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 Distinguished guests, ladies and gentlemen, it is indeed an honor for me to convey this message 
as a Chairman of Asian PGPR Society on behalf of Asian PGPR Executive Board. It is my privilege 
to welcome you all for the 3rd Asian PGPR Conference for Sustainable Agriculture from April 21-24, 
2013 in Manila, Philippines at Hyatt Hotel. 

 As you all know by this time, Asian PGPR Society was formed in 2009 as a non-profit scientific 
organization. The initial idea of creating Asian PGPR Society was, where we could have alternative 
conferences and congresses that could be more accessible to people in this region of the world, given that 
it is difficult for many people interested in PGPR research to attend every International Conferences 
to be conducted in various continents. From these ideas we arrive at this Society. The creation of 
biotechnologies, bio-businesses, bio-techno-entrepreneurs, bio-farmers, bio-students and bio-billionaires 
is the theme of this “ASIAN PGPR SOCIETY for SUSTAINABLE AGRICULTURE”.

 I encourage all of you here to bolster the spirit in your colleagues and yourselves as you now 
enable Asia to become a world leader in the application of PGPR technology to the betterment of 
our agriculture. I am confident that by working together we can overcome the obstacles and seize the 
opportunities in the PGPR technologies in the new millennium. I am taking this opportunity to call upon 
all stakeholders from the wide range of Asian countries to join hands and use PGPR to make our world 
a better place to live. Join me and let us see the future we can create with PGPR through this meeting. 

My best wishes to all of you.

Dr. M. S. Reddy 
Chairman
Asian PGPR Society
Department of Entomology and Plant Pathology
Auburn University, Auburn, USA

Message from the APSSA Chairman
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Message from the APSSA President

 I am extremely happy that the 3rd Asian PGPR Congress is scheduled at Manila, Philippines 
during 21- 24th April 2013. All of you are aware that Asian PGPR is an offshoot of International 
PGPR in its endeavor to spread the message of this eco-friendly microbial biotechnology among the 
Asian region to ensure greater interaction among the major stake holders, the researchers, farmers and 
industry for increased crop production and productivity. While the productive land becomes limiting, the 
available and most practical option is to increase the productivity of the crops that would ensure the 
food security and sustainability of the region. PGPRs would be ideal to fill this gap! I place on record my 
deep appreciation to Prof. MS Reddy, Univ of Alabama, USA, General Chairman, for his untiring efforts 
in realising the objectives and goals of this Society.

 I congratulate Dr. Patricio S. Faylon, Executive Director (PCAARRD-DOST) and his energetic 
team in meticulously planning this most important event in this great country for the benefit of the Asian 
region. I am sure this event would trigger the research initiatives of this wonderful PGPR technology 
towards the food and nutritional security of the region. On behalf of   the Asian PGPR Society I profusely 
thank the farmers, researchers and Agricultural administrators of the PHILIPPINES, in providing this 
opportunity for the Asian PGPR. I wish this conference would provide a wonderful opportunity to all 
the concerned in coming out with results which are socially relevant and scientifically rewarding. I wish 
conference all success. 

        Dr. Yamanoor R. Sarma
        Hyderabad, AP India
        Director (Retd.)
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Message from Auburn University

 I would like to extend my warmest welcome to the distinguished guests, speakers and participants 
of the Third Asian PGPR Conference in Manila. As we meet, the world is entering a population cycle that 
will challenge agricultural production technology like never before. By the year 2050, it is projected that 
the world population will exceed 9 billion people. It is also expected that favorable global trade policies 
will continue to create wealth around the world. The size of the global middle class is expected to triple, 
growing from approximately 1 billion people today to over 3 billion people by 2050. A higher global 
standard of living is driving up demand for food, resulting in record high global grain prices during recent 
years. Experts are projecting that by 2050, food production must increase approximately 70-100% to 
meet demand. 

 Doubling the world’s food supply is the grand challenge for the next generation of agricultural 
scientists. Land constraints dictate that much of the increased production must come from existing 
agricultural lands. According to the FAO, past efforts to increase productivity has led to global degradation 
of farmland at an alarming rate. Future technology must lead to increased production in a sustainable 
manner.

 Approximately 40% of the current world population is engaged in agriculture, and 25% of the 
world population is small holder farmers living on less than $2.50 per day. Farm size, productivity and 
poverty are strongly linked. The promise of technologies such as PGPR is that they will provide solutions 
that will increase the productivity and profits of small holder farmers around the world, thus increasing 
food supply and reducing poverty in a sustainable way.

 As agricultural scientists, the world is looking to us to provide solutions to food challenges that 
the world is facing. I look forward to the presentations and interactions with the scientists at this 
conference. Never before have so many people been dependent upon so few farmers for food. We have a 
lot of work to do!

  
       Dr. William D. Batchelor
       Dean
       College of Agriculture, Auburn University  
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Message from APSSA Patron

I wish to extend a warm welcome to all the speakers and participants at the Third Asian PGPR Conference 
in Manila.  Each of you is an important part of the world-wide research and development effort for 
PGPR. Together, we are helping to make new discoveries that continue to result in more PGPR-based 
applications for agriculture every year. 

As you all know, the combination of accelerating climate change and the growing world population is 
challenging agricultural production. Many multi-national agricultural product companies are investing 
in basic research aimed at improving drought tolerance and nutrient uptake. Plant-associated bacteria 
are being tested for sources of new genes, sources of metabolites that affect plant gene transcription, 
and as potential inoculants for crops. Studies on PGPR fit very well with these goals, and for this reason, 
our research area is receiving renewed interest. 

Our challenges are to continue providing research needed to realize the potential benefits of PGPR and 
to bring those benefits to growers. Conferences such as the Asian PGPR Conference and the International 
PGPR Workshop offer critical opportunities for exchange of ideas and challenges. I encourage all of you 
to take advantage of the opportunity to meet colleagues from across the globe, to share research ideas, 
and to discuss the challenges ahead in implementing your research findings. 

        Dr. Joseph W. Kloepper
        Auburn University, Auburn, AL, USA



5
Message from the Organizing Committee Chairman

 Kudos to APSSA for this inspiring initiative!  PCAARRD is honored and pleased to co-organize this 
3rd Asian Conference on Plant Growth-Promoting Rhizobacteria and Other Microbials for Sustainable 
Agriculture, together of course with other international and local partners.

 Globally, research undertakings on plant growth-promoting rhizobacteria, or PGPR for short, 
span more than four decades of investigation into these organisms and their modes of action.  In the 
Philippines, PCAARRD’s R&D initiatives on PGPR, other microbials and inoculants started in the late 
70s.  Since then, several R&D programs and projects have been undertaken and continue to be pursued, 
with still more in the pipeline.  With strong optimism, PCAARRD and DOST look ahead to positive 
results and hopefully these ventures would level up and roll on to the commercialization phase as well 
and ultimately redound to the benefit of our farming community.

 This 3-day event offers us all a great opportunity to generate updated information on the state of 
knowledge regarding PGPR, including new products and technologies; and this Conference is a chance 
to establish and/or renew linkages with colleagues, partners and friends in the world of PGPR, as well 
as exchange information and expertise, not only while we are gathered here, but more importantly, we 
can pursue our linkages even as we go back to our respective offices.

 Let me take this opportunity to express my sincere appreciation to APSSA and all our co-sponsors, 
as well as to all of you for coming here to share and keep abreast of what is available so far about PGPR.  

 On behalf of PCAARRD, I warmly welcome you to this conference.  May it be fruitful and truly 
rewarding!

        Dr. Patricio S. Faylon
        Executive Director
        PCAARRD
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 Congratulations to DOST-PCAARRD, headed by your Executive Director Dr. Patricio S. Faylon, 
for holding this event on the “Asian Conference on PGPR and other microbials” held this 21st to 24th of 
April 2013 at the Hyatt Hotel, Manila. 

 At present, efforts on plant genetic resources aides in plant conservation essential in this time when 
we encounter a lot of changes and decline in our environment. These man-made activities, like careless 
activities contributing to pollution and deforestation, have triggered Climate Change and interruption in 
our biodiversity, that have contributed to our current ecological state. Efforts in PGPR will surely help in 
saving what is left of our environment, especially by saving plants endemic in our country. Doing so will 
not only secure a balance in our biodiversity but ensure that generations after us will have the chance to 
enjoy these bounty of nature. 

 You can be assured that AGHAM Party-list has been and will always be supportive of your efforts 
that serve for the good of our country and people. Our 209 legislative measures in the 15th Congress 
serve as a marker of our efforts to uplift the quality of science through bills such as the Bioindustry Act or 
the bill on the establishment of a cryogenic seed bank to aide in preventing complete extinction of plant 
species endemic in the Philippines. 

 These and more we truly advocate for and hopefully you support us as well in these efforts. Rest 
assured that given a bright future for AGHAM, we will all build to  make positive change for this country, 
one big step at a time. 

 Again, congratulations to Dr. Faylon, to the rest of DOST-PCAARRD, and to those who organized 
this successful event. Mabuhay at isang maka-AGHAM na araw sa lahat!

Republic of the Philippines

House of Representatives
Quezon City, Metro Manila

----- Message-----

Representative, AGHAM Party-list
HON.
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Message from ICRISAT

Dr. William D. Dar
Director General, ICRISAT, Patancheru, Andhra Pradesh, India

 The trajectory of PGPR research over the last four decades has certainly moved beyond fluorescent 
Pseudomonads or Bacillus. The science behind plant growth promoting rhizobacteria today holds an 
important key to a second “Green Revolution” in many parts of the world to benefit in particular poor 
farmers in marginal agricultural areas.

 Asian countries in particular China, India, and the Philippines are the leading advocates of 
bio pesticides and bio fertilizers for sustainable agriculture. It is our responsibility to show the other 
countries how PGPR research in our geography contributes to meet the challenges for agriculture in 
the rest of the world.  In this context, let me thankfully recognize the contribution of the Asian PGPR 
Society for Sustainable Agriculture since it was born in the year 2009. It is the time to elevate our game 
to the next level and see how PGPR interventions change the complexion of smallholder agriculture by 
enhancing agricultural productivity in a sustainable manner. 

 We, at ICRISAT, strongly believe that scientific innovations can reach farmers only with 
purposeful and effective partnerships. So to all the participants in this conference, let me encourage you 
to share, learn, reach out and build personal relationships in this conference that can lead to productive 
partnerships. 

 Welcome to Manila and Mabuhay!
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About PGPR and Asian PGPR Society

 What is PGPR? Why Asian PGPR?  Let’s take a moment to discuss PGPR and its importance. 
Plant growth-promoting rhizobacteria (PGPR) are root associated bacteria representing many different 
genera and species that colonize the rhizosphere, rhizoplane and improve plant growth when artificially 
introduced onto seeds, seed pieces, roots, or into soil. PGPR improve plant growth by one or more 
mechanisms: direct stimulation of plant growth; enhancement of nutrient uptake; suppression of plant 
pathogens; and/or induction of resistance in host plants against pathogens. Following the successful 
outcome and encouraging results of the International PGPR workshops around the globe, and our 1st 
Asian PGPR Congress held in Hyderabad, India in 2009, 2nd Asian PGPR Conference held in Beijing, 
China in 2011, and 3rd Asian PGPR conference being held in Manila, Philippines from April 21-24, 
2013 to continually promote the developments of PGPR technology. As PGPR technology is currently 
experiencing a dramatic increase, it has become a key element of the interactions between PGPR and 
plants, and is considered a key input for sustainable agriculture. This focused event pays tribute to the 
growing significance of biofertilizers and biofungicides, hence I cordially welcome you to join us and 
witness the advances in agriculture biotechnology together in the 3rd Asian PGPR Conference.

 Today, many economically important agricultural, horticultural and ornamental crop plants are 
attacked by various soil borne and foliar diseases, resulting in billions of dollars in crop losses. Currently, 
the most widely used disease management strategy is the use of chemical fungicides. However, the 
use of these fungicides has encountered problems, such as development of resistance by pathogen 
to fungicides and rapid degradation of the chemicals. Other factors leading to increased interest in 
alternatives include the increasing cost of soil fumigation, lack of suitable replacements for methyl 
bromide and public concerns over exposure to fungicides. Both the agriculture and agri-food sector are 
now expected to move toward environmentally sustainable development, while maintaining productivity. 
These concerns and expectations have led to renewed interest on the use of “biologically based pest 
management strategies”. One approach to such biologically based strategies is the use of naturally 
occurring and environmentally safe products such as PGPR. 

 It has long been known that many microorganisms in the soil root ecosystem are attracted by 
nutrients exuded by plant roots. This soil-root ecozone is called rhizosphere. Many bacteria from the 
rhizosphere can influence plant growth and plant health positively, and we refer to them as PGPR. The 
beneficial effect of these bacteria have been variously attributed to their ability to produce various 
compounds including phytohormones, organic acids and siderophores, fixation of atmospheric nitrogen, 
phosphate solubilization, antibiotics that suppress deleterious rhizobacteria or to some other unidentified 
mechanisms.

 Worldwide, PGPR technology is being considered as the latest pursuit for expertise in knowledge 
intensive sectors. Currently, the global agriculture biotech industry is valued at an estimated US$ 45 
billion and is expected to grow at 25% annually. Indian Ag biotechnology industry is currently valued 
at US$ 2.5 billion. Much of the credit for growth of the Indian Ag biotechnology industry goes to 
the government that created a separate department for biotechnology under the Ministry of Science 
and Technology. Our state governments are also equal contributors towards making India an emerging 
hub of Ag biotechnology. Today, we have the benefit of having both Central and State Governments 
partnering with us for this congress. I see similar capabilities in all participating Asian countries and 
we all inherently have the strengths, excellent networks of research laboratories, rich biodiversity, well-
developed seed industries and most importantly highly skilled and trained pool of scientific manpower. 
Today, Asian countries are slowly but steadily preparing themselves for an emerging Ag biotechnology 
revolution. The success in this sector, however, depends on a number of enabling factors like facilitating 
venture capital funding, technology absorption and strengthening of links between the industry, academic 
and government institutions, not only within each country but amongst all Asian countries and our 
International partners. 
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 The green revolution of agriculture brought an enormous increase in food production. It not only 
made the world self-sufficient in food but also gave the world’s scientists and farmers an immense amount 
of self-respect. Though the green revolution did increase food production, the productivity levels have 
remained low and increase was achieved at a cost of intensive use of water, fertilizer and other inputs 
which have caused problems of soil salinity, ground water pollution, nutrient imbalances, emergence of 
new pest and diseases and environmental degradation. To feed the ever increasing population globally 
and in Asia more and more food now has to be produced from less and less land, water and other natural 
resources. It is therefore, apparent that we have to do things differently and doing more of what we did 
yesterday will not take us forward. With the advent of PGPR technology and its use on crops, we can 
achieve higher productivity, better quality, improved nutrition, improved storage properties, increased 
pests and disease resistance and achieve higher prices for farmers in the global market place. PGPR 
technology has the immense potential of eradicating rural poverty and fueling Asia’s GDP growth. By 
exploiting our knowledge of PGPR technology we have the opportunity to make Asia the global center 
of bioresearch. 

 The PGPR industry is a relatively new venture, just coming out of its infancy. Its potential is 
being tested, realized and used. The public awareness and acceptance of PGPR will accelerate the 
process. Currently these are being supplemented by private individual entrepreneurs for developing 
PGPR products for local needs as well as for the export market. Technologies are flowing into the 
country due to the changed economic scenario. With continued support we can soon become global 
players in PGPR technology.
 
 I hope I have been able to impart upon you the great enthusiasm I feel about the future through 
the use of PGPR. We must bring about a massive collective global effort dedicated to funding new 
research in PGPR’s.

Dr. MS Reddy
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About the 3rd Asian PGPR Conference

 This 3rd Asian PGPR conference brings together researchers, industry specialists and policy 
makers under the guidance of a core team of technical experts from Asian countries, and other parts 
of the world, to deliberate and understand the strengths and weaknesses of the region in developing 
products of PGPR for use by the farming community. The conference is expected to generate a debate 
on understanding the present-day status and future scope of research in PGPR that has an impact on the 
growing significance of biofertilizers and biofungicides in organic agriculture.  The outputs would form 
a strong foundation for addressing the issues of global and regional food security. 

 Highlighted in this gathering of experts are plenary lectures, as well as oral and poster 
presentations that focus on the following themes: 

	 •	PGPR	and	other	microbials	–	growth-promotion	and	biological	control	in	crops	for	
  sustainable agriculture

	 •	Macro	and	micro-nutrients	-	PGPR	and	other	microbials	in	sustainable	organic	agriculture

	 •	Bioactive	metabolites	of	PGPR	and	other	microbial	interactions	in	the	rhizosphere

	 •	Mechanisms	of	PGPR	and	other	microbials

	 •	Current	status,	new	technologies	and	extended	applications	of	PGPR		

	 •	Commercial	potential,	trade	and	regulatory	issues	among	Asian	countries

 The three-day event culminates in a field tour showcasing PGPR-related projects in the 
Philippines.
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CONFERENCE PROGRAM

Sunday, 21 April 2013

2:00 – 5:00 PM
7:00 – 9:00 PM

Registration
Reception

Ballroom
Bayview Salon, 5th Floor

Monday, 22 April 2013

Opening Ceremony
Master of Ceremony: Mr. Ramon A. Oliveros, IRRI, Philippines

8:00 - 8:15 AM
Welcome  Remarks by Local  Organizing 
Committee Chairman

Dr. Patricio S. Faylon
Executive Director, PCAARRD-DOST 
Philippines

8:15 - 8:25 AM Greetings from Asian PGPR Society Chairman
Dr. Munagala S.  Reddy 
Chairman, Asian PGPR Society
Auburn University,  USA

8:25 - 8:30 AM Message from Asian PGPR Headquarters Dr. Yamanoor R. Sarma
President, Asian PGPR Society, India

8:30 - 8.45 AM Message from the Government of the Philippines Rep. Angelo B. Palmones
House of Representatives, Philippines

8:45 - 9:00 AM Message from Auburn University
Dr. William D. Batchelor
Dean, College of Agriculture
Auburn University, USA

9:00 - 9:30 AM 
Keynote Address  

Extending the science of PGPR for the benefit 
of the smallholder farmers

Dr. William D. Dar
Director General, ICRISAT, India

9:30 - 10:00 AM Group Photo & Health Break

Special Session
Private Sector Perspective

Moderator: Dr. GV Ranga Rao, ICRISAT, India

10:00 - 10:30 AM Global success of Prathista industries  organic 
agri-inputs for sustainable agriculture 

Mr. KVSS Sairam 
President/CEO, Prathista Industries
India

3rd Asian Conference on Plant Growth-Promoting Rhizobacteria (PGPR)
and Other Microbials for Sustainable Agriculture

Hyatt Hotel, Manila, Philippines
April 21-24, 2013
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Session 1
PGPR and other microbials – Growth promotion and biological control in crops

Moderators: Dr. BV Patil, India and Dr. Reynaldo V. Ebora, Philippines

10:30–10:50 AM 
Harnessing vesicular arbuscular mycorrhizal 
root inoculant (VAMRI) enhanced with “third 
symbionts” for sustainable agriculture

Dr. Marilyn B. Brown
BIOTECH-UPLB
Philippines

10:50–11:10 AM
Response of endophytic rhizobacterial strain 
Pseudomonas aeruginosa 231-1 in biological 
control of several plant diseases

Dr. Nguyen Thi Thu Nga
Can Tho University
Vietnam

11:10–11:30 AM Potential of Bacillus subtilis as biocontrol agent 
for powdery mildew of garden pea

Dr. Luciana M. Villanueva
Benguet State University, Philippines

11:30–11:50 PM Overview of sustainable management of 
aflatoxin contamination in groundnut at ICRISAT

Dr. Hari Kishan Sudini
ICRISAT, India

12.00 – 01.00 PM                                        Lunch

Session 1 continued…..

1.00–1.20 PM                                                

Improving the yield of glutinous white corn 
by distance of planting and use of biocontrol 
agents for management of Asian corn borer, 
Ostrinia furnacalis

Dr. Jocelyn A. Nicolas
CLSU
Philippines

1:20 – 1:40 PM
Development of broad-spectrum actinomycetes 
for biocontrol and plant growth promotion of 
food crops

Dr. S. Gopalakrishnan
ICRISAT, India

1:40 – 2:00 PM
Studies on population density of different 
PGPRs in turmeric rhizosphere soils for 
biocontrol activity

Dr. P. Ponmurugan
KSR College of Technology, India

2:00 – 2:20 PM

On-farm demonstration on positive yield 
effects of  VAMRI in open-pollinated  varieties 
and  hybrid  corns in Regions II and IV in the 
Philippines

Mannix S. Pedro
BIOTECH-UPLB
Philippines

2:20 – 2:40 PM
Role of PGPR in bioremediation of heavy metal 
ions and plant growth-promotion of wheat and 
peanut grown in heavy metal contaminated soil

Dr. Riyaz Z. Sayyed
ASC College, Shahada
North Maharashtra University, Jalgaon
India

2:40 – 3:00 PM Use of mycofungicides in reducing the 
occurrence of anthracnose disease in onion

Dr. Constancia C. Dacumos
CLSU
Philippines

3:00-3:30 PM Health Break

Session 2
Macro and micro-nutrients - PGPR and other microbials in sustainable organic agriculture

Moderators: Dr. Evelyn F. Javier and Dr. Ponciano M. Halos,  Philippines

3:30 - 3:50 PM Innovation for sustainable agriculture with 
Prathista new generation organic fertilizers

Ms. Gayatri 
Prathista Industries Limited, India

3:50 – 4:10 PM

Evaluation of mixed inoculum of plant growth-
promoting rhizobacteria (PGPR) strains on pea 
and maize mixed cropping system with reduced 
doses of chemical fertilizer

Dr. Yao Tuo
Gansu Agricultural University, Lanzhou 
China

4:10 – 4:30 PM Management of damping-off of chilli with 
Pseudomonas fluorescens

Dr. Raghavendra K. Mesta
University of Horticultural Sciences 
Bagalkot, Karnataka, India
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4:30 – 4:50 PM Cellulolytic bacteria - antagonists pathogenic 
fungi causing root rot of sugar beet

Dr. I. E. Smirnova 
Department of Science, Ministry of 
Education and Science
Almaty, Kazakhstan 

4:50 – 5:10 PM

Effect of combined inoculations of plant 
growth-promoting rhizobacteria (PGPR) on the 
growth and productivity of soybean (Glycine 
max L.)

Dr. A. B. Patil
University of Horticultural Sciences 
Bagalkot, Karnataka, India

5:10–6.30 PM
Ribbon Cutting Ceremony

Poster Exhibits

Posters 1- 20

Ballroom

7:30 – 9:00 PM Gala Dinner Ballroom

Tuesday, 23 April 2013

Session 3
Bioactive metabolites of PGPR and other microbial interactions in the rhizosphere

Moderators: Ms Martina Koberl, Austria and Asghari Bano, Pakistan

8:30 – 8:50 AM
Assessing the effect of conservation agriculture 
(CA), cropping systems and crop residues 
application on dynamics of PGPR in the SAT

Dr. Suhas P. Wani
ICRISAT, India

8:50 – 9:10 AM
Search for 2, 4 DAPG positive gene in 
fluorescent Pseudomonas and their exploitation 
for sustainable disease management

Dr. M.K. Naik
UAS-Raichur, India

9:10 – 9:30 AM

Isolation, characterization and identification 
of plant growth-promoting rhizobacteria 
(PGPR) and their efficacy on corn and tomato in 
selected sites of Philippines

Ms. Aimee Lynne A. Pilapil
Pamantasan ng Lungsod ng Maynila
Philippines

9:30 – 9:50 AM
Biochemical characterization of normal and gall 
roots of bottle gourd and sponge gourd infected 
with Meloidogyne incognita 

Dr. Rajendra Singh
Bareilly College, India

9:50- 10:10 AM
Optimization of production conditions for 
extracellular tannase by Aspergillus terreus 
isolate

Dr. NLN Reddy
CBIT & S
Hyderabad, India

10:10 – 10.30 AM
Potential of plant growth-promoting 
rhizobacteria on soil health and their 
interaction with chemical fertilizers

Ms. Asia Nosheen
Quaid-e-Azam University
Islamabad, Pakistan

10.30–11.00 AM Health Break

Session 4
Mechanisms of PGPR and other Microbials

Moderators: Dr. I.E. Smirnova, Kazakhstan and Dr. C. Masso, Kenya

11.00–11.20 AM
The expression and regulation of two phz 
gene clusters in PGPR strain of Pseudomonas 
aeruginosa M18

Prof. Yuquan Xu
School of Life Sciences and Biotechnology 
Shanghai Jiao Tong University
Shanghai, China

11.20–11.40 AM
Rewiring the flagella regulon in Pseudomonas 
fluorescens SBW25 restores surface motility to 
non-motile mutants

Dr. Robert Jackson 
University of Reading
United Kingdom

11:40–12:00 AM
Transcriptomic analysis of the Pseudomonas 
fluorescens Pf0-1 response to moisture stress in 
soil

Dr. Mark W. Silby
University of Massachusetts
North Dartmouth, MA, USA

12:00–12:20 PM
Indigenous PGPR and below ground 
communities of an organic desert agro-
ecosystem

Ms. Martina Koberl
Graz University of Technology
Austria
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12:20-01:15 PM Lunch

Session 5
New Technologies and Extended Applications of PGPR

Moderators: Dr. Mark W. Silby, USA and Dr. K Vijay Krishna Kumar, India

1:15 - 1:35
Diversity of the phosphate solubilizing bacteria 
isolated from the root of Tree Peony (Paeonia 
ostii)

Prof. Jigang Han
Shanghai Chenshan Plant Science
Botanical Garden, Shanghai, China

1:35– 1:55 PM
Application of PCR DGGE to examine the 
microbial community associated with the 
rhizosphere of rice as affected by salinity

Ms. Nolissa D. Organo
BIOTECH-UPLB
Philippines

1:55– 2:15 PM Potential of PGPR in bioremediation of Pb in 
Maize

Asghari Bano
Quaid-e-Azam University, Pakistan

2:15– 2:35 PM
Induction of plant immune responses by 
gaseous compounds against plant pathogens 
and insect pests 

Dr. Choong-Min Ryu 
Systems and Synthetic Biology Research 
Center, KRIBB, South Korea

2:35– 2:55 PM
Efficacy of Pseudomonas fluorescens strains 
in enhancing drought tolerance and yield in 
peanut

Dr. P. Sudhakar
Acharya NG Ranga Agricultural University
Andhra Pradesh, India

2:55– 3:15 PM
Silver nanoparticles using siderophoregenic 
Actinomycetes from hot springs for plant growth 
promotion and yield improvement of groundnut

S R Khandelwal
HPT/RYK Science College 
Nasik, Maharashtra, India

3:15– 3:35 PM

Plant growth-promotion and biocontrol activity 
of mechanisms of a biocontrol agent, Bacillus 
amyloliquefaciens B9601-Y2

Dr. Yueqiu HE
Yunnan Agricultural University
Kunming, Yunnan Province, China

3:35 – 4:00 PM                                           Health Break

Session 6
Commercial potential, trade and regulatory issues among Asian countries
Moderators:  Dr. CLL Gowda, ICRISAT, India and Dr KS Park, South Korea

4:00– 4:20 PM

Impact of inadequate regulatory frameworks 
on the adoption of bio-fertilizer (e.g. PGPR) 
technologies: A case study of sub-Saharan 
Africa

Dr. C. Masso
International Institute of Tropical 
Agriculture (IITA)
Nairobi, Kenya 

4:20– 4:40 PM Formulation and compatibility of PGPR with 
pesticides for suppression of insect pests

Dr. B. V. Patil
UAS, Raichur, Karnataka, India

4:40– 5:00 PM

Effect of ACC deaminase producing PGPR 
strains inoculation on the early growth and 
nutrient uptake of crop plants in Saemangeum 
reclaimed soil 

Kiyoon Kim 
Chungbuk National University 
Cheongju, Korea 

5:00– 5:20 PM
Production and utilization of plant growth 
regulators from plant growth promoting 
bacteria

Dr. Erlinda S. Paterno
BIOTECH-UPLB
Philippines

5:20– 5:40 PM
Bioprospecting of endophytic bacteria from 
mangrove, banana and sugarcane plants for 
their PGPR activity

Dr. V. Muralikrishnan
Annamalai University, Tamil Nadu
India 

5:40– 6:00 PM Vital N® biofertilizer for sustainable and 
profitable 

Dr. Ponciano M. Halos
Arnichem Corporation, Philippines

6:00– 7:00 PM Viewing of Posters Posters 21-50
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7:30– 9:30 PM

Closing Ceremony & Banquet
Master of Ceremony

Venue: To be announced
Ms. Adoracion B. Armada
Asst. Secretary General, 3rd Asian PGPR
Senior Science Research Specialist
ARMRD-PCAARRD, Philippines 

7:35– 7:50 PM Response from selected participants General

7:50– 8:05 PM Appreciation Message from the Organizers
Mr. Rodolfo O. Ilao
Secretary General, 3rd Asian PGPR 
Director, ARMRD-PCAARRD, Philippines

8:05– 8:15 PM Closing Remarks Dr. Reynaldo V. Ebora
BIOTECH-UPLB, Philippines

8:15– 8:30 PM

Announcement of 4th Asian PGPR meeting

Venue - Presentation

Dr. M. S. Reddy
Chairman, Asian PGPR Society

Dr. Nguyen Thi Thu Nga
Can Tho University, Vietnam

Wednesday, 24 April 2013
Field Tour

Coordinator: Ms. Fe Torres, BIOTECH- UPLB, Laguna, Philippines

6:00-7:00 AM

7:15 AM

7:15-9:00 AM

9:00-9:50 AM

9:50-10:15 AM

10:15-11:00 AM

11:00-12:00 noon

12:15-1:15 PM

1:30 PM

2:00 PM

3:00 PM

3:15-5:00 PM

Breakfast at Hyatt Hotel

Assembly at front Hotel Lobby

Hyatt to PCAARRD

Visit to PCAARRD

Trip to BIOTECH-UPLB

Video showing 
Viewing of Exhibits

Visit to greenhouse and field trials
Pass by PhilRice Office

Lunch at  Botanical Garden Social Hall, UPLB 
and picture taking

Trip to IRRI

Orientation at IRRI Rice World

Snacks

Back to Hyatt Hotel 
Shopping time at Mall of Asia 
Dinner on your own

Ms. Fe. Torres and Ms. Lerma Moran
BIOTECH-UPLB

Dr. Bethilda E. Umali, ARMRD-PCAARRD

Mr. Ramon A. Oliveros

Thursday, 25 April 2013
Departure
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ABSTRACT – SPECIAL SESSION

Private Sector Perspective

Global Success of Prathista Industries Organic Agri-inputs for Sustainable Agriculture

K. V. S. S. Sairam1 and N. Sree Rama Reddy2

1CEO & Chairman, Prathista Industries Limited, Secunderabad, India and 
2Former Dean of Agriculture, ANGR Agricultural University, Hyderabad, India

Organic agriculture is a holistic production management system which promotes and enhances agro 
ecosystem health including biodiversity, biological cycles and soil biological activity. Organic farming is 
necessary from the point of economic, environmental and social concerns. Green revolution increased 
the crop yields to attain self-sufficiency in food production by use of high input external techniques. 
Continuous use of inorganic fertilizers showed negative impact on soil health resulting in reduction in 
organic carbon content, nutrient uptake and expression of micro nutrient deficiencies in addition to soil 
erosion and environmental pollution. Adoption of organic farming combats all the ill effects of soil, water 
and environment. In this direction Prathista Industries Limited, Hyderabad, India manufactures microbial 
derived organic agri-inputs for all plant macro and micro nutrients. These products are eco-friendly, bio-
available with shelf life of 3-5 years and do not contaminate the ground water. These products are certified 
as organic by authorized agencies in India (INDOCERT) and USA (OMRI). Field level demonstrations 
of these products on various food crops (Rice, Corn, Soybean, etc.), commercial crops (Sugarcane 
and Cotton), vegetables (Cabbage, Tomato, Onion, Cauliflower, Egg plants (Brinjal) horticultural crops 
(Banana, Mango, Citrus, Rose etc.) and Spices (Cardamom, Cloves) were conducted in various parts of 
India and in other countries (USA, Philippines, Uganda, Turkey and Kenya). The present paper reviews 
the bio-efficacy results of Prathista organic inputs on different crops conducted by non-governmental 
agencies (NGO’s), Department of Agriculture, Agricultural institutions and farmers in their own fields.
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ABSTRACTS - ORAL PRESENTATIONS (OP)

Session 1
PGPR and Other Microbials – Growth Promotion and 

Biological Control in Crops for Sustainable Agriculture

OP-01

Harnessing Vesicular Arbuscular Mycorrhizal Root Inoculant (VAMRI) Enhanced with “Third 
Symbionts”for Sustainable Agriculture1

Marilyn B. Brown2*, Rosario G. Monsalud2, and Kang Ui Gum3

1 Project funded by Department of Agriculture Philippine Agriculture and Fisheries Biotechnology Program and  
Asian Food and Agriculture Cooperation Initiative (AFACI)-Rural Development Administration  (RDA) Korea

2Program Leader, Biotechnology for Agriculture  and Forestry Program  (BAFP) and  Head,  Philippine National 
Collection of Microorganisms (PNCM), respectively,  National Institute of Molecular Biology and Biotechnology 

(BIOTECH), UP Los Baños, Laguna  4031, Philippines drmbbrown@yahoo.com.ph
3Director of KOPIA DR Congo Center, Rural Development Administration, Korea

 Vesicular arbuscular mycorrhiza (VAM) is a symbiotic association of beneficial fungus and root of 
higher plants. The benefits derived by the host plant from the symbiotic association through the uptake 
of nutrients by the fungus and enhanced defense mechanism provided to the plant against soil-borne 
pathogen is well established. The ability of certain mycorrhizal fungal species to produce large amount 
of spores (vesicles) inside the roots of the host plant prompted us to develop a mycorrhizal root inoculant 
(VAMRI). This inoculant is composed of either Glomus mossea or G. fasciculatum which were chosen from 
among hundreds of local isolates from Philippine soil and exotic isolates from Abbott Laboratories, North 
Chicago Illinois, respectively.  The conditions for production of high quality “starter inoculum” under 
growth room conditions and mass inoculum production in “pot culture” have been optimized.  Several 
bacteria and fungi were found associated with VAMRI and these were considered as “third symbionts”. 
These were screened for their plant growth promoting activity (PGPA) and phosphate solubilizing ability 
(PSA) both on in-vitro and in- vivo conditions using different methods. The isolated “third symbionts” with 
highest PSA and PGPA were identified using bioMerieux® VITEK 2 identification system and 16S rDNA 
sequence analysis for the bacteria and by cultural and morphological examination for fungal symbionts. 
The three most effective”third symbionts” were used to enhance the effectiveness of VAMRI inoculants.  
The effectiveness of the enhanced VAMRI inoculant as plant growth promoter and biopesticide has been 
demonstrated in various crops in different cropping systems. The synergisms among VAMRI, N fixers and 
legumes were also demonstrated in field conditions. Several demonstration set ups in different cropping 
systems were established in Regions II, III and IV to show the effectiveness of VAMRI as plant growth 
promoter and biocontrol agent of soil –borne diseases of plants. VAMRI  technologies were successfully 
promoted in  Regions II,  IVa and IVb. The reduction of the amount of chemical fertilizer by as much as 
50% of the recommended rates to obtain the same amount of yield by applying VAMRI was effectively 
shown to the participants.
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OP-02 

Response of Endophytic Rhizobacterial Strain Pseudomonas aeruginosa 231-1 in Biological Control 
of Several Plant Diseases

Nguyen Thi Thu Nga1,3, Doan Thi Kieu Tien1, Vo  Thuy Linh1, Nguyen Thi Nhung1, Nguyen Thi Tam1, Eigil 
de Neergaard2,3 and Hans Jørgen Lyngs Jørgensen3

1Department of Plant Protection, College of Agriculture and Applied Biology, Can Tho University, Can Tho City, 
Vietnam; 2Ministry of Food, Agriculture and Fisheries of Denmark, The Danish AgriFish Agency, Nyropsgade 

30, DK-1780 Copenhagen V, Denmark; 3Department of Plant and Environmental Sciences, Faculty of Science, 
University of Copenhagen, Thorvaldsensvej 40, DK-1871 Frederiksberg C, Denmark 

Email: nttnga@ctu.edu.vn

The term endophyte refers to interior colonization of plants by microorganisms that do not have pathogenic 
effects on their hosts, and various endophytes have been found to play important roles in plant vitality. 
Suppression of plant diseases due to the action of endophytic microorganisms has been demonstrated in 
several pathosystems. Endophytic bacteria are able to penetrate and become systemically disseminated 
in the host plant, actively colonizing the apoplast conducting vessels and occasionally the intracellular 
spaces. This colonization presents an ecological niche, similar to that occupied by plant pathogens, and 
this endophytic bacteria can, therefore, act as biological control agents against several plant pathogens. 
In our previous studies, endophytic  and antagonistic rhizobacterial strain Pseudomonas aeruginosa 231-1 
isolated from rhizosphere of watermelon grown in Mekong delta of Vietnam showed significant control of  
two important watermelon  fungal diseases i. e. gummy stem blight  caused by Didymella bryoniae and  
vascular wilt caused by Fusarium oxysporum f. sp.niveum under greenhouse and field conditions. In this 
study, we have evaluated P. aeruginosa 231-1 against sheath blight disease caused by Rhizoctonia solani 
and bacterial leaf blight caused by Xanthomonas oryzae pv. oryzae in rice, fruit rot disease caused by 
Phytophthora capsici and anthracnose  caused by Colletotrichum lagenarium in watermelon and soft rot 
caused  by Erwinia carotovora and  damping off caused by R. solani in cabbage. Our results showed that P. 
aeruginosa 231-1 significant antagonistic activity against all the pathogens tested under in-vitro conditions. 
This strain also significantly reduced sheath blight disease caused by Rhizoctonia solani and bacterial leaf 
blight caused by Xanthomonas oryzae pv. oryzae in rice, fruit rot disease caused by Phytophthora capsici 
and anthracnose  caused by Colletotrichum lagenarium in watermelon and soft rot caused  by Erwinia 
carotovora and damping off caused by R. solani in cabbage under greenhouse conditions.  These results 
suggests that P. aeruginosa 23 1-1 is a promising biological control agent for plant diseases management.

OP-3
Potential of Bacillus subtilis as Biocontrol Agent Against 

Powdery Mildew of Garden Pea (Pisum sativum L.)

L. M. Villanueva, J. Z. D.  Ibis and A. S. Dayao

Benguet State University, La Trinidad, Benguet, 2601 Philippines

Powdery mildew caused by Erysiphe pisi Syd. is one of the major threats to garden pea production 
worldwide. It causes significant yield losses and reduces the pod quality. To minimize the fungicide inputs 
yet sustain the productivity of the crop, the potential of Bacillus subtilis isolated from infected garden pea 
leaves was further evaluated under greenhouse and field conditions. Egg yolk + canola oil (EYCO) at the 
rate of 1 egg yolk + 60 ml canola oil / 60 liters water was the most effective as reflected by the area under 
the disease progress curve (AUDPC) .Although significantly lower in efficacy than EYCO, B. subtilis (PM 
2011-001) at the rate of 106 CFU/ml, Silicon  (3.2g/16L water), Virtuoso (the commercial preparation 
of B. subtilis) applied at 720 ml/16L water and Verticillium sp. (106 spores/ml) significantly suppressed 
powdery mildew infection comparable to the standard chemical, Sulfur following the recommended rate 
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(53g/16L water). On the other hand, baking soda (sodium bicarbonate) at the rate of 80g/16L water and 
B. subtilis (PCN-2011-003) applied at 107 CFU /ml were comparable with the untreated control. No 
significant differences, however, were noted in pod yield.The effectiveness of combining B. subtilis with 
selected organic-based products against the disease was also determined under greenhouse conditions. 
Based on AUDPC values, EYCO alone was the most effective followed by EYCO + garlic extract. However, 
B. subtilis + EYCO, and B. subtilis + baking soda were comparable to EYCO + garlic. On the other hand, 
B. subtilis + pepper was comparable to the untreated control. Interestingly, plants applied with EYCO + 
garlic, B. subtilis + EYCO, and B. subtilis + baking soda showed bigger leaves and more robust and longer 
stems compared with those treated with EYCO alone. Numerically, plants applied B. subtilis + EYCO gave 
the highest pod yield followed by EYCO + garlic, and B. subtilis + baking soda. Among the treated plants, 
EYCO alone gave the lowest pod yield.  Follow up studies under field conditions are in progress to further 
validate these findings.  

OP-04

Overview of Sustainable Management of Aflatoxin Contamination in Groundnut 
at ICRISAT

H Sudini*, CLL Gowda, F Waliyar, G Harini, S Veera Reddy, 
Simi Jacob, and P Srilakshmi

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
Patancheru 502 324, Andhra Pradesh, India

*Email: h.sudini@cgiar.org

Aflatoxin contamination in groundnut is perceived to be a major food safety challenge in developing 
nations where semi-arid tropical environments favor Aspergillus flavus infection. Non availability of 
resistant cultivars in groundnut is forcing researchers to look for an alternative management solutions 
and one among them is use of effective biocontrol and plant growth-promoting agents to reduce 
aflatoxin contamination. At ICRISAT, we adopt multi-pronged approach to combat pre-harvest aflatoxin 
contamination involving searching for host-plant resistance, soil amendments and for novel biocontrol 
agents. Though we identified several sources of aflatoxin resistance, lack of correlation among different 
types of aflatoxin resistance mechanisms (in-vitro seed colonization, pre-harvest aflatoxin contamination 
and resistance to aflatoxin production) was a major bottleneck to realize the resistance factor under field 
conditions. High influence of environmental parameters and sampling variation further complicates this 
issue. On the other hand, we succeeded in identifying novel biocontrol agents with plant-growth promoting 
properties to mitigate aflatoxin contamination at field level. One of them included a novel actinomycete 
Streptomyces cavourensis CDA 19. Peat based CDA 19 application had significantly reduced pre-harvest 
aflatoxin contamination on a susceptible cultivar JL 24 in A. flavus infected soil. In-vitro assays identified 
several other antifungal actinomycetes. However their efficacy needs to be validated under green house 
and field experiments.
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OP-05

Improving the Yield of Glutinous White Corn by Distance of Planting and Use of Biocontrol 
Agents for Management of Asian Corn Borer, Ostrinia furnacalis Guenee

Jocelyn A Nicolas1, Nemesio V. Tamayo2 and Barbara L. Caoili3

1/Researcher, Central Luzon State University, 2/Professor, Central Luzon State University, 
3/Associate Professor, University of the Philippines Los Baños, Philippines

Email: jocelynnicolas_clsu@yahoo.com.ph

In our preliminary bioassay studies under laboratory condition we have isolated and identified Beauveria 
bassiana strain, Bb 101-OFL as a potential fungal isolate for the control of the Asian corn borer (ACB), 
Ostrinia furnacalis Guenee. The B. bassiana strain caused up to 90% ACB mortality at a dose of 1 
x 109spores/ml. The effectiveness of B. bassiana Bb 101-OFL under field condition was assessed in 
combination with other cultural practices such as planting distance of glutinous white corn as determined 
by the agronomic and yield responses and the yield of glutinous white corn.The treatments in the field 
experiment were distance of planting as the main plot (60 x 10, 60 x 20 and 60 x 30 cm) and use 
of biocontrol agents (B. bassiana and Bacillus thuringiensis) as the subplots in comparison with the 
standard check and control following the split plot experiment in Randomized Complete Block Design 
with three replications. Results from the field screening showed more ACB in corn plots planted at a 
planting distance of 60 cm x 20 cm. Other parameters such as entrance hole and tunnel count were not 
affected by the different distances of planting. In terms of ear characteristics, significantly longer (16.99 
cm), bigger (4.08 cm) and heavier (122.81g) ears were noted in corn plots with 60 cm x 30 cm planting 
distance whereas the lowest plant survival as well as the shortest (13.92 cm), smallest (3.88 cm) and 
lightest ears (79.60g) were noted from 60 cm x 10 cm planting distance. Application of B. bassiana, Bb 
101-OFL, effectively suppressed the population of ACB, and did not harm the natural enemies present 
in the plots. Moreover, plants treated with B. bassiana produced significantly longer (16.06 cm), bigger 
(4.06 cm), and heavier ear (113.07g) and resulted to a yield increase of 29.7% relative to the untreated 
control. In conclusion, B. bassiana is more effective against ACB than the M. anisopliae under laboratory 
screening. The potency of B. bassiana in suppressing ACB under field experiment was comparable to Bt 
and chemical control (Lannate 40 SP). The laboratory experiment was conducted in UPLB and the field 
experiment was undertaken at the RET Experimental Farm, CLSU from March to August 2011 and June 
to September 2011, respectively. 

OP-06

Development of Broad-Spectrum Actinomycetes for Biocontrol and Plant Growth Promotion of 
Food Crops

S Gopalakrishnan*, GV Ranga Rao, B Ratna Kumari, R Vijayabharathi, 
V Srinivas and CLL Gowda

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)
Patancheru 502 324, Andhra Pradesh, India

*Email: s.gopalakrishnan@cgiar.org

The objective of the current investigation is to identify broad-spectrum biocontrol and plant growth 
promotion (PGP) actinomycetes and their metabolites with multiple actions against insect pests and 
pathogens. A total of 137 actinomycetes, isolated from 25 different herbal vermi-composts, were 
characterized for their antagonistic potential against charcoal rot in sorghum (caused by Macrophomina 
phaseolina) and wilt in chickpea (caused by Fusarium oxysporum f. sp.ciceri [FOC], respectively) by 
dual culture assay. Of the isolates, three most promising M. phaseolina antagonistic strains (CAI-21, 
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CAI-26 and MMA-32) and five most promising FOC antagonistic strains (CAI-24, CAI-121, CAI-127, 
KAI-32 and KAI-90) were further evaluated for their antagonistic and PGP potential by blotter paper 
assay, greenhouse and field conditions. All the eight strains were characterized for their physiological 
traits (tolerance to salinity, temperature, pH and compatibility to antibiotics and fungicides) and further 
evaluated in the field for their PGP on rice, grown by system of rice intensification methods. In addition 
to that, ten strains (CAI-8, CAI-13, CAI-70, CAI-85, CAI-87, CAI-132, CAI-133, CAI-155, SAI-25 and 
BCA-508) were found effective in suppressing Helicoverpa, Spodoptera and Chilo spp. under laboratory 
and greenhouse conditions. The sequences of 16S rDNA gene of all eighteen strains matched with 
Streptomyces, but species appeared to be different. This study confirms that the selected Streptomyces 
strains have broad-spectrum biocontrol and PGP properties.

OP- 07

Studies on Population Density of Different PGPRs in Turmeric Rhizosphere Soils 
for Biocontrol Activity

P. Ponmurugan*, R. Ganesh Babu, N. Mathivanan** and K. Citra**

Department of Biotechnology, K.S.Rangasamy College of Technology, Tiruchengode-637 215, Namakkal District. 
Tamil Nadu, India; ** Biocontrol Metabolites Laboratory, Centre for Advanced Studies in Botany, University of 

Madras, Chennai – 637 215, Tamil Nadu, India

Turmeric (Curcuma longa L) is an herbaceous annual plant belonging to the family Zingiberaceae in 
which curcumin has been identified as the active principle compound. The quality of turmeric rhizomes is 
being affected by various pests and diseases, which in turn reduce the quality of rhizomes. Turmeric is an 
important exportable spice for India. In most of the foreign countries, turmeric price is fixed based on the 
appearance of rhizomes and curcumin content. In order to get the maximum yield in turmeric, planters 
used to apply a variety of inorganic chemical fertilizers and agrochemicals for controlling pests and 
diseases. Furthermore, constant and indiscriminate applications of agrochemicals and mineral fertilizers 
pollute the environment and soil and also hazardous to animal and human health. Organic farming is a 
crop production method which encourages sustainable agriculture by enhancing the biological cycles in 
nature. The present study envisages to study the population density of different known PGPR strains in 
turmeric rhizosphere soil samples. The antagonistic activity of PGPRs was studied by performing test 
against rhizome rot pathogen, Pythium aphanidermatum. Plant growth promoting rhizobacteria (PGPRs) 
have been proved as efficient biocontrol agents in controlling various plant diseases besides, enhancing the 
plant growth significantly. The results revealed that PGPRs such as Bacillus, Pseudomonas, Trichoderma 
and Streptomyces spp. were identified and present predominantly in the soils of turmeric plantations. 
The population diversity was further correlated with the soil nutrient status. The microbial population of 
PGPRs, soil nutrient contents and enzyme activities were carried out both in the rhizosphere and non-
rhizosphere soils. The results indicated that the microbial population was found to be more in rhizosphere 
than in non-rhizosphere soils and there was a positive correlation between microbial population and soil 
nutrient contents and enzyme activities.



23
OP-08

On-Farm Demonstration on Positive Yield Effects of VAMRI and Biogreen in Open-Pollinated 
Varieties and Hybrid Corns in Regions II and IV in the Philippines

Marilyn B. Brown1*, Mannix S. Pedro1, Ronilo P. Violanta1, Lovely B. Willauer1, 
Luz B. Opeña1 and Kang Ui Gum2

1National Institute of Molecular Biology and Biotechnology (BIOTECH), 
UP Los Baños, Laguna 4031 Philippines, 2Director of KOPIA DR Congo 

Center, Rural Development Administration, Korea
*Email: drmbbrown@yahoo.com.ph

Researcher-managed (RMD) and farmer-managed (FMD) demonstration set ups to show the effect of 
biofertilizers (VAMRI and BIOGREEN compost) on open pollinated and hybrid corn  were established 
in Regions 2 and 4. The set ups were established in different areas identified during the Participatory 
Rural Appraisal (PRA) activities with the assistance of Municipal Agricultural Officers.  For RMD 7 
treatments were used namely:   Farmers practice or chemical fertilizer used (FP), ½ (FP) and control 
with or without VAMRI and BIOGREEN + VAMRI. For FMD only four treatments were used namely: 
T1 - VAMRI + ½ FP, T2 -  ½  FP, T3 – FP and T4 – FP + VAMRI  or VAMRI  alone + BIOGREEN. 
The set-ups were shown to farmers during PRA and Farmer’s Field Day cum training.  The growth, yield 
increment and larger fruits due to application of VAMRI and BIOGREEN were shown to the participants 
during the farmers’ field day.  Generally, growth performance of plants treated with biofertilizers in 
combination with ½ FP were comparable to those applied with 100% FP. Likewise, the yield increment 
due to combination of VAMRI and BIOGREEN were significant. Yield data were also documented for 
Fertilizer and Pesticide Authority (FPA) licensing, for data analysis and other purposes.

OP-09

Role of PGPR in Bioremediation of Heavy Metal Ions and Plant Growth-Promotion 
of Wheat and Peanut Grown in Heavy Metal Contaminated Soil

R. Z. Sayyed1*, M. S. Reddy2, A. S.  Patil1 and P. R. Patel1

1Department of Microbiology, Shri S. I. Patil Arts, G. B. Patel Science & S.T.S.K.V. S.
Commerce College, SHAHADA, Dist. Nandurbar, Maharashtra 425409, India 

2Department of Entomology & Plant Pathology, Auburn University, Auburn, AL, USA
*E-mail: riyaz829@yahoo.co.in

Heavy metal contamination of agriculture soil is a significant environmental problem and has several 
disadvantages on human health and agriculture. Plant soil root ecosystem is an important interface of 
soil and plant, plays a significant role in bioremediation of contaminated soil with heavy metals, in which 
rhizobacteria are known to affect heavy metal mobility and availability to the growing plant through 
release of chelating agents, acidification, phosphate solubilization and redox changes, and therefore, have 
potential to enhance bioremediation processes. Bioremediation strategies with appropriate heavy metal-
adapted rhizobacteria have received considerable attention. 

In this paper some recent advances played by rhizobacteria in bioremediation of heavy metal contaminated 
soils will be presented. In addition, excessive metal concentrations in contaminated soils result in decreased 
soil microbial activity and soil fertility, and yield losses. Use of plant growth-promoting rhizobacteria 
(PGPR) capable of growing in presence of variety of heavy metals offers sustainable and eco-friendly 
solution as multifaceted bio-inoculant, disease protectant and effective means of biosorption of heavy 
metals from contaminated agriculture soil. PGPR capable of producing siderophores that chelate iron as 
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well as other heavy metals like cadmium, lead, nickel, arsenic, aluminum, magnesium zinc, copper, cobalt, 
and strontium other than iron can help in adsorbing/absorbing heavy metals from soil will have advantage 
of bioremediation besides plant growth-promotion and phytopathogen suppression. 

The present study describes a new method of screening of siderophores complexed with different metals 
where siderophore producing microbes chelates the respective metal ions from dye solution causing color 
change. Siderophore producing Alcaligenes sp. STC1 and Pseudomonas aeruginosa RZS3 strains were 
found to remove various heavy metal ions at batch scale. Bioremediation potential of these strains were 
superior (99.52% and 99.76% of ZnCl2) over the chemical ion chelators like Ethylene Diamine Tetra 
Acetic Acid (92.40% removal) and Citric Acid (83.98% removal). Siderophores produced by these stains 
were found with heavy metals like MnCl2.4H2O, NiCl.6H2O, ZnCl2, CuCl2 and CoCl2other than FeCl3.6H2O. 
These isolates were also capable of promoting plant growth in wheat and groundnut seeds sown in heavy 
metal contaminated soil under pot assay conditions. Seed bacterization of wheat (Triticum aestivum) 
and groundnut (Arachis hypogaea) enhanced seed germination, root height, shoot length, and chlorophyll 
content.

OP-10

Use of Mycofungicides in Reducing the Occurrence of Anthracnose Disease on Onion

Marilyn G. Patricio and Constancia C. Dacumos

Research Office, Central Luzon State University
Science City of Munoz, Nueva Ecija, Philippines

Onion is one of the country’s most important crops grown after rice.  Undoubtedly, onion production has 
been one of the major contributors in the upliftment of socio-economic livelihood of farmers particularly 
in Nueva Ecija, Pangasinan and Ilocos provinces considering its export potential. The occurrence of 
disease such as anthracnose caused by Colletotrichum gloeosporoides poses a serious problem in most 
of onion-growing areas in the region. Infection resulted in severe twisting on the stem and leaves and 
later bulb rotting.  A study on the use of mycofungicides in reducing the occurrence of the disease of 
onion was conducted in farmer’s field for two cropping seasons (December 2010 to March 2011 and 
January 2012 to April 2012) using bulb-type onion. The objective was to validate their effectiveness 
in reducing anthracnose infection on onion and its effect on bulb yield. The treatments evaluated were: 
T1- Trichoderma hamatum; T2-Ketomium, T3-Trichoderma spp.; T4-Trichoderma (CRSP); T5-Mancozeb 
(chemical fungicide). T6-Untreated plot was also provided for comparison.

During the two cropping periods, all the mycofungicides used performed better disease control measures 
on red bulb onion. This was shown on the lower percentage of twisted plants and reduced percentage leaf 
spot infestation observed on all mycofungicides treated plants. Moreover at 45 and 60 DAT, the efficacy 
of the different mycofungicides such as Trichoderma hamatum, Ketomium and Trichoderma CRSP are 
comparable with that of the chemically formulated fungicide (Mancozeb) in reducing twister disease of 
onion. Insignificant differences were obtained on the effect of using Trichoderma hamatum, Ketomium 
and Mancozeb in reducing the percentage leaf spot of onion. Lower severity of anthracnose infection was 
recorded from plants treated with Ketomium, Trichoderma hamatum, Trichoderma spp. and Trichoderma 
CRSP which were found to be statistically comparable to the effect of using Mancozeb. A significant 
increase in disease severity rating of anthracnose was recorded on untreated plots. Highest marketable 
bulb yield was obtained on plants treated with Ketomium. This was followed by Trichoderma hamatum 
and Trichoderma CRSP.
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Macro- and Micro-nutrients – PGPR and 
Other Microbials in Sustainable Organic Agriculture

OP-11

Innovation for Sustainable Agriculture with Prathista New Generation Organic Fertilizers

K.V.S.S. Sairam, N. Sreerama Reddy and Gayatri

Prathista Industries Limited, Hyderabad, India

Excessive application of chemical fertilizers brings about micro climatic changes in the soil resulting in 
the depletion of soil health due to considerable reduction of microbial activity and organic carbon content. 
Nutrient uptake and utilization is much reduced. Adoption of organic farming is the only alternative to 
reverse the situation for reviving soil health. Organic agriculture promotes and enhances agro ecosystems 
health including biodiversity, biological cycle and soil biological activity. Traditional organic manures 
like Farm Yard Manure (FYM), Vermicompast, etc., have limitations of supply and realizing equal yields 
compared to chemical fertilizers. Prathista Industries Limited manufacturing certified organic inputs 
through fermentation technology utilizing different microbial cultures. The products are bioavailable, 
highly degradable with more shelf life (3-5 years) and do not contaminate ground water. This paper 
reviews the bioefficacy results of the products on various crops viz., rice, sugarcane and vegetables. Field 
studies of Bio-Zinc on rice revealed that soil application (12 Kg /ha) or foliar spray (3 ml/Ltr) twice 
at 30, 60 days after transplanting is effective in increasing yield significantly over the recommended 
dose of Zinc Sulphate (50 Kg/ha). In rice-pulse cropping system application of Suryamin, Bio-Phos and 
Bio-Potash (75 Kg/ha each) as basal and foliar spray of Bio-Zinc, Organic NKP, New Suryamin and 
Bio-Potash (625 ml/ha each) at 20, 40 and 60 DAP resulted in significantly higher grain yield in rice 
and subsequent pulse crop. Enzymatic activity of urease, phosphatase and dehydrogenase was enhanced 
compared to the application of chemical fertilizers. In Brinjal (Eggplant) Bip-Phos (50 Kg/ha) + 2 sprays 
@ 2 ml/Ltr of water at two critical stages of crop duration was significantly superior with regard to plant 
spread, number of fruits per plant and yield over the treatment with application of generally available 
P2O5  fertilizer. In Onion, 50% recommended dose of DAP + 2 foliar application of Bio-Phos @ 3ml/Ltr of 
water was found significantly superior with regard to average bulb weight and yield per hectare. Bio-Phos 
as foliar spray was effective when applied with other phosphatic fertilizers at half of the recommended 
dose. Application of Prathista organic inputs in sugarcane resulted in higher organic carbon content and 
available nutrient status of NPK in the soil compared to chemical fertilizers. An increase of 23% of cane 
yield and 33% of sugar yield was noticed in the organic treatment (Suryamin + Bio-Phos + Bio-Potash 
(100 Kg/ha each)) as basal and spray of Organic NPK + New Suryamin, MegaCal and Bio-Potash (625 
ml/ha each) at 45, 60 and 90 DAP respectively compared to recommended dose of chemical fertilizers 
(112 Kg N + 100 Kg P2O5 + 120 Kg K2O /ha). Comparison of organic inputs with traditional organic 
manures in sugar cane revealed maximum cane yield (102.0 Mt/ha) and sugar yield (13.2 Mt/ha) and 
highest cost benefit ratios (2.42) compared to Farmyard manure (85.17 Mt/ha, 10.39 Mt/ha), Pressmud 
cake (72.17 Mt/ha, 9.01 Mt/ha) and Vermicompost (86.12 Mt/ha, 10.73 Mt/ha). Field trials conducted 
at Kakira Sugars, Uganda indicated that application of ‘N’ at 50% recommended dose (50 Kg N / ha) + 
Suryamin @ 25 Kg /ha recorded cane yield on par with application of ‘N’ @ 100 Kg/ha through inorganic 
fertilizer. Fertigation experiment in sugarcane with Prathista Organic inputs recorded higher cane yield, 
high juice quality and jaggery over recommended dose of chemical fertilizers. Further the microbial 
population levels of Trichoderma and Pseudomonas were highest with 100% organic inputs compared to 
chemical fertilizers.



26
OP-12

Evaluation of Mixed Inoculum of Plant Growth-Promoting Rhizobacteria (PGPR) Strains on Pea 
and Maize Mixed Cropping System with Reduced Doses of Chemical Fertilizer

RONG Liang-yan1,2, YAO Tuo1,2*, CHAI Qiang3, HAN Hua-wen and LU Hu1

1Pratacultural College, Gansu Agricultural University, Lanzhou 730070, China 
2Key Laboratory of Grassland Ecosystem, Ministry of Education, Lanzhou 730070, China and

3College of Agronomy, Gansu Agricultural University, Lanzhou 730070, China
*E-mail: yaotuo@gsau.edu.cn

In recent years, use of PGPR has become one of the most attractive strategies for development of 
sustainable agricultural systems due to their eco-friendly nature, consumption of less non-renewable 
resources and less cost. In this study we have selected five potential PGPR strains (Bacillus sp. LM4-
3, Azospirillus sp. LH12-3, Azotobacter sp. Lx191, Pseudomonas sp. Jm92 and Azospirillus brasilense 
LHS11) due to their known properties of nitrogen fixation, phosphate solubilization, production of 
phytohormones such as 3-Indoleacetic acid and antagonistic activity against various pathogens. These 
properties were previously were tested using molybdenum blue spectrophotometry, high performance liquid 
chromatography (HPLC), acetylene reduction assay (ARA) and dual culture plate assays. Experiments 
were conducted at Wuwei Institute of Agricultural Sciences during 2010 in a field with mixed cropping 
with pea and maize. A randomized complete block design with a split-plot was used. There were four 
treatments includes:  1) 100% NPK, 2) PGPR (A) +70% NPK, 3) PGPR (B) +80% NPK, and 4) PGPR 
(A) +80% NPK on the basis of the reduction of 20%-30% fertilizer. Our results showed that the PGPR 
incoulants increased plant height, aboveground biomass, spike length, spike diameter, spike number, grain 
number and economic yield of pea and maize. Treatment 4 was the first-grade combination, followed 
by treatment 2, then treatment 3. Compared with the others, treatment 2 had no significant difference, 
while it increased the plant trait and yield. The effect of treatment 3 was less than treatment 2 in some 
parameters (100-kernel weight, seed yield of pea and maize). Based on our results, we conclude that this 
research is beneficial for the reduction of resource-purchasing and could produce the yield of pea and 
maize at 370- 560 RMB per hectare.

OP-13

Management of Damping-off of Chilli with Pseudomonas fluorescens

R. K. Mesta, M. H. Tatagar, P. S. Ajjappalavar and K. D. Kurubetta 

Horticulture Research Station, Devihosur, Haveri 581 110, India

The chilli, one of the important commercial crops of India, suffers mainly due to damping-off in seed bed. 
An experiment was conducted at Horticulture Research Station, Haveri (Devihosur), India, to manage 
this disease by seed treatment and soil application with Psuedomonas fluorescens. Seed treatment with 
P. fluorescens @ 20 g/kg and 10 g/kg of chilli seeds significantly reduced damping-off, increased seed 
germination (96.8%), shoot length (7.8cm & 7.6 cm respectively), vigour index (1143.6 & 1084.2, 
respectively) and least percent disease index (PDI) (5.24 & 4.59 PDI, respectively) than the control. 
Pseudomonas fluorescens soil application @ 5 kg /ha was next best (7.82 PDI) treatment.  The 
recommended treatment with carbendazim (0.1%) when applied three times as spray recorded 9.84 
PDI. The uninoculated control and inoculated controls recorded 15.26 PDI and 31.34 PDI, respectively.
The effect of different soil and seed treatments of Pseudomonas fluorescens on other beneficial 
microorganisms in soil was studied with respect to Trichoderma and Rhizobium populations. The results 
indicated that there was no adverse effect on Trichoderma and Rhizobium populations in soil. 
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OP-14

Cellulolytic Bacteria - Antagonists Pathogenic Fungi Causing Root Rot of Sugar Beet

I.E. Smirnova1, A K Sadanov1, R.Sh. Galimbaeva1, T.V. Kuznetsova1, A.A. Maui2

1 Institute of Microbiology and Virology, Department of Science, Ministry of Education 
and Science, Almaty, Kazakhstan, 2 Institute of Plant Protection and Quarantine, 

Village Rakhat, Almaty Region, Kazakhstan

From the rhizosphere and rizoplana of the healthy sugar beet culture 43 cellulolytic bacteria were isolated. 
12 strains that have expressed antagonism against phytopathogenic fungi were selected. Selected strains 
actively suppress the growth and development of pathogenic fungi of the genus Fusarium, causing root rot 
and seedling of sugar beet was installed. The study of growth promoting activity of the strains. Selected 
two strains of cellulolytic bacteria 604 and 60(5)4, characterized by both a high antifungal activity and 
the growth promoting of sugar beet. Field tests have shown great potential of using strains. Inoculation 
seeds of the cellulolytic bacteria infestation of fusariosus seedling decreased by 2.0 - 2.4 times, and 
the prevalence of root crops - 2.5 - 3.0 times as compared with the control. Using bacteria significantly 
increased the resistance of plants to disease and increase sugar beet yield increase amounted to 30-34 c/
ha. On the basis of these strains is possible to develop biopreparations for the protection and stimulation 
of growth of sugar beet.

OP-15

Effect of Combined Inoculations of Plant Growth-Promoting Rhizobacteria (PGPR) 
on the Growth and Productivity of Soybean (Glycine max L.)

A.B. Patil, N.M. Naik*, P. Jones Nirmalnath and A.R. Alagawadi

University of Horticultural Sciences, Sector No. 60, 
Navanagar, Bagalkot, Karnataka, India

The study was carried out to know the effect of combined inoculations of Plant Growth-Promoting 
Rhizobacteria (PGPR) on the productivity of soybean under pot culture experiments. The seed 
inoculations of Rhizobium, phosphate solubilizing bacteria (PSB) and general rhizobacteria were tested 
in different combinations on the growth and yield components of soybean. All the inoculation treatments 
showed better plant growth, nutrient uptake and yield compared to uninoculated control. Among various 
combinations, single inoculations performed better than uninoculated control while dual inoculations 
found better over single inoculation treatments. Combined inoculations of three beneficial organisms viz., 
Rhizobium, Azospirillum and PSB was more superior over both single and dual inoculations, however 
combined inoculation of four organisms was on par with combined inoculation of three organisms with 
respect to plant growth, yield and nutrient uptake.
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 Bioactive Metabolites of PGPR and Other 
Microbial Interactions in the Rhizosphere

OP-16

Assessing the Effect of Conservation Agriculture (CA), Cropping Systems and Crop Residues 
Application on Dynamics of PGPR in the SAT

Suhas P. Wani and Pavani M

International Crops Research Institute for the Semi- Arid Tropics (ICRISAT)
Patancheru, 502 324, Andhra Pradesh, India

Greatest challenge for the humankind during the 21st century is to achieve food security and reduce poverty 
by adopting sustainable agriculture management practices. ICRISAT-led consortium has developed an 
integrated watershed development model for harnessing the potential of rainfed agriculture through 
sustainable intensification. In order to conserve the soil and rainwater for enhancing green water use 
efficiency a long-term conservation agriculture experiment on Vertisols at ICRISAT, Patancheru, India 
is conducted. Soil biology and in particular the plant growth promoting rhizobacteria play an important 
role in enhancing and sustaining agricultural productivity.  Effects of different practices conserving soil, 
rainwater as well as efficient use of scarce water are studied in the long-term experiment at ICRISAT. 
Maize + chick pea sequential cropping system in comparison with maize/pigeon pea intercropping system  
as well as application of crop residues compared to removal of residues from the fields supported higher 
population of the PGPR. Isolated PGPR strains were screened for their ability to promote the plant 
growth in-vitro. Results of changes in PGPR population along with other soil biological parameters such 
as microbial biomass C and biomass N, soil respiration, N mineralisation, mycorrhizal colonisation of 
plant roots and crop yields are presented and discussed.

OP-17

Search for 2, 4 DAPG Positive Gene in Fluorescent Pseudomonas and 
their Exploitation for Sustainable Disease Management

1M. K. Naik, 1Rajalaxmi K, 2R. Rangeshwaran, 1Y.S. Amareshand  3M. S. Reddy 

1Department of Plant Pathology, UAS, Raichur, Karnataka, India
2 NBAII, Karnataka, Bangalore, India

3Auburn University, USA
  
The plant growth promoting rhizobacteria (PGPR) such as fluorescent Pseudomonas are known to 
produce an array of antibiotics such as phenazine, 2, 4-diacetyl phloro glucinol, pyoluteorin and salicylic 
acid etc, capable of suppressing broad spectrum of plant pathogens. Among them, 2, 4 DAPG is a major 
determinant in bio-control activity. This paper is on search for presence of 2, 4 DAPG gene among 
the isolates of fluorescent Pseudomonas, their formulations, compatibility with other pesticides, plant 
products and their utility as integral component in the sustainable management of crop diseases. A total 
of 192 isolates collected from rhizosphere including endophytic and phylloplane were tested for bio-
control efficacy. The isolates were further screened for molecular detection of 2, 4 DAPG gene (phl 
gene) by PCR analysis using phl 2a and phl 2b primers. A total of eight isolates were identified as 2, 4 
DAPG positive on the basis of their sequence analysis of 16S rDNA. Among the carrier materials, talc 
was best suited for both P. putida isolates with 11X107 cfu/g up to 300 days of storage. Among pesticides, 
carbendazim, hexaconazole and propiconazole showed compatibility whereas indoxycarb and novaluron 
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were incompatible. The consortium of P. fluorescens and Trichoderma viride was found superior against 
pre-emergence damping off, powdery mildew, fruit rot, wilt/root of chilli crop in addition to higher yield. 
The formulation was used for IPM demonstration for management of chilli diseases in 25 acres of farmers 
field for three years by judicious use of pesticides, bioagents, botanicals and other IPM interventions. The 
average incidence of leaf spot, powdery mildew, root rot, wilt, fruit rot and aflatoxin contamination came 
down significantly. The number of pesticide sprays was brought down significantly with an overall average 
yield of 31.26 q/ha in IPM plot and 24.6 q/ha in non-IPM plot fetching a net gain of 54662 Rs/ha apart 
from preventing untold ecological damage. One spray of mancozeb followed P. fluorescense spray brought 
down the incidence of Alternaria blight of sesame recording a yield of 7.81 q/ha.

OP-18

Isolation, Characterization and Identification of Plant Growth-Promoting Rhizobacteria (PGPR) 
in Philippine Soils and their Efficacy on Corn and Tomato

Aimee Lynne A. Pilapil1, Jocelyn T. Zarate2 and Cheryl D. Agdaca3

1College of Medicine, Pamantasan ng Lungsod ng Maynila, Philippines
2Institute of Molecular Biology and Biotechnology, University of the Philippines Los Baños, Philippines, 3Genetics 
and Molecular Biology Division, Institute of Biological Sciences, College of Arts and Sciences, University of the 

Philippines Los Baños, Philippines

Biofertilizers are currently being utilized in agricultural systems to increase crop yield and production. 
Exploitation of plant growth promoting rhizobacteria (PGPR) leads to biofertilizer production. A 
total of 150 bacterial strains were isolated from rhizospheric soils in various parts of the Philippines. 
These were analyzed for nitrogen-fixing activity, phosphorus-solubilizing activity, indole-3-acetic acid 
(IAA) production and gibberellic acid (GA) production. Isolates with promising plant growth promoting 
characteristics were selected and were further subjected to morphological characterization, biochemical 
and molecular identification, and in vivo assay to test their effect on growth of corn and tomato. Results 
showed that out of 150 isolates, there were 43 nitrogen-fixers, three phosphorus-solubilizers, 39 GA 
producers and 10 IAA producers. Four isolates (GTC-P4, AAP-GD4, GTC-LGDsf5 and GTC-LGDtA2) 
produced high amounts of IAA ranging from 48.39 to 133.25 μg ml-1 and these were selected for further 
analysis. AAP-GD4, GTC-LGDsf5 and GTC-LGDtA2 were identified as Bacillus pumilus, Bacillus sp. and 
Bacillus cereus, respectively. Biochemical and molecular procedures failed to identify GTC-P4 suggesting 
that it is a possible novel bacterium. GTC-LGDtA2 and GTC-LGDsf5 gave the highest values in the 
different growth parameters (shoot height, root length and plant biomass) of corn and tomato respectively, 
regardless of the level of inorganic fertilizer used.  Other microbial inoculants, AAP-GD4 and GTC-P4, 
also gave statistically significant increases in different growth parameters of corn and tomato. Further 
characterization and field testing of PGPR are highly recommended to ensure direct effects on corn and 
tomato production.
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OP-19

Biochemical Characterization of Normal and Galled Roots of Bottle Gourd and Sponge Gourd 
Infected with Meloidogyne incognita

Rajendra-Singh

Plant Nematogy  Research Laboratory,Post Graduate Department of Zoology, 
Bareilly College, M.J.P Rohilkhand University, Bareilly, 243001, U.P., India

Experiments had been performed to study the effect of root-knot nematode, Meloidogyne incognita 
infection on alterations in biochemical metabolites in 30, 45 and 60 days old bottle gourd and sponge 
gourd plants. Quantitative analysis of total carbohydrates, reducing sugars, free amino acids and proline 
content in normal as well as galled roots of host plants showed that except total carbohydrate content, 
all metabolites studied have a greater concentration in diseased roots  over healthy one in both the host 
plants. Maximum decrease in total carbohydrate content had been recorded in 45 days old infected roots. 
However, the concentration of various metabolites varies with the time of inoculation of host plants. 
Therefore, it can be concluded that altered biochemical reactions in diseased tissue perhaps result in 
enhanced metabolism after the infection of parasite. Hydrolysis of reserved chemical metabolites is 
carried out by their respective enzymes to cater needs of growth and proliferation of the pathogen and 
providing susceptibility to the host and it results in reduced growth and low yield of plant product.

OP-20

Optimization of Production Conditions for Extracellular Tannase by Aspergillus terreus Isolate

N.L.N Reddy1, S.Venkateshwar2, M. Narsi Reddy3 and 4K.V.S.S. Sairam

1Chaitanya Bharathi Institute of Technology and Science, Gandipet, Hyderabad; 2Methodist College of 
Engineering, Hyderabad, A.P. 3Madhira Institute of Technology and Sciences, Kodad, Nalgonda, A.P. 4Prathista 

Industries Limited – Hyderabad

                         
Tannins are water-soluble polyphenolic compounds having widespread distribution in leaves, fruits, bark 
and wood of plants belonging to pteridophytes, gymnosperms and angiosperms. Based on their structures 
and properties, tannins are classified into hydrolysable and condensed tannins. Tannase or tannin acyl 
hydrolase (TAH) catalyses the hydrolysis of ester bonds present in gallic acid esters and hydrolysable 
tannins. Tannases find wide application in various industries for production of gallic acid, an intermediate 
for trimethoprim, used in the pharmaceutical industry, substrate for chemical synthesis of pyrogallol or 
ester galates which are used as food preservatives, reduction of anti-nutritional effects of tannins in 
animal feed and in effluent treatment. In the present study, an Aspergillus terreus culture was isolated 
from agricultural soil samples collected from Acharya NG Ranga Agricultural University, Hyderabad. The 
optimization of production conditions for tannase by Aspergillus terreus by submerged fermentation was 
carried out in a basal medium containing (per litre): NaNO3, 3 g; KH2PO4, 1 g; MgSO4, 0.5 g; KCl, 0.5 
g and FeSO4.7H2O, 0.01 g with respect to both environmental and nutritional parameters. An optimal 
tannase production of 32.5 U ml-1 was observed at pH 5.0, when the culture was incubated at 30°C 
with agitation at 120 rpm for 72 h using a 2% inoculum (1×107 spores/ml) with supplementation of 
tannic acid at the rate of 1% concentration. Supplementation of production medium with beef extract as 
nitrogen sources enhanced tannase production whereas glucose had decreased the enzyme production. 
Further, a maximum tannase yield of 38.4 U/ml was recorded when the optimized production medium 
was supplemented with Tween 20, which was observed as a good inducer for tannase production.
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Potential of Plant Growth Promoting Rhizobacteria on Soil Health and Their Interaction with 
Chemical Fertilizers

Asia Nosheen and Asghari Bano*

Department of Plant Sciences Quaid-i-Azam University, Islamabad Pakistan

Soil is an important ecological niche for microbial community. The excessive uses of chemical fertilizers 
not only adversely affect the soil health and soil physiochemical properties but also pollute the ecosystem. 
The present investigation deals with the role of PGPR and chemical fertilizers alone or in combination on 
important soil enzymes e.g. urease, invertase, phosphatase, Melondialdehyde contents and general impact 
on seedling of safflower cvv. Thori and Saif-32 differing in their response to moisture contents. The PGPR 
were applied at 106cells/mL as seed inoculation prior to sowing. Chemical fertilizers were applied at full 
(Urea 60 Kg ha-1 and DAP 30 Kg ha-1), half (Urea 30 Kg ha-1 and DAP 15 Kg ha-1) and quarter doses 
(Urea 15 Kg ha-1 and DAP 7.5 Kg ha-1) during sowing. The chemical fertilizers and PGPR induced urease 
and invertase activities of soil were further augmented when used in combination. The cv. Thori exhibited 
greater response to PGPR and full dose of chemical fertilizers for soil phosphatase activity. The response 
of PGPR strain and safflower variety has been discussed for increase in leaf MDA content and growth of 
seedling. Azotobacter vinelandii alone or with chemical fertilizers enhanced MDA contents of leaves in 
Thori whereas both the PGPR and chemical fertilizers were stimulatory in cv. Saif-32. It is inferred that 
50 % chemical fertilizers can be supplemented with PGPR for better health of soil and fertility status. 
The present investigation was aimed to determine the impact of Plant Growth Promoting Rhizobacteria 
(Azospirillum brasilense and Azotobacter vinelandii) either alone or in combination with different doses 
of nitrogen and phosphate fertilizers on soil enzymes and growth of safflower viz. cvv. Thori and Saif-32. 
The PGPR were applied at 106cells/mL as seed inoculation prior to sowing. Chemical fertilizers were 
applied at full (Urea 60 Kg ha-1 and DAP 30 Kg ha-1), half (Urea 30 Kg ha-1 and DAP 15 Kg ha-1) and 
quarter doses (Urea 15 Kg ha-1 and DAP 7.5 Kg ha-1) during sowing. The inoculation effects of PGPR 
on safflower growth (root and shoot length, leaf area, total leaf chlorophyll and soluble protein content) 
were more pronounced in the presence of quarter and half doses of chemical fertilizers. Significantly 
higher urease activity was observed in the rhizopshere of cv. Thori inoculated with A. vinelandii+quarter 
dose of chemical fertilizers. The co-inoculation effects of A. brasilense and A. vinelandii on soil invertase 
activity were significantly higher in the rhizosphere of cv. Saif-32 at P<0.05. A. vinelandii significantly 
increased the melonyldialdehyde (MDA) content and protease activity during post germination growth 
and phosphatase activity of the soil alone and in the presence of quarter dose of chemical fertilizers. It 
is inferred that half and quarter doses of chemical fertilizers with PGPR can further enhance the plant 
growth and soil health over that of chemical fertilizers alone.
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Mechanisms of PGPR and Other Microbials

OP-22

The Expression and Regulation of Two phz Gene Clusters in PGPR Strain of 
Pseudomonas aeruginosa M18

Yuquan Xu and Haiming Liu

School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, 
800 Dongchuan Road, Shanghai CHINA, 200240

Email: xuyq@sjtu.edu.cn and liuhaiming@sjtu.edu.cn

Pseudomonas aeruginosa strain M18 was isolated from the rhizosphere of sweat melon plant grown 
in the Shanghai suburb of China in 1996 by our group. The strain M18 is an effective biocontrol agent 
with a broad anti-microbial spectrum and with strong activity against various phytopathogens, including 
fungus like Rhizoctonia solani, Sclerotina sclerotiorum, Fusarium oxysporum, Colletotrichum gossypii, 
Mycosphaerella melonis, Phytophthora capsici, Ralstonia solanacearum and so on. The strain shows a 
strong activity against both of Gram-negative bacterium like Xanthomonas oryzae pv. oryzae and Gram-
positive bacterium like Bacillus cereus and nematodes as well. The strain M18 used to be named as an 
pseudomonad uncertain species called Pseudomonas sp. M18 because of the paradox features of this 
strain, for example, its 16S ribosomal DNA sequence as well as several global regulatory genes including 
gacA, rpoS, qscR, vqsR, lasI, rhlI and rsmA share a high similarity to that of the nosocomial originating 
strain P. aeruginosa PAO1. However, the strain M18 has developed several unusual phenotype features 
which distinguish it from that of nosocomial originating P. aeruginosa strains, and indeed are more similar 
to soil-inhabiting biocontrol Pseudomonas spp. strains, such as P. fluorescence 2-79 and Pf-5. For example, 
the predominant phenazine produced by the strain M18 is phenazine-1-carboxylic acid (PCA) rather than 
pyocyanin (PYO). It was determined that much more PCA could be produced in the M18 strain compared 
with that produced by the nosocomial originating P. aeruginosa PAO1 and other strains. The expression 
and regulation of phenazine biosynthetic gene cluster were extensively investigated in the strain M18 
by our group for more than 10 years. The M18 genome contains two homologous phz gene clusters 
termed phzA1-GI (phz1) and phzA2-G2 (phz2), each of which encodes essential enzymes responsible 
for PCA production. The gene cluster phz2 can produce a small amount of PCA and the majority of PCA 
molecules are produced from the phz1 gene cluster in the strain M18. PCA molecules produced from 
the phz2 gene cluster can activate the expression of phz1 gene cluster to produce more PCA molecules 
in strain M18. The phz1 gene cluster was mostly repressed at the post-transcriptional level without the 
induction of PCA molecules produced from phz2 gene cluster and a small amount of PCA produced from 
the phz2 gene cluster could function as a signaling molecule to induce self-expression and to activate the 
expression of the phz1 cluster to generate a large amount of PCA in the wild type strain M18. We also 
found that both of two phz gene clusters can respond to adequate amounts of exogenous synthetic PCA 
to produce much more PCA molecules, deducing that the expressions of the two phz gene clusters may 
represent a feedback amplification pattern. All results indicate that there exists a regulatory feedback 
loop of the two phz gene cluster expressions through its 5’-noncoding region. The two phz gene clusters 
are reversely controlled by direct RsmA-mediated activity. The phz1 gene cluster is negatively regulated 
while the phz2 is positively controlled by RsmA because of the different location the RsmA target on 
the two phz transcripts. The expressions of the two phz gene clusters are also reversely regulated by 
temperature, phz2 cluster is higher expressed at 28°C while phz1 at 37°C. The gene phzM is one of the 
PCA modification genes, which is involved in the conversion of PCA into pyocyanin (PYO) and the gene 
is less efficiently expressed at 28°C in a temperature-dependent and strain-specific manner resulting in 
the predominant phenazine of PCA rather than PYO produced in strain M18 at 28°C. The M18 genome 
was genetically and systematically engineered based on the regulatory expression of phz gene clusters 
in strain M18 and the fermentation was optimalized using surface response methodology, PCA yield can 
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research to more than 5 gram per liter during 72 h fermentation. A new anti-fungal pesticide called 
Shenqinmeisu, in which PCA is one of the main components was firstly registered in China in 2011 and 
the pesticide has been wildly applied in the commercial farm field for protecting the rice and vegetables 
against the diseases affected by Rhizoctonia solani and Fusarium oxysporum and other phytopathogens 
and the sales amount has reached to 2.2 million US dollars during the last two years in China.

OP-23

Rewiring the Flagella Regulon in Pseudomonas fluorescens SBW25 Restores Surface Motility to 
Non-motile Mutants

Taylor, T.B.1, Mulley, G.1, Alsohim, A.1, M. W. Silby2, David. J. Studholme3, 
M. A. Brockhurst4, L. J. Johnson1 and Jackson, R.W.1

1School of Biological Sciences, University of Reading, Whiteknights, Reading, RG6 6AJ, UK; 2Department of 
Biology, University of Massachusetts Dartmouth, 285 Old Westport Road, 

N. Dartmouth, MA 02747-2300, USA; 3Department of Biosciences, University of Exeter, 
Stocker Road, Exeter, EX4 4QD, UK and 4Department of Biology, University of York, 

Wentworth Way, York, YO10 5DD, UK

Pseudomonas fluorescens  bacteria are common soil inhabitants that favour colonisation of plants, spreading 
over the root environment (rhizosphere) and above ground structures (phyllosphere). To understand the 
ecological success of P. fluorescens strain SBW25 in the rhizosphere, a number of functional genomic 
screens have revealed that the master regulator FleQ differentially regulates expression of the flagellum 
and the cellulose synthase gene system, wss. FleQ is probably important for transitional switching of the 
bacterial lifecycle from the motile planktonic form (in the soil) to the non-motile EPS-producing biofilm 
form on and within plant tissues. However, suppressor analysis revealed that a second surface motility 
system, known as sliding motility and dependent on production of viscosin surfactant, was operating in 
tandem with the flagellum-dependent surface motility. Mutational analysis of the viscosin synthase genes 
in a fleQ mutant completely abolished in vitro surface motility. Viscosin is not essential for bacterial 
movement over the root surface, but it does aid spreading. Serendipitously, we observed a SBW25fleQ-
viscosin mutant did start to move over agar surfaces after about 72 h on plates. This heritable phenotype 
was observed with a range of fleQ mutants with independent mutations in viscosin genes. Growth analysis 
of these evolved motile strains revealed major growth defects in minimal medium. Genome sequencing of 
the evolved strains has provided insight to mutational changes that enable the evolved strains to produce 
a flagellum and move over surfaces. This work highlights how bacteria can use simple innovations to 
rewire its genetic circuitry to adapt to potentially catastrophic genome mutations.

OP-24

Transcriptomic Analysis of the Pseudomonas fluorescens Pf0-1 Response to 
Moisture Stress in Soil

Douglas Marshall and Mark W. Silby

Department of Biology, University of Massachusetts Dartmouth
North Dartmouth, MA, USA

Pseudomonas spp. adapt rapidly to fluctuations in environmental conditions. The broad adaptive capacity 
undoubtedly contributes to the environmental ubiquity of pseudomonads. Pseudomonas fluorescens is 
a well-known inhabitant of soils, and several strains are considered to have excellent potential for the 
protection of crops from infectious agents. Application of P. fluorescens in crop protection has met limited 
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success, in part because of a poor understanding of fitness in diverse and fluctuating soil environments. 
P. fluorescens Pf0-1 senses and adapts to changing environmental conditions within soil, but sub-optimal 
conditions can lead to population decline. Water content can fluctuate widely in soil, and is critical in 
agriculture. Most studies to date have used simulated conditions to model water stress rather than working 
in situ. Using a functional genomics approach, we sought to examine the mechanisms by which P. fluorescens 
Pf0-1 adapts to dehydration while growing in soil. Pf0-1 was allowed to colonize moist (50% water 
holding capacity) soil. After colonization, 40% of the moisture was allowed to evaporate, which resulted 
in a reduced population indicating stress. The transcriptome was analyzed by RNA-seq after one hour and 
after five days to examine immediate stress response and longer-term adaptive strategies. Expression 
of >200 genes was elevated at least five fold as a rapid response to dehydration, and also after five 
days reflecting longer-term adaptive strategies. Activation of two prophages indicates that the bacterium 
is experiencing stress, and we hypothesize that lytic growth of these phages may reduce population 
viability. Of interest, genes specifying production of alginate and another extracellular polysaccharide 
were elevated in response to water stress, suggesting a protective role in dry soil. All previous studies on 
dehydration stress in Pseudomonas used in vitro simulations. In contrast to in vitro studies, water stress 
in situ led to constitutive alg gene up-regulation, not transient. Deletion of the alginate biosynthesis 
genes algD and alg44, and the regulatory gene algB caused no growth defect in laboratory culture but 
decreased survival slightly in moist soil, and significantly in water-limited conditions, suggesting that P. 
fluorescens constitutively produces alginate as a mechanism to maintain populations under dry conditions. 
Dehydration in situ induces widespread gene expression changes, reflecting the severity of the stress and 
the broad strategies used to adapt. Increased alginate gene expression reveals the critical importance of 
alginate in production of protective hydrated microenvironments in soils, where moisture levels naturally 
fluctuate. Studies directly examining adaptive gene expression of Pf0-1 dwelling in soil will improve the 
selection, development, and deployment of effective biocontrol agents.

OP-25

Indigenous PGPR and Below-Ground Microbial Communities of an Organically Managed Desert 
Agro-Ecosystem

M. Köberl1, R. Schmidt1, E. M. Ramadan2, M. Cardinale1, H. Müller1, K. Smalla3 
and G. Berg1

1Graz University of Technology, Institute for Environmental Biotechnology, Austria and 2SEKEM, Heliopolis 
University, Ain Shams University, Faculty of Agriculture, Cairo, Egypt., 3Julius Kühn Institute, Federal Research 

Centre for Cultivated Plants, Institute for Epidemiology and Pathogen Diagnostics, Braunschweig, Germany

Microbial inoculants such as plant growth-promoting rhizobacteria (PGPR) with biocontrol activity 
provide an environmentally friendly and promising strategy for plant and stress protection, but for 
desert application specific, drought-resistant strains are required. In a hierarchical screening procedure, 
promising candidates were selected from one of the most popular organic desert farms Sekem in Egypt. 
Isolates were characterised by their anti-phytopathogenic potential towards fungi (Verticillium dahliae, 
Rhizoctonia solani, Fusarium culmorum), bacteria (Ralstonia solanacearum) and nematodes (Meloidogyne 
incognita). In general, the indigenous antagonistic potential was highly dominated by Gram-positive, 
spore-forming bacteria. Three most promising strains (Streptomyces subrutilus Wb2n-11, Bacillus subtilis 
Co1-6, Paenibacillus polymyxa Mc5Re-14) were selected for ad planta field applications on German 
chamomile (Matricaria chamomilla L.) in comparison to three Gram-negative strains (Pseudomonas 
fluorescens L13-6-12, Stenotrophomonas rhizophila P69, Serratia plymuthia 3Re4-18), which were 
already evaluated in humid soils. The influence of bacterial inoculants on plant growth-promoting effects 
was evaluated based on blossom harvest yield. Secondary metabolites of chamomile blossoms as well 
as structures of rhizosphere microbial communities were compared between different treatments. In 
parallel to the selection and evaluation of strains, bacterial and fungal communities of the target habitat 
– the rhizosphere and endorhiza of medical plants (Matricaria chamomilla L., Calendula officinalis L., 
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Solanum distichum Schumach. & Thonn.) – were characterised in comparison to the surrounding field and 
desert soil. To get an insight into the community of the nitrogen-fixing PGPR, the nifH gene communities 
were deeply assessed by a pyrosequencing-based approach. Medical plant specificity could be observed 
for all investigated communities.
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New Technologies and Extended Applications of PGPR

OP-26

Diversity of the Phosphate Solubilizing Bacteria Isolated from the Root of 
Tree Peony (Paeonia ostii)

Yao Song2, Zhao Liu1, Jian Li1, Jigang Han1,2* and Yonghong Hu1*

1Shanghai Chenshan Botanical Garden, Shanghai, 201602, China;
2Shanghai Botanical Garden, Shanghai, 200231, China

The diversity of the phosphate solubilizing bacteria in the rhizosphere and rhizoplane of tree peony 
(Paeonia ostii) plants was investigated in this study. 36 phosphate-solubilizing bacteria were screened 
from 311 rhizosphere and rhizoplane bacterial strains of tree peony plants. The phosphate-solubilizing 
bacteria included 25 rhizobacteria isolates, 11 rhizoplane bacteria isolates. Pseudomonas sp. FLR2 
showed the highest phosphate solubilizing activity (326.2 mg/L). Phylogenetic analysis based on the 
partial 16S rDNA sequences indicated that the strains were clustered into three groups: 22 strains 
of Firmicutes (61.11%), 10 strains of Gammaproteobacteria (27.78%), four strains of Actinobacteria 
(11.11%). The dominant phosphate-solubilizing bacteria were Pseudomonas (33.33%). Our results show 
that some phosphate solubilizing bacteria strains have great potential applications in ornamental plant 
cultivation.

OP-27

Application of PCR-DGGE to Examine the Microbial Community Associated with the Rhizosphere 
of Rice as Affected by Salinity

N. D. Organo1, 3, 5, E. S. Paterno1, 5, L. F. Delfin2, G. B. Gregorio3, 
N. B. Lantican4, J. F. Simbahan5

1Agricultural Systems Cluster, College of Agriculture, University of the Philippines Los
Baños (UPLB); 2 Institute of Plant Breeding, Crop Science Cluster, College of Agriculture, UPLB; 3Plant 
Breeding Genetics and Biotechnology Division, International Rice Research Institute (IRRI); 4Institute of 

Biological Sciences, College of Arts and Sciences, UPLB
5National Institute of Molecular Biology and Biotechnology, UPLB, Philippines

The microbial communities associated with the rhizosphere of rice varieties as affected by salinity were 
analyzed using a molecular approach. The total community DNA was obtained from the rhizosphere 
samples using a commercially available soil DNA extraction kit while the cultivable microbial community 
DNA from culture enrichments was extracted using the CTAB method. The V6 to V8 region of the 
Bacterial 16s rRNA gene was amplified through Polymerase Chain Reaction (PCR) and the amplicons 
were separated using the Denaturing Gradient Gel Electrophoresis (DGGE). The DGGE profiles from total 
community DNA revealed higher number of species while the DGGE profiles from cultivable microbial 
communities revealed the dominance of few microbial species due to selective enrichment. The DGGE 
profiles from total community DNA were analyzed and the banding pattern and intensity values obtained 
were used to calculate the Shannon index of diversity and Simpson index of dominance. For all rice 
varieties, bacterial diversity is higher under saline conditions compared to normal conditions. In addition, 
the difference in bacterial diversity is greater at the reproductive stage compared with the vegetative 
stage. More importantly, the increase in bacterial diversity is greater for varieties that are tolerant 
to salinity compared to the salt-sensitive varieties. Database search of the sequenced bands revealed 
that majority of the sequences from enriched samples have high level of similarity to the well-studied 
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members of the Gammaproteobacteria family while the matches from total soil DNA include members of 
the Deltaproteobacteria family. 

OP-28
Potential of PGPR in the Bioremediation of Pb in Maize (Zea mays L.)

Asgahri Bano and Bushra Rehman

Department of Plant sciences Quaid-e-Azam University Islamabad Pakistan

The efficiency of phytoremediation can be enhanced by the application of plant growth promoting 
rhizobacteria (PGPR) which can interact and sequester the heavy metal and detoxify. Present study 
evaluate the role of applied Pb salt on the uptake and accumulation of metals as affected by the inoculation 
treatment of the PGPR isolated from the rhizosphere of the maize grown at waste damping site of Attock 
oil refinery. The Pb treatment altered the uptake and translocation of Pb and inhibited the uptake and 
accumulation of Cr, Zn, Ni, Mn and Cu but induced the accumulation on Ni, Mn and Cu in leaves. The 
inoculation with both PGPR showed complete inhibition of Pb accumulation in leaves and also reduced 
Pb-induced accumulation of Zn, Mn, Ni and Cu. Both PGPR also overcame the Pb-induced inhibition in 
Cr accumulation. The PGPR 2 was more efficient. The Pb treatment decreased the accumulation of Ca, 
Mg, Fe, Na and K in roots but increased in leaves. PGPR 1 overcame the Pb-induced inhibition in the 
uptake of Ca, Mg and Fe in roots and leaves. The change in morphology of PGPR in response to Pb stress 
has been discussed.

OP-29

Induction of Plant Immune Responses by Gaseous Compounds against Plant 
Pathogens and Insect Pests

Choong-Min Ryu1,* and Geun Cheol Song1 

1Molecular Phytobacteriology Laboratory, Systems and Synthetic Biology Research 
Center, KRIBB, Daejeon 305-806, S. Korea; Biosystems and Bioengineering Program, 
School of Science, University of Science and Technology, Daejeon 305-333, S. Korea

Systemic acquired resistance (SAR) is a plant self-defense mechanism against broad-ranged pathogens 
and insect pests. Among chemical SAR triggers, plant and bacterial volatiles are promising candidates 
due to high effective and cheap chemicals with relatively low concentration related to agrochemicals. 
However, in order to agricultural usage, high evaporation rate into the air after application, plant growth 
alteration, and inconsistent effectiveness that are major pitfall need to be considered before large scale 
application to manage diseases. In this study, we provide a new evidence of volatile organic compound 
(VOC)-mediated SAR against both a bacterial angular leaf  spot pathogen Pseudomonas syringae pv. 
lachrymans and a sucking insect aphid Myzus persicae in the open field without changing plant growth 
until harvesting the fruit yields. Unexpectedly, the drench of two VOCs, 3-pentanol and 2-butanone into 
cucumber seedlings caused significant increase of number of ladybird beetle that is known as a natural 
enemy of aphid. The defense-related gene, CsLOX was induced in volatile treatments indicating to trigger 
oxylipin pathway responding to emission of green leaf volatile to recruit natural enemy. Our results 
demonstrate that VOCs are good resources to prevent plant diseases and insect damage by elicitation of 
SAR even in the open field.



38
OP-30

Efficacy of Pseudomonas fluorescens Strains in Enhancing Drought Tolerance 
and Yield in Peanut

P. Sudhakar*1, K. Vijay Krishna Kumar2, V. Sai Sruthi1, P. Latha1, K. Sujatha1, 
B. V. Bhaskara Reddy1 , B. Ravindra Reddy1, T. Giridhara Krishna1 and M. S.Reddy3

1Acharya N G Ranga Agricultural University, Institute of Frontier Technologies, Tirupati, AP, India
2Farmers’ Call Centre, ANGR Agricultural University, Secunderabad, India

3Dept. of Entomology & Plant Pathology, Auburn University, AL, USA
*Email: sudhakarpalagiri@gmail.com

Plant growth-promoting rhizobacteria (PGPR) are naturally occurring soil bacteria that aggressively 
colonize plant roots and benefit plants by providing growth promotion. Inoculation of crop plants with 
certain strains of PGPR at an early stage of development improves biomass production through direct 
effects on root and shoot growth. Pseudomonas fluorescens are gram negative PGPR that have wide 
applicability due to various mechanisms of action. The present study focuses on evaluation of various P. 
fluorescens strains on growth promotion, drought tolerance and yield enhancement in peanut. Eleven P. 
fluorescens strains were isolated from peanut rhizosphere and evaluated on peanut cultivar “Narayani”. 
A greenhouse study was conducted in a RCBD with 11 treatments and four replications per treatment 
during Kharif season during 2011. Prior to seeding, the seeds were treated with PGPR strains at a 
concentration of 1X109 CFU ml-1 and control seeds were treated with water. Water Use Efficiency 
(WUE) traits and biometric characteristics such as root growth and pod yields were increased with 
one strain (IFT 30) over control. The strain enhanced WUE in terms of high Spad Chlorophyll Meter 
Reading (SCMR) and low specific leaf area (SLA) values and specially, increased the pod yield by 10.7% 
compared to control. During Rabi season in 2011-12, the strain (IFT-30) was tested for its efficacy under 
imposed end-of -season moisture stress conditions along with foliar sprays of 2% urea, and Kaoline 2%. 
Our results validated the efficacy of P. fluorescens strain in improving drought tolerant traits in terms of 
higher WUE, total chlorophyll content, photosynthetic activity, plant water status and oxidative stress 
tolerance over control as well as 2% urea spray under stress imposed field conditions. Similarly, higher 
biometric traits such as plant height, shelling per cent, pod yield and harvest index were also recorded 
compared to other treatments. Such ameliorating effects of P. fluorescens strain on peanut crop can be 
attributed to altered concentrations of plant growth hormones, cell protecting enzymes and improved 
nutrient uptake capabilities. Experiments are in progress at field level to confirm the growth promotion, 
yield enhancement and drought tolerance activity of P. fluorescens strain in peanut. 

OP-31

Silver Nano-Particles Using Siderophoregenic Actinomycetes from Hot Springs for Plant Growth 
Promotion and Yield Improvement of Groundnut

Pawar A.N., Bhavsar S. P., Khandelwal S.R*

*Institute of Life Sciences, Department of Microbiology, H.P.T. Arts 
& R.Y.K. Science College, Nasik (MS), India 422005 

Actinomycetes are free-living, saprophytic bacteria widely distributed in soil, water and colonizing plants. 
They serve as a potential source of many bioactive compounds. Siderophores are low molecular weight 
peptides, high affinity iron chelating compounds secreted by microorganisms. Siderophores are amongst the 
strongest soluble Fe3+ binding agents known. Production of siderophore is also important for antagonism 
to phytopathogens and thus improving plant growth. Fourteen actinomycete strains were isolated from hot 
spring water sample (Vajreshwari, Mumbai) and identified by phenotypic characteristics and biochemical 
tests. These would be further subjected to nucleic acid sequencing. These fourteen isolates were tested 
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for their capabilities of siderophore production and phosphate solubilization. Siderophore prodction was 
detected using Simon and Tessman broth. Siderophore was extracted in powder form using ethyl acetate 
or benzyl alcohol, diethyl ether and silver-nanoparticles were synthesized. Effect of these were assessed 
on groundnut plant growth and it was found that percent yield of ground nut is increased up to 17.5 
percent. Moreover chlorophyll content, root and shoot length were seen to be significantly enhanced. Pure 
siderophore will be further characterised using mass spectrometry and FTIR studies. 

OP-32

Plant Growth-Promotion and Biocontrol Activity of Mechanisms of a Biocontrol Agent, Bacillus 
amyloliquefaciens B9601-Y2

Yue-qiu HE 1, 2,  Yi-xin WU 2,  Zi-chao MAO 2, and Rainer Borriss3

1National Engineering Center of Agricultural Biodiversity, Yunnan Agricultural University, Kunming 650201, 
China; 2College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, China and 

3Humboldt Universit¨at Berlin, Institut für Biologie, D-10115 Berlin, Germany
Communication to Yue-qiu HE by his email: ynfh2007@163.com

Bacillus amyloliquefaciens subsp. plantarum B9601-Y2 is a patented and fully sequenced strain, which 
was isolated from wheat rhizosphere. It is a powerful plant growth-promoting rhizobacterium. It could 
promote many plants to grow significantly, including maize, lettuce, spinach, garlic, onion, wheat, maize, 
rice and rose. Its relative large genome size of 4,274,774 bps, exceeding that of other representatives 
of the B. amyloliquefaciens subsp. plantarum taxon, is mainly due to the presence of 18 DNA-islands 
containing remnants of phages, a unique restriction modification system, a gene cluster for mersacidin 
synthesis, and an orphan gene cluster devoted to non-ribosomal synthesis of an unidentified peptide. Like 
other members of the taxon, the Y2 genome contains giant gene clusters for non-ribosomal synthesis of 
the polyketides macrolactin, difficidin, and bacillaene, the antifungal lipopeptides bacillomycin D, and 
fengycin, the siderophore bacillibactin, and the dipeptide bacilysin. A gene cluster encoding enzymes 
for a degradative pathway with 2-keto-3-deoxygluconate and 2-keto-3-deoxy-phosphogluconate as 
intermediates was explored by genome mining and found as being a unique feature for representatives 
of the plantarum subspecies. A survey of the Y2 genome against other B. amyloliquefaciens genomes 
revealed 130 genes only occurring in subsp. plantarum but not in subsp. amyloliquefaciens. Notably, the 
surfactin gene cluster is not functional due to a large deletion removing parts of the Srf synthetases B and 
C. Expression of polyketides, lipopeptides, mersacidin, and of the growth hormone indole-3-acetic acid in 
Y2 was demonstrated by matrix-assisted laser desorption ionization-time of flight mass spectroscopy and 
high-performance liquid chromatography, respectively.
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Commercial Potential, Trade and Regulatory Issues among Asian Countries

OP-33

Impact of Inadequate Regulatory Frameworks on the Adoption of Bio-fertilizer 
Technologies: A Case Study of Sub-Saharan Africa

C. Masso1, J.M. Jefwa2, M. Jemo3, M. Thuita1, D. Tarus4, and B. Vanlauwe1

1International Institute of Tropical Agriculture (IITA), Nairobi, Kenya, 2International Center 
for Tropical Agriculture (CIAT), Nairobi, Kenya, 3IITA, Ibadan, Nigeria, 4African Agricultural Foundation 

Technology (AATF), Nairobi, Kenya.

Recently, there has been a lot of interest to promote bio-fertilizers for eco-efficient intensification of 
agricultural systems in sub-Saharan Africa (SSA). Bio-fertilizers are considered cost-effective and 
environmentally-friendly. In SSA, bio-fertilizers have not been sufficiently evaluated for quality and 
efficacy because of weak or absence of regulatory frameworks. Consequently, a proliferation of low 
quality and inefficacious bio-fertilizer products has been reported. Based on a stepwise assessment of 66 
bio-fertilizer products found in Ethiopia, Kenya, and Nigeria in 2009-2011, in more than 90% of cases, 
product composition didn’t match indications on the product labels or label claims related to product 
benefits were not supported by our research results. A few products were however found very promising; 
for instance, Legumefix (a rhizobial inoculant for soybean) showed a benefit cost analysis > 2.5. There 
was an obvious need of discriminating high quality products from poor ones. A five year study (i.e. 2012-
2017) has started aiming at addressing that gap and scaling-up the best promising bio-fertilizer products. 
One of the key outcomes of the new project is therefore the institutionalization of quality control and 
efficacy testing of bio-fertilizer products to virtually eliminate the proliferation of poor-quality and 
inefficacious ones. That will increase the confidence of smallholder farmers, with high risk aversion, 
in the bio-fertilizer technologies. Adoption of bio-fertilizers by the resource-poor smallholder farmers 
in SSA, the majority of the population, will certainly result in improved crop yields, food security, and 
consequently better livelihood.

OP-34

Formulation and Compatibility of PGPR with Pesticides for Suppression of Insect Pests

B. V. Patil, M. K. Naik, Manujnath. H and A.C. Hosamani

Department of Plant Pathology and Entomology, UAS, Raichur, Karnataka, India
  
Use of synthetic chemicals during last decade has raised a number of ecological problems, diverting 
the attention of scientist towards plant growth promoting rhizobacteria (PGPR). The PGPR are easy 
to deliver, improve crop growth, activate resistant mechanism and contribute towards increase in yield. 
Hence, this paper deals about formulation, compatibility and shelf life of a potential PGPR isolate for 
management of insect pests in chilli. One of the potential indigenous Pseudomonas fluorescence isolate 
(Pf4) showing high efficacy in biocontrol and growth promotion, was used for formulation using three 
carrier materials, among which talc maintained highest population at room and refrigerated temperature 
up to 360 days of storage. Talc supported longer shelf life with 20.66X107 cfu/g after an year of storage. 
The isolate showed compatibility with carbendazim and thiram among fungicides and imidacloprid, 
chlorpyriphos and carbofuran among insecticides and NSKE, nimbicidine and eucalyptus extracts among 
plant products. The formulated product was used as an integral component for management of insect pests 
in irrigated chilli ecosystem and scouting was attended throughout season by a team of entomologists and 
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pathologists. The PGPR was intervened wherever required amongst other integrated pest management 
(IPM) components. The observation on number of thrips, mites and number of larvae and per cent fruit 
damage by fruit borer was recorded along with predatory populations. The average number of thrips was 
1.77-2.20/leaf in IPM plots as against 2.59-3.18 in non- IPM plots and 1.16-1.61 mites/ three young 
leaves in IPM plots as against 1.79-2.06 in non- IPM plots with leaf curl index of 0.71 in IPM and 1.06 
in non-IPM and 0.17 Helicoverpa armigera/plant with fruit damage of 0.29-0.41% in IPM plots as 
against 1.36 of H. armigera/plant with fruit damage of 5.73-5.89% in non-IPM plots. The population of 
predatory mite and coccinelids was also high in IPM plots as compared to non-IPM plots. Subsequently 
the yield obtained was 5000 kg more in IPM plots compared to non-IPM plots with net gain of Rs. 
39170/ha. Thus PGPR mediated IPM strategy could bring down cost of protection apart from reducing 
several untold ecological problems.

OP-35

Effect of ACC Deaminase Producing PGPR Strain Inoculation on the Early 
Growth and Nutrient Uptake of Crop Plants in Saemangeum Reclaimed Soil

Kiyoon Kim, Woojong Yim, Sherlyn Tipayno, Charlotte Shagol and Tongmin Sa

Department of Environmental and Biological Chemistry 
Chungbuk National University,Cheongju, Korea

1-aminocyclopropane-1-carboxylate (ACC) deaminase-producing bacteria can stimulate the cleavage 
of ACC, the immediate precursor of ethylene, to ammonia and a-ketobutyrate thereby reducing the 
inhibitory effects of high levels of ethylene in plants. Plant growth is inhibited by high levels of salinity. 
Brevibacterium iodinum RS16, which was isolated from coastal saline soil can fix N2 and has ACCD 
activity. Methylobacterium oryzae CBMB20 which was isolated from rice stem, as well, has the ability to 
produce ACC deaminase. The study evaluated the effects of inoculation and co-inoculation of B. iodinum 
RS16 and M. oryzae CBMB20 on the growth and macro-nutrient uptake of maize (Zea mays L.) and 
sorghum-sudangrass hybrid (Sorghum bicolor L.) in Saemangeum reclaimed soil. M. oryzae CBMB20 
treatment increased plant height (29.1%), shoot (40.8%) and total dry weight (43.4%) of maize 
compared to non-inoculated treatment. In the case of sorghum, co-inoculation treatment increased plant 
height (25.2%), shoot dry weight (47.6%), root dry weight (50.0%), and total dry weight (44.1%) with 
M. oryzae CBMB20 treatment compared to non-inoculated treatment. Significantly higher content of 
N and Mg in maize was observed in co-inoculation treatment while P, K, Ca contents were significantly 
higher in M. oryzae CBMB20 treatment compared to other treatments. Similarly in sorghum, M. oryzae 
CBMB20 and co-inoculation treatments showed significantly higher macro-nutrient content compared to 
other treatments. Further evaluation in field level will confirm the findings of this experiment.

OP-36

Production and Utilization of Plant Growth Regulators from 
Plant Growth Promoting Bacteria

Erlinda S. Paterno1,2 and Lilia M. Fernando2

1Agricultural Systems Cluster, University of the Philippines Los Baños (UPLB), 
College, Laguna 4031 Philippines; 2National Institute of Molecular Biology 
and Biotechnology (BIOTECH), UPLB, College, Laguna 4031 Philippines

Plant growth promoting bacteria (PGPB) isolated from Philippine soils and plant rhizospheres were 
screened for their ability to produce the plant growth regulators auxin, cytokinin and gibberellins. Based 
on colorimetric assay and high performance liquid chromatography (HPLC), isolate PGPB 5 produced 
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the auxin indole-3-acetic acid (IAA) at 736 and 116 ug IAA equivalent mL-1, respectively, after 48 h 
of incubation. The gene coding for the enzyme responsible for the production of IAA was amplified and 
detected from the aforementioned PGPB. Fragments of the above mentioned gene were successfully 
cloned into Escherichia coli competent cells. The possible biosynthetic pathway followed by the isolate in 
the production of IAA was determined through thin layer chromatography (TLC). Cytokinin production 
by the PGPB isolates was measured using the radish cotyledon bioassay and monitored through HPLC. 
A direct relationship between the production curves of the cytokinins trans-zeatin and zeatin riboside 
and bacterial population was observed in the promising isolates. The gene coding for the key enzyme in 
cytokinin production was detected in all cytokinin producers. Gibberellin production by the PGPB isolates 
was determined through the dwarf rice bioassay. PGPB 4 produced the highest Gibberellins (81.70 ug 
GA3 equivalent mL-1) after 15 days of incubation. Extracts from PGPB 4 were purified by HPLC and 
analyzed through gas chromatography coupled with mass spectrometry (GC-MS). The peaks obtained 
from the mass spectra of the extracts indicated the production of gibberellins by the PGPB isolate. 
Further analyses through ultraviolet (UV) and Fourier transform infrared (FTIR) spectroscopy showed 
distinct functional groups which may indicate the production of a novel Gibberellins by isolate PGPB 4. 
All promising isolates promoted growth of high value crops, fruit and forest trees, rice, and rooting of 
ornamentals and root crops. In addition to the production of plant growth regulators, the PGPB isolates 
were also found to exhibit ACC (1-amino-1-cyclopropane carboxylic acid) deaminase activity, produce 
siderophores and solubilize bound phosphates.

OP-37

Bioprospecting of Endophytic Bacteria from Mangrove, Banana and Sugarcane 
Plants for Their PGPR Activity

P. Gayathri and V. Muralikrishnan*

Department of Microbiology, Annamalai University, Annamalai Nagar,
Chidambaram, Tamilnadu, India
*Email: biostarcdm@gmail.com

The word “bioprospecting” is today most frequently used to describe the collection and screening of 
biological materials for commercial purpose. Endophytic microbes colonize living internal tissues of 
plants without causing any immediate, overt negative effect. Natural products have been the traditional 
path finder compounds offering an untold diversity of chemical structures. Furthermore, the discovery of 
plethora of microbes for application that span a broad spectrum of utility in medicine, agriculture and 
industry is now practical. Endophytic bacteria could be better protected from biotic and abiotic stresses 
than rhizosphere bacteria. The growth stimulation of host plant by the endophytic microbes can be a 
consequence of nitrogen fixation or the production of phytohormones, biocontrol of phytopathogens in 
the root zone (through production of antifungal or antibacterial agents, siderophore production, nutrient 
competition and induction of immunity) or by enhancing availability of nutrients and minerals. In this 
present study, we collected roots, stems and leaf samples of mangrove, banana and sugarcane plants 
in sterile cover from Pichavaram, a mangrove forest and trial field, Faculty of Agriculture, Annamalai 
University. Samples were transferred to the laboratory and processed immediately after surface 
sterilization by standard procedure. Isolation and purification of endophytic bacteria were done by using 
starch casein agar with antibiotics to inhibit the growth of fungi. Total of 41 isolates were obtained 
from all the samples, 21 from mangrove, 7 from banana and 10 from sugarcane. All the isolates were 
taken to test the PGPR activity. We have done PGPR activity test viz., phosphate solubilisation, silicate 
solubilisation, starch hydrolysis, dye degradation, cellulose and chitinase production, salt tolerance on 
growth, growth on NFB medium (N2 fixation), carbohydrate fermentation, and antimicrobial activity of 
endophytic bacteria. Most of the isolates show good PGPR activity. Based on the results, 4 isolates from 
mangrove, 3 isolates from sugarcane and 2 isolates from banana were selected as potential for PGPR 
activity. Those potential isolates are taken for future work.
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Vital N® Biofertilizer for Sustainable and Profitable Agriculture

Ponciano M. Halos

Chairman, Arnichem Corporation, Makati City, Philippines
Email: halosponciano@yahoo.com

Vital N® is a preserved microbial inoculant fertilizer that is duly registered with the Fertilizer and 
Pesticide Authority for use on rice, corn and vegetables. It improves seed germination, promotes root 
growth and increases yield. It controls plant diseases like bacterial leaf blight of rice, bacterial wilt of 
tomato and Fusarium root rot of onions. Vital N® solution can be applied to drench the seeds or seedlings 
before planting. Some 220,000 farmers in the Philippines and abroad have observed it as a cost saver and 
income enhancer. A 100-gm Vital N® formulation can increase yield by at least one ton per hectare per 
season for rice and corn. It won the most outstanding product intervention for corn in 2010. The product 
developers were recognized as the most inspiring biotechnology entrepreneurs in 2008.
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PP-1

Induction of Systemic Resistance against Phytophthora capsici and Pectobacterium carotovorum 
SCC1 by Treatment of Iturin Derivatives in Chili-pepper

Kyungseok Park1, Yung Eun Cho1, K. Balaraju1, Jin Woo Park1, Seuk Sik Moon2

1Microbial Plant Activation Lab, Division of Agricultural Microbiology, National 
Academy of Agricultural Science, RDA, Suwon 441-707, Republic of Korea, and 

2Department of Chemistry, Kongju National University, Kongju, Republic of Korea

Five derivatives of cyclic lipopetides (CLPs), known as Iturin-A analogs were identified from a promising 
plant growth-promoting rhizobacteria (PGPR), Bacillus vallismortis stain EXTN-1 (EXTN-1) based 
on plant growth-promotion and induced systemic resistance (ISR) on various crops. Indirect protection 
of the plants through ISR by treatment with various Iturin-A analogs possessed different degrees of 
suppression of Phytophthora blight caused by Phytophthora capsici and soft rot caused by Pectobacterium 
carotovorum SCC1 in chili-pepper (Capsicum annum L.). The Iturin-A analogs derived from tryptic soy 
agar (TSA) culture filtrate of EXTN-1 were purified using column chromatography and reverse-phased 
HPLC, and were identified as five different Itruin-A analogs based on NMR spectral analysis. Among 
all the Iturin-A analogs, the treatment with Itruin-A2 at lower concentration (0.1 ppm) by foliar spray 
induced systemic resistance against P. capsici when compared to water-treated control upon challenge 
with zoospores of P. capsici. However, Iturin-A analogs tested for antibiosis assay, only Iturin-A6 and 
Iturin-A8 possessed antibiosis activity at higher concentrations. This suggests that the ISR activity was 
not on the basis of antibiosis, but through some other mechanism. The result of Reverse transcriptase 
(RT)-PCR for defense related gene expressions revealed the expression levels were varied at various 
concentrations for all the defense genes such as PR-1, β-1,3-glucanase, chitinase, PR-4, peroxidase and 
PR-10 in three-week-old chili-pepper after pathogen challenge.  These results suggest that the Iturin 
analogs from EXTN-1 involve in the activation of plant defense.

PP-2

A Comparative Study of the Role of PGPR and Chemical Fertilizer on the Nutritive Quality of 
Strawberry

Asgahri Bano and Saba Inayat

Department of Plant sciences Quaid-e-Azam University, Islamabad, Pakistan

During the present investigation effects of PGPR isolated from colluvial soil of high mountain area near 
Balochistan, border Pakistan were studied on the growth, yield and quality of strawberry fruits. The 
isolated PGPR were applied alone and in combination with chemical fertilizer. The five isolated PGPR 
effectively stimulated the yield and growth of strawberry.  The isolates D and E significantly increased the 
strawberry yield over untreated control and those treated with isolate C. Presence of chemical fertilizer 
decreased the efficiency of PGPR isolates D and E. The vitamin C, sugar and protein contents were also 
higher in treatment with PGPR isolates A, B, C, D and E. The activities of antioxidant enzymes SOD and 
POD were also enhanced in strawberry leaves and fruits following PGPR inoculation. The PGPR isolates 
produced growth promoting hormones IAA and GA in cultures. The mechanism of growth stimulation 
following PGPR inoculation has been discussed.
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Investigations on Bioactive Secondary Metabolites of Trichoderma spp and Their Efficacy against 
Aflatoxin Contamination in Groundnut

P. Srilakshmi1, Hari Kishan Sudini1, K. Satya Prasad2, Sarala Devi3, and K. Vijay Krishna Kumar4

1International Crops Research Institute for the Semi-Arid Tropics, Patancheru, 502 324, 
Andhra Pradesh, India; 

2Department of Botany, Osmania University, Hyderabad-500 007, Andhra Pradesh, India
3Indian Institute of Chemical Technology, Tarnaka, Hyderabad-500607, Andhra Pradesh, India

4ANGR Agricultural University, Farmers’ Call Center, Secunderabad-500061, Andhra Pradesh, India
 
Aflatoxin contamination in groundnut is considered as a major qualitative problem affecting human and 
animal health. In our study, Trichoderma isolates collected from six groundnut growing districts of southern 
India were tested against Aspergillus flavus. In vitro assays revealed that 48 isolates were significantly 
antagonistic to Aspergillus flavus toxigenic strain (AF 11-4). These isolates belonged to 10 different 
species of Trichoderma. Based on our preliminary screening for cellular enzyme production, seven potent 
Trichoderma isolates were selected for secondary metabolite production. Secondary metabolites were 
extracted and tested against A. flavus under in vitro conditions. The effect of secondary metabolites in 
reducing seed infection by A. flavus was studied in vitro. Based on our results, T. harzianum (T 20) and 
T. longibrachiatum (T 2) were selected further to fractionate secondary metabolites produced by them 
through HPLC. Two prominent peaks with retention time of 2.21 and 8.52 minutes were collected for 
the isolate T 20 and three prominent peaks with retention time of 1.38, 2.17 and 6.89 minutes were 
collected from the isolate T 2. These fractions were further analyzed using FTIR and Mass Spectrometry 
followed by NMR for grouping of compounds and structural identification respectively.

PP-4

Efficacy of Pseudomonas fluorescens Strains in Enhancing Growth and Yield of Peanut

V. Sai Sruthi1, K. Vijay Krishna Kumar2, K. Sujatha1, S. Manasa1, P. Sudhakar1,
 B. V. Bhaskara Reddy1, M. Reddi Kumar1, B. Ravindra Reddy1 and M. S. Reddy3

1Institute of Frontier Technologies, RARS, Tirupati, AP, India
2Farmers Call Centre, ANGR Agricultural University, Seetaphalmandi, AP, India
3Dept. of Entomology and Plant Pathology, Auburn University, Auburn, AL, USA

Growth promotion and yield enhancement by PGPR in various crops is a well established phenomenon. 
Pseudomonas fluorescens are gram negative PGPR that have wide applicability due to various modes of 
action. The present study focuses on evaluation of various P. fluorescens strains on growth promotion and 
yield in peanut. Eleven P. fluorescens strains were isolated from peanut rhizosphere and evaluated for their 
growth promoting effects on cultivar (Narayani). A greenhouse study was conducted in a RCBD fashion 
with 12 treatments (including control) and four replications.  Prior to seeding, the peanut seeds were 
treated with PGPR strains at a concentration of 1X109 cfu ml-1. Control seeds were treated with water 
as seed treatment. The pots were harvested after 95 days. Biometric characteristics such as plant height, 
root growth and yields were recorded. Our results demonstrated the efficacy of the P. fluorescens strains 
in enhancing root growth, plant height and yields of peanut over control under controlled conditions. The 
data revealed that one strain IFT 30, showed higher plant height and root growth Overall, our results 
indicated that seed bacterization with Pf strains enhanced growth in peanut. The strain IFT-30 was 
found superior among the tested Pf strains with highest root length, root and shoot dry weights and with 
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a proportionate root/shoot ratio. Further, IFT-30 has significantly higher number of filled pods/plant and 
recorded highest pod yields/plant over others. Our future studies are directed in assessing the extent of 
antagonism of this superior Pf strain in combating stem rot and collar rot, aflatoxin contamination of 
peanut and in inducing drought tolerance to peanut.

PP-5

Utilization of Pseudomonas fluorescens and Bacillus subtilis for Growth Enhancement and Root-
Knot Nematode Management in Chili

M. Inam-ul-Haq1, Farooq Azam1, M. Ibrahim Tahir1 and M.S. Reddy2

1Department of Plant Pathology, Pir Mehr Ali Shah Arid Agriculture  
University, Rawalpindi, Pakistan and 2Department of Entomology  

and Plant Pathology, Auburn University, Auburn, AL, USA

Pseudomonas fluorescens and Bacillus subtilis have been studied for long time for conferring beneficial 
effects on wide variety of plants against several pathogens. In this study, P. fluorescens and B. subtilis 
were evaluated against root-knot nematode in chili and their effects on growth parameters (plant height, 
fresh and dry weight of root, fresh and dry weight of shoot). The experiments were conducted in net-house 
and growth chamber. The results demonstrated that more increase was observed in case of P. fluorescens. 
Under growth chamber conditions, an increase in plant height (15.2%), fresh weight of shoot (44%), dry 
weight of shoot (39.14%), fresh weight of root (65.75%) and dry weight of root (105.51%) in growth 
chamber were recorded compared to control. Whereas in-net house,  plant height was increased by 27.6%, 
62.66% increase in fresh weight of shoot, fresh weight of root and dry weight of root were also increase 
by 49.15% and 43%, respectively, while 5% decrease was observed in dry weight of shoot compared 
to control. Nematode population was decreased by 35.32% by P. fluorescens in growth chamber while 
B. subtilis decreased nematode population up to 30.84%. Siderophore assay was conducted to confirm 
the siderophore production from these bacteria using Chrome Azurol Sulphonate (CAS) agar plate assay 
which revealed that both were positive to the test. We concluded that P. fluorescens and B. subtilis are 
potential biocontrol agents of root-knot nematodes in chili.

PP-6

Disease Suppression of Fungal Root Pathogens of Chickpea Using Antagonistic Rhizobacteria 
and Neem Cake

M. Ibrahim Tahir1, M. Inam-ul-Haq1 and M.S. Reddy2

1Department of Plant Pathology, Pir Mehr Ali Shah Arid Agriculture  
University, Rawalpindi, Pakistan and 2Department of Entomology & Plant 

Pathology, Auburn University, Auburn, AL, USA

The rhizobacteria are well known for their beneficial effects that may influence the plant growth directly 
or indirectly by several mechanisms. The study was conducted to evaluate the Pseudomonas fluorescens 
and Bacillus subtilis with and without neem cake for exploring their biocontrol activity against the root 
infecting pathogens (Fusarium solani, F. oxysporum and M. phaseolina) of chickpea which causes huge losses 
world-wide. Zone inhibition tests were performed to examine the biocontrol activity of the rhizobacterial 
isolates that revealed the isolates to be antagonistic. The overall performance of P. fluorescens was better 
than B. subtilis that showed the mean zone of inhibition of 1.52 cm followed by B. subtilis with 1.28 cm. 
These isolates individually and in combination were applied to the soil amended with and without neem 
cake under laboratory and green house conditions for disease suppression and growth promotion as seed 
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treatment and soil application methods. Treatments were applied at the time of sowing and data was 
collected after 40 days. Our studies demonstrated that the isolates were antagonistic to test pathogens in 
both pot tests and green house conditions. The treatment of isolates in combination (P. fluorescens + B. 
subtilis) was observed to be best among other treatments. Soil amended with the neem cake exhibited 
better performance of the rhizobacteria with 90% disease suppression than soil without neem cake with 
75% suppression by the combined treatment of P. fluorescens + B. subtilis. Growth promotion was more 
significant in the neem cake amended soils.

PP-7
Isolation of Trichoderma viride to use as PGPR

P. Elakkiay and V. Muralikrishnan

Department of Microbiology, Annamalai University, 
Annamalai Nagar, Chidambaram, Tamilnadu, India

A new Trichoderma viride strain was isolated from paddy rhizosphere soil sample. Its mutants were 
developed by using Ethyl Methyl Sulfonate (EMS) and screened for PGPR activity. The mutant strains 
of Trichoderma viride were tested for phosphate solubilizing potential using pikovskay broth containing 
tricalcium phosphate (tcp) (287 µgml-1) as phosphorus source and Indole acetic acid (IAA) production 
was estimated (68µgml-1). It showed antagonistic activity against Fusarium oxysporum and Rhizoctonia 
solani under laboratory conditions. Inoculation of Trichoderma viride showed significant increase in paddy 
growth parameters including shoot length, root length and dry weight of shoot and root than control. The 
results indicated that the isolated strain of Trichoderma viride could be developed as a potential PGPR 
strain.

PP-8

Effect of Land Use Changes on Activity and Diversity of Diazotrophs in Semiarid Soil, Mahi River 
Basin, Western India

Gangavarapu Subrahmanyam1,3, G. Naresh Kumar2, K. V. Rao3, D. Srinivasa Reddy3, and G. Archana1

1Department of Microbiology and Biotechnology Centre, Faculty of Science, 
The Maharaja Sayajirao University of Baroda, Vadoadara-390002, Gujarat, India.  

2Department of Biochemistry, Faculty of Science, The Maharaja Sayajirao University of 
Baroda, Vadoadara-390002, Gujarat, India. 3Division of Microbiological Research and 
Development, Ecolife Biotech India Pvt. Ltd, Thane (West)-400606, Mumbai, India

Biological nitrogen fixation occurs in species of more than 100 genera distributed among various 
phylogenetic divisions of prokaryotes. Environmental factors and land use changes may affect soil 
diazotrophs diversity as well as activity. Nevertheless, knowledge pertained in these aspects is very 
limited.  In the present study, response of agricultural practice on nitrogen fixing bacterial diversity and 
activity in semi-arid pristine landscapes has been investigated. Triplicates composite agricultural (Agri) 
and pristine (Pri) soils of same sedimentary origin were collected in Mahi River basin, Gujarat, Western 
India. Significant increase in (p<0.05, LSD) microbial biomass C (Cmic) and soil respiration activities 
were noticed in Agri soils. Relatively Agri soils had higher extracellular hydrolytic enzymes involved in 
C, N, P cycles than pristine soils. Cultural diazotrophs diversity as measured by enriched-16S rRNA and 
nifH based denaturing gradient gel electrophoreses (DGGE) indicate contrasting community structure 
in agriculture and pristine soils. Relatively, high amount of cultural diazotrophs diversity was noticed 
in agricultural soils than pristine soils. Diazotrophs were isolated and their phylogenetic relation was 
inferred with ARDRA based16S rRNA sequencing. Most of the agricultural soil isolates were represented 
under phyla Proteobacteria, Actinobacteria and group Firmicutes, where as in pristine soil, most of the 
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isolates were affiliated to be Firmicutes. A total of 15 cultural diazotrophic bacteria were characterized 
for their plant growth promoting traits and gnotobiotic plant inoculation studies with Vigna radiata GM4. 
Among all the isolates tested, AS-11 (Klebsiella sp.) was found to be potential diazotropic PGPR showed 
excellent plant growth promoting traits. Isolate AS-11 had clear cut positive measurable effects on root 
length, shoot length, fresh shoot weight, fresh root weight and chlorophyll content of the 13 GM4.

PP-9
Efficacy of  Pseudomonas fluorescens P60 in Organic Liquid for Suppression 

of  Sclerotium rolfsii in Cucumber

Loekas Soesanto, Endang Mugiastuti, and Ruth Feti Rahayuniati

Faculty of Agriculture, Jenderal Soedirman University, 
P.O. Box 125,Purwokerto 53123, Indonesia

This study aims to determine the potential of Pseudomonas fluorescens in organic liquid broth for 
suppression of cucumber stem rot caused by Sclerotium rolfsii. Studies were conducted on formulation of 
P. fluorescens in liquid organic broth, its effect on sclerotial germination and delivery of the formualted 
bacteria for suppression of stem rot disease in cucumber seedingls. Assays were conducted both in-vitro 
and in-vivo using completely randomized factorial design. The factors comprised of the type of organic 
liquid formula composed of a control treatment, and broths of  snail, chicken, catfish, chicken meat, beef 
bones, and rat. The second factor is the period (0, 1, 10, and 100 hours) of soaking sclerotia in these 
broths for their effect on sclerotial germination. Assays were repeated four times. The results showed 
that all animal broths tested can be used as liquid formulation for P. fluorescens P60. The snail broth 
with a population of 98.3 x 109 cfu/g soil was proved to be the best formulation at soaking time of 100 h. 
Generally, fish is the best broth application for the use formula in the field, for the suppression of sclerotial 
germination and suppression of stem rot disease. Our results also showed that  P. fluorescens P60 formula 
may increase cucumber plant height,  plant wet weight, dry weight of plant, root wet weight, dry weight 
of roots and root length, respectively at 146.83, 86.62, 112.5, 87.88, 140, and 159.68% compared to 
control.

PP-10

Screening, Identification and Characteristics of Phosphate Solubilizing Bacterial Strains from 
Alfalfa Rhizosphere

Lu Hu1, Li Xian-gang1,2, Yao Tuo1*, 3, Wang Xiao-li4, Ban Mei-guang 2, Zhou Ze-ying2

  1Gansu Agricultural University, Gansu Lanzhou 730070, China; 2Qiannan Prefectural Grassland Management 
Station, Guizhou Duyun 558000, China; 3Key Laboratory of Grassland Ecosystem, 

Ministry of Education, Gansu Lanzhou 730070, China; 4Guizhou Provincial Institute of Grassland, Guizhou 
Guiyang 550006, China

Presently there is few documented information on the occurrence of plant growth promoting rhizobacteria 
(PGPR) for producing bacteria inoculant to alfalfa (Medicago sativa), except rhizobium, though alfalfa 
is one of the most widely cultured and important perennial leguminous forage with high yield and quality 
in the world. Our work focused on isolated plant gowth promoting rhizobacteria strains from rhizosphere 
of alfalfa, determined PGPRs abilities of phosphate solubilizing based on phosphate solubilizing zone  
and  phospho-molybdate  blue  colorimetric  methods,   and  analyzed  the  PGPR’s  capabilities of 
secreting indole acetic acid (IAA) by Salkowski Colorimetry method. The results indicated that there 
were three strains, MS-27, MS-40 and MS-47, show high abilities of solubilizing different phosphorus 
source (Ca3(PO4)2, AlPO4, FePO4·4H2O and egg yolk phosphatidylcholine (EYPC), and secreting IAA. The 
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three stian showed strong ability to solubilize Ca3(PO4)2, followed by AlPO4, then FePO4·4H2O and egg 
yolk phosphatidylcholine (EYPC). The quantity of phosphate solubilizing of Ca-P, Al-P, Fe-P and EYPC 
was 557.48-614.18 mg·L-1, 35.11-42.21 mg·L-1, 0-17.67 mg·L-1 and 2.19-6.73 mg·L-1 respectively. All 
the three strains secreted IAA without tryptophan, the IAA secreting content of MS-40, MS-27 and MS-
47 was 18.59 mg·L-1, 14.36 mg·L-1 and 13.37 mg·L-1 respectively. The three stains was identified by 16S 
rDNA sequence, MS-27 falls in genus of Enterobacter sp., MS-40 and MS-47 in Pantoea sp. The three 
strains have applied potential as PGPR inoculant for alfalfa in study region.

PP-11

Evaluation of Plant Growth-Promoting Rhizobacteria (PGPR) for Enhanced Growth of Alfalfa and 
Potato Seedlings, Suppression of Chalara paradoxa, Fusarium solani and Rhizoctonia solani and 

Production of IAA in Saudi Arabia

M. A. El Meleigi, G. H. Ibrahim and A. A. Al-Rogaibah

Department of Plant Production and Protection, College of Agriculture and 
Veterinary Medicine, Qassim University, Burydah, Saudi Arabia 

(Project funded by Promising Research Center in Biological Control and Agriculture Information, 
Qassim University)

Alfalfa (Medicago sativa L.), date palm (Phoenix dactylifera L.), potato (Solanum tuberosum L.) and 
spring wheat (Triticum aestivum L.) are the most important crops grown in Qassim region, central Saudi 
Arabia. These crops are subject to severe annual losses due to root diseases. The control of diseases in 
crops is still largely dominated by the use of fungicides, but with the increasing incidence of fungicide 
resistance, plus mounting concern for the environment resulting from excessive agrochemical use, 
the search for alternative, reliable methods of disease control is gaining momentum. In response to 
environmental and health concerns about extended use of pesticides, there is considerable interest in 
finding alternative control approaches for use in integrated pest management strategies for crop diseases. 
It seems inevitable that fewer pesticides will be used in the future and that greater reliance will be 
placed on biological technologies including the use of microorganisms as antagonists such as PGPR. In 
our research we have isolated 276 bacterial isolates from healthy roots of alfalfa, potato, wheat and 
date palm and were tested for growth promotion in alfalfa and potato seedlings. Also were tested for 
their antagonistic activity against date palm root and stem pathogen Chalara paradoxa, potato pathogen 
Fusarium solani and alfalfa root and crown pathogen Rhizoctonia solani. Some of the tested bacteria 
(7%) increased alfalfa growth by 25% while others suppressed seedlings growth (53%). Six PGPR 
isolates showed 22-84% suppression effect against one or more of the tested fungal pathogens. Strong 
antagonists and growth promoters (17 isolates) were grown on MEN media and their filtrates were 
tested for the presence of the hormone Indole Acetic Acid (IAA) using HPLC gas chromatography. Twelve 
isolates produced IAA at a concentration of 0.304 -1.88 mg/100 ml media. Selected rhizobacteria showing 
high antibiosis and /or high production of IAA were applied to alfalfa seeds and potato microtubers and 
tested against R. solani and F. solani, respectively in potted soil in the greenhouse. Certain Bacillus and 
Pseudomonas sp. when applied to seeds of alfalfa or potato micro tubers reduced the incidence of root 
infection with F. solani and/or R. solani up to 85% compared with non treated or fungicide treated seeds.
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Growth and Yield Promotion of Maize and Wheat Crop by Phosphate Solubilizing Bacteria under 
Organic Farming System Fertilized with Rock Phosphate

Gurdeep Kaur and M. Sudhakara Reddy

Department of Biotechnology and Environmental Sciences
Thapar University, Patiala Punjab 147004

Organic farming is gaining popularity all over the world because it avoids the use of synthetic chemicals. 
In organic farming system, soil microbes play an important role in plants growth, particularly in the 
nutrient supply to the plants. So it is important to improve the soil microbial activities in context to 
plant growth promotion in the organic farming system. The present study focuses on the appropriateness 
of using rock phosphate (RP) along with phosphate solubilizing bacteria as a substitute for phosphate-
based synthetic fertilizer. Two efficient phosphorus (P) solubilizing bacteria (Pectobacterium cypripedii 
and Pseudomonas putida) were isolated and subsequently inoculated for studying their effect on growth 
and yield of maize and wheat crop grown in organic field supplemented with RP. The results showed 
that P. cypripedii and P. putida effectively solubilized rock phosphate and released effective amount of 
phosphorous in a culture medium. Inoculation of these bacterial isolates along with RP showed significant 
improvement in growth and yield of maize and wheat crops as compared to unfertilized soil. Significant 
increase in P content such as available P, total P and also increase of organic carbon as well as soil 
enzyme activities were observed in RP fertilized soil inoculated with phosphate solubilizing bacteria as 
compared to control soil. These results suggested that P. cypripedii and P. putida along with RP play an 
important role for maintaining long term fertility of soil in organic farming.

PP-13
Bio-control Potential of Trichoderma Species against Alternaria brassicae

Srivastava Archana1, Srivastava Naina2 and Sayyed R. Z.3
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3PG Deptt of Microbiology, PSSGVP Mandal’s Arts, Science & Commerce College, 
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The Alternaria blight disease, caused by Alternaria brassicae has been observed in different areas of 
India in recent years. Current biocontrol studies have confirmed the effectiveness of the Trichoderma 
species against many fungal phytopathogens. In this study, biocontrol effects of Trichoderma isolates were 
evaluated against Alternaria brassicae pathogen. Two Trichoderma species such as T. harzianum and T. 
virens were extensively studied on the inhibition of Alternaria brassicae pathogen of brassica disease. 
All isolates inhibited the mycelial growth of Alternaria brassicae that causes blight disease. Antifungal 
metabolite was extracted and tested against mycelial growth of A. brassicae spores. Disease severity 
of blight treated with antifungal extracted from Trichoderma was 20.2 and 29.5% when measured 
in laboratory condition, while the severity in the control treatment was found to be 78.5 and 78.4%, 
respectively. Microscopic studies revealed hyphal coiling (hyperparasitism) of T. harzianum and T. virens 
around A. brassicae hyphae. Two concentrations of Culture Filterate of these Trichoderma species were 
tested against Mycelial Growth of Alternaria brassicae. Two dual culture methods were applied to find 
out the Inhibition of Mycelial Growth. The highest Inhibition of Mycelial Growth was 65.80% occurred 
by T.virens. Use of antifungal metabolite was effective in laboratory conditions. The results showed that 
mycelial growth of A. brassicae was completely inhibited. Strains of T. virens and T. harzianum induce 
metabolic changes in plants that increase resistance to a wide range of plant-pathogenic microorganisms. 
The highest Inhibition of Mycelial Growth was found 64.34 % (T. harzianum) and 75.86% (T. virens), 
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respectively.  The results showed that mycelial growth of A. brassicae was 9.4% compared with 98.5% 
for the control. Trichoderma species have good antagonistic effect on A. brassicae.

PP-14
Screening Potential Plant Growth Promoting Rhizobacteria Strains and Evaluating 

Their Inoculum on Intercropping with Peas and Maize Growth by Reducing 
Chemical Fertilizer Dose

Rong Liang-yan1,2, Yao Tuo1,2,4 *, Chai Qiang3, Han Hua-wen1, Lu Hu1 
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In recent years, bio-fertilizer, produced by potential plant growth promoting rhizobacteria (PGPR), has 
become one of the most attractive strategies for the development of sustainable agricultural systems 
because of no environment pollution, less non-renewable resources consume and less cost. Therefore 
many studies have been carried out to evaluate the possibility of increasing crop yields with plant growth 
promoting rhizobacteria in fields for the application purpose. In the present paper, five potential PGPR 
strains were screened based on their properties of fixing nitrogen, solubilizing phosphate, producing 
phytohormones (3-Indoleacetic acid) and antagonism of pathogens which tested by molybdenum blue 
spectrophotometry, high performance liquid chromatography (HPLC), acetylene reduction assay (ARA) 
and plate culture methods. And plant growth promoting bacteria inoculants was produced by mixing of 
the five potential strains. An field experiment, laid out as split plot based on randomized complete block 
design with three replications, was conducted to test effects of the PGPR inoculums and another multi-
functional product on growth of intercropping with peas and maize at Wuwei Institute of Agricultural 
Sciences during 2010 on the basis of the reduction of 20%-30% fertilizer. The experiment had four 
treatments: Treatment 1 100% NPK, Treatment 2 PGPR (A) +70% NPK, Treatment 3 PGPR (B) +80% 
NPK, Treatment 4 PGPR (A) +80% NPK. The results indicated that composite microbial inoculants 
quality complied with the standard of microbiological fertilizer of China (NY227-94). The excellent 
strains selected by composite filtration were Bacillus sp. LM4-3, Azospirillus sp. LH12-3, Azotobacter 
sp. Lx191, Pseudomonas sp. Jm92 and Azospirillus brasilense LHS11. The inoculants application 
stably increased plant height, aboveground biomass, spike length, spike diameter, spike number, grain 
number and economic yield of peas and maize. Treatment 4 was the first-grade combination, followed 
by Treatment 2, then Treatment 3. Compared with the others, Treatment 2 had no significant difference, 
while it increased the plant trait and yield. The effect of Treatment 3 was less than Treatment 2 in some 
indicators (100-kernel weight, seed yield of pea and maize, for instance). Meanwhile the outcome of this 
research was beneficial for the reduction of resource-purchasing without dropping in production 370- 
560 RMB per hectare.

PP-15
Effect of Biofertilizer (PGPR) Consortium on Growth and Yield of Capsicum

Deepa, M. A.*, R. Kavyashree and P. Ponmurugan 

Department of Biotechnology, Kristu Jayanti College, Bangalore, India

Biofertilizers are known to play a number of vital roles in soil fertility, crop productivity and production 
in agriculture as they are eco-friendly. Biofertilizers (PGPR), more commonly known as microbial 
inoculants, are artificially multiplied cultures of certain soil organisms that can improve soil fertility 
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and crop productivity. The use of biofertilizers has proven to be a novel tool in agriculture which has 
showed tremendous effects on the crops by enriching the soil without showing any hazardous effects 
on the environment. It enhances the crop yields by enriching the soil by providing sufficient amount of 
nitrogen and phosphorous. The present study aims at increasing the yield of capsicum by the application 
of biofertilizer. In this study, biofertilizer was prepared by treating the substrate alone and in combination 
with PGPR (Pseudomonas fluorescence, Rhizobium and Azotobacter). Ten biofertilizer treatments were 
prepared and applied as seed treatments at different concentrations either individually or in combinations. 
Untreated seeds were served as control. Our results showed that the use of biofertilizers significantly 
increased seed germination and seedling growth such as number of branches, plant height and shoot 
length when used as a mixture of biofertilizers compared to a single PGPR and also to untreated control. 
The yield of capsicum significantly increased with the use of biofertilizers compared to untreated control. 
Our results also showed that the early yield responses with better quality compared to control.  The 
results were reported 20 days before the estimated time, hence this concludes that the application of 
biofertilizer also results in early yield with high quantity and quality. The application of the biofertilizer 
to the soil has proven to be safe as these contain the living microorganisms isolated from the soil and root 
nodules of leguminous plants. Our study clearly indicated that the use of biofertilizer preparation help to 
increase the number of beneficial microorganisms in the soil, this improves the soil’s microbial health and 
promotes a healthy environment for plants.
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The benefits of increased access to water and essential mineral nutrients and plant growth due to bio-
inocluants have been well documented.  There are many commercial mycorrhizal inoculants that are 
available almost in all parts of the world, but their label and use pattern is limited to nursery application.  
This study was conducted under field conditions in South India during 2009 and 2010 on a popular 
banana variety Grand Naine, using Novozymes proprietary bio-inoculant RhizoPlex which containing 
mixture of mycorrhizae and PGPR. RhizoPlex is a blend of 9 arbuscular mycorrhizal species plus 6 
species of rhizobacteria and bio-stimulants such as seaweed extract, humic acid, amino acid and vitamins.  
The objective of the experiment was to study the effect of RhizoPlex in soil health and its influence on 
growth and development of banana nutrient status, physiological changes, fruit quality, yield and pest 
management. The findings revealed that soil application of RhizoPlex at the rate of 40 g/planting pit 
along with  bunch spray with Proventus DS, another Novozymes proprietary non mycorrhizal bio-stimulant 
blend at 0.5 g/lit of water, in addition to the recommended fertilizer dose of NPK in banana variety Grand 
Naine resulted in: 1) improved morphological, physiological and biochemical characters, 2) higher levels 
of macro and micronutrient status in plant and soil, 3) enhanced level of soil microbial populations, 4) 
significantly higher bunch weight and desirable fruit characters and 5) better fruit quality in terms of 
TSS, sugars, ascorbic acid  and shelf life. 
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Agricultural manipulation of symbiotic and free-living plant growth-promoting rhizobacteria has become 
a significant component of modern agricultural practice in many countries since plant growth-promoting 
rhizobacteria (e.g., Azotobacter, Azospirillum, Pseudomonas) was put forward for the first time in the 
early 20th century. Utilizing potential PGPR as inoculants has received considerable attention. However, 
quality control of inoculants must be considerable in expansion and commercialization of inoculants, 
which directly determines the effects of PGPR in greenhouses or the field experiment. The number of 
viable cells is key factor of success of inoculation, a large number of literatures have been carried out 
to evaluate maintenance of cell viability and stability, as well as to select cheap carriers to extend the 
shelf life of plant beneficial bacterial inoculants for agricultural crops. Peat-based inoculants have widely 
been used in the order of 30 years, however little is known about mushroom residue-based inoculants. 
Meanwhile, more research focused on a single carrier (such as peat, compost, etc.), the selection of 
compound carrier formulation for plant growth promoting rhizobacteria was seldom-reported. The 
present paper aimed to evaluate the shelf life and the colonization efficiency of plant growth promoting 
rhizobacteria (PGPR) strains on compound carrier formulations, and their effects on the hay yield and 
NP content of maize (Zea mays L.). A mixture of three plant growth promoting rhizobacteria strains 
Bacillus sp. Jm170, Pseudomonas sp. Jm92 and Azotobacter sp. Lx191 was inoculated to compound 
carrier formulations, composed of five carriers (peat, charcoal, cultivate soil, mushroom residue and 
potato starchy residue) , which were used as alternatives to peat. The results showed that compound 
carriers-based inoculants, F1 (peat+charcoal=1:1.5), F3 (peat+charcoal+cultivate soil=1:1:0.5) and F4 
(peat+mushroom residue+cultivate soil=1:2:2), stored at room temperature provided a longer shelf-life 
than peat-based inoculants after 6 months of storage, and viable bacteria reaching 109 cfu g-1 inoculants. 
Field experiments indicated effects of the compound carrier-based inoculants on the hay yield and NP 
content of maize are superior to control (without inoculation), increasing by 8.2%, 6.0% and 5.0% 
on average. Meanwhile, the application of the compound carrier-based inoculants had an advantage 
over peat-based inoculants, and F3 was the best formulation of inoculants. Compared to control, all 
the compound carrier-based inoculants has a significant effect on soil microbial quantity composition, 
including bacteria, fungus and actinomyce, especially for the amount of bacteria, inoculants formulated by 
F3 showed well and stable colonization ability. In conclusion, F3 can be used to produce PGPR inoculants 
for sustainable agriculture.
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Four PGPR strains, B9601-Y2, FZB42, B2 and B9, belonging to Bacillus amyloliquefaciens subsp. 
plantarum were used for dressing seeds of broad bean at the concentration of 5 × 108 CFU/mL before 
seeding. Under serious drought during whole growth period, all these strains could enhance the growth 
of broad bean in comparison with negative control: obviously earlier seed germination, higher plant at 
seedling stage, increasing weight of above and underground parts and more pod number. The pods after 
dressing seeds of broad bean with B9601-Y2, FZB42, B2 and B9 were increased by 0. 65, 0.50, 0.05 
and 0.33, the fruiting pods per plant were 0. 68, 0.53, 0.08 and 0.28, the pod weights were 4.56 g, 3.36 
g, 2.13 g and 0.36 g, the seeds per plant were 1. 18, 1.55, 0.80 and 0.15 g, the weights per 100-seeds 
were 5.28 g, 5. 75 g, 3.72 g and 2.50 g, the grain yield of broad bean were 14.49%, 12.04%, 6.28% 
and 2.21%, respectively.
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The Comparative Transcriptome Analysis of the PGPR Strain P.  aeruginosa m18 at the Two 
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The effective biocontrol agent P. aeruginosa M18 was isolated from the sweet melon rhizosphere from 
Shanghai suburb in 1996. The genetically modified strain is now developed as a “cell factory” to produce 
a higher yield of 5 g per liter of phenazine-1-carboxylic acid, which was registered as a fungal-pesticide 
called Shenqinmeisu and wildly applied in China. In our previously published paper it was reported 
that the M18 genome has developed its specific accessory region to meet the requirements of fitness 
and adaptation in its rhizosphere niches, though the M18 genome strain shares the highest similarity 
to the nosocomial originating strain P. aeruginosa LESB58. Here we further report the comparative 
transcriptomic analysis of the PGPR strain P. aeruginosa M18 at the two temperatures of 28ºC, 
representing the temperature in soil environment and 37ºC for human. The transcriptome profiles showed 
significant temperature-dependent differences (64.8 % in M18 and 66.8 % in PAO1) compared with the 
genome structure (6 % in M18 and 4.1 % in PAO1). Furthermore, we found that the specific induced 
genes at the non-originating growth temperature of the each strain (207 genes in M18 and 229 genes 
in PAO1) were evidently more than those induced at the originating growth temperature (158 genes in 
M18 and 169 genes in PAO1). The functional analysis o f several newly found specific regulated operons 
(such as phh, liu, hmg) in the two strains indicated possible strategies implemented to respond to the 
non-originating temperature. This study provides new insight into how P. aeruginosa species responds to 
temperature change P. aeruginosa strains.
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Above Ground Aphid Feeding Attracts Below Ground Plant Growth-Promoting Rhizobacteria and 
Primes Plant Immunity in Pepper
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Plants modulate defence signalling networks in response to different biotic stresses. The present 
study evaluated the effect of a phloem-sucking aphid on plant defense mechanisms during subsequent 
pathogen attacks on leaves and rhizosphere bacteria on roots. Plants were pretreated with aphids and/
or the chemical trigger benzothiadiazol (BTH) seven days before being challenged with two pathogenic 
bacteria, Xanthomonas axonopodis pv. vesicatoria (Xav) as a compatible pathogen and X. axonopodis pv. 
glycines (Xag) as an incompatible (nonhost) pathogen. Disease severity was noticeably lower in aphid- 
and BTH + aphid-treated plants than in controls. Although treatment with BTH or aphids alone did not 
affect the hypersensitive response (HR) against Xag 8ra, the combination treatment had a synergistic 
effect on the HR. The aphid population was reduced by BTH pretreatment and by combination treatment 
with BTH and bacterial pathogens in a synergistic manner. Analysis of the expression of the defence-
related genes Capsicum annuum pathogenesis-related gene 9 (CaPR9), chitinase 2 (CaCHI2), SAR8.2 
and Iipoxygenase1 (CaLOX1) revealed that aphid infestation resulted in the priming of the systemic 
defence responses against compatible and incompatible pathogens. Conversely, pre-challenge with 
the compatible pathogen Xav on pepper leaves significantly reduced aphid numbers. Aphid infestation 
increased the population of the beneficial Bacillus subtilis GB03 but reduced that of the pathogenic 
Ralstonia solanacearum SL1931. The expression of defence-related genes in the root and leaf after 
aphid feeding indicated that the aboveground aphid infestation elicited salicylic acid and jasmonic acid 
signalling throughout the whole plant. The findings of this study show that aphid feeding elicits plant 
resistance responses and attracts beneficial bacterial populations to help the plant cope with subsequent 
pathogen attacks.
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Bacillus amyloliquefaciens strain IN937a which is previously known as thriving inside plant tissues 
referred to as an endophyte was reported to be stimulated plant growth and induced systemic resistance 
(ISR) via its emission of volatile organic compound (VOC). We investigated ISR capacity of the VOCs 
collected from the strain IN937a against bacterial spot disease caused by Xanthomonas axonopodis pv. 
vesicatoria on pepper in the greenhouse. Among 18 bacterial VOCs, 3-pentanol was selected for further 
experiment. 3-pentanol was drenched onto the four week-old pepper before transplanting in the field. 
Disease severity was assessed at seven days after pathogen challenge when infiltrated in the pepper 
leaves at 10, 20, 30 and 40 days post transplant (dpt). 3-pentanol treatment significantly increased ISR 
compared to control treatment at 30 dpt. Taken together, bacterial VOC 3-pentanol can be utilized as a 
trigger of ISR against broad spectrum of pathogens under field condition.
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Elicitation of Plant Self-Defense by Volatile Organic Compounds against both a Bacteria 
Pathogen and an Insect Pest in the Cucumber Field
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Systemic acquired resistance (SAR) is a plant self-defense mechanism against broad-ranged pathogens 
and insect pests. Among chemical SAR triggers, plant and bacterial volatiles are promising candidates 
due to high effective and cheap chemicals with relatively low concentration related to agrochemicals. 
However, in order to agricultural usage, high evaporation rate into the air after application, plant growth 
alteration, and inconsistent effectiveness that are major pitfall need to be considered before large scale 
application to manage diseases. In this study, we provide a new evidence of volatile organic compound 
(VOC)-mediated SAR against both a bacterial angular leaf  spot pathogen Pseudomonas syringae pv. 
lachrymans and a sucking insect aphid Myzus persicae in the open field without changing plant growth 
until harvesting the fruit yields. Unexpectedly, the drench of two VOCs, 3-pentanol and 2-butanone into 
cucumber seedlings caused significant increase of number of ladybird beetle that is known as a natural 
enemy of aphid. The defense-related gene, CsLOX was induced in volatile treatments indicating to trigger 
oxylipin pathway responding to emission of green leaf volatile to recruit natural enemy. Our results 
demonstrate that VOCs are good resources to prevent plant diseases and insect damage by elicitation of 
SAR even in the open field. 
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Some strains of plant growth-promoting rhizobacteria (PGPR) elicit induced systemic resistance (ISR). 
Previously, volatile organic compounds (VOCs), including acetoin and 2,3-butanediol, emitted from 
PGPR were identified as bacterial determinants of ISR. We screened for ISR using a microtiter plate 
and I-plate bioassay in which seedlings were challenged with the pathogen Pseudomonas syringae pv. 
maculicola ES4326 in the presence of bacterial volatiles. To investigate the induction of ISR signaling 
by the VOCs emitted from the reference strain, GB03, and test strain, Paenibacillus polymyxa E681 
which showed strong capacity on ISR and plant growth promotion under in vitro and field conditions. To 
identify plant signaling pathways involved, we screened Arabidopsis plants transformed with PR1::GUS 
and PDF1.2::GUS, indicators of salicylic acid and ethylene signaling, respectively. GB03 elicited ISR 
via ethylene-dependent signaling, as indicated by elevated PDF1.2 expression in exposed seedlings, 
while E681 increased SA-dependent signaling, as indicated by elevated PR1 expression suggestive that 
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E681 and GB03 strains activate different signaling transduction pathways The efficacy of induction 
was also strain-specific, with stronger protection against P. syringae in plants exposed to VOCs released 
from E681 versus plants exposed to GB03. Among more than thirty low molecular weight identified 
volatile compounds, including methanethiol, isoprene, and an acetic acid-butyl ester, hexadecane, a C16 
hydrocarbon was found to be released exclusively from only strain E681 and can prime transcriptional 
levels of PR1 defense gene. These results provide the first evidence for the existence of a novel E681 
signal molecule that can serve as a bacterial determinant in ISR against P. syringae.
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Diversity of the Phosphate Solubilizing Bacteria Isolated from the Root of 
Tree Peony (Paeonia ostii)
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The diversity of the phosphate solubilizing bacteria in the rhizosphere and rhizoplane of tree peony 
(Paeonia ostii) plants was investigated in this study. 36 phosphate-solubilizing bacteria were screened 
from 311 rhizosphere and rhizoplane bacterial strains of tree peony plants. The phosphate-solubilizing 
bacteria included 25 rhizobacteria isolates, 11 rhizoplane bacteria isolates. Pseudomonas sp. FLR2 
showed the highest phosphate solubilizing activity (326.2 mg/L). Phylogenetic analysis based on the 
partial 16S rDNA sequences indicated that the strains were clustered into three groups: 22 strains 
of Firmicutes (61.11%), 10 strains of Gammaproteobacteria (27.78%), four strains of Actinobacteria 
(11.11%). The dominant phosphate-solubilizing bacteria were Pseudomonas (33.33%). Our results show 
that some phosphate solubilizing bacteria strains have great potential applications in ornamental plant 
cultivation.
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Regulation of Hormonal Status of Maize (Zea mays L.) Plant by the Interaction of 
L-tryptophan and PGPR for Drought Tolerance
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Addition of L-tryptophan to the culture medium of PGPR isolates from rhizospheres of rice and maize 
in semi-arid, arid and irrigated areas significantly enhances the production of phytohormones, increasing 
IAA production by 400% over controls. The maximum seven fold increase was shown by strain 8N  
(Pseudomonas sp.) over control (without tryptophan). The maximum 70% increase in GA content was 
shown by strain 9K(Bacillus sp.) over control (without tryptophan). The PGPR 13KI (Proteus sp.) had 
maximum 61% increase in ABA production over control (without tryptophan). Under un-stressed condition 
co inoculation treatment N+J (8N+JW) showed maximum increase in IAA by 558% in plant followed 
by 8N which showed 468% increase over control. Under un-stressed condition isolates 13KI showed 
maximum decrease in ABA by 46% and increase in GA by 300% over control. Under drought stressed 
condition co inoculation treatments N+J, R+I followed by JW and 13KR (Pseudomonas sp.) produced 
maximum percentage increase in IAA, GA while JW (Bacillus pumilus) and N+J were equally effective 
and produced maximum percentage increase in ABA. In pot experiments, addition of L-tryptophan in 
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rhizosphere soil enhances IAA production. The rhizosphere soil from maize inoculated PGPR from 
irrigated zones have greater IAA than that of from arid zone. Under moisture deficit conditions, the 
source of soil IAA appears to be PGPR. It resulted in significant increase in shoot and root length, root 
and shoot fresh and dry weight and RWC of maize plant.  
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Drought Mitigation in Maize by Azospirillum Strain Isolated from Low Moisture Conditions
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Azospirillum spp. isolated from moisture stressed conditions can impart drought tolerance in plants 
when used as inocula. The present study aimed at testing the efficacy of an isolated and characterized 
Azospirillum strain for imparting drought tolerance in maize. Isolations were done from maize plants 
under different conditions. Drought tolerant Azospirillum strain was selected from of a total of 8 isolates 
of Azospirilla characterized (on the basis of morphology, carbon and nitrogen assimilation and molecular 
characterization by similarity matrix and 16S rRNA sequence analysis). On the basis of higher production 
rate of Abscissic acid (ABA) and other metabolites, Azospirillum lipoferum (Accession no. GQ255949)  
was selected for further studies. The inoculum of A. lipoferum was characterized for its effects on physio-
biochemical attributes, plant hormonal balance and growth of maize under drought conditions. Inoculated 
plants subjected to water stress conditions showed better plant water relations in terms of relative water 
content (21.79% increase) and osmotic potential (15.76% increase) resulting in enhanced growth rate 
and plant biomass production and thus enduring stress resistance. Seed inoculated plants had an increased 
accumulation of 54.54 percent and 63.15 percent free amino acids and soluble sugars respectively, 
as compared to control. Inoculation mitigated drought by threefold increased production of the stress 
hormone ABA. The present study indicates the potential of Azospirillum strain to endure drought tolerance 
when used as inoculum, under limited water availability.
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Mechanism of Plant Growth Promotion by an Endophytic Bacterium (Burkholderia cepacia 
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This study was undertaken to investigate the effect of an endophytic isolate of Burkholderia cepacia 
RRE3 on growth of two cereal crops; rice (Oryza sativa L.) and maize (Zea mays L.) under glass house 
conditions. Effect of inoculation by this isolate has increased significantly the plant biomass, height, 
chlorophyll content and root growth of both cereal plants over uninoculated control. Studies on the 
mechanisms of response of endophyic bacterium was based on two parameters, the phytohormone (Indole-
acetic acid) production and presence and expression of an enzyme 1-aminocyclo-propane-1-1carboxyilic 
acid (ACC) deaminase. Significant amount of ACC deaminase activity was found in RRE3. To confirm the 
presence of this enzyme, the gene encoding for this enzyme was successfully amplified, sequenced and 
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submitted to NCBI with the accession number JX534519. Nitrous acid mutagenesis was used as mutagen 
to isolate mutants defective in IAA production and ACC deaminase acitivity. Two classes of mutants with 
respect to IAA production, the one which are overproducers and the other that lost the ability to produce 
IAA. Similarly two mutants were identified which have could not expressed ACC deaminase activity. The 
IAA overproducers proved to be the best in enhancing the plant biomass, height and root growth over 
the wild type RRE3 and control (uninoculated). The ACC deaminase and IAA defective mutants failed to 
enhance the growth parameters when they were inoculated on both cereals. It was therefore concluded 
that the production of IAA and expression of ACC deaminase activity are essential for full exploitation 
of this isolate as PGPR strain.    
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Use of PGPR products is gaining importance in agriculture. In this study, the efficacy of a commercial 
product of Bacillus subtilis MBI 600  (Integral®, containing 2.2 x 1010 CFU ml-1) was evaluated on 
management of  sheath blight (ShB) caused by Rhizoctonia solani and yield of rice. In vitro efficacy 
of Integral® against R.solani and suppression of ShB lesions through detached leaf assay was studied. 
Growth-promoting activities of Integral® were evaluated under greenhouse conditions. Further, Integral 
was tested for its compatibility with commonly used rice fungicides. Field studies were conducted using 
Integral®on a transplanted crop for managing ShB and yield enhancement. Mode of action of Integral® 

against R. solani was studied using scanning electron microscopy (SEM) and its colonization potential 
on rice seeds were monitored. Our results indicated that Integral® significantly suppressed ShB lesions 
in rice caused by R.solani. Seed bacterization with Integral® under greenhouse conditions significantly 
enhanced seedling germination and growth. Further, the Integral® was found to produce siderophores and 
was compatible with rice fungicides. Under field conditions, the  Integral® provided significant increase 
in seedling height, tiller production, lowered ShB and enhanced grain yield at 2.2 x 109 CFU ml-1 as 
seed treatment + seedling dip + foliar spray. In SEM, the Integral®caused loss of structural integrity of 
R.solani hyphae and sclerotia causing lysis. The Integral® has good colonization potential on seeds and 
survived even for six days after application. Overall, our results indicated that Integral® has good potential 
in managing ShB and enhancing yield in rice under the conditions evaluated.
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Aflatoxin contamination by Aspergillus flavus is a qualitative problem in peanut. The fungus invades during 
pre-harvest and post-harvest stages causing severe economic losses. Host plant resistance against A. 
flavus invasion is an important aspect in integrated disease management. Physiological and biochemical 
resistance of peanut genotypes need to be evaluated for conferring resistance at field level. In our present 
study, ten genotypes were evaluated at field level in a factorial RCBD with irrigation and drought as main 
treatments, 12 sub treatments and six replications in A. flavus sick soil. Physiological resistance was 
determined by evaluating kernel moisture and pod wall moisture. Biochemical resistance was evaluated 
by estimating seed protein at harvest using SDS PAGE. Our results indicated that kernel moisture was 
significantly higher in all genotypes under irrigation compared to drought. Under irrigation, genotypic 
differences were non-significant except for K 134 and TAG 24. Under drought, no significant differences 
were noticed among genotypes. Highest kernel moisture content was recorded in TCGS-341 (59.3%) 
followed by VG-39 (51%) under irrigation. Under drought, VG-39 (45.3%) recorded highest kernel 
moisture content and lowest was recorded by TPT-4(32.7%). Significant differences in pod wall moisture 
between irrigation and drought were noticed. Under irrigation, TAG-24 showed highest pod wall moisture 
(51.8%), whereas TCGS-888 showed lowest (41.2%) pod wall moisture. Under drought, highest pod 
wall moisture was noticed in TAG-24 (44.7%) followed by Narayani (40.2%). Significant differences 
in protein profiles were observed in genotypes and TPT-4 significantly differed from others. Our results 
indicated significant differences in physiological and biochemical characters in peanut genotypes. 
Correlation of these parameters with aflatoxin contamination under field conditions is necessary prior 
to determining the resistance reaction of these genotypes. We will discuss our results with plant growth-
promoting rhizobacteria role in disease management and reducing aflatoxin contamination in peanut.
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Geranium production is often affected by bacterial blight disease caused by Xanthomonas campestris 
pv. pelargonni that causes huge economic losses. The disease is also popularly known as bacterial stem 
rot, bacterial leaf spot or bacterial wilt. Consistent results are not available with currently available 
chemical control methods. Reports on commercial biocontrol applications to manage the disease are 
scanty. The present study focused on screening of certain commercial biopesticides as foliar applications 
in managing this dreadful disease in Geraniums. Greenhouse studies were conducted to test the efficacies 
of biopesticides (Actigard 50 WG @ 1.25 oz/100 gal, CG100 @ 0.8% V:V, Citrex  @ 150 ml/100 L, HM-
0736  @ 14.4 oz/100 gal, Kasumin @ 45 fl oz/100 gal, SP2015 @ 12 fl oz per 100 gal, Taegro @ 3.5 
oz/100 gal, and Tank mix: SP2015 + CuPRO 2005 @ 8 oz + 2 lb/100 gal.) at concentrations mentioned. 
Seedlings (CV: Maverick Red) were raised in speedling trays using standard procedures and Five-week-
old seedlings were transplanted into plastic pots. There were ten treatments including a pathogen and 
healthy control. At 10 days after transplanting, the bacterial pathogen was spray inoculated until run-off 
to seedlings except healthy control. Four days after inoculation, evaluated producted were foliar sprayed 
at respective concentrations. The experiment was continued up to seven weeks and disease severity was 
calculated. Results indicated that the treatment of SP2015 tank mixed with CuPRO showed the lowest 
amount of disease. Also Actigard and CG100 showed lowest disease severity. All the products have shown 
significant reduction of disease. Our results indicated the potentiality of these products in managing 
bacterial blight of geraniums.
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Damping-off in bedding plants is a major disease and the disease is more problematic in Petunias. Pythium 
spp. is a major fungal pathogen associated with the disease and causes both pre-and post-emergence 
damping-off. Presently, disease is managed through application of chemical fungicides, certain cultural 
control methods. However, greenhouse production of Petunias is still affected largely by the disease. In 
the present study, certain biopesticides were screened for their efficacy in managing damping-off disease 
of petunias under greenhouse conditions. Methodology involved raising of seedlings in soil-less peat mix 
under GH and transplanting them (3 weeks old) into plastic pots filled with same potting mix. Screened 
products include Adorn 4FL, Adorn+Subdue Maxx, BW240 WP, Cg100, Disarm 480 SC, FenStop, Heritage, 
Pageant 38 WG and Subdue Maxx at prescribed concentrations. There were 11 treatments including a 
pathogen control and a healthy control in a RCBD fashion. The products were drenched around plant 
base at 7-days after transplanting. After 4-days following product application, seedlings were inoculated 
with Pythium at base. The seedlings were maintained in GH and experiment was terminated after one 
month and damping off and root rot disease was then assessed. Of different products, Adorn (V-10161), 
Adorn + Subdue Maxx, BW240 WP, Heritage and Pageant recorded with absolutely no root rot (disease 
severity of 0) as against in pathogen control (disease severity of 3.0). Chemicals such as Cg 100, Disarm, 
FenStop, Heritage and Subdue Maxx were also significantly effective in disease reduction with root rot 
severities in the range of 0.2 to 0.4. All the screened chemicals were found effective in reducing the 
damping-off severity in petunias. The disease severity with Cg100 application was on par with healthy 
control (0.2 disease severity). However, the chemical significantly reduced the disease when compared to 
control plants treated with pathogen (3.0 disease severity). In general, all the chemicals have registered 
significant enhancement of plant height, stem girth, root and shoot weights compared to pathogen control. 
Overall, preliminary screening tests indicated that all the tested products were effective in reducing root 
rot and damping-off incidence and severity in petunias incited by Pythium spp.
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Rice is an important food grain and is a staple food for majority of the world’s population. To meet 
increasing global demand and consumption, rice production and productivity must be enhanced. However, 
biotic stresses such as pests and diseases have impeded rice cultivation both in the tropics and subtropics. 
Of them, sheath blight is a major soil borne disease causing economic losses to rice cultivation. This 
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chapter summarizes current information on the agronomic practices and biotic stresses affecting rice 
production and productivity. A detailed account is given of sheath blight (ShB) of rice, disease etiology 
and economics. Agronomic factors are important in ShB incidence and outbreak. Elaborative and updated 
accounts of various management options and their efficacy for ShB control are given. Specifically, 
the effects of popular cultural practices influencing ShB incidence, various chemical fungicides, and 
antibiotics individually and their combined effect on ShB are presented. Commonly used chemical 
fertilizers, especially nitrogen affect ShB incidence and intensity. The role of Plant Growth-Promoting 
Rhizobacteria (PGPR) and various genera of PGPR in ShB suppression are discussed. The present review 
also showed various aspects relating to ShB suppression by PGPR such as antagonism, competition for 
space and essential nutrients, and induction of systemic resistance. Results pertaining to effect of Bacillus, 
Pseudomonas and other important PGPR group on the causal agent of ShB, Rhizoctonia solani under 
laboratory, greenhouse and field conditions are included. Integrated management of ShB involving all the 
compatible combinations are included in this review with emphasis on use of PGPR as a main component.
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Sheath blight (ShB) of rice causes significant grain loss, to an extent of 50% under optimum disease 
development conditions. Reliable and effective disease management strategies are needed for control 
of rice ShB disease caused by Rhizoctonia solani (R. solani). Selection of elite plant growth-promoting 
rhizobacteria (PGPR) strains is a vital step in ShB disease management at the field level. Out of 70 
bacterial strains, nine isolates exhibiting antagonistic effects against R. solani in preliminary tests were 
selected for further screening. In this experiment, nine PGPR strains (AP 301, AP 52, AP 7, AP 136, AP 
295, AP 305, AP 188, AP 294, and AP 209) were screened for in vitro antagonistic effect on R. solani and 
for in vivo plant growth promotion potential. Three multinucleate and virulent R. solani anastomosis group 
AG-1 IA isolates collected from Arkansas, Mississippi, and Texas were used throughout the experiment. 
In vitro studies indicated that all the nine bacterial isolates inhibited R. solani mycelial growth by forming 
inhibition zones ranging from 0.3 to 4 mm. The most effective isolates were AP 301, AP 305, and AP 52 
based on the in vitro mycelia and sclerotia inhibition tests against three isolates of R. solani.
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Among various biotic stresses affecting rice, sheath blight (ShB) is a significant fungal disease causing 
economic crop losses. The disease is caused by a soil living basidiomycote fungal pathogen, Rhizoctonia 
solani Kuhn. Screening and selection of elite plant growth-promoting rhizobacteria (PGPR) strains 
and their compatibility with conventional fungicides are vital in developing ShB integrated disease 
management at field level. Greenhouse experiment was conducted at the Plant Science Research Center, 
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Auburn University, Auburn, AL, USA. Texas isolate was used for the fungicide compatibility experiment. 
Strain AP 301 was evaluated at concentrations of zero, 103, 106, 109 and 1011 CFU/ml in combination with 
azoxystrobin at zero, 396, 793, 1189, 1585, 1982, and at recommend rate (R) 2,378 ppm. Azoxystrobin 
treatments were given in ascending order of 0, R/6, 2R/6, 3R/6, 4R/6, 5R/6 and recommended rate (R). 
Relative lesion heights and disease severity were measured for rice plants treated with combinations of 
PGPR and fungicide. There was a significant difference among the treatments when compared to pathogen 
control. The disease incidence was lowered with increase in concentrations of treatments applied.
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Sheath blight (ShB) is a major soil-borne disease causing major economic losses to rice cultivation. The 
disease spread is aggravated by improper use of fertilizers by growers. Most of the prevalent disease 
control methods are aimed against the pathogen directly and have been moderately successful. There is 
a need to develop an alternative control method that not only reduces ShB disease but also minimizes 
the use of excess fertilizers. In the experiments (summer and fall), a novel ShB management strategy 
was evaluated by optimizing concentrations of plant growth-promoting rhizobacteria (PGPR) and rates 
of fertilizers. PGPR at 1x109 CFU/ml density was blended with different rates of nitrogen (N) and 
potassium (K) to evaluate their effect on ShB disease spread and their subsequent effect on rice yields. 
Pot culture experiments were treated with high, low, and recommended rates of fertilizers to estimate 
the optimum dose of PGPR and fertilizer under controlled conditions.  PGPR combined with N fertilizer 
applied at half the recommended rate showed the lowest disease lesion spread up to 2.83 mm and 2.33 
mm for summer and fall experiments, respectively. 
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The study aims to isolate rhizosphere soil bacteria from acid soil and survey for their plant growth 
promoting ability suitable for crops which can be grown in acid soil. A total of 219 rhizobacteria were 
isolated from plants growing in uncultivated acid soil. These bacterial isolates were characterized by 
their plant growth promoting abilities (nitrogen fixation, phosphate solubilization and auxin production). 
Among these rhizobacterial isolates, 62 exhibited high phosphate solubilizing ability, 99 exhibited 
nitrogen fixation and 81 can produce a high amount of auxin. Forty-seven bacterial isolates exhibiting 
high auxin production, nitrogen fixation and high P-solubilizing capability were subjected to root 
elongation assay using tomato seeds (L. esculentum var. Maguilas). The 47 bacterial isolates were also 
subjected to greenhouse experiments using corn (Z. mays var. Lagkitan) grown in acid soil to determine 
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its plant growth promotion in acid soil. Sixteen isolates increased root length of tomato as compared to 
uninoculated seeds by 12-89 % while 29 isolates significantly increased the shoot growth of corn by 3-48 
% as compared to uninoculated plant. These results suggest that the beneficial bacterial isolates obtained 
from this study have the potential to improve plant growth in acid soil.
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Bacterial and fungal isolates obtained from the soil that previously showed good performance during 
seedling experiment by boosting lettuce seed germination were evaluated in pot experiment. The study 
aimed to determine the effects of the isolates on the growth of lettuce and assess their protective ability 
against the disease Cercospora leaf spot. Plastic pots measuring 7x 9 in, filled with  2kg  sterilized soil 
were inoculated with 10 ml 105 Bacterial isolate 09, Bacillus subtilis, Actinomycetes, and Trichoderma 
KA. Cuprous oxide served as control. The soil was mixed thoroughly before transplanting lettuce 
seedlings variety Tyrol following the complete randomized design (CRD) with three replicates. Growth 
performance and reaction to Cercospora leafspot were recorded based on fresh and dry top and fresh 
and dry root weight, including Cercospora lesion size.  Results showed that except for lettuce inoculated  
with Actinomycetes, those treated with isolate 09, B. subtilis and Trichoderma KA  and the  control had  
heavier fresh and dry top weight of 296 and 78.34 g,  296and 78.96g, 239.33 and 40.19g. Lettuce 
inoculated with Trichoderma KA gave the heaviest fresh top and root weight of 375.33 and 173.12g. 
On the other hand, percent dry matter showed that uninoculated lettuce (control) were much lighter 
(17%) compared to those plants treated with microbials with 26%, 27%, and 46%.The same trend was 
noted in the fresh and dry root weight. Except for lettuce treated with Actinomycetes, plants in the other 
treatments provided heavier roots. However, the uninoculated plants had the lightest dry root weight of 
16 % based on the dry matter content. In terms of Cercospora leaf spot infection, comparable lesion sizes 
of 3.68, 3.72, 3.21 and 3.27mm were recorded in plants applied with microbials with that of lesions in 
plants applied with Cupruos oxide (3.42mm). The untreated incurred the biggest lesion size of 5.93mm. 
The significant differences observed on the fresh and dry top and root weight of lettuce including the 
Cercospora lesion sizes demonstrated that the bacteria and fungal isolates can be used as inoculants to 
improve the growth of lettuce at the same time minimize the severity infection of Cercospora longissima.
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Enhancement of plant growth through inoculation with plant growth promoting rhizobacteria (PGPR) 
has been reported for various vegetable and agronomic crops.  However, studies on varietal response to 
PGPR inoculation under field condition were limited.  A split-plot field trial was conducted at UP Los 
Baños to determine the response of nine commercial lettuce varieties to PGPR inoculation.  Seedlings 
were inoculated with 25 ml of prepared suspension of PGPR inoculants.  Plants were harvested at 5 
weeks after transplanting and were evaluated in terms of yield, root and shoot dry weight and nutrient 
uptake. A significant variety–inoculation interaction showed differential response of lettuce varieties 
to inoculation as shown by the range of responses to inoculation with average fresh weight increases 
ranging from 0.11 to 28% and yield reduction of 21% in variety ‘Parris Island’.  The highest yield 
increase of 28% was obtained from variety ‘Tyrol’.  The P content of inoculated and inoculated lettuce 
also differed, wherein P content of inoculated lettuce ranged from 0.53 to 0.62% with varieties ‘Tyrol’ 
and ‘Parris Island’ showing the highest P content and variety ‘Craquelle du Midi’ the lowest.  Regardless 
of inoculation treatment, the lettuce varieties tested differed significantly in terms of shoot and root 
dry weight, root/shoot ratio and nutrient uptake. Across variety, inoculation increased dry matter yield 
by 2.5% and nitrogen uptake by 2.04%.  Potassium content and uptake were increased by 0.79% 
and 2.91%, respectively.  The presence of significant varietal- PGPR interaction observed in this trial 
stressed the importance of varietal compatibility with microbial 87noculants on improving yield.
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The black sigatoka leaf spot disease (BSLSD) caused by Mycosphaerella fijiensis is one of the most 
destructive disease affecting export quality bananas in the Philippines. Actinomycetes, with its ability to 
synthesize a wide variety of secondary metabolites, are good candidates as biocontrol agents against this 
disease. Locally isolated Actinomycetes from Bataan and Quezon mangroves were preliminary screened 
by agar plug assay. Out of 199 Actinomycete isolates, 21 showed inhibitory action against M. fijiensis. 
Five of these had ≥18.0 mm zone of inhibition and were further assayed by cup cylinder assay for the 
confirmation of the bioactivity in liquid medium.  Results of the assay showed that AQ6, AQ30 and AQ121 
have the highest biocontrol activity, inhibiting M. fijiensis by 28.3 mm, 27.2 mm and 21.1 mm respectively. 
The present study showed the effectiveness of Actinomycetes as potential biocontrol agents against M. 
fijiensis and represents a significant step forward to the formulation of new microbial pesticide for M. 
fijiensis.
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Diseases cause considerable losses to crops. Traditionally, diseases are often controlled by application 
of synthetic fungicides. However, problems on fungicide toxicity, development of fungicide resistance 
by pathogens and harmful effects on the environment and human health arise so that alternatives to 
synthetic chemicals have been proposed.  The use of biological control agents offers an alternative way of 
reducing the use of chemicals in nature.  Among the different biological approaches, the use of microbial 
antagonists like yeasts is promising and gaining popularity. Epiphytic yeast strains isolated from some 
fruits and vegetables were screened and evaluated for antagonistic activity against some economically 
important crop pathogens. In vitro inhibition assays were conducted using the agar plate method. Twenty 
yeast strains isolated from fruit sources exhibited antagonistic activity against the fungal pathogens 
Colletotrichum gloeosporioides, C. musae, Phomopsis vexans, Botryodiplodia sp., Rhizopuso ligosporus, 
Curvularia inaequalis, Bipolaris maydis, Fusarium oxysporum and Rhizoctonia solani and the bacterial 
pathogens, Erwinia carotovora,  Ralstonia solanacearum, and Xanthomonas oryzae. Antagonistic yeasts 
were selected based on their ability to produce an inhibition zone when co-cultured with the pathogen, 
with inhibitory effect on the mycelial or colony growth of the fungus and bacteria. Results of in vitro  
agar plate bioassays conducted on known yeast species namely Candida albicans, Debaryomyces hansenii, 
Kluyveromyces marxianus, Pichia anomala, Rhodotorula glutinis, Saccharomyces cerevisiae, and 
Torulopsis candida showed antagonistic activity against  the pathogens  Bipolaris maydis, Botryodiploidia 
sp., Colletotrichum gloeosporioides, C. musae, F. oxysporum, P. vexans, R. solani, R. oligosporus, E. 
carotovora, R. solanacearum, and X. oryzae.
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Current approach to bacterial taxonomy employs polyphasic approach for identification that collectively 
make use of genotypic, chemotaxonomic and phenotypic methods. This revolutionized bacterial taxonomy 
and has resulted in the reclassification of some strains which have been identified primarily by phenotypic 
characterization. This approach was employed to resolve the identity of a known free-living nitrogen-
fixing bacterium and determine its phylogenetic relationship with closely-related species. Phenotypic 
and 16S rRNAgene sequence analyses identified the isolate as Methylobacterium sp. Its polar lipids 
consist of diphosphatidyl glycerol, phosphatidyl glycerol, phosphatidyl serine, and phosphatidyl methyl 
ethanolamine/phosphatidylethanolamine/hydroxyl phosphatidyl ethanolamine. Its quinone system consists 
of Q8, Q9 and Q10, with Q10 as the major quinone. The isolate was able to grow in 1% methanol as 
sole source of carbon for growth.  Bacteria belonging to the genus Methylobacterium reportedly utilize 
the gaseous methanol that is emitted by plants through the stomata as carbon and energy source. In 
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return, the bacteria promote the growth of their host through the release of metabolites. They have been 
shown in some studies to stimulate seed germination and plant development, possibly by production of 
phytohormones such as cytokinins and indole acetic acid, and also vitamin B12. Nitrogen fixation has also 
been reported for some strains. The reported nitrogen-fixing Methylobacterium species is M. nodulans 
which characteristically form nodules in the roots of their host plant. The isolate in this study is a free-
living nitrogen-fixing bacterium as previously reported by other researchers.
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Thirty - eight yeasts were isolated by plating  fruit  washings  of ripe healthy bananas   (Musa spp.    ABB   
“Latundan”) onto yeast extract malt extract supplemented with 100 ppm streptomycin and 10 ppm 
biphenyl. The yeasts were screened for their in vitro mold antagonistic activity against Aspergillus 
niger BIOTECH 3261, Penicillum expansum BIOTECH 3097 and Colletotrichum sp. BIOTECH 3391 
by simultaneously growing the molds and yeasts on a potato dextrose agar plate. One isolate showed 
antagonistic activity against A. niger BIOTECH 3261. Phenotypic characterization and sequencing of the 
D1/D2 of the 26S rRNA gene revealed the identity of the isolate as Pseudozyma hubeiensis. The isolate 
holds promise as a biocontrol agent of molds in fruits.
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A preliminary screening of endophytic bacterial inoculant for growth and yield of eggplant (Solanum 
melongena L.)was conducted  at the BIOTECH experimental area from November 2, 2012 to February 
2013).  The experiment laid out in a randomized complete block design (RCBD) consisted of ten (10) 
treatments with four (4) replications. The treatments were: 1) control (unfertilized and uninoculated),  
2) 23 kg N/ha inorganic fertilizer, 3) 11 kg N/ha,  4-10) 11 kg N/ha with  seven (7) endophytic bacterial 
(EB) inoculants.  The seven EB inoculants were sprayed separately to the plants with 11 kg N/ha 
fertilization.  The results showed that EB inoculation with leaf isolate 2 (Trt 5) and root isolate 3 (Trt 6) 
resulted to taller plants and longer fruits of eggplant compared with other treatments at eight (8) weeks 
after inoculation. The differences among treatment based on plant height and length of fruits were not 
significant.  However, the eggplant inoculated with EB leaf  isolate 2,  root isolate 3, and root isolate 5 (Trt 
8)  gave the highest cumulative number of fruits. All treatments have greater number of marketable than 
non-marketable fruits.  Heavier fruits were produced with plants inoculated with EB leaf isolate 2, root 
isolates 3, and 5 with corresponding high number of fruits after eight harvesting periods. The eggplant 
inoculated with EB leaf isolate 2, root isolates 3, and 5 gave cumulative yields of 71%, 109% and 106%, 
respectively, over the control. The cumulative yield increases due to EB leaf isolate 2, root isolates 3, 
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and 5  inoculation are  43%, 75% and 72%, respectively compared with 11 kg N/ha fertilization alone .  
Based on these results, EB leaf isolates 2, root isolates 3 and 5 can improve the yield of eggplant.

PP-44

Validation Study on the Effect of Biocontrol Agents on the Moko 
Disease of Banana and Wilting of Tomatoes

 Teofila O. Zulaybar,  Irene A. Papa and Asuncion K.  Raymundo

National Institute National Institute of Molecular Biology and Biotechnology (BIOTECH) 
University of the Philippines Los Baños (UPLB), College, Laguna, Philippines

Email: teofilazulaybar@yahoo.com; Telefax: (049) 536-2721

Biological control involves harnessing of disease-suppressive microorganisms to improve plant health. 
Earlier studies on the use of biological control to suppress bacterial wilt disease have shown that a 
number of bacterial species possess antagonistic effects towards the causal bacterium R. solanacearum. 
Two biocontrol agents against certain strains of Ralstonia solanacearum, (Moko isolate from Davao) and 
(bugtok isolate from Davao) were tested for their efficacy in Cavendish banana plantlets and biocontrol 
agents against R. solanacearum in tomatoes. They were first tested in-vitro using the agar plug assay 
method and were established to be inhibitory against the moko strain of R. solanacearum and wilting 
strain against R. solanacearum in tomatoes. When the spent culture broth (without cells) of the biocontrol 
agents was tried against the moko strain using the cup cylinder method,  no  inhibitory effect was 
observed indicating that the active inhibitory component(s) is not excreted out of the cell. After testing 
different preparation methods, the flat bottle technique was adopted since it did not entail an extra step 
of centrifugation of cells as is required when using shake flask or fermentor.  Soil inoculation was found 
to be the simplest method of pathogen delivery while dipping in the cell suspension was not found very 
effective. Injection was considered an unnatural way of pathogen delivery. The biocontrol agent was 
introduced by root dipping for one hour just before planting.
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Co-inoculation for Enhanced Growth of Mungbean [Vigna radiata (L.) Wilezck] 
Grown in Soil-Less Media

Fe G. Torres, Maria Lourdes Q. Sison, Erlinda S. Paterno, and Suzettie M. Alcaide

National Institute of Molecular Biology and Biotechnology (BIOTECH)
UP Los Baños, College, Laguna, Philippines

Email: fet8950@yahoo.com

NitroPlusTM, a microbial inoculant developed and produced at BIOTECH-UPLB is a cheap substitute for 
chemical N fertilizer specifically for legumes. To improve the effectiveness of NitroPlusTM, 80 bacterial 
isolates collected from the surface of mungbean and soybean nodules were screened for growth promoting 
attributes. Twenty two N-fixing and P solubilizing isolates produce auxins and ACC deaminase. Five 
isolates with high P solubilization were screened for ability to promote growth of mungbean cv Pag-
asa 21 alone and when co-inoculated with NitroPlusTM with and without insoluble P under growth room 
condition. When NitroPlusTM was co-inoculated with either PS1, PS4 or PS5 in the presence of insoluble 
P, the dry matter yield of mungbean significantly increased by 44, 22 and 30 per cent, respectively, over 
NitroPlusTM + insoluble P. Co-inoculation with these three promising isolates likewise markedly increased 
mungbean plant height. These isolates will be further tested in pot and field trials to prove their potential 
benefits to rhizobia/legume symbiosis.
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Effect of Rhizosphere Microbial Communities on the Growth of Bell Pepper  

M. S. Pedro, M. B. Brown, L. B. Willauer, and N. R. Alcantara

National Institute of Molecular Biology and Biotechnology (BIOTECH)  
U.P. Los Baños, College, Laguna, Philippines

Culturable microbes being evaluated as inoculants only represent 1% of the total microbial population 
of a given habitat. The remaining 99% remains to be underutilized. With the advent of molecular 
biotechnological tools, microbial community structures and the unculturable microorganisms can now 
be detected. This study aims to utilize microbial genome resources in the production of microbial 
based stimulants for increase productivity.  A total of 41 microbial consortia were collected in Laguna, 
Philippines. The collected samples were analyzed for biostimulant activity (IAA). Results showed that 
rhizosphere samples obtained from the different areas exhibited greater IAA activity rather than in soil 
samples alone. Consistent IAA-producing consortia were considered for germination tests. A consortium 
showed positive effects on test plant with increased germination of 950% over the control (14 days after 
sowing). Consequently, longer radicles by 400% over the control were noted. The effect of IAA-producing 
consortium on the height of bell pepper plants showed positive response under screen house condition. 
The consortium was applied at varying concentrations (T1 - 0%; T2 - 17%; T3 - 33%; T4 - 50%; and 
T5 - 100% consortium containing 2.3 x 1010cfu ml-1). The effect of  inoculant concentration was directly 
proportional to plant height of bell pepper plants indicating a direct effect of biostimulant activity. An 
increase of 15.29% (T2), 29.32% (T3), 36.26% (T4) and 54.65% (T5) over the control was observed. 
These initial results of the study show the potential benefits of the phytohormone-producing consortium in 
improving the growth and yield of the test plants. Preliminary evaluation of the members of the consortia 
is being conducted using denaturing gradient gel electrophoresis.

PP-47
Control of Anthracnose Disease of Onion Using Microbial and Botanical 

Fungicide Formulations

Constancia C. Dacumos and Marilyn G. Patricio

Research Office, Central Luzon State University
Science City of Munoz, Nueva Ecija, Philippines

A study on the use of botanical fungicide formulations in comparison with microbial control and their 
combination in reducing the occurrence of anthracnose disease of onion was conducted at farmer’s field 
for two cropping seasons (December 2010 to March 2011 and January 2012 to April 2012) using bulb-
type onion. The objective was to validate their effectiveness in reducing anthracnose infection in onion 
and its effect on bulb yield. The treatments evaluated were: T1- - Ketonium; T2- Trichoderma hamatum; 
T3- Ketonium + Trichoderma hamatum; T4 Ipomoea triloba L.” + “Nopalea cochinellifera L.” +  Hot 
Pepper Extracts; T5- Gliricidia sepium Jacq+Yellow Ginger+Hot Pepper Extracts; and T6- Untreated. 
Results showed that Ketonium and the combination of Gliricidia sepium Jacq +Yellow Ginger+Hot Pepper 
Extracts formulation significantly reduced the occurrence of anthracnose disease by 55% relative to the 
untreated. The use of Trichoderma hamatum alone reduced the occurrence by 48% relative to untreated, 
“Ipomoea triloba L.” + “Nopalea cochinellifera L.” + Hot Pepper Extracts and the use of Ketonium 
combined with Trichoderma hamatum reduced the occurrence by 47%. Among the different control 
measures evaluated, Ketonium and the combination of Gliricidia sepium Jacq +Yellow Ginger+Hot Pepper 
Extracts formulation are the most effective in reducing the occurrence of anthracnose. With regards to 
the yield, plants sprayed with Gliricidia sepium Jacq +Yellow Ginger Hot Pepper Extracts formulation 
gave the highest yield. 
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Isolation of Trichoderma Species from Carabao Manure and Evaluation 
of its Beneficial Uses

Clarita P. Aganon, Purisima P. Juico and Lani Lou Mar A. Lopez

Central Luzon State University, Science City of Muñoz, Nueva Ecija, Philippines

Beneficial microorganisms in the soil such as fungi are important in nature farming and organic agriculture.  
They help to improve the soil properties and increase crop yield.  They have the ability to degrade organic 
materials and the potential as decomposer is utilized for the production of organic fertilizers to hasten 
decomposition and improve the quality of the product. This study was conducted to evaluate the selected 
microorganisms isolated from carabao manure in an effort to produce compost activator that will reduce 
the period of decomposition and also to test its other potential use as bio-fertilizer and bio-control agent.   
Six genera of fungi were isolated from carabao manure, namely; Penicillium, Aspergillus, Cladosporium, 
Fusarium, Trichoderma and Rhizopus.  Among these, only Trichoderma was selected as beneficial fungi. 
Fungal populations at different ages of carabao manure were observed, ranging from 6-26 x 106 cfu/g.  
Two species of Trichoderma were identified and observed to be dominant on the 3rd and 4th week old 
carabao manure.  Trichoderma sp. 2 grew best in rice bran and oatmeal substrates at 4 days of incubation 
period.  

The addition of combined Trichodema sp.1 and Trichoderma sp. 2 on the compost (3 parts of rice straw 
and leaf litters: 1 part of carabao manure : 0.5 part of carbonized rice hull) lessened the period of 
decomposition from 45 to 36 days as well as increase N, P and K content with 1.49% N; 0.73% P 
and 2.28% K.  The C/N ratio of compost with introduced Trichoderma sp. was recorded at 8:1; O.M. 
at 20.52%; Organic carbon at 11.93%.  Trichoderma sp.2 was also found to have the potential use as 
bio-fertilizer on the growth and yield of pechay, particularly when it was combined with T. species1 as 
the growth of pechay increased by 7.10 cm with the mean of 23.6 cm.  Results further showed that the 
weight of pechay grown in soil with combined Trichoderma sp.1 and Trichoderma sp.2 was heaviest by 
56 %. In mustard, different concentration levels of Trichoderma sp.2 enhanced the growth of the crop 
specifically at the rate of 30 g/li of water.  Antagonistic effects of Trichoderma sp.1 and Trichoderma 
sp.2were found to inhibit the growth of Rhizoctonia sp. and Fusarium sp. with the percent inhibition of 
39.0%, 39.16% and 24.0 %, and 18.62% in the dual culture method, respectively. The Trichoderma 
isolated from carabao manure were found beneficial and effective as compost activator and likewise 
enhance the nutrient content of the compost.  It also helped improve the growth of pechay and mustard 
as well as inhibit the growth of some fungal diseases.

PP-49

Characterization of Pansi-Pansi (Hyptis capitata) and Its Antimicrobial Properties

Imelda I. Balonzo and Ana Maria A. Bonito

Central Bicol State University of Agriculture- Sipocot
Sipocot, Camarines Sur, Philippines

This study used the descriptive-experimental research method to identify and determine the 
phytochemical components and antimicrobial properties of the plant extract of Pansi-Pansi (Hyptis 
capitata).The identification of scientific and common names was conducted by a botanist of the Bureau 
of Plant Industry, Manila; and the phytochemical analysis and antimicrobial properties were done at 
the Department of Science and Technology (DOST), Taguig City. The plant extract was subjected for 
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analysis of its antimicrobial properties using the anti-microbial Activity Test Agar Diffusion Method. The 
activity of the plant extract was tested on the following microorganisms: Escherichia coli, Staphylococcus 
aureus, Salmonella thyphimurium, Pseudomonas aeroginosa, Trichophyton mentagrophyte and Candida 
albicans.  Findings revealed that the plant was identified as Hyptis capitata (Jacq.), Leucas aspera, 
Pycnanthenum decurrens, and Thymus virginicus, with common name Pansi-pansi or Torotabako in Bicol. 
Other common names include Babanaga (Tagalog), botonesan (Tagalog), kombakombara (Tagalog), 
Lenga-lenga (Bontoc), Lingalingahan (Tagalog), Palapasagi (Bisaya), Palopalot (Ilokano), Tetetei 
(Bontoc) and Turugan (Tagalog). Phytochemical analysis of the plant extract from leaves revealed the 
following components: sterols (+), triterpenes (-), flavonoids (+), alkaloids (-), saponins (+), glycosides 
(+), and tannins (+). Moreover, the analysis of the root extract showed the following components:sterols 
(+), triterpenes (-), flavonoids (+), alkaloids (-), saponins (+), glycosides (+), and tannins (+).  Report 
on analysis of the sample “Root of Pansi-pansi extract” produced complete inhibitory activity (+++) 
with mild activity (2) against the test organisms Escherichia coli, Staphylococcus aureus, Salmonella 
thyphimurium, Pseudomonas aeroginosa; complete  inhibitory   activity    with   severe   reactivity  (4)  
against  the  test   organism  Trichophyton  
mentagrophytes; and negative inhibitory activity (-) and no reactivity (0) against the test organism 
Candida albicans. The sample free disc, which served as negative control, had negative inhibitory activity 
(-) and no reactivity (0) against the test organism.

PP-50

Biocontrol of Sweet Potato Whitefly Bemisia tabaci by the Entomopathogenic Fungus 
Cladosporium sp. in Saudi Arabia

Mohammad A. Aldeghairi, Mohamed A. El-Meleigi, Nagdy F. Abdel-Baky 
and Gamal H. Ibrahim

  1Department of Crop Production & Protection,  College of Agriculture and Veterinary Medicine,  
Qassim University, P.O. Box: 6622, Bureidah 51452, Saudi Arabia

2Promising Research Center in Biological Control and Agricultural Information (BCARC), Qassim 
University, P.O. Box: 6622, Bureidah 51452, Saudi Arabia

Biological control provides an environmentally harmonious and potentially stable management tactic 
to combat noxious pests such as Bemisia tabaci, notorious for its resistance to synthetic pesticides The 
fungus, Cladosporium chlorocephalum Fersen., was identified as an entomopathogenic fungus against the 
sweet potato whitefly, Bemisia tabaci in other parts of world. We reported here for the first time in Qassim 
region of Suadi Arabia as a potential biocontrol agent against sweet potato whitefly. Occurrence and 
incidence of this fungus varied according to the plant host, geographical locations and climatic seasons. 
Among the plant hosts, cabbage was the most preferred for both B. tabaci and C. chlorocephalum, while 
tomatoes were not suitable to harbor  more  B. tabaci  population and consequently  C. chlorocephalum.   
Incidence of C. chlorocephalum was higher in fall season than others. Under laboratory conditions, B. 
tabaci nymphs and eggs were infected by C. chlorocephalum, however, nymphs were more sensitive to 
infection than eggs. The infection was highest under laboratory conditions than under field conditions. 
Ecological factors had a great impact on dry weight and sporulation of C. chlorocephalum. Thus, cumulative 
research considered C. chlorocephalum, a potential candidate as biological control agent that could be 
used with integration with other safety control methods under IPM systems.
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Dean’s Message
Greetings from Dr. William Batchelor
 
Welcome to the Auburn University College of Agriculture. We are a people-oriented college that prides 
itself on our warm, friendly and caring environment. This website is a great place to get a feel for all we 
have to offer.

http://www.ag.auburn.edu/

As you browse through the pages of our website, you’ll find information for
	 •	prospective and current	students
	 •	faculty	and	staff and
	 •	others	who	want	to	learn	more	about	our	programs.

Within these pages you can discover something about all facets of our college, including
	 •	locating	someone	on	our	faculty	or	staff
	 •	learning	more	about	our international	programs,
	 •	finding	out	about faculty	research and	extension	activities,
	 •	exploring	the	future	for	the	College	of	Agriculture	by	examining	our strategic	plan
	 •	looking	at	a calendar of	upcoming	events	and	so	much	more.

However, if you have questions that are not answered on this website, please feel free to e-mail, call or 
visit. We want to make you a member of our family.
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Promising Research Center in Biological Control and Agricultural Information (BCARC), Qassim 
University, P.O. Box: 6622, Buraydah 51452, Saudi Arabia | bcarc.qu@hotmail.com

The Promising Research Center in Biological Control and agricultural information at Qassim University (BCARC) was established with 
support and funding from the Ministry of Higher Education on February 27, 2011. The establishment of this center in response to the 
need to preserve and protect natural resources from depletion and pollution in order to promote sustainable development that meets the 
needs of humans in the present and future. The center has three research units including: Biological Control Unit, Agricultural Environment 
Pollution Unit and Agricultural Information Unit. The Center seeks to provide a stimulating environment to accomplish the quality of studies 
and innovative skills and promote the scientific and technical researchers and practitioners in the areas of biological control of pests and 
diseases and pollution of agricultural environment and to establish a database from studies and research accomplished in these areas. This 
would be achieved through the formation of research groups qualified and capable of making scientific and research cooperation and then 
get access to scientific and practical solutions to the problems and obstacles facing the agricultural environment and to innovative techniques 
to maintain the integrity of the environment and contribute to the promotion of sustainable development. 

The main research units of the center are:
 1) Biological Control Unit: Activation of the most significant possible strategies for biological control, evaluation and establishment of 
specialized units for the rearing and multiplication of effective natural enemies, distribution and resettlement in the region. Natural enemies include: 
  a) Predatory insects and mites.
  b) Insect and mite Parasitoids.
  c) Microbial natural enemies of agricultural pests and plant pathogens.
 2) Unit of Pollution of Agricultural Environment:
  a) Assessment of agricultural environment pollution by chemical and biological contaminants and processed using modern and safe  
  techniques.
  b) Assessment of organic and mineral fertilizers role in the pollution of agricultural environment and to find safe ways to reduce the  
  negative impact of it.
  c) Assessment of groundwater quality used in agricultural irrigation in Qassim region. 
	 	 •	Impact	of	air	pollution	and	climate	change	in	Qassim	region	on	the	agricultural	environment.
  d) Techniques developed to make use of agricultural residues from animal and plants to protect the environment from  its harm.
 3) Unit of Agricultural Information:
  a) Develop an agricultural database based on applied research in the areas of biological control and pollution of agricultural 
  environment.
  b) Provide quality agricultural information.
  c) Provide skill training to farmers and stakeholders.
  d) Enhance farmers’ ability to increase agricultural output.
   
At BCARC we are conducting research regarding sustainable control methods and wish to collaborate with other research groups within the area of 
biological control of pests and diseases. A close cooperation with stakeholders, such as growers, industry, authorities and organizations is also an important 
part of the BCARC activities. 

BCARC welcomes any interest in research collaboration, assignments or evaluations based on the following:
	 •	Research	of	mutual	benefit	for	solving	problems	caused	by	pests,	diseases,	and	pollution	of	agricultural	environment.
	 •		Research	to	environmental	changes	related	to	agricultural	activities.
	 •		Research	in	finding	scientific	and	practical	solutions	to	avoid	deterioration	of	the	agricultural	environment.
	 •		Establishment	of	an	agricultural	database	based	on	applied	research	in	the	areas	of	biological	control	and	pollution	of	agricultural	
 environment.
	 •		Exchange	of	scientific	knowledge	and	visits	for	cooperative	research.	Activating	scientific	and	research	cooperation	with	universities	and		
 research centers with similar scientific and practical activities, locally and internationally
	 •		Identification	and	Classification	of	beneficial	arthropods	(predators	and	parasites),	entomopathogens	and	beneficial	microorganisms.
	 •		Utilize	biotechnology	to	develop	a	new	approach	to	controlling	pests	and	diseases	and	to	reduce	pollution	of	agricultural	environment.

PROFESSOR AHMAD I. AL-TURKI
Director of BCARC
ahmadturki1@hotmail.com 
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BIOTECH-UPLB

ZENAIDA CORCUERA 
FOOD PRODUCTS

Bernardo Village, Mayondon, Los Baños, Laguna
Fax No.: (049) 536-1368
Contact No.: 0919-573-3538
Email: zenycorcuera@yahoo.com
Website: www.zcorcueraproducts.multiply.com

dc

ZENAIDA M. CORCUERA
PROPRIETRESS

Product:  Banana chips w/ Garlic Chips, Buttered 
Yema, Camote Chips w/ Honey, Champalok, 
Coco Jam, and other Pasalubong Items.

MR. NICANOR LICARDO
MANAGER, Nicolei Enterprises

21 Grove, Batong Malake, 
Los Baños, Laguna

MS. NELA C. SOTALBO
MANAGER/PROPRIETRESS, SMS Marketing

Batong Malake, Los Baños, Laguna

TITA TESS PUD COUNTER
Batong Malake, Los Baños, Laguna
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Sri Biotech is founded by a young Doctorate in Biotechnology in the year 1994 with a vision to be the world's 
most dynamic Biotech conglomerate creating Eco friendly Solutions through a Biosphere of products and 
services, assuring sustainability in Agriculture and Safety to health and environment. The organization is 
built on innovation & technology, creative strategies to accelerate product development and is converting 
challenges into opportunities with vast business potential. It comprises of strong national and international 
partnerships, technological tie-ups, strategic alliances, working under common goals of empowering the 
resource to poor farming community and improving human lives through safe environment. The company is 
engaged in Research in the areas of Crop Improvement, Crop nutrition and Crop Protection. Production and 
Marketing of Superior quality Seeds, Nutrients, Fertilizers, Pesticides and fungicides with Biological, organic 
and Inorganic origin and reaches out to more than10 Million farmers across 13 States in India.
 
Scientific background, Research and Development, Tie ups for technology transfers/collaborations with 
various National & International Institutions/universities, qualified manpower, State of the art facilities are 
the key factors for the fast growth of the organization during the span of 18 years. Research activities are 
taken up in more than 25000 sft. Laboratory area and 200 acres of research farms around Hyderabad, Multi-
location centers spread across the country for testing the efficacy and adoptability of the products.
 
Sri Biotech is the first company to register Bio-Products with Central Insecticides Board. Sri Biotech has ten 
organically certified products by APEDA through Vedic Organic Certification Agency.
 
Sri Biotech well understood the  
 1. Resistance and Residues problems associated with chemicals,  
 2. The concept of use of Biotech products in agriculture to benefit the farmer through better plant  
     growth and enhanced yields/unit area and paved a way for sustainable investment in 
     nature's conservation. 
 3. The company constantly focuses on the changing needs of farmers while taking into account the  
    environmental concerns. 
 
Sri Biotech comprises of qualified, professional and dedicated scientists in various disciplines and 
experienced & talented marketing professionals on the ground.
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