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I ntroduction

Mustard is fourth largest oilseed economy in the world. Among the seven edible oilseeds
cultivated in India mustard seed is the second most important oil seed crop in India after soybean. It
accounts for nearly 28.6% in the total oilseeds production. The area ofmustard in Madhya Pradesh
found to be concentrated in Bhind, Gwalior, Mandla, Mandsaur, Morena andShivpuri districts.
These five digtricts contribute nearly 85 to 90 per cent of area and production of mustard in Madhya
Pradesh. Total area under Mustard seed in India for the year 2013-14 is 64.54 lakh with total
production of 72.82 lakh tonnes and with an average yield of 1053 kg/hectare during the year.
According to the Farmer Welfare & Agriculture Development Department, Madhya Pradesh, the
average area of mustard sown was8.14 lakh hectares with the production of 11.60 lakh tonnes and
an average yield of 1425kg/hectare during 2014. In India, Orobanche spp. has emerged as a major
threat to mustard production. Root parasitic weed Broomrape (Orobanche) is a major devastating
parasitic weed of mustard. Broomrape weed infestation caused 28.2% average reduction in Indian
mustard yield. Orobanche is a major constraint in the production of mustard, especially in the
poorly managed rain fed fields of Western districts bordering Rajasthan which has now spread to
the interior central districts of Madhya Pradesh. In addition to mustard, Orobanche is found to
infect tomato, potato and brinjal, which are the major vegetable crops in the state. Because of their
prolonged underground survival and parasitism, attempts to manage the weed by chemical or other
methods have not been successful till date. Further their intrinsic relationship with the host has
prevented development of any successful chemicals against this dreaded weed. Orobanche enjoys a
very intimate relationship with the hosts and thus any management strategy of these parasites
should be aimed at interfering through their physiological processes of their interactions like signal
disruption, or release of active oxygen species in the hosts by inducing their resistance. So far there
are no resistant varieties available against the parasitic weed. Further by the time the weed is
identified by the above ground, much damage has already been done to the crop. Use of secondary
metabolites from native soil fungi will help in the biological management of the weed. Thus it is
expected that the metabolites from the fungi would also have a detrimental effect on the infection
process of the parasitic weeds. This strategy is expected to involve the following modes of action:

Germination stimulant for suicidal germination and resulting reduction in the weed seed bank
for the succeeding crop.

False signaling by the host to the parasite movement to avoid its contact



Direct suppression of the parasitic process attachment of the haustoria and its subsequent
invasion of the host
Induce systemic resistance in the host.

In this context the use of secondary metabolites from native rhizospheric microbes to
directly suppress the infection processes of the parasitic weeds and induce systemic resistance in the
host plants, have been thought of as a better management strategy. The project proposes the
management of the dreaded root parasitic weed Orobanche in mustard as an environment safe and
can be applied easily at low doses. Thus the project aims at development of a partially purified
potential microbial secondary metabolite that is suitably formulated for their use by the farmers
against Orobanche in an ecologically safe manner. Thus the proposed project was started with the
aim to manage the root parasitic weeds at three stages viz., (i) seed stage (ii) at infection stage and
(i) at the establishment stage.



Objectives

The objectives of project are given below:

1. Extraction of crude fractions of secondary metabolites from the commonly occurring soil
fungi e.g., Trichoderma spp., Fusarium spp., antagonistic against Orobanche spp.

2. Bioassay screening of isolated potential fungi and their crude fractions on Orobanche and to
analyze the effect of systemic resistance elicited in the host plants.

3. Proteomics of the interactions of the host plant, parasitic weed and the microbial metabolite
for better understanding of the resistance process of the host

4. Partial purification and formulation of the potential crude fraction for their sustained and
safe release in the farmer’s field.



Annual work plan

The work completed during the period of project is given below in the form of annual work

plan.
[tem of work | Year [l Year [l Year
| I 1 | I 1 | I 1
Isolation of microbes from the| Vv v v
farmers field infested with
Orobanche
Extraction of cell free culture v v v

extracts from the microbes

Bio-efficiency screening v v v
(germination tests, analysis of
infection processes and estimation
of induced systemic resistance)

Partial purification of the crude v v
fractions

Formulation of the purified v v
metabolite

Analysisand report writing v




Work done

According to the annual work plan, the following work has been completed during the period of
project from March 2012 to March 2015. The work done report with its achievements is given
under the individual objective in the following sections

|. Isolation of native antagonistic fungi from the farmers field, infested with
Orobanche:

8 Soil samples were collected from Orobanche infested soils of western MP (Gwalior and
its nearby districts viz., Bhind, Murena) and Bharatpur, Rajasthan during 2012. The
samples were screened for microbial populations.

8 The microbes were isolated by serial dilution technique and pure cultures were obtained
by hyphal tip techniques from the mixed cultures in the first step and then maintained in
PDA media under refrigerated conditions for further use.

8 Trichoderma, Gliocladium, Fusarium sp., Pythium sp., Penicillium sp., and Aspergillus
sp., were identified by their morphological characters. Microbes were stored in PDA slant
at 4°C. (Fig 1).
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D. Aspergifius sp., E. Pytivum sp. F Penicifliiury oxadicum

Fig. 1. Microbesisolated from rhizosphere soil of Orobanche infested mustard.

Microbes were stored in PDA slant at 4°C (Fig. 2.).



Fig.2. Different cultureisolated from different fieldsinfested with Orobanche

I1. Standardization of media for the better crude fraction extraction of cell free
culture extracts from the micr obes:
Different broth media were prepared for the fungal growth. Following media were tried for
growth and extraction of cell free culture (Fig.3.).
a) Richard’s Broth
b) Malt extract broth
C) Potato dextrose broth
d) Potato sucrose broth
€) Dextrose peptone broth
f) Dextrose broth.

a. Potato sucrose broth, b. Dextrose broth, c. Dextrose peptone broth, d. Richard’s
Broth, e. Malt extract broth, f. Potato dextrose broth.
Fig.3. Different culture broth for standardization of better production of crude
fraction of metabolites.



Individual fungi were cultivated with different culture media to find out the best medium for
cultivation of the fungi to produce better quantity and quality of the compounds.

I solated microbes were inoculated in different broths as mentioned above in 1000 ml conical
flasks and kept at 28+2°C for 2 weeks.

After standardization of the culture media, all the microbes were grown in 1000ml Potato
dextrose broth and further incubated for 21 Days for the proper growth.

Crude fraction of the Secondary metabolite from the microorganisms were isolated using
different solvents on the cell free culture filtrate of 21 days old microbial culture in potato
dextrose broth medium. The crude was used for bio-efficacy studies and was stored under -
20°C for further purification

Extraction of crude fraction (Fig.4.) was standardized by using different solvent viz,
Dichloromethane, Ethyl acetate, Chloroform and Acetone and it was found that
Dichloromethane is quite good when compared with other solvents and hence used for the
crude fraction extraction.

The extracted crude fraction was weighed to find out the yielding potential of different
microbes. Accordingly the extracts were dried under room conditions and weighed in precision

balance.

e ]
Fig.4. Solvent Extraction set up for microbial cell free culture extraction.

The following Table 1gives the yield of the crude extracts from microbial cultures obtained by

solvent extraction using DCM.



Table 1. Crude extracts of the antagonistic fungi isolated from the rhizospher e soils
of Orobancheinfested mustard.

Microbe Broth Used (ml) | Amount of Crude extract
Fusarium sp.DWSR2 Gwalior 1000 1.494 mg

Fusarium oxysporum DWSR1 1000 1.154 mg

Penicillium oxalicum DWSR1 1000 3.605 mg

Pythium sp. 1000 1.544 mg

Trichoderma viride 1000 7.236 mg
Gliocladiumvirens 1000 0.922 mg

[11. Bioassay screening of the crude fractions for their direct action on

Orobanche and to €licit systemic resistance in mustard.

a) Development of germination setup for Orobanche seeds under in vitro conditions

Orobanche seeds from fully matured flowers of Orobanche growing on mustard crops were
collected from the farmer’s field in Gwalior district Madhya Pradesh, India, during March
2012. The seeds were sun dried and stored in plastic containers at room temperature
(25+2°C).Seed viability was assayed using 2, 3.5-triphenyl-tetrazolium chloride (TTC)
staining (Granados and Torres 1999), for which the seeds were placed in 1% solution of
TTC and incubated for 72hr at 35°C in the dark. The incubated seeds were then observed
microscopically, red and orange color seeds were considered viable while white color seeds
were considered as non viable seeds or dead seeds. Surface sterilized seeds, about 100 in
numbers were placed on autoclaved moist filter paper of size Whatman No.1 in Petriplates
of diameter 9 cm. The plates were covered with black polythene sheets and wrapped in
aluminum foil to provide complete darkness and then incubated at 25+2 °C for 10 days for
conditioning (Plakhine et al., 2009). The preconditioned seeds with filter paper were
aseptically transferred on a bed made of sterilized sand, cotton and filter paper kept on a
1000 ml beaker. In a parallel setup, surface sterilized seeds of mustard were placed in
separate Petriplate with moistened blotting papers for germination. After germination, about
10 seedlings was surface sterilized and transferred to the beaker containing the
preconditioned Orobanche seeds. A mild fungicide such as bavistin was sprayed to avoid

fungal contamination. Orobanche seeds without host plant were maintained for the purpose



of comparison. About 30 beakers with similar sets of Orobanche seeds and host plant
seedlings were maintained (Aditi and Kannan 2014)

Fig 5. Setup for germination of Orobanche cernua under controlled conditions
The beakers were then incubated at room temperature for 10 days after which, the
filter paper with Orobanche seeds and host plant was removed gently for observation under
stereo binocular microscope.
Microscopic observation of the germinating seeds indicated the following important
events in that sequence as follows:
i) Seeds swell after absorbing moisture during the conditioning period
i) Color of the seed coat changes from light brown to dark brown on 2nd to 4th day upon
exposure to the host seedlings.
iii) The proximal end of the imbibed seeds became more pointed and protruded from the base
iv) The testaruptured
v) Germ-tube elongates to reach the host root and attaches to the root surface by production of

haustoria to enter the root tissues.



Fig. 6. Micro-photograph showing different stages of germination of O. cernua

A. Normal seed with reticulation B. Swollen and conditioned seeds, C. Imbibed with
moisture and initiating germination at the proximal end of the seed, D. Bursting of
seed coat (testa) from the proximal end of the seed and formation of germ tube, E.
Development of germ tube, F. Germ tube elongation for host root search, G. Germ tube
attaching to the host root and establishment of parasite to the host root, H. Tubercle
development, |. Two stages of establishment of parasite, germ tube and tubercle
development.

After successful establishment of haustoriainside the host root, a globular tubercle is
formed. The tubercle is densely surrounded by brown root meristem, growing into a
flowering stalk of Orobanche which emerges above the ground to produce flowers.

Table 2. Viability of Orobanche seeds collected from the soils of different villages
around Gwalior and tested by TTC staining method

Sample Host crop % Viability of Orobanche seeds
Bahadurpur 1 Mustard 65.8
Khokapura 1 Mustard 49.2
Murena 2 Mustard 67.8
Bahadurpur 2 Mustard 56.6

Source: Aditi and Kannan 2014



