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SUMMARY	  
 

The workshop on Legume Inoculant Technology and Quality Control (QC) 

Procedures was held at IITA-Ibadan for the purpose of training rhizobiologists in the latest 

techniques in handling rhizobia and manufacturing legume inoculants with a strong focus on 

QC procedures that are essential in manufacturing high quality inoculant products. The 

content of the training was a practical and hands-on experience where they had to produce 

batch fermentation cultures, inject inoculant bags and perform QC tests.  

A total of eleven attendees from Ghana and Nigeria including Laboratory technical 

staff from the Soil Microbiology Laboratory participated at this workshop. All participants 

were provided with a workshop program, Protocol manual, copies of PowerPoint 

presentations and technical papers on Legume Inoculant production. The participants also had 

the opportunity to visit the Inoculant Pilot plant currently in construction to provide then with 

a general overview of the set-out of a Legume Inoculant manufacturing facility. 

The workshop not only provided all attendees with new skills in legume inoculant 

technology but it was also an excellent opportunity to interchange information between 

participants and presenters and to develop and foster new relationships and networks with the 

ultimate aim of improving the production of legume inoculants in Africa. 
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1.	  -‐	  WORKSHOP	  OVERVIEW:	  
1.1.	  –INTRODUCTION:	  
 One of the goals of the N2Africa project is to support the development and 

manufacture of legume inoculants in order to ensure that smallholder farmers in Africa 

growing legumes crops have access to a high quality (containing high numbers of effective 

rhizobia cells) and a cheap product.  There is then an urgent need to strengthen the production 

capabilities in West Africa and specifically in providing with a series of quality control 

testing procedures to be applied during the manufacturing process to ensure the production of 

a superior quality legume inoculant and gain the consumer confidence by providing a product 

with an optimal Nitrogen fixation capacity. 

A workshop on Legume Inoculant Technology and Quality Control (QC) procedures 

was successfully delivered at the International Institute of Tropical Agriculture (IITA) 

headquarters in Ibadan-Nigeria.  The training was held at the Soil Microbiology Laboratory 

from July 8th to 17th, 2013.  Dr Robert Asiedu, 

Director of Research for Development for IITA-

West Africa, formally opened the workshop. In his 

opening remarks, he highlighted the importance of 

the subject of this particular training as IITA will 

soon embark in the production of Soybean 

inoculants, in the new Inoculum plant currently 

being built by IITA as a component of its Business 

incubation Platform program with the assistance of the N2Africa project; the first in West 

Africa.  

 The aim of the workshop was then to provide all attendees with new skills in the 

manufacture of legume inoculants and QC testing procedures required in achieving high 

quality legume inoculants.  Another important component of this training was to provide the 

participants with the essential steps required in evaluating potential new inoculant carriers to 

determine its suitability to maintain rhizobia cultures and the importance of complete 

sterilization of these to ensure long term maintenance of high numbers of rhizobia cells in the 

product. The training also included recognition of rhizobia colonies and detection of 

contaminants through visualization under microscope. 
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1.2.	  -‐	  OBJECTIVES:	  
The objectives of the training were: 

1. To improve the participant skills in handling and preserving rhizobia cultures.  

2. To evaluate suitability of new inoculant carriers 

3. To provide all participants with the opportunity to produce in a small scale, their own 

inoculant by producing batch fermentation cultures, injecting inoculant bags and 

performing QC tests to assess the quality of their inoculants by determining numbers of 

rhizobia and contaminant cells.  

4. To strengthen their ability to recognize contaminants on culture plates and broths. 

1.3.	  –WORKSHOP	  STRUCTURE	  	  
 

The workshop was held at the Soil Microbiology laboratory facility and their 

technical staffs not only participated at this workshop but also were responsible for the 

facilitation of materials. A list of all participants and their contact details are in appendix 1. 

The workshop structure was in its entirety a laboratory practical where participants were 

involved in most of the steps of manufacturing legume inoculants. Its production involves the 

preparation and sterilization of the carrier, 

inoculation of starter cultures, inoculation of flask 

fermentation system, injection of sterilized carrier 

with rhizobia cells and incubation or curing of 

inoculated bags at 28oC for 7 to 14 days before 

storage at 4oC. However, due to timing the bags 

were only incubated for 2 days before the 

participants were able to check the quality of 

their inoculants. 

 

1.4.	  –WORKSHOP	  CONTENT	  	  
The workshop program (appendix 2) and a manual with all the protocols used during 

the course (Manual is attached in a separate document) were given to all attendees. The 

training session started with an introduction about the training, its structure and information 

on the steps involved in the manufacture of legume inoculants. The participants then started 
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their work by preparing YMB broth and YMA media. Unfortunately no fast growing strain of 

Rhizobia was available at the time and therefore the slow growing Soybean strain USDA138 

was used for the exercises. However, al the objectives of the workshop was easily achieved.  

At the start of each day essential information was given in regards to inoculant production, 

properties of good inoculant carriers and preparation and quality control procedures. 

 

Inoculant carriers and preparation: 

The preparation of inoculant carriers was also a major objective during the delivery of 

this workshop. The most popular and widely used inoculant formulation is peat due to its 

protective properties and ability to support and maintain high levels of rhizobia cells over 

time when no other contaminating microorganism are present.  The rhizobia cells in the peat 

are also conditioned into its new environment and are therefore better suited to tolerate 

stresses such as desiccation.  However, peat is not widely available and in some countries, is 

under heavy government regulation. Alternative carriers have therefore being used with 

comparable results to peat; examples of those are: compost, coir dust, filter mud, bagasse 

among others.  A good inoculant carrier must also display high water holding capacity, non-

toxic to the inoculant strain, neutral pH, provide rapid release of rhizobia cells upon use, be in 

abundant supply and environmentally safe. 

During the training, the participants were able to 

use charred rice husk as a carrier, however, little is 

known of its suitability as a carrier for legume inoculants 

and further testing is recommended before it is used in 

commercial production. The charred rice husk used 

during the training was provided milled and ameliorated 

with lime in order to obtain a neutral pH. The moisture 

content of the charred rice husk provided was 

determined to be 5%. However, when the process of 

sterilization is through autoclaving, additional water is 

required so the steam generated inside the bags will assist in the sterilization of the carrier. 

An inoculant carrier before injection should have a moisture content of approximately 15-

20%. The importance of % of moisture content during carrier preparation and sterilization 

was demonstrated during the workshop. Therefore 10ml of water was added to 40g of charred 

rice husk bags, these were then heat-sealed and autoclaved at 121oC for one hour.  The 
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participants were able to test the sterilized bags for sterility and used these to inject with 

rhizobia culture. 

 

Quality Control: 

The main component of the workshop was Quality Control and its importance was 

emphasized continuously during the training.  A good quality inoculant is defined by their 

high level of rhizobia cells with over 1 x 109 rhizobia cells per gram of inoculant for a solid 

carrier ; able to demonstrate an effective nodulation and Nitrogen fixation with their target 

host; have none or minimal (less than a million) contaminating microbes and should also 

have an adequate shelf life.  It was explained to the participants that the importance of having 

such a high numbers of rhizobia cells is that these need to have the ability to compete against 

the already large but ineffective population of rhizobia cells in the soil and ensure a 

successful nodulation and nitrogen fixation response. Having high numbers will also 

maximize the ability of rhizobia cells to tolerate stress conditions such as desiccation, seed 

toxicity, soil pH among others. 

QC programs will therefore deal with the quality of the strains in the inoculants, their 

numbers and the number of contaminating microorganisms.  Manufacturing companies need 

to go through a strict quality assurance programme applied on the entire production process 

from rhizobia culture preservation to final legume inoculant to ensure a high quality product.   

 

Quality Control tests:  

Quality control checks were performed in both the fermentation broths and inoculated 

carrier. QC test on broth was done by Gram stain and plating on Nutrient agar plates.  

 

a. - Gram stain: 
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	  Bacteria are classified as Gram-positive or Gram-negative bacteria due to their ability 

or inability of their cell membrane to retain the crystal 

violet stain.  Gram stain is a rapid test where the shape 

of the bacteria can also be identified. Rhizobia are rod-

shaped Gram-negative bacteria. This test is very useful 

to confirm that an organism is not a Rhizobium but 

can’t confirm that is Rhizobium. It allows an easy 

detection of Gram-positive contaminants; however 

Gram-negative contaminants will be harder to identify 

against rhizobia cells. The participants were able to observe and familiarize with various 

Gram-positive and Gram-negative contaminants and differentiate then against rhizobia cells. 

 

b. - Nutrient agar plates: 

Nutrient agar is a rich media preferred by most contaminants and these will grow 

overnight when plates are incubated at 37oC whereas rhizobia cells will not grow at this 

temperature. This test is also a very simple but essential procedure that needs to be performed 

24 hours prior using the culture broth for injecting inoculant bags. It involves plating 1ml of 

the fermentation broth into the Nutrient agar plate and incubating at 37oC overnight and any 

growth obtained on these plates will be contaminants. Plating 1ml of broth will allow 

detection of small levels of contamination in the broth.  

 

c. - Cell counts:  

 Cell counts are a very important part of the 

quality control process, as it will determine the quality 

in terms of viable cells in the broth and in inoculated 

carriers. To count rhizobia cells, a sample of the broth 

or a suspension made from inoculant samples are serial 

diluted in saline solution (0.89% NaCl) and the 

appropriate dilutions spread onto YMA agar plates 

which are then incubated at 28oC for 2-3 (fast growers) 

to 6-7 days (slow growers). Colonies are then counted with the assumption that each rhizobia 

cell gives rise to a single colony. The participants were shown the two common methods to 

do viable counts: Spread-plate method and Miles and Misra drop method.  They had many 
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opportunities where they were able to do viable counts on their broths and inoculated carriers 

using the Miles and Misra drop plate method as many expressed that they had little 

experience using this procedure.  With the method, they used drops with 5-50 colonies to 

estimate viable counts while spread plate method the dilutions with 30 to 300 colonies were 

counted. It was noted that using drop-plate method, colonies can be easily counted using a 

dissecting microscope and more importantly that plates cannot overstay in the incubator for 

more than 2 days for fast growers or 6-7 days for slow growers as the colonies in one drop 

can then overgrow and merge with each other then rendering the test unusable as counts can 

be underestimated or simply not possible to count. 

It was also explained that if contamination is suspected in the inoculant product, the 

Miles and Misra drop method is not recommended as contaminants will quickly grow and 

overtake space on the plate and inhibit the growth of rhizobia cells when these are in close 

proximity. In those cases, the spread plate method is preferred as cells are spread over the 

entire agar plate surface.  It is important that plates are checked daily in order to mark those 

colonies growing under the estimated time for the particular rhizobia strain in the sample. 

They were shown the importance of checking and counting colonies using the dissecting 

microscope with a light source coming from 

underneath and there opportunities where the 

participants were not able to distinguish between two 

small colonies which appear to look as Rhizobium 

colonies on the plate, but by observing under the 

dissecting microscope they were able to see marked 

differences between the colonies, i.e. colour, colony 

consistency and morphology.  
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1.5.	  –CONCLUSION	  	  	  
 

A course evaluation questionnaire was given to all attendees to be completed in order 

to assess their views on the workshop activities and organization. This was follow by an 

official closing session and certificates were 

awarded to all participants. Closing remarks 

were given by the Deputy Director General, 

Partnerships and Capacity Development of 

IITA-Ibadan: Dr Kenton Dashiell followed by 

concluding remarks from Dr Mahamadi Dianda 

and presenter: Dr Anabel Vivas-Marfisi.  This 

session was also an opportunity to obtain 

feedback and general comments from the 

participants on the workshop. 

In conclusion, the training course was a major success. The participants were able to 

perform quality control tests (Gram stain and Nutrient agar plating), inject and test their 

inoculated carriers (cell counts). Throughout the training all participants were able to 

familiarize themselves with Rhizobium colony morphology and many common 

contaminating bacteria in plates and broths.  
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Appendix	  2:	  Workshop	  Programme	  
 
LEGUME INOCULANT TECHNOLOGY AND QUALITY CONTROL 
PROCEDURES  
 
WORKSHOP PROGRAM 
 
DAY DATE CONTENT 

Sunday July 7th  o Arrival 

Monday July 8th  o Introduction:  

o Workshop program. Overview of the training 

process and activities 

o Fermentation Technologies-Background 

(PowerPoint presentation) 

o Laboratory introduction and set-up 

o Media and Materials preparation (autoclave) 

o Inoculation of Starter cultures 

Tuesday July 9th o Basic Rhizobiology, maintaining rhizobia in 

the lab, culturing rhizobia 

o Preparation of fermentation units 

o Sterilization 

 

Wednesday July 10th   o Set up of fermentation units 

o Inoculation. 

o Carrier material selection and preparation: 

o Sterilization 

o Moisture potential 

o Determination of optimum moisture content 

Thursday July 11th  o Quality control (QC).  

•  Check for contaminants (Gram stain, 

Nutrient agar plates) 

•  Strain identity 

•  Efficacy of inoculants. 



Legume Inoculant Technology and Quality Control procedures: Workshop report 
5 August 2013 

 

 

Page 15 of 17 
 

Friday July 12th   o Check QC tests done on fermentation culture  

o Carrier injection.  

o QC on Fermentation broth  

Saturday July 13th    
Sunday July 14th   
Monday July 15th   o Check QC tests from Friday  

o QC on inoculated carriers 

o Most probable number (MPN) plant test 

o Inoculants storage-shelf life 

Tuesday July 16th   o  Check QC test done on inoculated Carriers 

(check for contaminants; cell counts) 

o Most probable number (MPN) plant test 

o Inoculants storage-shelf life 

Wednesday July 17th  o Check QC test done on inoculated Carriers 

o Group discussions 

o General enquiries 

o Concluding remarks 

Thursday July 18th  o Depart 
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3.	  –	  PICTURES	  
 

Picture 1: Opening remarks by the Director of Research for Development for IITA-West 

Africa: Dr Robert Asiedu 

 

Picture 2:  Participants: Mr Abubakar Mohammed Ibrahim, Dr Benjamin D.K. Ahiabor, Mr 

Ayamah Azumah and Dr Nana Ehwsi-Mensah. 

 

Picture 3: Mr Ayamah Azumah preparing inoculant carrier for sterilization. 

 

Picture 4: Mrs Fatima Jibrin Abubakar preparing Gram-stain slides for broth culture testing. 

 

Picture 5: Mr Abubakar Mohammed Ibrahim, Mr Ayamah Azumah and Mr Patrick Ofori 

observing Gram stained cell preparation slides under the Microscope. 

 

Picture 6: Ms Ophelia Osei preparing serial dilutions of culture broth for cell count. 

 

Picture 7: Mr Patrick Ofori, Mr Abubakar Mohammed Ibrahim, Mr Ayamah Azumah and 

Mr Koleola Abidemi Adedayo observing rhizobia colony morphology. 

 

Picture 8: Certificates awarded to all participants handed by the Deputy Director General, 

Partnerships and Capacity Development of IITA-Ibadan: Dr Kenton Dashiell, Workshop 

presenter Dr Anabel Vivas-Marfisi and Mrs Lola Idowu (Coordinator Partnerships and 

Capacity Development; IITA-Ibadan) 
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Picture 9: (from top left): Mr Abubakar Mohammed Ibrahim, Mr Patrick Ofori, Dr 
Mahamadi Dianda, Mrs Bola Oke, Dr Benjamin D.K. Ahiabor, Mr Koleola Abidemi 
Adedayo. (front row from left): Mrs Fatima Jibrin Abubakar, Mrs Lola Idowu, Ms Ophelia 
Osei, Mr Ayamah Azumah, Dr Anabel Vivas-Marfisi, Dr Robert Asiedu, Dr Nana Ehwsi-
Mensah, Mrs Kafilat Odesola. 
 
 
 
 
 

 


