (4 2.94%). Whereas distilled water 
based plant ex tract was found least effective. Hence, cow urine based plant ex tracts appears to 
be promising and can be used to control Co/lelolriCIII1l leas spot of turmeric. 

P116 

Efficacy of different fungicidal molecules against C. gloe
osporioides causing leaf and fruit spot of pomegranate 

A M Tirmali & P B Kshirsagar 

Regional Ex tension Centre, Coll ege of Agriculture, Pune-41 J ~OS, Maharashtra 
a II i II i n lIal i@rediffillail.com 

Six fun giCides were tested in the laborator), for their eRi cac), against C. gloeosporioides
causing leafa nd fruit spot in pomegranate (Pullica gra llatum L. )b)' poisoned food techn ique. 
All fun gicidal treatments showed significantl ), least colon), diameter as compared to control 
(8.63 cm). Among six fung icides tebuconazole (0. 1 %) was found to be most effective which 
inhibited 87.48% growth of the fungus at recommended concentration, having colon)' diameter 
1.08 cm follo wed b)' difenconazole (0.1 %) inhibited 85.39% growth of the fun gus having colony 
diameter 1.27 cm and p),raclostrobin + metiram (0. 1%) inhibited 83.66% growth of the fungus 
having colony diameter 1.42 cm at recommended concentrations. 11,e inhibition was lowest in 
propineb (0.25%) inhibited on I)' 69. 17% havi ng colon)' d iameter 2.67 cm at recomm ended con
centration. In case of sporu lation, the result ind icated that tebuconazole (0.1%), p),raclostrobin 
+ metiram (0.1%), difenconazole (0.1%) fun gicides completely inhibited the sporu lation and 
the fun gicides azoxystrobin (0.05%), propineb (0.25%), metiram (0.25%) showed poor sporula
tion. 

1'11 7 

Management of stem/pod blight of soybean caused by 
C. truncatum 

M M Ansari 

ICA R-Directorate ofSo),bean Research, Khandwa Road, Indore-452001, Madh)'a ,\I:adesh 
IIllllallsarisoyabeall@gmail.colIl 

Stem/pod blight of soybea n (Glycille max L.), incited b)' Co/lelolrichllm Inlllcaillm 
(Schw.) Andrus and Moo re, is a serious disease in almost all soybean growing areas of the 
world. Since most of the cult ivated varieties were found susceptible to the pathogen, hence the 
foremost aim was to fi nd out the chemical control measures, wh ich ca n reduce the losses, A 
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number of chemical fungicides were evaluated il1 vitro cond itions using food poiso n method 
and the chem ica ls fou nd effective were fu rther evaluated in fie ld conditions. As compared to 
control all the test fu ngicides were found effective and inhibi ted the myceli a growt h of C. tnlll
eallim. However, th e inhibi ti on va ried from 79% to 89%. Maxim um inh ibiti on was recorded in 
benlate followed by thiopha nate methyl. ca rbendazim and propiconazole.A field expe riment 
was conducted. As compared to control all the treatm ents we re effective in red ucing the d isease 
incidence. The minimum d isease incidence was recorded in case ofT9 (St wi th vi tavax + spray
ing of captan 0.1 %) (5 .1 %) and the m aximum in un treated co ntrol ( 14.4%). Except T I (control) 
and T2 (St with vi tavax only) all the treatments were at par. Seed treatment alone red uced the 
d isease incidence (27%). while St + spraying of fungicides further reduced the disease inci 
dence. wh ich va ried from 54% to 65%. TIle highest yield was recorded in case ofT9 followed by 
T5 (St. vv + benl ate sp @ 0.2% and T3 (St. vv + ca rbendazim sp @ 0. 1 %). 

Influence of planting time on sheath rot of paddy 

A P Gaikwad & Y S Balgude 

Mahatma Phule Krishi Vidyapeeth . Agricultural Resea rch Station 
Lo navala. Tal-Maval. Pune-4 1040 I . Maharashtra 

apgaikwad@redigJjinnil.colll 

PI1 8 

At present. the sheath ro t of paddy (Oryza sativa) caused by Sarociadill ll/ oryzneisa dev
astating disease causing about 20-50% losses in yield. Th e survey carried out du ring Kharif, 
20 I 0 to 20 14 showed its hi gh severi ty wherever the crop is grown in the state of Maharashtra 
including Konkan reglEn. All cult ivated varieties of rice were found to be highly susceptible to 
sheath rot. Similarl y. the d isease cannot be kep t completely under check by the use of fungicides. 
Hence. under the circumstances of susceptibility of most of the popular cuit ivars to sheath rot 
as well as unavailabilit y of most effective chemical for management of disease, it is vcr}' nec
essary to manage the disease by using alternative methods of d isease management. Adjusting 
the planting lime with timely spray of fungicides helps to reduce the severit y of many di seases 
in several crops. Hence. the experiment was conducted consec utively for three years (kharif. 
2011 to 20 13) in fac torial RBO having fi ve planting dates viz. , 15th June, 30th June, 15th July. 
30th July and 16th August with and without sprays of ca rbendazim (0.1 %) + gu inalphos 25 EC 
(0.075%) at Agricultu ral Research Statio n. Lonavala. 1111'ee yea rs pooled results revealed that 
the crops of first and second planting dates with sprays recorded significantly least incidence 
of 42.38 & 48.05% and severity of 12.66 & 14.96% thus. highest disease reduction of 82.33 & 
79.1 2% over absolute control. respectively. O n the contrary. the crop of las t planting date with 
out spray had significa ntly maximum disease incidence of 99.70 and intensity of 7 1.65%. Fur
ther, the second planting d ate with sprays p roduced Significa ntly maximum grain (57.40 g/ ha) 
and straw (68.23 g/ha) yields thereby, highest yield increase of239.45 and 159.73% over control, 
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respecti vely with max imum B:C rati o of2.29. This was fo ll owed by first and third planting dates 
wi th sprays, which produced 214.80 & 206.28% higher gra in and 142. 12 & 135.48% more straw 
yields over co nt rol as well as had B:C ratio of 2.1 2 and 2.07, respectively. Thus, transplanting 
of paddy from 15 to 30'" Ju ne with two sprays of carbendazim 50 WP (0. 1 %) + qu inalphos 25 
EC (0.075%) at sheath formation and pani cle emergence stages were found to be most effective 
fo r man agement of sheath rot and thereby in creasing the gra in and straw yields with monitory 
retu rn s. 

P1l9 

Efficacy of botanicals and microbial inoculants on the 
growth of pigeonpea in relation to plant pathogens 

Rizwan Ali Ansari , Aisha Sumbul, Sartaj A Tiyagi & Irshad Ma hmood 

Aliga rh Muslim Universit y, Aligarh-202002, Uttar Pradesh 
r i zwa 115. (lliSa ri@g111(1il.com 

Efficacy of botanical , LallimIa camarn and bioinocu lants such as Azospirilflllll brasi
Iel/se and Trichoderllla harzialllllll was determined in fi eld experiment co nducted for three 
summer seasons of 20 10-20 13 al University Agricultural Resea rch Fa rm singly and in various 
co mbinations along with different recommended doses of inorganic nitrogenous ferti lizers on 
grow th paramete rs of pigeonpea (Cajallus cajall) in relati on to the eco -friendly management 
of plant-pathoge ns. A significa nt reduction was observed in th e populati on of plant-parasit ic 
nematodes as well as soil-pathogenic fun gi due to the soil application of bio -inoculants and a 
bota nical along with recommended doses of inorganic fertili zer as compared to untrea ted con
tro l. However, the frequency of saprophyt ic fungi such as Aspelgilllls lIiger, A. jlm'"s, Pellicilliul1I 
digilalll lll , etc. increased significa ntl y d ue to addition of orga nic bioi nocu lants and inorganic 
fertili zers. The maximum enhancement was noticed in the growth and yield parameters sllch 
as plant height, fres h as well as dry weights, number of pods/plant, fruit weights/plant, protei n 
content and chlo rophyll content when these bioinoculants added simultaneously along with 
L. canlnrn and 100% recommended dose of nitrogen in various combination. Application of 
Azospirillwn brnsilellse and hichodenna harzia/'llllll showed Significant improv~,en t, however, 
AzospirilfulII brnsilellse was found more prominent than Trichoderma harziallum. PhYSiological 
parameters such as ra te of photosynthesis, fluo rescence va riable (Fv/Fm) in creased Significa ntly 
while rate of transpiration and stomatal conductance were decreased reciprocally when plants 
were given with aforesaid individual as well as combined application. Productivity parameters 
such as N, P and K contents in plants as well as in soil increased significantly in all the combina
tions irrespective of the treatments but most effectively in concomitant inoculation of these bi 
oinoculants. This field study suggests that the soil application of organic add itives and microbial 
bioi noculants minimises the additional supplement of chemica l fertilizers which continuously 
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and regularly changed th e ecological balance among diverse group of microorganisms harbour
ing in soil ecosystem. 

Management of foliar diseases of cotton 

R R Preane, N B Pawar & R W Bharud 

Mahatma Pln ile Kr ishi Vidyapeeth,Rahuri -413722, Ahm ednagar, Maharashtra 
ralnperalle@g11'lnil.coll1 

1'120 

A fi eld experiment was conducted during Kharif 2014- 15 at Cotton Improvement Pro
ject, MPKV, Rahuri for evaluation of seven fun gicides and two bioagents against folia r diseas
es of cotton. Among leaf spot diseases (A lternaria/Cercospora/Myrothecium/Bacterial blight) 
Allemaria blight was the major disease observed in the experimental plots ranged from 9.22 
to 34.52%. The lowest disease intensi ty (9.22%) and maxi mum disease control (73.29%) was 
recorded in spray treatment of Nativo-75 @0.05% WG (Triftoxystrobin 25% + Tebuconazole 
50% WG), which was at par with all the fungi cide treatments and significa ntly superior over bi 
oagent spray treatments and untreated control. The treatment sprays of bioagents P. fluorescells 
(0.5%) and or. Viride (0.5%) recorded 20.46 and 23.39 POI, respectively and was Significa ntly 
superior over untreated control treatment recorded maximum 34.52% disease intensi ty. More
over, the maximum seed cotton yield of \9.99, \9.70 and \9.4 1 q/ha was recorded in treatment 
sprays of Nativo -75 @0.05% WG, Copper oxych loride 50 WI' (0.3%) + Streptocyclin (0.0 1 %) 
and Pyrachlostrobin 20 WG (0. \ %), respectively and minimum seed cotton yield (i 5. 18 q/ha) 
in control treatment. 

1'121 

Management of root rot and damping off complex in 
French bean with Trichoderma and Pseudomonas 

base bio-formulations 

Aradhika Tripathi, Rakesh Tak & S C Dubeyl 

ICAR-Indian Agricultural Research Institute, New Delhi - I 1001 2 

IICA R-National Bureau of Plant Genetic Resources,New Delhi- 11001 2 

11,e experiments were conducted during 20 12- 13 and 2013- 14 at ICAR- IA RI, New 
Delhi to eva luate the performance of different seed dressing and soil application formulations 
of Trichoderma species and talc based formulation of Pseudolllollas fluorescens (IBSD-P \37) 
against root rot (Rhizoc lollia sola IIi) and damping off (Pylhiumuilimulll) complex in French 
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bean. 11,e seeds treat ed wi th seed dressing formulatio ns of Trichoderma and Pse udomonas 
a lon e and in combinations increased the seed germ ination , root and shoots lengths, plant dry 
weight and pod yield and decreased the disease in cidence. 11,e seeds treated with Pusa 5 SO 
(T harziallI.IIII - IAR I 1'4) in combination with P.flllorescell s gave the highest seed germination , 
shoot and root lengths, dry plant weight and pod yield along with the lowest disease incidence 
fo ll owed by Pusa 5 SO (T IIarzialllllll - IAR I 1'4 ) a lone, Pusa 5S0 (T viride; IBSO '1'-20) in com
bin atio n with IBSO isolate of P. fluorescells and Pusa 5S0 (T viride; IBSO T-20) alone. Seed 
ge rm inat ions, root length and disease incidence recorded in th ese treatments did not diffe r 
significantly. Soil appli cation of Pusa bio -pellets of T IIarzialllllll (IAR I 1'4) and '( viride (IBSO 
T-20) also enhanced the seed germination shoot and root lengths, d ry plant weight and pod 
yield and red uced disease incidence. Seed germ ination, root lengths and pod yield recorded in 
these treatments were significantly higher over th e controls, whereas shoot length and disease 
incidence did not diffe r signifi cantly over the cont rols. 

1'122 

Management of leaf blight of tuberose 

o S Kakade, S M Katwate, S B ladhav & S B Gurav 

All India Co-ord inated Floriculture Im provement Project 
National Agr icultural Research Project (Pz), Ganeshkh ind, l'une-411007, Maharashtra 

kakadedevidas@gll1ail.coll1 

Tuberose (Polinllthes tuberosa L.) is one of the most important bulbous ornamentals of 
tropical and subtropical areas. It is commerciall y cultivated for cut and loose flower trade and 
a lso for the extraction of highl y valued natural flolVer oil. 11,e tuberose crop is taken well with 
less protection measures, however due to change in climatic conditi ons th e leaf blight diseases 
caused by Alternaria polyal1thi accounting 15-20% losses in yield and quali ty of tuberose and 
becomes the major threat in Maha rashtra state. A fi eld tr ial was conducted at All India Co-ordi
nated Research Project on Floriculture, NARP, Ganeshkhind , Pune, during 2011- 12 to 201 3- 14 
for three years to find out the most suit able management measures against leaf blight of tuber
ose. 11,e cultivar Pillde Rajani was planted in randomized block design with three replications at 
30 x 30 cm spacing in flat beds. 11,e six sprays of six fungicides viz., mancozeb 0.2%, chloroth 
alonil 0.2%, tricyclazole 0.1 % iprodine + ca rbendazim 0.1 %, difenaconazole 0.1 %, azoxystrobin 
0.1 % and control at 10 days interval starting from first incidence of disease were given.111e 
three years pooled results revealed that the treatment with azoxystrobin 0.1 % showoti' the least 
d isease intensity (2.64 POI) with maximum disease reduction (87.0%) but it was at par with 
difenoconazole 0. 1 % (3.96 POI and 80.50% POR) and iprodine + ca rbendazim 0. 1 % (4.2 1 POI 
and 79.3 POR) and were found Sign ificantly superior over rest of the treatments. 11,e maximum 
yield of flower stalks and salable bulbs were obtained in azoxystrobin 0.1 % (8.40 lakh fls/ha and 
23.6 lakh bulb/ha), iprodine + carbendazim 0.1% (8.37 lakh fls/ha and 24.47 lakh bulbs/ha) 
and d ifenoconazo le 0. 1 % (8.28 lakh fls/ha and 23.55 bulbs/ha). 11, e diffe rent treatm ents gave 
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monetary returns ranging from Rs. 1 8.4 '~ lakhlha to 20.60 lakhlha as against Rs. 15.83 lakh/ha 
in control. 'n,e highest monetary returns of Rs. 20.60 lakh/ha with max imum benefit cost rat io 
3.47 was obtained in sprays with iprodine + carbendazim 0.1 %. 

Disease management through organic practices in 
groundnut 

R P Lakhtaria, C Lukose, A M Moradia & K L Dobariya 

Main Oilseeds Research Station, jAU, junagadh -362001 , Gujarat 
rpfakhtaria@yahoo.colll 

PIB 

The present invest igation was conducted to evaluate the eflicacy of application of organic 
amendment enriched with biological control agents biological control agents and bio-prod
uct as foliar spray in managing soil borne as well as foliar diseases (stem rot, collar rot, ti kka 
and rust) of groundnut for three years. The highest income (Rs. 107,256) and ICBR (I: 13.52) 
were obtained in treatm ent where mancozeb was applied as seed treatment and hexaconazole 
as spray followed by Triehoderllla viride as seed, soil and spray treatments (Rs. 94463; ICBR 
1:4.92). It was obvious from the data that fungicides were essential for managing foliar diseases 
of groundnu!. Moreover, foliar spray of hexaconazole, a systemic fun gicide was also effective 
for reducing stem rot at later stage. lllOugh organic farming is eco -fri endly and safe, the appli
cation of FYM was costlier than fertilizers. Likewise, hexaconazol e was more eflective for the 
management foliar diseases as compared to the neem extract and biological control agents. On 
the effi cacy of fungicides, yield and ICBR, it is concluded that seed treatment with mancozeb 
followed by two sprays of hexaconazole along with the application of recommended fertilizers 
(12.5N:25P) was very effective and economical in managing groundnut diseases, giving better 
yield as compared to the application of FYM and biological control agents (organiC farming). 

1'124 

Fungicidal management of leaf spot of turmeric caused 
by Colletotrichum capsid 

M D Shinde, B M IIhe, D B Gawade & A S Sayyad 

Mahatma PIllIle Krishi Vidyapeeth, Rahuri -413722, Ahmednagar, Maharashtra 
bill. ilhe@yagflO o.col/1 

Turmeric (ClIrClil/1a fOllga L.) is one of the major spices cultivated for its underground 
rhizome. In this crop several diseases occur among which Colleloiriehlllll leaf spot is an im
pOl-tant disease. ll,is disease was first reported from Coimbatore district of Tamil Nadu as Ver-
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l11iculnrin ClI rClIInae (Syd.) in 191 7. Later, in 1947 concluded that Col/etol richul11 capsici and C. 
curCllllln are the same species. Considering th e potential of leaf spot disease to cause the yield 
dam age and importance of the turmeri c crop in Maha rashtra and as well as in India.TIle present 
studi es conducted (in vitro and ill vivo) to test the efticacy of a eight fun gicides viz., Man cozeb, 
Tr ycyclazole, Copper hydrox ide, Propiconazole, Ca rbendazim +Ma ncozeb combination, Hex
aconazole, Ca rbendazim and Copper oxychloride. III vilro study revealed that Propiconazole 
was most efFective in controlling C. capsici, followed by Hexaconazole, Carbendanzim + Man
cozeb, Carbendanzim and Mancozeb. However, the mean per cent inhibition of Propiconazole 
was highest ( 100%), foll owed by Hexaco nazole (88. 14%), Carbendan zim + Mancozeb combina
tion (83.70%), Carbendan zim (80%), and Mancozeb (73.33%). In in vivo experiments the min
imum disease severity of leaf spot was recorded in Propiconazole(8.88%) which was at par with 
Hexaconazole (9.62%), Carbendanzim + Mancozeb combination ( 11.11 %) followed by Ca r
bendanzim (13.33%). Max imum leaf spot disease severity was observed in control (40.00%). 

Delonix regia nursery disease management in 
Arunachal Pradesh 

P Raja, Biki-am Singh & Sanjeev Kumar 

College of Horticulture and Forestry, CAU, Pasighat, Arunachal Pradesh 

1'125 

Forestry has the prime objective of developing and protecting forests for their max imum 
productivity in Arunachal Pradesh. Fungal pathogens are major biological determ inants in 
nurseries. TIley cause heavy damage to seedlings and hence reduce both quantity and quality of 
planting stock. De/onix regia is an important forest tree; they are prone to nursery diseases. Fur
ther, the infected seedlings are weakened and unable to withstand the adverse fieldl plantat ion 
conditions. TI,US, the economic loss resulting from nursery diseases are considerable. TIlerefore, 
studies were conducted to control the nursery diseases in the college. De/onix-regia seeds were 
treated with biocontrol agents and chemicals. Bavistin 0.2% and Trichoderma 2.5% were used 
and treated seeds were sown in the nursery area. The nursery sites are sandy soils and beds are 
ill trained . Hence, experiments were conducted to control soil borne pathogens. Nursery area 
was treated with hot water, chemical and biological control agent. Result obtained from seed 
treatment shown that chemica l (bavistin 0.2%) and biocontrol (0.5%) reduced the disease inci 
dence by 23%. Further, soil treatment, Bordeaux mixture (0. 1 %) chemical reduce the disease in 
cidence by 75% followed by biocontroal agent 55% and hot water treatment 18%. TIllis treating 
the Delonix regia seed wi th bavi stin and Trichoderma and Bordeaux mixture (0. 1 %) application 
10 days after sowing have reduced disease incidence in nursery. 
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Management of Fusarium wilt in gladiolus 

OS Kakade, S M Kat wate, S B ladhav & S B Gurav 

All India Co-o rdi nated Floriculture Improvement Project 
Natio nal Agricultural Research Project (I'z), 
Ga neshkhin d, l'une-4 11007, Ma harashtra 

kakadedevidas@glnail.conl 

1'1 26 

Gladiolus (Gladiolus dracociplw lus) is an important cut fl ower growing mainly for cut 
flower purpose. The main biot ic stress is wilt caused by Fusarium oxysporiuf/I f.sp. gladioli and 
may cause a crop loss up to 60-80%. A fie ld trial was conducted at All India Co-ordinated 
Research Project on Floriculture, NA RP, Ganeshkh ind, I'une, durin g 2011 -12 to 20 13-14 for 
three years to fi nd Ollt the most suitable management measures against Fusarium wilt disease 
of gladiolus. The sansarre a susceptible variety was ra ised in randomized block design with 
three replications. A spacin g of 60 x 10 cm. was adopted and 15 corms were planted for each 
treatment using ridges and fu rrow method. The inoculum of Fusariu/II oxysporium f. sp. glad
ioli @ 250 g/m2 was mixed thoroughly with 5 kg of well pulverized fIeld soil and the mi xture 
was spread evenly in experimental plot prio r to planting. TI,e bulb treatment at the time of 
storage and plant ing was given with hot water treatment (50°C for 30 min .) coupled with two 
bio control agents namely T. viride and P. jluorescens, one fungicide namely caftaf @0.3% and 
bulb treatment before storage and after planting only with capt af @0.3% we re used. Th e pooled 
resuits over th ree years revealed that the least disease incidence (3.58, 5.55 and 7.22 POI) and 
maximum disease reduction (94.67%, 91.74% and 89.26%) was recorded in pre storage hot 
water treatment of corm (500 fo r 30 min.) followed by pre planting corm treatment with captan 
0.2% + ca rbendazim 0.2% followed by corm treatment wi th 'r harziol/u/II 10 giL for 30 min., 
pre-storage 11OLwate' treatment of corm (50°C for 30 min .) followed by pre planting corm 
treatment with captan 0. 2% + ca rbendazim 0.2% and pre storage and pre planting corm treat
ment with captan 0.3%, respectively and were found at par with each other. Howeve r, the pre 
storage and pre planting corm treatment with captan 0.3% gave max imum benefit cost ( 1.90) 
and maximum monetary returns per ha (Rs. 13.21 lakh) and was found cost effective fo r better 
management of Fusa rium wilt of gladiolus. 
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Effect of organic matters and Trichoderma viride 
on the growth and productivity of Abelmoschus 

esculentus in relation to the management of 
phytonematodes 

Safiuddin , Aisha Sumbul, Irshad Mahmood & Sartaj A Tiyagi 

Aliga rh Muslim University, Aligarh-202002, Uttar Pradesh 
sajiuddin7ansari@gmail.com 
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Efficacious nature of some oil-seed cakes such as sesamum cake and ground nut cake, a 
botanica l Thevetia peruvinna and antagonistic fungus Trichoderma viride were inoculated sin 
gly and in various combinations in field condition in terms of growth and productivity param
ete rs of A. eSCl/lentus in relation to the management of plant-parasitic nematodes. The growth 
parameters such as fresh as well as dry weights, number of fruits, ascorbic acid content and chlo
rophyll content wcre found Significa ntly increased in all these treatments as compared to un
treated control. Combined applications were more effective than individual application. Among 
organic matters, seasmum cake was found better in enhancing plant growth than groundnut 
cake, followed by T. peruviana and T. viride. Rate of multiplication was greatly affected due to 
soil application of orga nic matter and T. viride because of its suppressive nature. Productivity 
para meters, NP and K in plants as well as in residual soil were found significantly increased in 
all the treatments but more prom inently in combined inoculation. 11,e highest improvement 
in growth parameters was observed when the okra plants treated in combination with oil -seed 
cakes, T. peruvianQ and T. viride. 'n,e study wi ll be useful in organic agriculture system to en
hance the production without the addition of chemical fertili zers and synthetic chemicals. 
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Efficacy of UV irradiated Trichoderma viride mutants 
against Sclerotium rolfsii 

C R Kshirsagar, K K Saini & S B Gurav 

National Agricultural Research Project, Ganeshkhind, Pune-411007, Maharashtra 
theuniverse@scientist.com 

1/'ici1odenl1a, a well -known fungal biocontrol agent, grouped wi thin the sub-division 
Deuteromycotina, in which sexual stage (perfect stages) is not known or rarely found and repro-
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duction is lim ited to the production of conidia. Therefore. UV mutagenesis was found to be one 
of the novel strategies fo r developing Trichoderma mutants with enhanced biocontrol abilities 
against predominant soilborne fungal pathogens. Four effi cient mutant strains were obtained 
from the wild 'f. viride strain . after expos ing to UV irradiat ion source i.e. UV- tube. wavelength 
(1-) -254 nm. power 15 watt for di ffe rent time periods. ranging from 20 to 80 minutes. Selected 
T: viride mutants showed va riation in morphological characters.better sporulat ion and highest 
growth on PDA plates than their wild type strain. All mutants could grew at temperatu re 35°C 
having linear extension rate (mm/day) in the range of 25.95 to 32. 11. However. wild strain of 
T viride (control) showed less growth rate at 35°C. S. rolfsii was used as soil borne fun gal test 
pathogen. which was found very sensitive to 'f. viride mutants in vilro. In dual culture study. 'f. 
viride mutant TvM 2-UV2/60 showed 89.87% mycelial inhibition of S. rolfsii over the control 
(wi ld strain of'f. viride). S. rolfsii was also found to be more sensitive to the volatile compounds 
released by 'f. viride mutant TvM2-UV2/60 which showed 82.72% mycelial inhibition of S. rolf
sii over the control. In pot culture experiment. 'f. viride mutants enhanced root growth than 
untreated control and thus helped to enhance growth of tomato seedlings. It can be inferred 
from the results that mutagenesis in T viride by using UV-irradiation is the best way to create 
efficient strains with enhanced antagon istic potential for suppression of predominant soilborne 
fungal plant pathogens (PSF P) like S. rolfsii. 

PI 29 

Impact of organic manures on two different cultivars in 
little millet against sheath blight 

Y Sandhya Rani. T S S K Patro. B Neeraja. S Keethi & S Jyosthna 

A.N.G.R Agricultural University. Agricultu ral Resea rch Station 
Gajularegha. Vizianagaram -53500 I. And hra Pradesh 

ars. vZ111@gnwil.com 

Little millet (Pal'licul1l sumalrense Roth ex Roemer and Schultes). locally known as kutki. 
kuri, samaiu, samai, suan and sama is cultivated throughout India in more than half a million 
hectares in the states of Tamil Nadu. Orissa. Bihar. Jharkhand. Maharashtra. Madhya Pradesh. 
Chhat tisgarh. Andhra Pradesh and Karnatakaas cereal crop under extreme soil and climatic 
conditions of tribal agriculture.The crop is hardy and provides reasonable harvest even in de
graded soils and unfavorable weather conditions. Generally. little millet is known as a disease 
free crop. but under favourable conditions. found infected with sheath blight caused by Rhizoc
Ionia so /alii kuhn leading considerable loss in grain yield under favorable environmental co n
ditions. An experiment was conducted at Agricultural Research Station. Vizianagaram. Andhra 
Pradesh w'ith different orga nic manures (Farmyard manure, vermicompost and necmcake) in 
two different cultivars of lillie millet (Peddasa ma and OLM-203) in split plot design. The per-
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centage disease intensity was calculated as numbe r of infected nodes divided by total number of 
nodes, multiplied with hundred. Highest percent disease intensity of sheath blight was recorded 
in Farmyard manure applied Peddasa ma (1 5.6%) culti var and also lower yield (7.67 q/ha) com
pared to Farmya rd man ure applied OLM -203 (9.0%) and yield was (8.52 q/ha) culti var followed 
by vermico mpost and necmcake in respective cultivars. 

Biological control of chilli root rot complex with 
soil amendments 

Ritika Bhattachaj ee, A P Suryawanshi, Sunita } Maga r & D V Pawar 

Department of Plant Pathology, 
Vasantrao Naik Marathwada Krishi Vidyapeeth, 

Parbhani -43 1402, Maharashtra 
a pS1I1 kv@redijfmoil.com 
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During recent years, the root rot complex disease of chilli (CopsiCl/1/l 01/111111111 L.) has 
attained its serious proportion under nursery as well as field conditions. The pathogens respon
sible for root rot complex identified were ScierotiulII rolfsii and Fusariul/l solalli, causing about 
60-80% and 35-50% losses, respectively. 11,erefore, present studies on manangement of chilli 
root rot complex were undertaken at Department of Plant Pathology, V.N.M.K.V. , Parbhani 
during Monsoon 2013. A total of 12 amendm ents were evaluated as pre-sowing soil applica
tion, employing the sick soil technique and sowing susceptible chilli Cv. Parbhani Local, in 
pot culture under screen house conditions. Two separate experiments (one each of S. rolfsii 
and F. solani) were planned with CRD and all the treatments replicated thrice. Observations 
on seed germination, pre-emergence seed rot and post emergence seedling mortality in both 
the ex periments were recorded separately. 11,e results revealed that all the treatments showed 
significant increase in per cent seed ge rmination, over untreated control. However) necm seed 
cake foll owed by mustard seed cake and castor cake recorded 66.67, 66.00 and 63.83% increase 
in seed germination, respectively in S. rolfsii sick so il. While, in I' solani sick soil, the best soil 
amendments found were mustard seed cake, followed by neem seed cake and casto~ake with 
67.59,66.22 and 64.23% increase in seed germination, respectively over untreated control. All 
the test soil amendments were found effective against both the pathogens (S. rolfsii and I' sola
lli), which recorded significant reduction in pre-emergence seed rot, post-emergence seedling 
mortality and average mortality in chilli crop. 
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Field evaluation of ecologically sustainable 
management technology for apple 

replant disease 

Narender K Bharat 

Dr. Y. S. Parmar University of Horticulture and Forestry 
Nauni. Solan-173 230. Himachal Pradesh 

I iblln fa t07@rediOilla il.com 
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Apple is a commercial crop of NW Himalayan region of India including state of Him
achal Pradesh. The area under apple plantation is increasing as farmers are introducing im 
proved and highly productive varieties for plantation in th eir orchards. Because of limitation 
of land in hilly areas growers are compelled to plant most of the new seedlings stock on old or
chard site. This practice has resulted emergence of replant disease in most of the replanted apple 
orchards. Hence. there was an urgent need to evolve an ecologically sustainable management 
strategy for replant disease. In this regard. difrerent treatment combinations including cover 
crops. bio-fumigant crops. arbuscul ar mycorrhizal (AM) fun gi. biocontrol agents (BCA). tol 
erant rootstock and specific fungicide were tested first under pot cultures and then under f, eld 
conditions. Out of these fi ve treatment combinations viz .• ( I ) formaldehyde soil fumi gation 
+ wheat as cover crop + soil applicati on with AM fun gi and BCA formulation + M-793 root
stock. (2) forma ldehyde soil fumigation + wheat as cover crop + soil application with AM fungi 
and BCA formulati on + MM -III rootstock. (3) soil bio-fumigation with Brassicas + wheat as 
cover crop + soil application with AM fungi and BCA formulation + M-793 rootstock. (4) soil 
bio -fumi gation with Brassicas + wheat as cover crop + soil application with AM fu ngi and BCA 
form ulation MM - lli rootstock. and (5) soilbio-fumigation with j3rassicas + wheat as cover 
crop + MM - Ill rootstock + Ridomil MZ (0.4%) soil drench did not show any symptoms of 
replant disease till one year of transplanting as compared to 60% incidence in untreated control. 
The annual shoot growth of the apple plants in these treatment combinations was measured to 
be 24 to 64 cm as compared to 14.8 cm in untreated control. The highest annua l shoot growth of 
64 cm was observed in the treat ment combinat ion ( I) forma ldehyde soil fumi gation + wheat as 
cover crop + soil application with AM fungi and BCA formulation + M-793 rootstock foll owed 
by (4) soil bio-fum igation with Brassicas + wheat as cover crop + soil application with AM fun gi 
and BCA formulation + MM -Ill rootstock and (5) soil bio-fumigation with Brassicas + wheat 
as cover crop + MM -Ill rootstock + Ridomil MZ (0.4%) soil drench. Any of these treatment 
combinations ca n therefore be used to check replant disease in affected apple orchards. 
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Bioefficacy of fungicides against the fungi associated with 
root complex of chilli 

A P Suryawanshi . Ritika Bhattachajee. S 0 Somwanshi & M S Sable 

College of Agriculture. Latur 
Vasantrao Na ik Ma rathwada Krishi Vidyapeeth. Parbhani -43 1402. Maharashtra 

apsnlkl'@rerliffllwil.com 

Among the fungal diseases of chil li (CapsiwlI1 alllnUlII1 L.). root rot complex caused due 
to co -infection of the fungi viz .• Scierotiu lI1 rolfsii and Fusarium solani is the major one. causing 
reduction in plant population in nursery as well as under fi eld conditions. 11lerefore. prese nt 
in vitro studies were conducted during Monsoon 201 3 to eva luate the bioeffi cacy often fungi 
cides (each @ 500. 1000.2000.2500 ppm). applying Poisoned food technique and using Potato 
dextrose agar as basa l culture med ium. The experiment was designed with C RO and all the 
treatments replicated th rice.11le results revea led that 100% average mycelial growth inhibition 
of S. rolfsii was reco rded with the fungi cides viz .• Carboxin 37.5% + 'n,iram 37.5% and Man
cozeb; whereas. that of in F. solani ce nt per cent average mycelia l growth inhibition was caused 
with the fungicides viz .• carbendazim. carboxin 37.5% + 'n,irum 37.5% and carbendazim 12% 
+ Mancozeb 63.0%. The second and third highest average mycelial growth inhibition in S. rolfsii 
was recorded with the fungicides viz .• metalaxyl 8% + Mancozeb 64% (94.30%) and propineb 
(87.72%) . Whereas. in F. solani second and third best fun gicides found were Mancozeb (85. 12%) 
and metalaxyl 8% + Man cozeb 64% (83. 39%). Rest of the test fungicides recorded average my
celial growth inh ibition in the range of 41.65 to 85.65% and 70.95 to 81.91 %. respectively in S. 
rolfsii and F. sola lli.11lUs. the combi -fungicides viz .• Carboxin 37.5 % + 11,iram 37.5%. followed 
by metalaxyl 8% + Mancozeb 64% and carbendazim 12% + Mancozeb 63.0% could be used for 
effective management of the fun gi responsible for causing root rot co mplex in chilli. 
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In vitro efficacy of fungicides botanicals bioagents against 
Xanthomonas axonopodis pv. citri by paper disc method 

Prerana Abhang. M V Totawar. Kadam Rahul. Tate Anita. G K Giri. Pusadkar Ashwini & 
V V Oeshmukh :I 

Dr. Panjabrao Oeshmukh Krishi Vidyapeeth. Akola-4441 04 . Maharashtra 
preranaabha'lg09@gmail.com 

Citrus canker disease of acid li me caused by Xanthomollas axollopodis pv. citri an impor
tant disease in many parts of M H region. 'n,e bacterium infects the twigs. petioles. fruit stalks 
and fr uits. resulting in both qualitative and quantitative loss in acid lime. Efficacy of different 
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combination of chemica ls. botani cals and bioagents aga inst X(wt ltom onns axollopodis pv. citri 
was assessed ill vitro by measuring the growth by paper disc method. Maximum zone of in 
hibition was recorded in chemical treatmcnts. i.e. copper oxychl oride (0.2%) + Streptomycin 
sulphate (200 ppm) with recorded 36.64 mm zone of inhi bi tion which is at par with treatment 
copper oxychloride (0.2%) + St reptomyc in sulphate ( I 00 ppm) showed 30.00 mm zone of inhi 
bition. Among the bioagents P jluorescence (I 0.33 mm) cxhibited maximum zone of inhibi tion 
followed by B. subtilis (10.13 mm ) and in botanicals 5% neem extract showed 13. I 3 mm zone of 
inhibition. 
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Prevalence, diagnosis and integrated management of 
collar rot in apple through eco-friendly Methods 

J M Sharm a, H S Negi & Shweta Sharm a 

Dr. Y.S. Parmar Universi ty of Horticulture and Forestry 
Nau ni, Solan- 173230, Himachal Pradesh 

i 111 sha /'Ilia 18@gmail.com 

Incidence of collar rot in apple under nursery and orchard co nditions of Himachal 
Pradesh varied between 2.5 -24.5% and 0.2-77.5%, respectively. Phytophtlwra enctorum was 
identified the most common pathogen to cause collar rot with average frequency of occurrence 
ranging between 73-85%. PythiwlI ultimwn was the next common pathogen with freq uency 
ranging ]2-22%. Other species of Phytophthom viz., P citricola (2-4%), P citrophthom ( 1.5-
3%). Psyrillgae (1.0-2.5%) and P litorale- a new record{0. 5-1.0%) were also identified. Different 
individually highly effective eco-friendly inputs viz., fungal (7"ichodenlla harziamun-5{TH5) , 
T hall'latull1:.2 (IHM-1l, bacterial Ukrcillus subtilis- Il BSl l , Pseudomollas jluorescens KB6), 
mycorrhi zal (Clou/us mosseae -2 GM2, C. heterosporum GHf) 1i10control agents (BCAs), 
soil amendments (mustard cakes, dried leaves of Eucalyptus, Murmya koeningi, seeds of Me
lin azednmch), bio-fu migation with mustard plants, resistant rootstocks and soil solarization 
against target disease in apple in the earli er studies (2008- 1 I) were further eval uated in different 
combinations under nursery (sick plot) and orchard condi tions during 2012-14 to develop an 
eco- friend ly integrated management strategy. Under nurse ry conditions, difte rent single com
bination of individually effective inputs with soil solarization (SS) provided much enhanced 
control (87.6-98.3%). Further, combinat ion of SS and mustard cake with fungal and bacterial 
BCAs provided complete control of target disease. Addition of fungal BCAs viz., TH5/ THM2 
separately with KB6 and BSl] provided 89.4, 94.2, 90.4, 94.2 PDC, respectively. Applications of 
TH5, BS-II, and KB6 separately with mustard cake gave 96.4, 95.3 and 92.2 PDC, respecHvely 
whereas the combi nations of mustard cake with TH5 and BS]l provided 99.1 PDC. Under 
orchard co nditions, addition of TI-I5 in combinat ion with BS- Il and mustard cake increased 
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average shoot growth to 31.6 cm as compared to 6.1 cm in untreated plants. Fur ther, approach 
grafti ng and addi tion of TH5, BS 11 and mustard cake increased the shoot length to 36.4 cm 
whereas three appli cations of botani ca l cow urin e decoction prepared frol11 Murraya leaf. Eu
calyptus leaf and Meli a azedarach seed (7.5% @ )O Llplant) a lone in the month of March, June 
and August a lone as well as with approach graftin g increased the shoot length to 32.3 cm and 
39.9 cm against 6.3 cm in untreated one. Spreading of red so il ( )O cm thick layer) in plant basi n 
along with additi on of cow urine decoction as above (increased shoot length 36.3 cm) and its 
combination with approach grafting were also effec ti ve (4 ).8 cm). 
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Diagnosis and integrated management of mouldy core 
and core rot of apple fruits: A new emerging disease 

) M Sharma & Bandhan Sharma 

Dr. Y. S. Parmar Universit y of Horticulture and Forestry 
Nauni, Solan - ) 73230, Himachal Pradesh 

imsharma 18@gmail.com 

Mouldy core and core rot of apple fruits has bee n appearing in moderate to severe form 
leading to excessive pre-harvest frui t drop and post harvest fruit rot during storage since 2005. 
Amongst the different associated pathogens (l 6 No.) identified; Alternaria mali occu rred in 
highest frequencies (54 .0-8 1.5%) followed by T. rosel.lln (l 4.5-37.50%). Fusarium (0.1 -5.8%) 
and Penicillillll"l (0.2 -2.60%) species occurred in low frequencies and other were occasionally 
observed. In management stud ies, evaluation of ) 0 fungicide spray schedules each consisting 
of individually in vitro effective fungicide two consec utive yea rs indicated that a sched ule com
prising three sprays starting with propineb (0.3%) at pink bud stage foll owed by another two 
sprays with d ifenoconazole (0.0 15%) and dodine (0.075%) at petal fa ll - pea and marble - wal
nut stage, respectively was highly effective (96.4%) and economic (CBR 1 :9.2). O ther schedules 
were effective up to an extent of 84 .5-94.2%. Similarly appraisal of nine different combinations 
of plant water extracts showed th at three sprays starting with garlic bulb extract (5.0%) followed 
by M. koel/igii leaf ex tract ( 1O.0%) and M. azedaradl seed ( 10%) + aonla fruit ( IO%) at above 
sa id three critical stages of plant growth in order was highly effective (82.5%) and was at par 
with schedule wherein first two sprays as above schedule has been exchanged and -tt'ird one is 
repl aced with walnut leaf extract ( IO%) . In development of integrated management approach, 
out of nine different schedules evaluated fo r three consecutive years (201 I - I 3), a schedule con
sisting three sprays starting with garlic bulb extract (5%) + difenoconazole (0.01 2%) followed 
by another two sprays with M. koenigii leaf water ex tract (IO%) + propiconazole (0.04%) - man 
cozeb (0.25%) + aonla fruit extract (l0%) at above three stages of plant growth as above, respec
tively was most effective (96.2%) and quite economic (CBR 10.89). 
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Somatic embryogenesis and testing somatic embryo de
rived plants of black pepper for Piper yellow mottle virus 

Shina Sasi, A I Bhat & R Ramakrishnan Nair 

lCA R-lndian Insti tute of Spices Resea rch, Kozhikode-6730 12, Kera la 
nib65@yahoo.co.ill 

Matured berries obtai ned from black pepper plants infected by Piper yellow mottle virus 
(PYMoV) of nine varieties namely IISR l1,evam, II SR Gi rimunda, IlSR Shakthi, llSR Malabar 
Excel, POllrnami, Subhakara, Sreekara, Karimunda and Panniyur- l were used for somatic em
bryogenesis. Embryo along with surrounding micropylar tissue scooped out from the surface 
sterilized berries were used as starting material. Primary somatic embryo was induced from 
micropylar region. Secondary somatic embryos were visible from root pole region of prima
ry embr yos within 65 to 90 days in different black pepper variet ies on growth regulator free 
Schen k and Hidebrandt (S H) medium. Secondary somatic embryo gave rise to cycl ic second
ary somatic embryos (proembryogenic mass) within 10-20 days in different vari eties. Rate of 
multiplication of somat ic embryogenic mass varied with sucrose concentration . Regeneration 
of embryogenic mass into plantlets was carried out in SH liquid med ium with 3.5% sucrose. 
Well developed plantlets were transferred in Woody plant medium with 3.5% sucrose and well 
rooted plants were hardened. Genetic fidelity testing of somatic embryo derived plants with 
respective mother plants using five SSR markers, showed genetic uniformity. Out of 53 somatic 
embryo plants were tested for PYMoV using primers specific for four regions of virus (ORF I, 
ORP ll, O RP III and O RF IV), nine plants showed freedom for virus, indication virus elimina
tion. 
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Sheatnblight disease control by Pseudomonas strains PRS 
3 & PRP 5 isolated from the acidic soil of Kuttanad, Kerala 

A S Sumandu & C Dileep 

Sanatana Dharma College (University of Kerala), Alappuzha-688003, Kerala 
suma Ild lIas2@gmail.colII 

Rice the primary staple food in many countries, is subjected to many diseases that o ften 
place major biologica l constraints on production. Sheath blight of rice caused by Rhizocton ia 
solani is an important disease which curtails rice production. 'n,e Pseudomonas strains PRS3 & 
PRP5 were isolated from rhizosphere of rice seedlings collected from Kuttanad, Kerala, were 
tested for their ill vitro antagonistic activity agai nst Rhizoctollia solalli. The crude metabolitei 
from PRS3 & PRP5 were extracted with organic solvents such as ethyl acctate and petrolClIIr 
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eth er and these were tested aga inst Rhizoctollin soinlli. Seed bacterization with PRS3 & PRP5 
enhances plant growth in gnotobiotic as well as in green house condit ion. These two strains also 
showed their eRicacy in plant growth promotion and disease suppression in herbicide contami 
nated soil. The present study confirms th e antagonistic and herbi cide resistant PGPR strains can 
be used in managi ng sheath blight disease along wi th or without herbicides. 
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Epidemiology and management of foliar diseases of 
groundnut in Kharif season 

Y V Vyava hare & A L Hat'de 

Mula Education Society's, College of Agricu lture, Sonai 
Mahatma Phule Krishi Vidyapeeth, Rahuri , Ma harashtra 

yvynvahnre@gmnii.co/II 

11,e epidemiological studies on ea rly, late leaf spots and rust diseases in relation to 
weather parameters revealed that during kharif, 20 14 the development of early leaf spot was 
highly influenced by mean temperature and crop age and for late leaf spot development, max
imum temperatu re and crop age were highly favourable. Moreover, evaporation rate and crop 
age played predominant role in rust development in ground nut under Dapoli condit ions. Man
agement studies on early leaf spot, late leaf spot and rust, revealed that three sprays of Hex
aconazole + zineb (0.1 %) at an interva l of 20 days was the most effecti ve treatment in reducing 
ELS, LLS and rust of groundnu!. It was foll owed by tebuconazole (0.3%), tebuconazole (0.1 5%), 
difenconazole (0.1 %) and propiconazole (0. 1 %). 
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Management of Fusarium wilt of tomato by cold-tolerant 
Trichoderma species 

Vee rubommu Shanmugam, Priya Chugh ' & Pratibha Sharma 

ICAR-Indian Agricultural Research Institute, New Delhi- I 10012 
shnl1pntho@ynhoo.com 

'CSIR-Institute of Himalayan Bi oresource Technology 
Palampur-176061, Himachal Pradesh 

Vascular wil t of tomato caused by Fusarium oxysporllll1 f. sp. iycopersici is highly destruc
tive in all tomato -growing areas of the world. Biocontrol by use of -Ii"ichodermn represents a 
potent ially altractive and alternative d isease management approach to chemical control. How-
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ever, most Trichoderllla spp. bei ng mesophilic, their biocontrol effi ciency would be greatly af
fected by low temperatures in winter. Hence, cold -tolerant isolates of Trichoderma spp. have 
the potential of being harnessed for use in biocontrol and for exploring cold -adapted enzymes 
li ke psychrozy mes.Cold -tolera nt Trichoderllla species capable of growi ng at SoC were isolated 
from rhizosphere soils of western Himalaya n region. Sequencing of Internal Transcribed Space r 
region indicated the taxonomic affi li ation of the isolates to Trichoderllla gamsii, -//"ichoderma 
velutilllllll and Hypocrea fixii. One isolate PETX-Behli - l (T gmnsii) showi ng max imum an
tagonism against Fusariu m oxysporwn f.sp Iycopersici (FOL) was elucidated for its chitinolytic 
ability. Th e isolate displayed maximum chit inolysis on chit inase detection agar and recorded 
higher chi tinase act ivities of 63. 1 to 83.8-folds at S through 37°C in th e extracellul ar proteins 
of minimal synthetic broth (MSB) amended with colloidal chitin over MSB alone. Extracellu 
lar proteins of cell free extracts of MSB amended with and with out chitin contained polypep
tides of 26-180 kDa. In plate assays, the crude extract containing chitinases displayed 46.2% 
inhibition of mycelial growth of the pathogenic fungus. Seed bacterization and soil application 
of chi tin-supplemented talc-based formulation of PETX-Behli - I challenge-inoculated with 
FOLresulted in significan tly lowerincidence (6 1.9% reduction) relative to the non -bacteri zed 
pathogen control in a greenh ouse (i 8-20°C). This was associated wi th an increase in the plant 
vigour index, fruit number and fruit weight of 64.8, 205.4 and 2 10.8%, respectively, relative to 
the pathogen control.In native gel ac tivity assays, PETX-Behli - I with challenge-inoculati on, 
expressed high intensity or more isoforms of chitinase, peroxidase and polyphenol oxidase. The 
resuits suggest that the cold active PETX-Behli- I may represent an important biocontrol agent 
to control Fusarillll1 wilt of tomato plants grown in winter. 

Integrated disease management of citrus canker at 
the early stage in Kashi Mandarin 

P Raja,1v!aiituram Nath , Arun Kumar Singh, K Hymavathi & AK Panday 

College of Horticulture and Forestry (CAU ), Pasighat, Arunachal Pradesh 
pmjachf@gmail.coll1 

PI40 

Khasi mandarin farming is the main source of income for more than 60% of people of 
east siang district, Arunacha l Pardesh. A large variety of Citrus sp including sweet oranges, 
mandarin, lemons, lime and grapefruit are grown in this region . Although Arunachal Pradesh 
posses second largest area in citrus but stands last in productivity. -n,e limiting fa ctor in pro
duction and productivity is mainly due to poor plant protection measure, negligence of o rchard 
management, poor maintenance of seedling and trees and unawareness about organic manure 
application, storage and post harvest diseases. Khasi mandarin is generally propagated through 
budding and budded seedlings are more prone to bacterial blight, leaf miner and citrus butter-
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fl y. Nursery stage seed li ngs are more susceptible to bacterial canker caused by Xa nthomonas ax
onopodis pv cit,-; and leaf miner. Experiments were co nducted at seedling stage to manage the 
citrus canke r and leaf minor using chemi cal and biocontrol methods. To manage the leaf minor 
spraying of 0.05% monochorotophos proved to be effective one followed by 0.05% d imethoate 
and Spraying of entomo pathoge ni c nematode. Spraying of Bordeaux mixture 1 % reduced the 
d isease incidence by 88% followed by spraying ofPGPR @ 0.5% reduced the d isease incidence 
upto 55%. 

Management of leaf spot and rust of groundnut 
by difenconazole 25% EC in Northern 

Karnataka 

K B Yadahalli , M R Ravikumar & M C Kavyashri 

Coll ege of Agriculture, Hanum anamatt i-58 I I 15, VAS, Oharawad, Karnataka 
kbyadahalli@yahoo.co.in 

P141 

Groundnut (Arachis hypogaea) occupies one of the most important place among the oil 
seed crops in India and pa rticularly in Karnataka causing considerably yield losses due to rust 
(Puccinia arachidis) and late leaf spot (Phaeoisariopisis personata) diseases. TI,e present study 
was under taken at KVK Fa rm, Baga lakot for two growing seasons of 201 2 and 201 3 in order 
to test the effi cacy of difenconazole 25% EC against late leaf spot and rust diseases. TI,e results 
revealed thatspraying of di fe nconazole 25% EC reduced the incidence of late leaf spot and rust 
diseases considerably. TI, e data of over two seasons clea rly indicated that difenconazole 25% 
EC @0.1 %, O.15% andO. 2%were most effective forthe management of both the diseases. TI, e 
Bio-efficacy of difenconazole 25% EC was tested at different concentarations and the results 
indicated th at th ree sprays with d ifenconazole 25% EC@ 0.2 andO.I%atan interval of 12 days 
recorded minimum late leaf spot severity (1 4.07 POI & 15.50 POI) and minimum rust disease 
severity (7.33 POI & 7.70 POI) respectively. TI,e maximum yield of 26.23q/ha in difencona
zole 25% EC @ 200 mLiIOO L foll owed by 25.50q/ha in di fe nconazole @O.I%. TI,e maximum 
disease pressure (Leaf spot severity of 58.30 POI , Rust severi ty of 48.50 POI) was recorded in 
untreated control with minimum seed yield of (20.13 q/ha) . TI,ere were no visual symptoms of 
phytotoxicity noticed in terms of epinasty, hyponasty, necrosis, vein clearing, WIlting, leaf tips 
and surface injury on groundnut crop in all concentrations tested. Hence, the study identified 
difenconazole as an eflective molecule at 0. 2 and 0.1 % for the management of late leaf spot and 
rust of groundnut is recommended as an effective management strategy to enhance the produc
tivity of grollndnut in Northern Karnataka. 
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Azoxystrobin 23% SC a new molecule for the 
management of leaf spot and fruit rot of pomegranate 

caused by Alternaria alternata (Fr.) Keissler in 
Northern Karnataka 

K E Yadahalli, M R Ravikumar & Shamarao jahagiradar 

College of Agriculture, Hanumanamatti -58 1115, VAS, Oharawad, Karnataka 
kbyadaha II i@ya/1Oo.co. in 

Pomegranate (Puniea granalum L. ) a high value crop; is one of the important fruit crops 
in arid and semi-arid regions known fo r its drought tolerance which th rives well in dry tropi cal 
conditions with margin al soils o f low fertilit y. There are severa l reasons fo r low productivity 
among th em diseases are the major factors that take heavy tolUn recent years the crop is under 
threat due to number of serious diseases such as bacterial blight (Xan/homonas axollopodis pv. 
pllnicae), wilt due to Ceraloeys/is jimbriata, anthrac nose (Co/le/o/riclnllll g/oeosporioides) and 
leaf spot and severe fruit rotting due to A/lem aria alterllata, Cereospora sp., Pselldoeercospora 
sp., Dreehs/era sp. and Sphaeeloma sp. etc. The present investigation was undertaken with new 
molecule azoxystrobin 23% SC during 201 2- 13 and 201 3- 14:0,e experiment was laid out in 
a randomi zed block design (RED) in the farmer's field in Eagalkot district (South India) dur
ing Hastabahar seasons (201 2 and 2013) with 8 years old pomegranate (Cv. Kesar) plants. The 
bio- effi cacy of 0.06%, 0.08%, 0.10%, 0. 12% and 0.24% concentration of azoxystrobin 23% SC 
with other two effective fun gicides i. e. difenconazole 25 EC at 0.05% and mancozeb 75% W P 
at 0.26% in pomegranate leaf spot and fruit spot Irot was carr ied out. 'O,e pooled analysis ove r 
two years revealed that , spraying with azoxys t'robin at' 0.12% concentration recorded minimum 
disease intensity (2 .50% and 4067%) with 83.94 and 96 .82% disease control of leaf spot disease 
and minimum fruit spot index of 5.53 and 9.07 wit h 92.68 and 86.76,)()di sease control. ' l1, e 
maxi mum disease severity of 15.57 and 75.53 leaf spot and fruit rot was observed in untreated 
control. 'O,e maximum fruit yieldl plant with 25.75 tl ha and with 2 1.50 tlha was observed in 
spraying with azoxystrobin at 0. 12% during the year 2012- 13 and 201 3-14 respecti vely. 'l1,e 
minimum fruit yield of 14.50 tl ha was recorded in untreated contro l. 'Ow'e was no phytotox 
icity effects in any of concentrations tested. /-lence, It can be recommended that azoxystrobi n 
23% SC (Amistar 25 SC) @ 0.028% g ail ha would help in managing both leaf spot and fruit rot 
of pomegranate in northern Karnataka that would help in promotion of export potential. 

182 Ullders/(lIldillg IIost-pathogen il1 ,eracfiolll/llv lIgh science of olllies, }\4arch / 6- / 7, 2015 



Abstracts 

P143 

Effect of mulches on disease incidence and yield of ginger 

C K Thallkamani , R $lIseeia Bhai. V Srini vasa n, K Kandiannan, 
K Jayarajan & K M Prakash 

ICA R-Indian Insti tute of Spi ces Research, Kozhi kode-6730 12, Kerala 
II In II kn II In I I i@spices.res.ill 

Rhi zome rot caused by PylhiLllll spp. is a serious disease throughout the gi nger growing 
regions. Applicati on of mulches is common in m infed g inger productio n to conse rve soilmo is
ture and weed suppression. However, not much work has been done on the influence of mulch
es against disease incidence in ginger. Hence an ex periment was conducted at at ICAR-IlSR, 
Kozhi kode to study the eflect of mu lches on rhizome rot incidence besides weed suppression. 
There were 15 treatments comprising o rgani c and pl as tic mulch es, eva luated in RBO with fo ur 
replications. Among the mu lches used, signi fica ntly lesse r incidence of soft rot (8.7%) was ob
served with application of dried coconut leaves alone at the tim e of planting in ginger beds and 
max imum soft rot (33%) was found in the non mulched control. Mulches that have given higher 
yield in ginger were again evaluated in FLO du ring the year 20 14-20 15. Application of d ried 
coco nut leaves also increased nutri ent ava ilability ofN (266 mg/kg), K (202.3 mg/kg), Mg( 127.3 
mg/kg), Mn (33.00 mg/kg, Zn (2.50 mg/kg) and Cu (2.0 mg/kg) in soil at 120 OAP. 11,e FLO 
conducted at Ka nnur and Kozhikode also confirmed th at less incidence of soft rot (5.0% and 
3.0%, respectively) with maximu m yield at Kannur (I 1.1 3 t/ha) and at Kozhikode (12.67 t/ha) 
due to application of dried coconut leaves. 

P1 44 

Integrated management of soybean rust caused by Pha
kopsora pachyrhiz i Syd. in northern Karnataka 

Sachin A Khedekar, V B Nargund, S Jahgirdar & V I Benagi 

University of Agricultural Sciences, Dharwad -580005, Karntaka 
nnrgwld56@gmail.com 

"Yellow Revolution" was the result of enh anced pace in the development of Indian ag
riculture after Green Revolution which contributed remarkabl y due to newly il1lJoduced crops 
like soybea n in the country. In recent years, soybean rust caused by Phnkopsora pachy rhizi Syd. 
is more severe under assured rainfall l irrigated conditi ons. Survey conducted for identification 
of hot revealed that soybea n rust was prevalent in all the soybean growing areas of north Kar
nataka with the per cent disease index ranging from 20 to 95. Severity of the disease increased 
with delayed sowing and dras ti c reduction in grain yield and 100 seed weight. Among the 97 
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genotypes screened DSb 2 1 exhibited high ly resistant reaction with high yield potential. In te
grated disease management studies identified the effec tive biorationa ls and fungicides. Adap 
tive Module is the most preferred module over chemical and biointensive modu les in integrated 
management of soybean rust. Two sprays of hexaconazole @Imi/ liter recorded the highest 
yield than unsprayed treatment. DSb- 21 recorded the highest yield (i9.05 g/ha) among all 
variety in protected ( 19.05 g/ha) and unprotected plot ( 16.80 g/ha) followed by VLS 63. Among 
the 12 treatment s cow urine @IO% + potassium phosphonate @0.3% recorded less disease se
verity with bette r yield compared to untreated co ntrol. Significa ntl y lowest disease seve rity was 
reco rded in hexaconazole @O.I% sprayed treatment. Among the three modules, seed yield was 
highest in chemical Module (32.20 g/ha) which was on par with adaptive Module (30.80 g/ha). 

Epidemiology and management of foliar diseases of 
groundnut in Kharif season 

Y V Vyavahare & A L Harde 

Mula Education SOCiety's, College of Agriculture, Sona i, 
Mahatma Pule Krishi Vidyapeeth, Rahuri , Maharashtra 

1'145 

11,e epidemiological studies on early, late leaf spots and rust diseases in relation to weath 
er parameters revea led that during kharif, 20 14 the development of early leaf spot was highly 
influenced by mean temperature and crop age and for late leaf spot development, maximum 
temperature and crop age were highly favourable. Moreover, evaporation rate and crop age 
played predominant role in rust development in groundnut under Dapoli conditions. Manage
ment studi es o n early leaf spot, late leaf spot and rust, revealed that three sprays of Hexacona
zole + Zineb (0. 1 %) at an interval of 20 days was the most efFective treatment in reduci ng ELS, 
LLS and ru st of grou ndnut. It was followed by Tebuconazole (0.3%), Tebuconazole (0.15%) , 
Difenconazole (0.1 %) and Propiconazole (0.1 %). 

PI46 

In vitro evaluation of systemic and nonsystemic fungicides 
against Alternaria alternata, causing leaf spot of gerbera 

K T Apet, J S Jagdale, DPKuldhar& S S Wagh 

V.N. Marathwada Krishi Vidyapeeth, Parbhani -43 1402, Maharashtra 
dinkllmar007@gmail.coln 

Gerbera (Gerbera jalnesollii Hook), one of the important flower crops sufFers from sub
sta ntial damage with leaf spot disease incited by Alternaria altentata (Fries) Kessler. Results of 
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the in vitro evaluation revealed that all the test fungicides, botanicals and bioagents significantly 
inhibited mycelial growth of A. al/emata, over untreated control. Of the systemic fu ngicides 
tested, highest average mycelial growth inhibition was recorded with Hexaconazole (94.44%), 
followed by Carbendazim (84.93%), Propiconazole (81.53%), Difencon azole (75.97%). Where
as, fun gicide thiophanate methyl was found less efFective with mycellial inhibition of5 1.21 %. Of 
the non - systemic fun gicides tested, Mancozeb recorded highest average mycelial growth inhi
bition (92.2 1 %), followed by Cu rzet (84.45%), Ch lorothalonil (80.90%) and Propineb (78.89%). 
Whereas, fun gicide copper oxychloride was found less effective with mycellial inhibition of 
74.03%. 

P147 

Evaluation of botanical soil amendments against soil 
borne inoculum of early blight of tomato 

M C Ravikumar, Heminder Singh & H G Rajkumar 

University of Mysore, Mysore-570006, Karnataka 
mcruom@gmail.com 

In the present study, botanical soil amendments such as composts, enriched composts 
(with Trichoderma viride) and dry biomass- powders of two botanicals viz., Cra/alaria trich% 
rna and Azadirachta ind;ca were tested in greenhouse condition against soil borne inoculum 
of early blight of tomato, caused by Alternaria solalli. Inoculation was done by splash irri
gation once a day. All the amendments at 0.5% rate (soil/amendment: w/w) were found to 
be efFectively suppress the disease, with Cra/olaria enriched compost, Cratolaria dry powder, 
Azadirachta enriched compost, Azadirachta compost and Crotolaria compost showing percent 
early blight index of 16.5%, 18.3%,20.1 %,21.6% and 23.3%, respectively, as compared to 83.3% 
of negative control. 

Management of downy mildew of bitter gourd by 
chemicals and bio agents 

Vimi Louis, Sally K Mathew, K V Sreni & Fridin Davis 

College of Horticulture, KAU, Vellanikkara-68065I, Kerala 
vimilouis@gmail.com 

.. 

P148 

Downy mildew is a major disease of bitter gourd in Kerala. A field experiment was con 
ducted to evaluate newer fungicides and biocontrol agents against the disease during June to 
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September 20 13:n ,e bitter gourd va riety Preethi was raised as per the POP recommendation of 
KAU - 20 11 . in the seed production plot of Central Nursery. KAU. Vell an ikkara. -n,e treatments 
used in the experiment were. azoxyst robin - J.SmLlL. pyraclostrobin-O.Sg/ L. propineb-3g/L. 
fenamidone +mancozeb-2g/L. cymoxan il +mancozeb-2g1 L. famoxadane+cymoxan il - I m LlL. 
mancozeb-2g/L. Pseudomonas jlllorescens (KAU)-20g/L. Trichoderll1a viride (KAU)-20g/L and 
untreated control. ~nle treatments were applied as foliar spray on the appearance of disease and 
after 15 days of first spray. D isease severi ty was recorded before spraying and 10 days afte r each 
spraying using 0-5 scale and per cent disease severity was calculated. Fruits were harvested for 
seed purpose at ripening stage and yield was recorded after each harvest. 11,e symptoms of th e 
diseased were appeared at 60 days after sowing and cent per cent disease incidence was record 
ed in all treatments. After the first spray. Pseudomonas jluorescens was recorded the minimum 
disease severity (1 5.66) with maximum reduction of 44.05% over control followed by fena 
midone+mancozeb (42.33%) and pyraclostrobin (41.15%). After second spray. pyraclostrobin 
showed maximum reduction of 69.64% wi th minimum disease severity of 16.47%. It was fol 
lowed by the bio agent. Pselldomonas jluorescens and combination fungi Cides. famoxadane+cy
moxa nil and cymoxan il+mancozeb which were on par and recorded 68.79. 67.24 and 66.55% 
reduction over control. No signi fica nt difference was not iced among the treatments with re
spect to yield . 

PI 49 

Bioconsortial and fungicidial efficacy for managing the 
mulberry wilt pathogen (Fusarium solani (Mart.) Sacc.) 

P Narayanan. J Rajalakshmi. K Arunkumar. T Venm athi . S Par thasa rathy & S Vanitha 

Tamil Nad u Agricu ltural Un iversi ty. Coi mbatore-64 1003. -l\ul1 il Nadu 
ya/aninarayana@gnlai/.com 

Mulberry (Monls spp.) foliage is the only food fo r the silkworm (Boll1byx 1I10ri L.) and is 
grown under variolls climatic condit ions. 1he diseases have become morc alarming because of 
its epidemic nature and propensity to kill the plant co mpletely. Among them. root rot and wi lt is 
considered one of the major disease. leading to death of entire plant. In mulberry. the wilt path 
ogen Fusarium so/ani was fi rst reported in India by Siddaramaiah & Hegde (1990). Although 
fungicides and antagonistic microorganism's yiz., Trichoderma viride, Pseudomonas fillorescell s 
and Bacillus sublilis were evaluated individually and in combinations for their biocontrol po 
tential against F. so/anilo test the efficacy of biocontrol agen ts (pfI. Bs4. and Tv I) with seri bed 
waste. neem cake and fungicides (Carbandazim 0.1 %. pre mixture fungicide Ca rbendazim + 
Mancozeb 0.1 %. Tebuconazole 0.1 %. The results showed that maximum reduction was record 
ed in Carbendazim (0. 1 %) (74.22%) treated plots followed by Consortia (Seri bed waste + pfl + 
Bs4 + Tv I + Neem cake) 500 g/plant recorded (68.22%). -n,e highest leaf yield was recorded in 
Consortia (Seri bed waste + pfl + Bs4 + Tv 1+ Neem cake) applied plots recorded the maxi mum 
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leaf yield of 3.59 kgl plant and followed by Carbendazim applied plots recorded the leaf yield of 
3.48 kg/plant respectively. 

PISO 

Eco-friendly management of purple blotch of onion 

P R Brahmane, B I' Dand naik, A S Futane & S PSanap 

College of Agricultu re, Latu r-4 13512 
VasantraoNa ikMaralhwadaKrishiVidyapeeth , Parbhani, Maha rashtra 

bpdolldl/oik@gmail.colIl 

Purple blotch of onion caused by Altel'l1aria porri (Ellis) is one of the most des truc
tive disease of onion causing accountable losses of about 80 to 90%. Considering economical 
importance of disease the present investigation on eco- friendly management of d isease with 
fourbio-age nts, fi ve botanica ls and one fungicide, during Khari f 201 3 at Coll ege of Agricu l
tu re, Latu r (MS) was ca rried out. Among the treatments, the most eRective found was bio-agent 
Trichoderma harziall!lIIl with lowest disease severity (34.48%), highest bulb yield (3 15 g/ha) 
and most economical C: B ratio (1:3 1.8 I), fo llowed by T viride, with di sease severity of 40.32%, 
bulb yield of302 g/ha and C: B ratio of 1:27.34. 

Evaluation ofbiocontrol agents and different 
fungicides against bhendi powdery mildew 

(Erysiphe cichoracearum DC) 

J Rajalakshm i, P Narayanan, T Venmathi , S Pa rthasarathy & V Prakasam 

Tamil Nadu Agricultu ral University, Coim batore-64 1003, Tamil Nad u 
/'0 ji sa /'Ova 110 11 123@gll1ail.com 

PI S 1 

Among many fungal d iseases of bhendi (Abelmoscllus eswlel/tus (L. ) Moench.) the most 
important disease is Powdery mildew. TI,e tr ia ls were laid out in Randomized Block Design 
with twelve treatments and three replications. TI,e results from the fi eld trials \l(e re ind icated 
that foliar spraying of UPF 807 @O.36% recorded the m in imum severity of tht powdery mil
dew disease (POI 5.59) with 67.44% reduction, which was on par with P. jluorescells (0.2%) + 
B. subtilis (0.2%) + UPI' 807 (0.36%) (PO I 5.60) with 67.38% red uction, when compared to 
control with POI of 17. 17 and the maximum yield was recorded 15.92 t/ha. UPI' 807 treatments 
at 0.2 1 %, 0.27%, 0.36%,0.42% and 0.7 1 % (double of effective dose) doses were assessed for the 
phytotoxicity. It was safe to the crop and it didn't show any phytotoxicity when compared to 
o ther treatments. 
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Detection of watermelon bud necrosis virus (wbnv) in 
watermelon and IPM strategies for its management 

R Priyanka, P Renuka Devi, S Mohankumar & G Karthikeyan 

Ta mil Nadu Agricultural University, Coimbatore-64 I 104, Tam il Nadu 
"i n u rna ra jend ra n@gnwit.(OI1I 

Watermelon bud necrosis virus (WBNV) (genus: Tospovirus, family: Bunyaviridae) is a 
serious pathogen of Watermelon (Ci/rullus lana/us (Thumb) Mans) and is transmitted by thrips 
in a propagative manner. TI,e yield loss due to WBNV infection in watermelon ranging from 
60-100%. The field samples showing characteristics symptoms (necrotic spots and patches on 
leaves; necrosis of the buds; ch lorotic ring spot and necrotic lesions on fruits) were collected 
from Kittampalayam village of Coimbatore district of Tamil Nadu and were artificially inocu
lated on cowpea cv. C 152 plants through mechanical sap inoculation. WBNV was serologically 
detected using the polycional antiserum of GBNV by DAC-ELISA, OlBA, TIBA and western 
blot analysis. Molecular detection of WBNV waS also done with RT-PCR using Tospovirus 
universal primers and the WBNV coat protein gene specific primer. An rPM module consists of 
seed treatment and soil application of Pseudonwnas j1uorescens along with neem cake; installa
tion of yellow sticky traps; soil mulching with UV refl ectant polythene sheets; growing maize 
as border crop and use of botanical pesticide (neem oil 3% spray) was evaluated under field 
conditions in two different locations and compared with farmers practice. In both the trials, the 
WBNV disease incidence and the vector population were found to be significantly reduced with 
an increased yield in the IPM plot. TI,US, similar environmentally benign rPM strategies ca n be 
implemented as an alternation to pesticide-based measures for mitigating negative impacts of 
WBNY. 

1'153 

In vitro bioefficacy of fungicides and bioagents against 
Fusarium oxysporum f. sp. Udum causing 

wilt disease of pigeonpea 

K T Apet, P S Raskar, D P Kuldhar & P G Chavan 

College of Agriculture,Vasantrao Naik Marathwada Krishi Vidyapeeth, 
Parbhani-431402, Maharashtra 

dinkumar007@gmail.com 

Fusarium wilt (Fusarium oxysporul11 f. sp. udul11 ) is one of the major diseases of pigeon
pea during kharif season. Study waS conducted at research field of College of Agriculture, Mar
athwada Krishi Vidyapeeth, Parbhani (MS) India; during Kharif2009-1O aimed to integrate the 
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fungicides and bioagent s for the management of pigeon pea wilt. Results revealed that all five 
fungicides and six bioagents eva lu ated significa ntly reduced the mycelial growth over untreated 
control. However, 11,iram + Captan was fo und most eRecti ve with the highest mycelial growth 
inhibition of 87.77%, was fo ll owed by MAU fu ngi (86.66%), Carbendazim (85.55%) and 111i
ram + Captan and T J-IarziallulIl (8 1.11 % each). Whereas, least mycelial growlh inhibit ion was 
reco rded with T hallla/ulII (65.55 %), followed by P. fluorescells (7 1.11 %) and Captan (72.22%). 

P1 54 

Integrated management of wilt of pigeon pea caused by 
Fusarium oxysporum f. sp. udum 

K T Apel, P S RaskaI', 0 V Pawar & S S Wagh 

College of Agriculture,Vasantrao Naik Marathwada Krishi Vidyapeeth 
Parbhani -43 1402, Maha rashtra 
dhirajpawar0007@gmait.coI11 

Pigeon pea (Cajamls cajan), is one of the mosl popular legume crop grown throughout 
the world. Pigeon pea crop is aflected many fun gal, bacterial and viral diseases and among the 
funga l diseases, wilt caused by (Fusarium oxysporum f.sp. udum) is th e mosl destructive disease 
causing yield losses of about 50 to 100%. In the present study, fi ve fungi cides and six bioagents 
were assessed for integrated management of wiltof pigeon pea in pot culture. Results revealed 
that, all the seed trealments signifi ca ntly reduced the disease incidence. Fungicide, Thiram + 
Carbendazim was found most eRective with significantly least disease incidence of 11 .23%, was 
followed by Carbendazim (21.40%), 11,iram (35.1 7%), MAU fungi (39.83%), 11, iram + Captan 
(43.82%), T harzianlllll (49.23%) T kOllillgii (51.45%) and T viride (58.1 5%). Whereas, P.flu
orescells was fo und with highest wilt incidence of (63.45%), followed by T hamatum (60.85%) 
and Captan (68.58%). 

PI 55 

Integrated management of sugarcane pineapple disease 

K T Apet, A S Sayyad, 0 V Pawa r & P G Chavan 

College of Agriculture, Vasantrao Na ik Marathwada Krishi Vidyapeetlll 
Parbhani-43 1402, Maharashtra 
d hi raj pa IVa r0007@glllait.com 

Pineapple disease caused by Cera/oeystis paradoxa (De Seynes) Moreau. of sugarcane 
(Saccharum officiI/arum) is one of the most destructive disease of sugarcane, causing account
able losses to the tune of 100 % in severe infection: n,e pathogen/disease is very difficult to 
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manage with alone fungi cide. ll1erefore, present study was allempted to manage pineapple dis

ease with integration of efiective fungi cides, bioagents, bota nicals and organi c am endments. 

Results revealed that all th e treatments attempted Significantly enhance the setts germination 

and thereby reduce both the mortaliti es (Pre and post emergence) over untreated control. Sig

nificantly highest germin at ion was recorded with combinati on Carbendazim+ T viride +NSC 

(@ lg/L+50mL+50g/kg so il ) and Ca rbendazim + T viride (@ lg/L+50mLlkgsoil) each 88.90%. 

This was fo ll owed by the treatments Carbendazil1l, T viride and T viride +NSC (each 83.34%), 

Propiconazole, T harzinlllllll, A. salivllllI, FYM+Azolouacler ChroCOCCl/ III, Neem seed cake a nd 

Carbendazim +NSC (each 77.79%) and Z. oJJicillale {n .23%) .The percentage reduction in 

mortalit y (Pre emergence sells ro t + post emergence seedling mortality) recorded with all the 
treatment was ranged from 66.66 to 81.48% as against 0.00% in untreated control. However, sig

nificantly highest reduction in mortality (81.48%) was recorded with the combination of Car

bendazim + T viride +NSC (@ lg/ L+50mL+50g/kg soil) . 'n,is was followed by the treatments 

Carbendazim + 'r. viride (79.44%) and Carbendazim (77.50%). 

Combinatorial efficacy of lip oxygenase hexanal 
and biocontrol agents in managing anthracnose 

and stem end rot diseases of mango 

S Parthasarathy, B Anusha, K Prabakar, G 111iribhuvanamala & , Rajalakshmi 

Tamil Nadu Agricultural University, Coimbatore-64 1003, Tamil Nadu 
spsarathyagri@gmail.co/'ll 

1'1 56 

Anthracnose and stem end rot arc the major post harvest diseases of mango. Anthrac

nose is caused by Collelolrichllm gloeos orioides (Penz.) (Penz. and Sacc) and stem end rot is 

caused by Lasiodiplodia Iheobrolllae (Pat.) (G riffon and Maubl). 'n,e effi cacy of the hexanal 

on the mycelial growth and spore germination of C. gloeosporioides and L. theobrolllae was 

studied. 'TI,e evaluati on of different concentrations indicated that, hexanal 0.06% showed maxi

mum inhibition in mycelial growth of C. gloeosporioides and L. Iheobromae (95.56 and 93.33%, 

respectively) . Simultaneously ill vitro efficacy of antagonists was tested against the pathogens. 

Pseudomollas jlllorescens strain, Pf 1 showed effective reduction in the mean mycelial growth of 

C. gloeosporioides and L. theobrolllae (36.16 and 54.16 mm, respectively). Bacillus subtilis strain 

EPCO 16, SignifIca ntly reduced the mean mycelial growth of C. gloeosporioides and L. theobro
mae (30.09 and 43.36 mm, respecti vely). Compatibility of potential antagonists P jluorescells 
(Pf I) and B. subtilis (EPCO 16) with hexanal was tested in vitro by pOisoned food technique 

and turbidometric method. TI,e compatible hexanal +antagonists formulation and ca rbendazim 
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was tested in the field and post -harvest condit ions against the anthracnose and stem end rot 
diseases of mango. -11, e results revealed that pre-harvest spraying of 2% hexanal + 0.5% P. jluo

rescell s (Pf 1) at 30+ 15 days before harvest ing followed by post-harvest dippi ng of fruits in 2% 

hexanal +O.5% P.jllIorescells (Pf I ) stored under cold condition showed maximum inhibition in 
ant hracnose incidence next to 0. 1% carbendazim check fu ngicide. 

Plant resident microorganisms for disease 
management in tree spices 

S Ajitkum ar 

College of Horticu lture. KAU. Ve llani kkara-680656. 
Thrissllr. Kerala 

II j i I ku ma ragr ico@glllail.com 

P IS7 

Kerala considered as land of spices and wide range of spices are produced in large quanti

ti es. Among allspi ces. treespi ces like Nutmeg. Clove and Cinnamon are also has important role 

in production and productivity. TI,ese tree spices production facing a major constraint in the 

form of foliar diseases. Farmers are indiscriminately usi ng the plant protection chemicals which 

creating the pesti cide residue problem. -11,e experiments had three fungus of nutm eg namely 

Collelotrichum sp. Peslalotiopsis sp. Rhizoclollia sp and one pathogen from clove i. e Colletotri
chum sp. Epiphytous and endophytous fun gus iso lated from healthy leaves of nutmeg fro m 6 

different locations of Kerala. TI, e pa rameters taken fo r the observation are perce nt inh ibi tion of 

plant res ident microorganisms over the pathogen control. Monoculture of the pathogen taken 

as contro l. A to ta l of 118 (74 Bacteria and 44 Fungi) was isolated from tree spices. The results 

showed highest percent inhibition in Nutmeg collelolric/1IIm sp against epiphytic fungus (53.3) 

fo ll owed by Nutm eg colletolrichtll il sp aga inst endoph yticllUlgus (54.'1) and clove colletotrichtllil 
sp verses nutmeg endophytic fun gus (54.6) . Clove pathogens also tested against its endophytic 

fungus it has showed 5S% inhibition over con trol. Hence. plant disease management using plant 
resident microorganisms creats a new way in disease management towards ecofriend ly green 
agriculture. 
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Interaction of beneficial rhizosphere microorganisms and 
their effect on groundnut wilt 

[Fusarium oxysporum (Schlecht.)] 

S Vasumathi & A Sa nga ralingam 

Ta mil Nadu Agricul tural University. Coimbatore-64 1003. Ta mi l Nadu 
vasullla.pa tho@gllw it.colI l 

Groundnut o r peanut (A rachis hyphogaea L. ) is an important legu minous oil seed crop. 
Ground nut is susceptible to many foliar and soil -borne fungal diseases. Among these the soil 
borne d iseases viz .• dry root ro t. stem rot and wilt cause serious losses to the crop which is ex ten
sively grown under rain fe d co ndi tions. Evaluation of 13 isolates ofb ioagents li ke Trichoderllla, 
lJacillus and Pseudolllollas from rhizosphere soil s were screened agai nst Pusariul/1 oxysporwn 
under ill vit ro and glasshouse condition. Bioassay study and plant growth promot ion activi
ty were analysed. Trichoderllla viride (Tv l ). Pseudomonas fluo rescell s (Pfl) and lJacillus subt ilis 
(Bs IO) effectively inhibited the growth of l' oxysporulI/ to an extent of71.59. 54. 13 and 49.54% 
over control respect ively. Six o il cake extracts tested ill vitro. mahua cake extract (10%) and 
neem cake ex tract (10%) were effective in reducing the growth of l' oxysporum. And evaluating 
the effect of six fungicides screened aga inst l' oXySpOl"lllll showed that carbendazi m. benomyl 
and SAFF (carbendazi m 12% + mancozeb 64%) inhibited the fungal growth completely. The ef
fi cacy of biocontrol agents. oil cake and fungicide effective in vitro was evaluated in pot culture 
experiment to manage PusariulII wilt of groundnu!. Seed treat ment fo llowed by soil d renchi ng 
of carbendazim 0.1% at 30 and 60 days after sowing was fo und to be effective in reducing the 
d isease incidence up to 9 1.02%. Among the biocontrol agents. combined application of Tv l + 
Pfl + Bs lO with malnla cake reduced the wilt incidence up to 16.09 followed by the application 
ofTv l + Pfl and Bs l O with contribut ing to 7&,42% disease reduct ion. 

PI S9 

Biological properties of potential Streptomyces spp. effec
tive against black pepper pathogens 

Anusree TIlampi & R Susee1a Bhai 

ICA R-In dian Institute of Spices Research. Kozhi kode-6730 12. Kerala 
all usreekoll a kka t 33@gn In it. com 

TI,e present study was aimed to unravel the growth promoting as well as biocontrol traits 
along with enzymatic ac tivities of certain shortli sted StreptOJnyces spp. whi ch really contribute 

192 Understal1ding host-pathogen illferae/ioll throl/gh science of Dillies, At/arch J 6-17, 2015 



~ __________________________________________ ~A~b~s~tr~a~c~ 
to growth promotion and biocont rol in black pepper. Growth promoting characteristics such as 
production IAA and siderophores and enzymes like high amylase, cellulase protease, lipase and 
L -Asparaginase were studied. Siderophore prod uction was found in all the tested isolates while 
63.6% of the isolates were able to utilize tryptophan with the production of IAA. The potential 
ac tinomycete isolates BP Act I showed high amylase and li pase activity along with production 
of IAA, siderophores and L-Aspa raginase. BP Act 25 showed high cellul ase and amylase activity 
while BP Act 42 showed high amylase, cellu lase and protease act ivity. When culture filtrate of 
these potentia l ac tinomycetes were eval uated for their inh ibitory effect on pathogens in plant 
system, 52-62% reduct ion in lesion develop ment was observed against Phytaphtlwra capsici 
and 50- 100% reduction against Sclerotiflln rolfsii. The culture filtrate of the isolate IISRBP Act 
I and llSRBP Act 42 showed 100% inhibition of S. rolfsii while the isolate gave only 50-62% 
inhibition aga inst fJ capsici. 'IIlis study attempts to h ighlight the potentia l biological traits of 
Streptamyces spp. and extends to signify Streptomyces as promising harb ingers of biological 
control of diseases of black pepper. 

P160 

Bioactive mycomolecules of Pisolithusalbus (Cooke & 
Massee) against soil borne plant pathogens 

N Kira nkumar, P Ganesh Kumar, A S Krishnamoorthy & S R Kashyap 

Tamil Nadu Agricultural University, Coimbatore-641003, Tam il Nadu 
lIa Ilnapa nell ic@glltail. caln 

Pisalitllllsalbus (Cooke & Massee), an ectomycorrhizal fungi wi th hidden treasure of 
bioactive compounds and secondary metabolites having multifaceted use in health and agro
chemical industries. Studies were undertaken o n the basis of biomass production, extraction 
and testing of its bioactive co mpounds and secondary metabolites against soil borne plant 
pathogens:-The biomolecules composite of CFC (secondary metaboli tes) extracted from 45 
days old cultu re grown in Mod ified Melin Norkrans (MMN) growth medium at a concentra
tion of I mg/mL resulted the maximum in hibiti on of F. axysparlIIn. f. sp. Iyeopersici colony 
(920 mm 2); R. salalli (890 mm2) and M. phaseolina (870 mm2) also CFC condensate fraction 
showed the maximum inhibition respectively. GC-MS analysis of biomoleculcs composite of 
ethyl acetate fra ction of CFC and whole fruiting bodies indicated the presence of 12 identifi ed 
compounds that belonged to nature of fatty acids, aromatic alcohol and fl avonOl'tfs. Prominent 
among the biomolecu les were benzeneethanol; 2-allyl-5-t-butylhydroquinone; I , 2-benzen
edicarboxylicacid, diethyl ester; 1,4- diaza-2,5-dioxoisobutylbicyclo[4.3.0 I nonane; Benz[jj 
aceanthrylene,l, 2, 6, 7, 8, 9,10, 12b octahydro -3-methyl;3-benzyl- l , 4-diaza-2, 5, dioxo-bi -
cyclo (4.3.0 jnonane; Phthalicacidnonyl 4-octyl ester. Similarly, the biomolecules composite of 
sporocarps contained several organic compounds including hexadeconic acid; 2-penta-deute
rio -isopropen yl -3 -heptadeu terio -isopropy I na ph thalene; tetra kis-d i met hyl -si I yl -cat·bod i imide), 
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Di-(2-ethylhexyl) phtha late and Hesperetin ( 1-[2.4. 6-tris( trimethylsiloxy)phenyI1 3- [3 -meth 
oxy-4- (tTimethylsiioxy) ph enyl) - 2- propen - I- one). Likewise. the diethyl ether fra ction of 
mycelial mat contained cyciohexa ne. I. 4-dim ethyl -2-octadecyl-. methyl -2-(3'. 3' - dimethyl- I' 
- butyn-!' - yl) - Icyciohexenecarboxylate anel7. 9- di -tert-butyl - Ioxaspiro(4. 5)deca-6. 9 - eli 
ene-2.8-dione. 

PI6I 

Bio-efficacy of Difenconozole 25% Ee in paddy against 
sheath blight disease 

M R Ravikumar & K B Yadahalli 

College of Agriculture. Hanumanamalli. 
University of Agricultural Sciences. Dharwad-580005. Karnataka 

m viklll11a r. bac t@gl11ail.com 

Eft'ect ofDifenconozole 25% EC was evaluated against sheath blight of paddy in farmers 
fields of banavasi. Sirsi taluk. Uttara kannada during 2013- 14.111e results indicated that two 
sprays with Difenconazole 25 EC @ 1.0mLlL was effective in checking the incidencelseverity 
(7.65%) followed by Difenconazole 25 EC @0.7 mLiL (8 .1 5%). However. the ma ximum sheath 
blight disease severity (POI) was recorded inuntTeated control 32.15.111e per cent disease con
trol after the second application was 7 1.41 % in Difenconazole 25% EC @ 0. 5mLlL. 74.65% in 
Difenconazole 25% EC @ 0.7mLl Land 76.20% in Difenconazole 25% EC @1.0mLlL treated 
plots. 11,e maximum highest yield wasrecorded in Difenconazole 25% EC @1.0mLlL (40.35 gl 
hal followed by Difenconazole 25% EC @ 0.7mLlL (38.81 g/ha). 11,e least yields were recorded 
in untreated control (24 . 354 g/ha) . 

Standardization of protoplast fusion technique in 
Trichoderma harzianum 

M Raja. Manika Sharma & Pratibha Sharma 

ICAR- Indian Agricultural Research Institute. New Delh i- I 1001 2 

P162 

1/'iclrodemra is one of the most important fi lamentous fungi used as a Biocontrol agent. 
Due to absence of sexual reproduction in this fungus. methods like protoplast fusion are de
vised for gene transfer between two organisms of same or diffe rent evolutionary origins and ca n 
be used as a tool for genetic improvisation. Based on the reported method (Fahmi et al. 2012). 
a modified protocol for isolation. intra fusion and regeneration of protoplast from Triclrodermn 
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harziallum (1113) strain was devel oped. Protoplasts were isolated usi ng Sigma Lyticase (Source: 
Arthrobacter IUleus) and 0.6 M KCl used as osmotic stabi li zer. Intra -strain 'I : harziallum proto
plas t fu sion had been ca rried out using STC (sorbitol, Tris - H CI, CaCI, ) buffer medium. 'n,e 
maximum number of protoplasts (2.0 x 103/ m L) were obtained from 16 h mycelium at pH 6, 
28°C for 2 h with 30% Pol y Ethylene Glycol (PEG)used as a rusogen. 11, e fu sed pro top lasts were 
regenerated on 2% coll oidal chi tin agar selective medium.-n,e fu sa nt frequency was found to be 
25 % with less survival rate of 5- 10% but all were morphologically s imilar to the parent. Select
ed fi ve self-fu sant strai ns (1113ful , Th3fu2, Th3fu 3, 'n, 3fu4, and 1113fu 5) showed antagonistic 
behavior in dual culture experiment agai nst Sclerotillia sclera/ori lill/. Fusarium oxysporum, AI/e
lIaria brnssicicola and a. solalli. Fusants were also tested for fu ngicidal se nsitivi ty with a group of 
widely used fungicides. Genetic closeness of fu sants with the parent strain was also established 
by using RAPD (OPA-8, OPA - II , (OPA - 10, and O PA- 14) and ITS primers which generated 
polym orphic fragments ranging from 100bp to 600bp. However, this stud y can be be further 
extended for both inter and intra strain combinatio ns. 

1'163 

Bioprospecting of microorganisms from horticultural 
cropping systems for their antibiotic and phosphate 

solubilising activities 

P Sr inivas & H S Singh 

Central Horticultural Experiment Station ,ICAR-1I H R,A igi nia, 
Bhubaneswar-75 I 0 19, Odisha 

sriposl@gmail.col1l 

The m icrobial composition of the soil has direct repercussions on the crop production 
and soil health. Microo rga nisms are involved in a number of biochemical processes that con
tribute to ava ilability of plant nutrients and disease management. Enrichment of soil with de
sired microbes or their combinations ca n have a sign ifica nt effect on the soil properties and 
plant growth besides minimi zin g biotic and abiotic stresses. Explo rat io n for potential of the 
microbia l diversity available in diOe rent agri -horticultural cropping systems is worthwhile for 
their benefits. 11,e soil samples from diOe rent horticultural cropping system were collected. 11,e 
total microbial load in the soil sa mples were screened for th eir phosphate solubili;f!h g activities 
and an tibiosis agai nst fun gal pathogens like Sclerolillia scleroliorulll, Co/lelotrichlllll sp. etc. 11,e 
iso lated organisms were tested for their eOect o n the seed germination and seedling growth 
of test crops li ke tomato and brinjal. None of the isolates had any negative effect on the seed 
germinatio n and seedling growth of test crops as tested in pot trays. 11,e best two isolates have 
been selected for phosphate solubilisation and three isolates for ill vitro antibiosis against fun gal 
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pathogens. These isolates were seq uenced for 16S rRNA region and based on onlin e BLAST 
submission and subsequent matches with NCB I sequence database sequence homology. the 
phosphate solubilising isolates have been tentatively identined as Brevivacillus vorstelellsis and 
Brevibacillus l1ealsollii . while the antibiotic isolat es have bee n identifi ed as Bacillus subtilis (two 
isolates) and Bacillus amyloliqueJaciells (one isolate). 

Integrated management of Colletotrichum 
gloeosporioides of mango 

B Anusha. S Parthasarathy. K Prabakar & G Thiribhuvanama la 

Tam il Nadu Agricultu ra l Un iversity. Coimbatore-64 1003. Tam il Nadu 
al1u_agri@redi{fmail.co/l1 

P I64 

Mango is prone to infection by pathoge ns. especially fun gi and sllfl"ers heavy loss in 
te rms of quality and quantity. Anthracnose. caused by the pathogen CollelotrichlIIn gloeospori
oides (Penz. and Sacc.) (teleomorph: ClolI/erella cil1gulata) is one of the most serious post-har
vest diseases of mango. Since the fruits are consumed fresh. it is utmost necessary to reduce the 
use of haza rdous chemicals and identify naturally available compounds with fun gicidal proper
ties. wh ich. besides combating the disease. would also ensure safety of the consumer as well as 
the environment. The present study was undertaken to investigate the effect of hex anal in com
bination with biocontrol agents against C. gloeosporioides. the incitant of anth racnose disease 
of mango.Twenty isolates of C. gloeosporioides were collected from the major mango growing 
regions of Tamil Nadu. isolated on PDA medium and designated as Cg 1-20. Based on the mor
phological characters. pathogenicity tests and sequence analysis. the strains were identified as 
C. gloeosporioides. Among the twenty stra ins. Cg 4 was the most virulent. as tested on mango 
fruits. exhibiting a EDLoL83.33.-.lhe eOicacy of hex anal was evaluated against the virulent strain 
of C. gloeosporioides ill vitro. Among the different concentrations tested. 0.06% showed com
plete inhibition in myceli al growth . Further. the minimum inhibitory concentration of hex anal 
against C. gloeosporioides was determined by poisoned food technique and connrmed as 0.06%. 
Hexa nal also eOectively reduced the germination of spores of C. gloeosporioides after 24 h of in 
cubation. The germination of contro l spores after 24 h was 88.64%. while that of spores incubat
ed in hexanal was 2 1.76%. Scanning Electron Microscopic analysis revealed that hexanal caused 
severe distortions and breakages of the mycelial strands and also the spores were found to be de
form ed.!n order to identify elite bacterial biocontrol agents. twenty strains each of Pseudomollas 
jluorescells and Bacillus subtilis were screened agai nst C. gloeosporioides ill vitro. Among the P 
jluorescel1s strains. I' f- I was the most effective. redUCing the mean mycelial growth by 44.44%. 
Among the strains of B. subtilis screened. EPCO-16 was the most effective. inhibiting mycelial 
growth by 37.44%. Examination of the mycelial strands of the pathogen plated alongSide the 
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biocontrol agents with an Im age Anal yser revea led that Pf- I caused swell ings in the mycelia l 
strands, whilst EPCO- 16 caused increased vacuolization. Glass house stud ies were undertaken 
in mango grafts wi th six treatments, comprisi ng hexa nal and the biocontrol agents in order to 
examine the expression patterns of the defense enzymes, viz., perox idase, polyphenol oxidase 
and catalase. Nati ve PAGE analysis showed that hexanal was able to" induce defense enzymes 
in th e grafts, upon challenge inoc ul ation with th e pathoge n. Two fi eld trials were ta ken up in 
diffe rent locations in five cultiva rs of mango, namely, Alphonso, Himampasand, Banga napall i, 
Ba nga lora and Neelum. In the fi rst trial, the treatments comprised of hexanal sprays in two 
di fferent concentrations, viz., 0.02 and 0.04%, given as pre-harvest sprays 30 and 15 days before 
harves t. Among the treatments, 0.04% was efrective in reduci ng the post-harvest anthracnose 
incidence. In th e second trial , s ix treatments we re imposed, namely, 0 .04% hexa nal , spray. 0.5% 
pf- I spray, 0.5% EPCO- 16 spray, combination spray of all the three, 0. 1% carbendazim and 
control, given as pre- harvest sprays. Among th ese, combinati on sprays of hexanal and the bio
control reduced the post-harvest incidence of anthracnose irrespective of the cultivar. 

1'165 

Effect of novel fungicides against Sclerotium rolfsii Sacc., 
the incitant on groundnut stem rot in vitro 

A I' Sridharan & N Revathy 

AC & RI, Tamil Nadu Agricultu ral University, Mad urai, Tamil Nadu 
ngrisridlwrnll@gnlnil. colll 

Scleroti ll ll1 rolfsii is a soil-borne fun gal pathogen causing stem rot disease in groundnut 
crop. In vitro study was conducted with different fungicides namely Cymoxa nil 8% + Mancozeb 
64%, Captan 70% + Hexaconazole 5% WI', Hexaco nazole 5% EC, Tebuconazole 50% + Triflox
ys trobin 25% WG, Carbendazim 50% WI' and Azoxystrobin 23% SC at concentrat ion of 100, 
200 and 500 ppm for their effectiveness against the S. roljsii by poisoned food technique at De
partment of Plant Pathology, AC & RI Madurai. Among the different fungicides Hexaconazole 
5% EC and Captan 70% + J-l exaconazole 5% WI' were found to be highly effective in inhibiting 
the growth of the pathogen at all the concentration when compared to other fungicides. The 
pathogen in hibition was recorded 100% at 100ppm, 200ppm and 500ppm in above fun gicides. 
Other fun gicides such as Tebuconazole 50% + Trifloxystrobin 25% WG in hil\jried 83.33% at 
100ppm, 86.67% at 200 ppm and 88.89% at 500ppm. Azoxystrobin 23% SC inhibited 72.22% at 
100ppm, 75.55% at 200ppm and 84.45% at 500ppm. Cymoxa ni l8% + Man, ozeb64% inhibited 
13.33 % at 100ppm, 17.77% at 200ppm, and 60.00%in 500ppm concentra tions. Carbendazim 
50% WI' inhibited 7.77% at 100ppm, 12.22% at 200ppm and 60.00% inhibition was recorded in 

500ppm. 
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Studies on the effectiveness of oil cakes and biological con
trol agents against Sclerotium rolfsii Sacc., stem rot disease 

of groundnut in vitro 

A P Sridhar"n & N Revathy 

AC & RI , Tami l Nadu Agricultu ra l University, Madura i, Tamil Nadu 
agris rid ha ra lI@gll/ail.com 

Groundnut is o ne of the major oil seed crop is susceptible to many foli ar and so il borne 
diseases includes leaf spot, rust, dry root rot, stem rot, wilt. Among the soil borne diseases stem 
rot causes major yield loss to the crop which is grown in rainfed condition. An ill vitro study 
lVas conducted to find the effectiveness of different organic amendments and biological con
trol agents against SclerotiulIl rolfsii which cause stem rot disease in groundnu!. Five difTerent 
oil cakes were used namely Ma hua cake, Neem cake, Karanj cake, Castor cake, Gingelly cake. 
Poi soned food technique was used at two different concentrat ions of 5% and 10%. Inhibition 
of radial growth of the pathogen by organic amendment was recorded. A plate with out organic 
amendment served as control. Among the o il cakes tested, illupai cake exhibi ted max imum 
inhibition of mycelial growth and fo llowed by neem cake which ex hibited minimum inhibition 
in both concentratio ns of 5 and 10%. Gi ngelly cake exhibit the least inhibition at 5% and 10% 
concentration. Five difTerent isolates of each li-ichodennn viride, Pseudomonas j1uorescells and 
Bacillus subtilis were used. The antagon istic organisms were isolated from the rhizospheric zone 
of groundnut crop from d iffe rent regions of Tamil Nadu. III vi tro study was conducted by adopt
ing dual plate technique. A plate without antagonist pathogen alonewas used as control. Among 
the different isolates ofT: viride, Tvl exhibited th e maximum control of the radial growth of th e 
pathogen with 75.5% inhibiti on. In Pseudonlol/as fluoresce lls, PfI exhibited the maxi mum con
trol with 71.1 % inhibition. In Bacillus subtilis, Bs3 exhibited the maxi mum control wi th 67.7% 
inhibition. 

P167 

Investigation of molecular diagnostics, characterization 
and management of tomato Fusarium wilt by using 

Pseudomonas fluorescens 

P Lakshmidevi, C Gopalakrishnan, G Karthikeyan & S Parthasarathy 

Tamil Nadu Agricultural University, Coimbatore-64 I 003, Tamil Nadu 
la ksh rll idev i sp@glllail.com 

TIle survey was taken from different tomato growing areas of Tam il Nadu for isolation. 
characterizing and managing the soil borne pathogen Fusarium oxysporwn f. sp. Iycopersici. III 
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vitro study was undertaken to exploit the antagonistic eA,cacy of the Pseudomonas jluorescens 
bacteria aga inst Fusarilllll wilt. Totally, fifteen P jllIorescens isolates of were collected from rhiz
osphe re soil at different regions of Tam il Nadu and the isolates were characteri zed by standard 
morphological and biochemi cal methods, they found to be gram -negative, rod shaped, showed 
typi cal flu o rescence under UV light, produced sideroph ore on CAS agar med ium and stud ied 
their effi cacy by using the ill vitro and in vivo sc reenings. Among, fi fteen isolates of P jllIorescens, 
the isolate Karu matha mpatti exhi bit h igh percentage of antagoni stic efti cacy against Fusarium 
wilt pathogen unde r lab and fi eld condition. Molecular diagnostics and characteri zation of di f
ferent P jllIorescells isolates were made by amplificati on of ITS l and ITS2 regions of l 6s rDNA. 
Totall y, 15 potent isolates were exa mined for th e amplificatio n of ITS regio n and these isolates 
showed amplified product wi th size range of 560bp. It is thus suggested that P. jllIorescells has 

potential to be a microbial co ntrol agent for this FusariulII wilt pathogen. 
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Growth promotion of the edible fungus Pleurotus eous, 
Pleurotus florida and Hypsizygus ulmarius species 

by mycelium associated bacteria 

S Senthil murugan, A S Krishnamoorthy, T Raguchander & S Na keeran 

Tamil Nadu Agricultural University, Coimbato re-64 1003, Ta mil Nadu 
senthilagri 1980@glllail.com 

Bacteria were isolated from the mycelial surface and their role in fruiting body induction 
and mycelial growth of the edible mushroom Plellrotus eo liS, P jlorida alld Hypsizygus ulmarius 
was investigated . Analysis of the bacterial community that colonized the mycelium showed 
that the species composition and numbers of culturable bacte ri a differed according to the de
velopmenta l stages of mushroom. In particular, the population size of fluorescent Pseudomoll
as increased during fruitin g body induction. A n ex periment showed that inoculation of Au
orescent Pseudomonas spp. strains isolated from the mycelial plane of commercially produced 
mushrooms pro moted the mycelial growth of P. jlorida (82.3 mm), H. IIllllorilis (78.8 mm) and 
P. eo liS (68.6mm) when compared with control (63.8 mm) and enhanced the development of 
the basidio me of P eous, Pjlorida and H. ulmorius. Results o f this resea rch strongltsuggest that 
inoculation of the mycelium with specific bacteria may have beneficial applications for mush
room production. 
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Efficacy of secondary metabolites of C. indica and 
P. florida against plant pathogens 

C Sangeetha, M Ragul , A S Krishnamoorthy & C Anju 

Tamil Nadu Agricu ltural University, Coimbatore-641 003, Tamil Nadu 
snllgeesamn2@glnai/.coll1 
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During the course of mushroom cultivation and processing, someti mes the cut wastes 
during packing and shapeless mushrooms are unutilized and wasted. Value add ition and eco
nomic utilizat ion of sllch wastes would certainly increase the revenue of mushroom farms. TIle 
present study was under taken to investigate the antifungal effect of secondary metabolite mix
ture of cultivated mushroom fungi, Cn /ocybe indica P & C and P. floridn (Kumm) against soil 
borne plant pathogens viz., Fu snril/II"I oxysponllll f.sp. /ycopersici (Sacc.) Synder and Hansen; 
Macrophomilla phaseo/illa (Goid); Rhizoctollia so/alli (Kuhn) and ScierotiulII rolfsii (Sacc). Sec
ondary metabolite composite of C. illdica and P. floridn in a crude form was ext racted separately 
from the sporophores with different solvents such as ethyl acetate, hexa ne and methanol. 11,e 
inhibitory effect of methanol extract (! 500 ppm) in terms of area unoccupied by the test path 
ogen, traced and measured graphically exhibited 740.00 mm' in R. so/alli followed by 690.00 
mm ' in S. rolfsii, 610.00 mm' in M. p/wseolil1n and 540 mm' in F. oxyspOrtllll f. sp. /ycopersici 
inoculated plates. Hexane ext ract of C. indica inhibited R. so/nlli only and recorded 390.00 mm' 
of unoccupied zone in the Petri plate. 
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Need for integrated plant health knowledge management 
- in India 

Namrata Singh, Kavya Dashora & Ravi Khetarpal 

CAI3l South Asia -India, NASC Complex, PUSA, New Delhi - ll OOl2 
lI.singh@cabi.OIg 

Scientific research comprises of a creative, meticulous work undertaken by the academ 
ia in a methodical manner to furthe r enrich the stock of ex isting knowledge. Research may 
confirm facts, reaffirm results of previous work or solve new or existing problems generating 
knowledge and thus at some given point, it becomes an absolute requirement to acknowledge 
that knowledge management and dissemination should be brought about to identify the very 
sole purpose of its generation. Agricu ltural sustainability to a large extent is threatened by a 
vast number of plant pathogens ranging from viroids, which are of a few hundred nucleotides 
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to mo re seri ous pests and invasive species of pl ants causing di seases and voluminolls harm to 
our crops globally whi ch result in global food supply defi cit. For every 1 % of crop loss incurred 
globall y, more than 25 million people around the world are deprived of food. Consequently, 
knowledge management related to the areas of plant health research and development demands 
a common platform for effective sharing. This would encompass diverse information, databas
es, research outputs and market intelligence, pos t ~ harves t in comes, bioseclIrity, supply chain 
etc. to be collected and collated on one platform for easy access and customisation as per needs 
of the stakeholders such as policy makers, farm ers, donor agencies, researchers, exporters and 
importers. Besides this, knowledge man agement wou ld fa cilitate early detection and develop
ment of rapid response and strategy for crisis manage ment. 

pl7l 

Evaluation of bio-control agents for management 
of dry root rot of chickpea caused by 

Rhizoctonia bataticola 

Pushpanjali Wagh, P Deepthi, Bhimeshwari Sahu, R K Dantre & A S Kotasthane 

Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisga rh 
pushpallja/isud"ir. lVag"@glnai/. com 

Isolates of flu orescent pseudomonas (22 isolates) and 1,"ic"oderllla spp.{ 15 isolates) were 
isolated from dry root ro t infested areas. For isolation of Tric"oderma and Pseudomonas soil 
was derived from chickpea rhizosplane. Both the all R batatico/a isolates were screened against 
collected Pseudol1lollas and Trichoderma. T40 (B emetara) isolate was highly effective with sig
nificant mycoparasitic acti vity 67.65 % across all R. batatico/a isolates taken in this study, this 
was followed by T36 (Dhamdha) 64.8% and T 14 (Khadsiya) 64.07%. 11,e average mortality of 
chickpea in sick pots after 30 days of challenge inoculation was minimum in T40 (Bemetara) 
and T 23 (Bi laspur) that is 20.83%. Diseases grade observed was 4.3 out of 9 in both the iso
lates whereas, maximum in T23 (Bilaspur) isolate that is 8.3. Fluorescent Pseudolllonas were 
screened for confirmation with fo llowing biochemical test gelatin hydrolysis test, n it rate test, 
starch hydrolysis test, Iypolytic test, casein hydrolysis test, growth test at 4°C and 42° C, hydro
gen sulphide gas prod uction, triple sugar iron test and antibiotic sensitivity test. Fluorescent 
Pseudomollas inhibited the mycelial growth by the antagonistic activity acrolit all isolates of 
R. bata/ico/a. 11,e maximum growth inhibition was recorded by P33 (Lohara) isolate (63.2 1 %) 
followed by 1'40 (Bemetara) isolate (62.35%) and P36 (Dhamdha) isolate (61.91 %). 'l1,e average 
mortality of chickpea in sick pots after 30 days of cha llenge inoculation with RB4 (Kawa rdha) 
was recorded minimum in P3 (Rajnandgoan), 1'8 (Raigarh) and 1'40 (Bemetara), which were 
significantly superior over control, with 12.5% mortality and disease grading on the basis of 
extent of root damage were 3.66, 5.66 and 5.66 respectively. 
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Native antagonists from Wayanad in management 
of foot rot in black pepper nursery 

P S Athira. D Girija. Sally K Mathew & E Suni l 

College of Hort iculture. KAU. Vellanikkara. 1hrissur-680656. Kera la 
athimps J 990@gmail.com 

Pi n 

Black pepper (Piper lIignllll L) is an important spi ce crop in Kerala. Waya nad dominated 
in pepper farming in the state about 20 years ago. Foot rot and yellowing are the most important 
diseases affec ting black pepper production in Wayanad district. Foot rot is caused by the soil 
borne fungal pathogen Phytophthom capsici. Continuous and abusive application of chemical 
fun gicides. has become a threat to human health . Biological control has emerged as an impor
tant alternative. as it is more environmental friendl y. Hence. the present study was fo cused on 
assessi ng ill vitro and ill vivo antagonism by native isolates from Wayanad in controlling foot 
rot disease. Two hundred and seven microbial isolates obtained fro m the rhizosphere of healthy 
vines were screened ill vitro for their antagonistic activi ty against foot rot pathogen P capsici 
by dual culture method. Among bacteria. Paellibacillus polymyxa recorded maximum inhibi 
tion (69.27%). among actinomycetes. Streptomyces termitum recorded maximum inhibiton of 
66.66% and among the fun gal isolates. max imum inhibition (75.17%) was recorded by Tricho
derma viride. Further evaluation under ill plallta condition T: viride treated plants reco rded 
minimum disease incidence of 6.23% and severity of 4.00%. 'n,is was followed by S. termitllm 
with disease incidence of 13.20% and severity of8.00%.ln add ition to biocontrol activi ty. 'r. vir
ide also improved plant growth parameters such as length of vine, number of leaves and roots. 
T viride exhibited hyphal cOiling and lysis on pathogen and prod uced non-volat ile metabolites, 
whereas both volatile and non-volatile metabolites were responsible for the antagonistic activity 
of S. tel'lllillln!. 
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Integrated management of Phytophthora root rot in 
Nagpur mandarin 

R M Gade, Rashmi Pente A Lende, Y K Belkar & A V Shitole 

Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola-444104. Maharashtra 
gadermg@glllail. collI 

Phytophthom spp. are the causal agents of several various diseases of citrus in India. 
Phytophthom parasitica, P citrophthora and P. palmivora have been mostly involved in causi ng 
damping off, collar rot and root rot in citrus nursery. 'n,e soil sa mples were collected from cit-
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rus rhi zosphere of different orchards and nurseries of Vidarbha region. Phytophthora spp. were 
found associated with all so il sa mples enumerated by soi l spreading method on PARPI-I -CMA 
medium and it was in the range of 15.67 to 30.46 cfu/g of soil. TI,e bioagent Jhchoderma viride 
gave highest growth inhibiti on (75.33%) of PhylophtllOra by dual culture method. In poisoned 
food technique complete inhibiti on of Phylophthora parasilicn was reco rded where ga rlic ex
tract was used @ 5%. Trichoderma viride was found most compatible with all plant extract@5% 
concentration except Garlic. Under green house experiment . combined applicat ion of 1hc!lO
derllla viride@4 g/kg + Garlic clove extract@5%showed maximu m seed germination (90.27%) 
with minimum pre and post emergence damping off (9. 23%.5 .08%). collar rot (5.35%) and root 
rot incidence (11.32%). In add ition to thi s similar treatment showed maximum shoot and root 
length (4.5 cm. 5.96 cm). In orchard the different treatm ents were imposed and observed that 
drenching of Metalax),1 + mancozeb 0.2% + Bordeaux Pasting I: I: 10 + 1i'ichoderl1la harz;mlLlltl 
50 g/50 kg FYM +Neem seed cake 2 kg/ tree was best for reducing the intensity of root rot 
(55.42%). gummosis (52.92 %) and Phytophlhora propagules (62.01 %) . TI,i s treatment was also 
found best to in crease in canopy volume (14.19%) and number of shoot (23.55) per branch upto 
30 cm length. 

In vitro antagonism of Trichoderma isolates, their 
response towards enhancement of root growth and 

molecular mapping for root traits in rice 

Kale Sonam Sureshrao. A S Kotasthane. Kadu Tanvi Pradeeprao & Toshy Agrawa l 

College of Agriculture. Indira Gandhi Krishi Vishwavidyalaya 
Raipm 492012. Chattisga rh 
sonalnkale09@gmail.com 

P174 

Trichoderma species are one of the endophytic plant symbionts that are widely used as 
seed treatments to control diseases and to enhance plant growth particularly the root length and 
volume. TIlerefore. the attempt has been made to study th e effect of seed treatment of different 
isolates on selected rice cultivars. Simultaneously we also performed molecular analysis study 
and identified the molecular markers linked to root traits using marker based JPproaches. In 
this study 83 elite rice population used for assessment of root pulling strength which showed 
the positive correlation with root length and other root parameters. The seeds of selected culti
vars were treated with 8 difterent Trichoderma isolates and the plants roots were analyzed using 
Epson perfection scanner with WinRhizoReg software. TI,is analysis revea led that the response 
of Ti'ichoderll1a spp. varied with difterent rice cultivar. Amongst the 8 isolates tested. the antag
onistic activity of T viride. and other Trichoderma spp. (94a) isolates were found to be more 
efticient against R. solalli than S. rolfsii. where isolate I RRI - I. IRRI -2 and IRRI -3 were highly 
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eA,cient in controlling the growth of R. sainI/i. Isolate T 14 showed high level of phosphate sol
ubilisation and produced highest IAA. These all results refl ects that the Trichadermn spp. affect 
the plant growth promoting activity that ultimately in crease the biomass production giving 
higher yield . Molec ular analysis for root traits revealed that for root length, the marker RM 242 
was statistically signi fica nt with p-value 0.008171 and percent of total phenotypic variation for 
a trait was 8.52. A total of nine significa nt marker trait associations were identified, the total 
phenotypic variation ranged from 5.72 to 27.23%. 

Identification of viruses associated with chilli 
mosaic in western Maharashtra by Transmission 

Electron Microscopy 

N A Musmade, C D Deoka r, S G Borkar and B M I1he 

Mahatama Plude Krishi Vidyapeeth , Rahuri District, Ahmednagar-Pin · 413 722 
III /.Isn I nde I Ia ra ya lI@glllai l.COIII 

1'1 75 

Identi ficat ion of viruses associated with chilli mosaic d isease was done through electron 
microscopy of virus particles in diseased samples. The symptoms of chilli mosaic disease in the 
Phule]yoti variety in the farm of Post Graduate Institute of Mahatma Plude Krishi Vidyapeeth, 
Rahu ri (Maharashtra) includes yellow mosaic, mottling of leaves with o r without deformation, 
stunting and extremely deformed shoe string leaf in advanced stages of the disease. In Trans
mission Electron Microscopy, negat ively stained preparation of the disease samples of chilli 
revealed the presence of two types of virus particles, one similar to cucumber mosaic cucu
movirus (CMV) and other similar to papaya ring spot virus - potyvirus also repo rted on chilli 
mottle virus in India. 111e- infection of these viruses were confirmed on the basis of particle 
shape and size. 11,e chilli mosaic virus is spherical particles having 28 nm size and ch illi mottle 
virus particles is flexuous shape havi ng 850 nm size. 

Potential of fortified spent mushroom substrate 
against tomato damping off 

V K Arathikrishna & T Sheela Paul 

College of Horti culture, Vellanikkara, 11lrissur-680 656 
nrathikrishIIavk@gmail.com 
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Spen t mushroom substrate (SMS) is the by-product obtained after mushroom cultiva
tion . SMS contai ns with many potential antagonists. A pot culture experiment was conducted at 
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Vellani kkara, Thrissur during 20 14 - 201 5 to evalu ate the efrect of forti fied SMS on damping off 
in tomato caused by Pylhilllll nphnll iderl1lnlulIl. By ill vilro eva luation the best antagonists were 
selected and compared with standard cultures of Kera la Agricultural University (KAU). The 
SMS was fortifi ed separately as well as in combinati on withthe best fungal antagonist Trichoder
IIIn hnmnllllll isolated from SMS and with the best bacterial antagonis t Pseudol1lollnsjluoresceus 
standard culture of KAU, and appli ed with potting mixture in th e ratio of I: I .The fortification 
was done by add ing 300 mL of th e respective ant agonist broth per kg of SMS. Soil d renching 
with the respective antagonists and copper hyd rox ide 2% were also evaluated .11le plants grown 
in potting mixture (sand: soil : cowdung in the ratio of I: I: I ) was kept as control. -11,e treat
ment with SMS fo rtified with mi crobial consortium was found highl y efrective to suppress the 
damping ofr of tomato. In addition, highest germinat ion (84%), root length (\ 5.77 cm), shoot 
length (35.73 cm) and vigour index (270 1) was obtainedfrom th e treatments with microbial 
consortium. So the forti fied SMS can be used fo r the eco-fri endly management of da mping off 
of tomato. 

PI 77 

Evaluation of transgenic groundnut plants for resistance 
to peanut stem necrosis disease caused by 

Tobacco streak virus 

C Senthilraja, R Rajeswaran, E Kokiladevi & R Velazhahan 

Ta mil Nadu Agricultural Universit y, Coimbatore- 64 1003, Ta mil Nadu 
cseu l hilrajn J 991@gmnil.colIl 

Virus diseases are se rious constraints to ground nut (A rachis hypognen L.) production 
worl dwide and more than 20 viruses have been reported to infect this crop. Pea nut stem necro
sis di sease (PSND) caused by Tobacco streak virus (TSV) is a major li miting factor to g round
nut cultivation in Indi a. We explored the possibility of controlling PSND by expressing double 
stranded (ds) RNA of the replicase (Rep) gene of TSV in groundnut through genetic engi
neering. We have successfull y introduced a gene construct containing 535 bp sense and anti
sense TSV-Rep sequences fl ankin g a 742 bp spacer sequence (Pd k lntron ) under the control 
of the constitutive Cauliflower lIIosn ic virus (CaMV) 35S promoter into grouJ~lnut (cv. TMV-
7) th rough Agrobncteriu /11 IUl1I efnciells mediated transformation method. -n,e presence of the 
transge ne in the transgenic lines was confirmed by PCR amplification of the 535 bp fragment of 
TSV Rep gene up to T3generation of the transformed lines.The bioassay results indicated that 
the transgenic lines showed high levels o f resistance to PSND. ELI SA results indi cated that the 
wild - type plants inoculated with TSV recorded the highest virus concentration as compared 
to the transgenic lines. No significa nt differences in morphology and growth were observed 
between transgenic lines and non-transformed plants. 
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Assessment of molecular diversity of Colletotrichum 
gloeosporioides using RAPD and ISSR markers 

S Archana, K Prabakar & T Raguchander 

Ta mil Nadu Agricultural University, Coimbatore- 64 1 003, Ta mil Nadu 
n rei /a l1as _ngri@yahoo.co. il1 
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Anthracnose caused by Collelotriclllll/1 gloeosporioides degrade fruit quality and can be 
troublesome fo r exported products. There is la rge variation among and within ColletolriehulI1 -
species in pathogenicity, culture appearance and un certain relationships with host plants. -n,e 
amount and distribution of ge netic variation constitutes the fi rst step in funga l population ge
netics. In this study, two marker systems viz., Random Amplified Po lymorph ic DNA (RAPD) 
and Inter simple sequence repeat (I SSR) were used to characteri ze the genetic diversity of 26 C. 
gloeosporioides isolates from diffe rent places of Tamil Nadll. The similarity coeffi cient based on 
RAPD ranged from 65 to 88 %. Six out of 10 primers (O PB 07, O PF 14, OPF 07, OPL OS, O PD 
07 and OPG 16) produced 100% polymorphism with the allele range of 100 - 2000 bp. 'n,e 
isolates could be grouped into two main clusters I and [J with 65.00 % similarity and was not as
sociated with exact geographical localities from which the isolates we re obtained. Sixteen ISSR 
primers generated amplification products of 189 alleles, with the range of 100 to 2500 bp. Ten 
out of 16 primers viz., (CAG)5, (TGTC)4, (AGG)5, (TCC)5, (CAG)3, (AG)8 T, (GA)8 1; (TG)8 
A, (GA)S YG, (GT)8YC were shown cent per cent pol ymorphism. Genetic diversit y assessment 
through ISSR markers revealed that 26 isolates could be grouped into cluster I and cluster II 
with the similarity of 59.50 % and it was correlated with the virulent nature of C. gloeosporioides. 

P1 79 

Introgression of bacterial leaf blight resistance gene (xaS) 
in rice cultivar IR64 through marker assisted selection 

Kadu Ta nvi Pradeeprao, Kale Sonam Sureshrao, Toshy Agrawal & A S Kotasthane 

College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur 49201 2, C hattisga rh 
I a 11 vi. bioI eeil 11010gist@gll1nil.colII 

Bacterial lea f blight (BLB) is a severe ri ce disease throughout the world that is controlled 
primarily through use of resistant cultivars. Marker assisted selection (M AS) is essential for 
improvement of resistance in breeding programs because of they are co-dominant, based on 
pC R amplification, represent single loci and detect high levels of polymorphism. As on date, 
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30 major genes have been reported to confer resistance against Xanthomonas oryzae pv oryzae 
(Xoo), which included 21 dominant and 9 recessive R genes. In the present invest igation varia
tion in virulence spectrum was obse rved and speculated due to the presence or absence of avr 
genes in the pathogen: n,e behaviour of R ge nes in population indi cated that faster the response 
rate is more likely a resistant phenotype is to arise. The recessive R genes i.e. xa5 (chromosome 
5) which specifically confers resistance to BLB of rice only in recessive homozygous condition. 
11,e peR based screening of selected 40 F4 individuals, each plants selected which derived from 
cross between IRBB5 x 1R64. 11,e F4 progenywe re tested and inoculated artificially by Xantho 
monas oryzae pv oryzae (Dhamtari) isolate. In this study microsatellite and sequence-tagged 
site (STS) were most practical markers used for marker assisted selection of the targeted 13LB 
resistant genes xa5. tagged ri ce lines # 1, 2, 3, 4,5,6,7,8,9,10,11,12,13,14,15,1 7, 18, 19, 22, 
24,25,26,27,28,30,31,32,33,34,35,36,37,38 & 39 derived fromIRBB5 x 1R64 were resistant 
phenotypi ca lly and also showed co-segregation with linked SSR marker RM6 1 O. 
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1'23, 1'130, 1'132, 1'149 
P39 
P61 
1'6 
P24 
1'10, Pll, PIS, 1'77, P78 
1'89 
PI08 
P35 
M9, Lll , P 121 
LI, L2, PI , 1'2, P23, 1'47, P48, 1'54, 1'69,1'72, P87, 
P98, P104, 1'126, P135, 1'1 39, 1'158, P167 
P2,PI2, PI04 
P7, 1'8, 1'23,1'35, 1'107, 1'108, P1 58, P162 
1'72 
P70 
P54 
P23, 1'130, 1'132, PI49 
P93 
M5 
P26 
M8, P49, P53, P54, 1'60, 1'62, 1'64, 1'65, 1'66, LlO, 
P99 
Ll4,P146 
PI46 
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~ __________________________________________ ~A~bs~tr~a~c~ 
Ginger 
Gladiolus 
Glutathione s-transfera se 
Green ear 
GRG-811 
Groundnut 

Gummosis 
Hexaconazole 

Histone 
Hydrolytic enzymes 
Hymenochaetaceae 
Hypsizygus ulmarius 
leBR 
Incubation period 
Indian bread wheat 
Indicator plants 
Induced resistance 
Isoprothiolane 
lSSR marker 
ITS 

ITS-RFLP 
Katte 
L. tau rica 
LAMP 
Lasiodiplodia li1eobroll1ae 
L- Asparaginase 
Lepidium salivuln 
Leveil/ula tal/rica 
Little millet 
Lycopersicol1 esculentum 
Macropi1omina phaseolin a 
Maize 
Mandarin 
Mango 
Medicinal plants 
Metari1izium anisopliae 
Microarray 
microRNA 

A4, L5, 1'37, 1'88,1' 143 
1'1 26 
PSI 
1'10 
1'93, 1'94 
AS, 1'5, 1'8, 1'58, 1'81 , 1'85, LJ 3, 1'123, 1'1 27,1'138, 
1'141,1'145, 1'1 58, 1'165,1'166,1'1 77 
1'28,1'109,1'173 
1'108, 1'109, 1'1 23, 1'1 24, 1'1 38, 1'144, 1'145, P146, 
1'165 
M8, L2, 1'49 
P7,L7, P54 
P22 
P168 
1'106,1'123 
P25 
1'90 
1'41 
M9 
P61 
Ml0,Ll, 1'85, PI 78 
AI, M6, L2, L4, 1'7,1'23, P28, P32, 1'38, LJ4, 1'162, 
PI67 
M2 
1'74 
P25 
P26,P31,P37 
1'55 
P159 
P46,PI02 
1'25 
1'129 
1'4,1'16 
L4, 1'8, 1'27, P160,P169 
1'18,1'19,1'152 
1'109,1'140, PI73 
A4,P55,P89,PI56,PI64 
1'47 
1'112 
L6, 1'53, 1'60 
P66,'LJ0 
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Mitochondrial al ternative oxidase 
Mulberry 
Mungbean 
Mungbean yellow mosai c disease 
Mushroom 
Mustard 
Mycotox ins 
Myrotheci/llll roridLilII 
Okra 
Onion 
Orange 
P. florida 
Paddy 
Panicum SUlnatrell se 

Peanut 
Pearl millet genotypes 
Pectobacteri"l11 chrysallthemi 
Percent disease intensity 
Phakopsora pachyrhizi 
Pharmacophore 
Phaseolus vulgaris 
Phol11opsis vexalls 
Phytophthora 
Phytophthoracapsici 
Phytophthora citrophthora 
Phytophthora illiestalls 
Phy tophthora parasitica var lIicotiallae 
Phytoplasma 
Phytotoxin 
Pigeon pea 
Piper 
Piper col"brillum 
Piper lIigrul11 
Piper yellow mottle virus 
Pisolithusalbus 
Plant-parasitic nematodes 
Pleurotus eous 
Pleurot us florida 
Pomegranate 
Post harvest diseases 
Potato 

1'58 
P149 
P32, 1'45, 1'92 
1'92 
1'20, 1'1 68, 1'169, PI 76 
M3, 1'48, P1 30, 1'1 34 
1'48 
1'114 
A2, P21 
A5, 1'106, 1'1 50 
1'109,1'140 
1'168, 1'1 69 
1'10,1'11 8, 1'1 61 
1'129 
1'8, 1'1 58, 1'1 77 
1'86 
1'113 
1'129 
1'1 44 
1'51 
M9 
L4 
AI , 1'28, L6, P97, 1'99, 1'1 73 
1'62, 1'64, P97, 1'1 59, 1'1 72 
1'109 
AI , L6, L7, 1'53 
1'57 
1'29,1'30 
1'46, 1'55 
1'87, 1'94, 1'1 53,1'1 54 
1'82 
1'62, 1'99 
P63, 1'64, 1'1 72 
1'63, 1'82, 1'136 
1'160 
1'119,1'1 27 
1'168 
1'168 
A4, P2, 1'103, 1'104, 1'110, P116, 1'142 
1'140, 1'1 52 
Al,A3, A4, L5, 1'5, 1'16, 1'37, 1'38, 1'46, L6, L7, 1'52, 
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~ __________________________________________ ~A~b~s~tr~ac~~ 

Powdery mi ldew disease 
Protoplast 
Pseudomonas 
Pseudomonas fluorescells 

PlIccillin nrachidis 
Pllccillin hO'-;(I11 (1 
Puccillin striifor11l is trif ici 
Punica granatum 
Purple blotch 
I'yraclostrobin 
Pyriwlnria grisen 
Pylhillm aphalliriermnillm 
Py thi1l111 l'exans 
qRT-PCR 
Radopholus sil1lilis 
Ralslollia solallacearum 
RAPD 
Realt ime LA~P 
Real time PCR 
Rhizobacteria 
Rhizoclonia balaticola 
Rhizoclollia solalli 
Rh izome rot 
Rhizosphere 
Rice 

RNA i vector 
Root rot 

Rust 

S. rolfsii 
Saccharu11l officillnrwlI 
Samba Mahsuri 
Sclerolillin scleroliorum 
Sclerolium rolfsii 
Secretomics 
Seed-borne 
Sheath blight disease 

1'53, 1'55, 1'1 32 
L3, 1'89, 1'1 51 
1'1 62 

1'104, 1' 107, 1' 12 1, 1'1 37, PI s 8, PI7 1 
1'75, 1'113,1'1 2 1, 1'1 34, PI48, PI 49, PI s2, 1'1 56, 
1'1 58, 1'166, PI 67, 1'1 76 
1'81 , P8s, PI41 
1'40, Ll 4, 1'40 
1'66 
P2, 1' 104, 1' 11 6, PI42 
AS, 1' 150 
1'89,1'116, PI48 
1' 15,1'77 
P83, P I76 
P38 
P64, 1'99 
PSI 
A4,Ls,P34,P37,Ps O, 1'60, 1'68,1'75, 1'95, 1'96 
~2, ~IO, LI, 1' 17, P32,L I3, PI62, 1'1 78 
P37 
PS3, 1'99 
Ls, 1'75, L13, 1'104 
1'114, PI7l 
1'7,1'32,1'33,1'76,1'121,1'129, 1'1 37, 1'169 
P38,P83 , P I43 
1'28, P88, Ll 3, 1'1 37, 1'1 39, PIs8, 1'167, PI 72, PI73 
A3, A4, AS, ~I , M7, 1'1 2, 1'1 3, PI S, 1'33, 1'39, 1'61 , 
1'73, P80, P91, PIO I , PI 18, P137, 1'1 75, 1' 179 
1'100 
1'5,1'27, P28, P32, PI 21, 1'130, P B2, 1'149, 1'1 58, 
P I66, 1' 171, P I 73 
L8, 1'7 1, P8 1,I'8S,I'86, 1'90, LI 2,Ll 4, PI 23, 
I' 138,P 141,P 144,1' I 45 
M2, PS, P 128, P 130,1' I 32, P I S9, P 169,1' I 74 

PI SS 
PIOI 
L14, 1'36,1' 163 
L4, I's ,P I28, P I30,P I6s,PI66 
1'59 
L2, L13 
P I9,I'76,P 137,1' 161 
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~A~bs~tr_a_ct_s _________________________________________ ~ 
Sheath rot 
Siderophore 
Soft rot 
Soil amendm ents 
So/al1UIII lIIe/ollgella 
Sorghum 
Soybean 
Sri Lankan cassava mosaic virus 
Stemphylium 
Stelllphy /iulII vesica riwl1 
Steri lity mosaic disease 
Streptolllyces 
Sugarcane mosaic virus 
Sugarcane pineapple disease 
Tebuconazole 
Teliospore 
Thevetia peruviana 
Tobacco streak virus 
Tomato leaf curl New Delhi virus 
Transmission Electron Microscopy 
Trichoderma flavofu seum 
1hchoderma harzimHlI1l 
Trichoderma viride 

Trifloxystrobin 
Tuberose 
Turmeric 
Two dimensional electrophoresis 
Vel/Ii/ago del/tieu/ata 
Watermelon bud necrosis virus (wbnv) 

Wheat rust 
White rust 
Whitefly 
Whitegrub 
WRKY 
XalltllOmonas axollopodis pv citri 
Xanthomonas axollopodis pv punicae 
Xal1thomonas oryzae pv oryzae 
Zucchini yellow mosaic vi rus 

PI1 8 
P54, PI04, 1' 159,P1 67 
P11 3,P1 43 
P 130,1' 134, 1'147 
P4 
MI , 1'79 
M3, Ll i ,1'36, 1'11 2,PI1 7,P 144 
P43 
1'106 
1'106 
1'93,1'94 
1' 159, 1'1 72 
1'3 
1'1 55 
1'108,P116, 1'1 20,1'1 38, PI45,1'149,1' 165 
1'40 
1'1 27 
1'2 1,1' 176 
A2, LlO, 1'52 
PI 75 
PI 
1'26,1'54,P57,PI19,PI 34, 1' 150,PI62 
A5, PI1 3,1' 11 4,PI 23, 1'1 27, P147, 1'148, 1' 149, 
P 158, P166, 1'1 72, 1'1 73 
PI 20, PI65 
PI 22 
P83, 1'88, PI 15, 1'1 24 
P68 
1'47 
1'1 52 
L8, Ll 2 
Ll4 , 1'40 
A2 , P4 3, 1'44 

1'112 
1'60, 1'62 
1'133 
1'110 
1'73 
1'1 4 
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