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IX. QUALITY CONTROLtc  \l 1 "IX. QUALITY CONTROL"
Quality control is a highly important responsibility of the inoculant manufacturer. It is his duty to produce an inoculant which, when handled and used according to directions, will bring about effective nodulation for all the leguminous plants listed on the label during the effective shelf life stated on the package. The manufacturer's responsibility extends beyond production; it includes education of the handlers and users of the product regarding its limitations, the hazards of storage at high temperature, and other possible detrimental factors. Quality control is a continuous responsibility which begins with production and lasts until the product is used by the farmer.
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A. Rhizobium Strain Selectiontc  \l 2 "A. Rhizobium Strain Selection"
The selection and maintenance of highly effective strains of rhizobia for all leguminous crops for which inoculants will be prepared is one of the first and most important responsibilities of the manufacturer. All strains used in production should be tested each season to make certain they have retained their ability to effectively nodulate the leguminous plants on which they will be used.
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B. Monitoring Rhizobium Growth in Fermentorstc  \l 2 "B. Monitoring Rhizobium Growth in Fermentors"
Samples of broth culture should be drawn from each fermentor daily and tested for purity and growth. The pH can be tested quickly with bromthymol-blue indicator. A grass green to blue color indicates a pH around 6.8, which is desirable. A yellow color of the broth culture indicates acid production and probable contamination.

Each sample should be examined under the microscope magnified 1,000 times or higher. A direct stain with carbol fuchsin dye is preferable because the banded staining characteristic of rhizobia is demonstrated. When contamination is suspected, a gram stain should be made for verification. Heat‑resistant, spore‑forming bacilli are the most common contaminants and these usually produce a strong acid reaction in the culture medium.

A Rhizobium cell concentration of 5 X 108 to 1 X 109 should be obtained in 60 to 72 hrs. when a 1% starter is used, or within 36 to 48 hrs. when a 3% or larger starter is added. A haemecytometer (Petroff‑Hausser type) or Helber slide is very useful in quantifying growth. Broth culture with a Rhizobium cell concentration of 5 X 108 per ml or higher is considered good for inoculant production.
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The suitability and required specifications of the carrier material should be established by research months in advance of inoculant manufacture. Further, when the supply of carrier is received, the necessary qualities should be confirmed. Uniformity in composition, particle size, pH and moisture content are very important in making a uniform good inoculant. 

The operator should know exactly how much CaCO3 is needed to neutralize the carrier and also the exact amount of the broth culture needed to attain the desired moisture content and concentration of rhizobia in the inoculant.  

Moisture content is very important in obtaining good growth and survival of rhizobia in inoculants. A moisture balance for quick determination of water content, of carrier and of the freshly prepared inoculant, is essential. It is also very important to monitor the pH of the prepared inoculant.
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D. Lot Numberstc  \l 2 "D. Lot Numbers"
In order to practice in‑house quality control, it is necessary to have a manageable system of labeling different batches of inoculant. Lot numbers provide a convenient method of identifying inoculants made for a particular legume with a designated batch of broth culture on a specific date. The lot number is assigned to a particular batch of culture and all the pertinent information on that particular lot is entered in a permanent record book on production. The lot number should be put on each inoculant package filled with that inoculant.
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Samples of every lot of inoculant prepared should be collected and accurately labeled at time of preparation. Lot samples should be tested for pH and moisture content 7 to 14 days after collecting and should be further tested for number of viable rhizobia. Samples of each lot should be tested on growing plants of the legume for which they were prepared. It is very important to verify that the rhizobia present are the proper kind to bring about effective nodulation on the target legumes and that there is a sufficient number of rhizobia to do the job. Methods of testing are described by Vincent (1970), Brockwell (1963), Weaver and Frederick (1982) and others.

It is possible to determine number of viable rhizobia by using the dilution plate method when the inoculants are prepared with a sterile carrier medium. Viable counts can be obtained in 5 to 6 days with fast‑growing rhizobia and 7 to 10 days with slow‑growing rhizobia. The dilution‑plate method is fast and, of course, very useful in combination with the MPN grow‑out test. 

There is no completely reliable differential medium for rhizobia but those described in Appendix O have been very useful providing the carrier material does not harbor large numbers of foreign microorganisms.
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The minimum standards for viable rhizobia vary in different countries, some of which are as follows:


AUSTRALIA: 1 X 109 viable rhizobia up to expiration date. An exception is made for Lotononis rhizobia, 3 X 107 is acceptable. (Date and Roughley, 1977).


CANADA: A minimum of 106 viable rhizobia per gram of inoculant is acceptable, but the inoculum must provide a minimum of 103 viable rhizobia for small seed (200,000 or more seed/kg) 104 viable rhizobia for intermediate size seed (30,000 to 200,000 seed/kg) and 105 for larger seeds such as soybeans or faba beans (less then 30,000 seed/kg), up to expiration date. This new concept of expressing a standard number of viable rhizobia per seed has considerable merit.


UNITED STATES: In the U.S., there is no federal regulation of quality in legume inoculants. State regulations vary and are generally based on so-called "Grow‑out" tests. In the "Grow‑out" tests, seeds are inoculated according to directions, planted in sterile sand or vermiculite, supplied with nutrients other than nitrogen, and plants are harvested after 5 to 6 weeks. The roots are then examined for nodulation and rated as satisfactory or unsatisfactory.
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