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PREFACE
Biofertilisers refers to preparations containing primarily active 

strains of microorganisms (bacteria, fungi, yeast, algae, etc.) in 
sufficient numbers capable of fixing either atmospheric nitrogen or 
solubilizing / mobilizing phosphorus which is otherwise not available or 
inaccessible to growing plants.

Despite spectacular progress in the production and use of 
fertilisers the world over to meet increasing demand, the industry has to 
increasingly bear the escalating costs of raw material, most of which 
being non-renewable in nature. At this stage, when accelerated 
agricultural development required further thrust, in many parts of the 
world it is becoming difficult to meet the nutrient needs of farming 
through chemical fertilizers alone. This has in turn paved the way for 
Integrated Plant Nutrition involving judicious and integrated use of. 
chemical /  synthetic sources of nutrients along with biofertilizers and 
nutrients through crop residue recycling, organic manures, green 
manuring and wastes etc.

Only bifertilizers are based on renewable energy sources besides 
being cheaper and environment friendly, among all the non-mineral 
sources of nutrients. Biofertilizers can play a very significant role in 
improving soil fertility by fixing atmospheric nitrogen besides 
solubilising / accessing phosphate not available / inaccessible to plants. 
They also produce growth substances in the rhizosphere. In fact even 
today biologically fixed nitrogen on the earth far exceeds the industrially 
fixed nitrogen.

Rice is the staple food of more than 60% of the world’s population 
and is the most widely cultivated crop throughout the tropics. About two 
thirds of the 145 million hectares of rice land in the world are used for 
wetland rice culture in which water from irrigation sources is conserved 
in the field to maintain a shallow flooded condition for almost the entire 
duration of the crop. Flooding has beneficial effects on rice cultivation 
particularly in increasing the availability of nutrients and stimulating 
nitrogen fixation process. Flooded soils used for rice production 
maintains a degree of nitrogen fertility as a result of nitrogen fixation.

The introduction of new high yielding rice varieties have increased 
the demand for nitrogen in rice production. The use of mineral fertilizer 
is the quickest and surest way of boosting crop production, but their 
exorbitant cost and other constraints frequently deter farmers from 
using them in recommended quantities and in balanced proportions. As 
a consequence of this and ecological constraints there seems to be no 
option but to fully exploit potential "alternative sources of plant nutrients
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along with mineral fertilizers to maintain soil productivity. The nitrogen 
requirement of rice crop could be met partially by increasing the activity 
of biological nitrogen fixation in rice soil. The main agents of biological 
nitrogen fixation in a rice field are free-living blue green algae and 
symbiotic blue green alga with azolla. Azolla is a genus of water fern 
that assimilates nitrogen in association with nitrogen fixing blue green 
alga Anabaena azollae. The symbiotic association between the 
eukaryotic water fern azolla and its prokaryotic cyanobaterial 
endosymbiont Anabaena azollae have received much attention 
because of its ability to fix nitrogen. Azolla produces 20-25 t of fresh 
biomass per hectare in a period of 3-4 weeks. Azolla biomass is 
mineralized in rice field and supplies the nitrogen for rice crop. Azolla 
sporocarps survive in rice field and regenerate during the rice crop 
cycle. The development of Azolla sporocarp inoculum technology has 
potential for the use of Azolla in tropical rice growing areas. Azolla 
could contribute 40-60 kg N ha per rice crop. The use of fertilizer 
nitrogen in tropical rice production can be minimized by the utilization of 
the efficient and potential nitrogen fixing water fern Azolla. Azolla may 
be effectively exploited for rice production in sustainable rice farming. 
Blue green algae (Cyanobacteria) are distributed worldwide and 
contribute to the fertility of rice field ecosystem. They form a prominent 
component of autotrophic microbial population of wetland rice soil. A 
number of blue green algae (BGA) could adapt well in rice field aquatic 
condition and fix atmospheric nitrogen and contribute to the fertility of 
rice fields. Blue green algae could contribute.30-40 kg N ha per rice 
crop. Algal inoculation in rice fields not only increased the yield per unit 
area but also increased soil organic matter and soil aggregation.

The standing water in wetland conditions of rice-growing areas 
encourages the growth of Azolla and blue-green algae, which fix 
atmospheric nitrogen. Besides fixing nitrogen, these organisms excrete 
vitamin B, ascorbic acid and auxins, which may also improve the 
growth of rice plant. The use of bio- fertilizeres would reduce the cost of 
chemical fertilizers involved in rice production. The effective utilization 
of bio-fertilizers for rice crop will not only provide economic benefits to 
rice farmers but also improve and maintain the soil fertility in rice 
ecosystem. For the vast majority of countries, improved use of 
biological N fixation could be the key to sustained agricultural 
productivity with reduced dependence on non-renewable nutrient 
sources. There is thus urgent need to translate our understanding of 
this natural biological process into viable agro-technplogy that will help 
the economic improvement of low-income groups. The object of this 
book is to provide the latest research findings in a concise form so that
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scientists and planners can help the farmers to make efficient utilization 
of these low cost biofertilizers in supplementing the nitrogen 
requirement of rice. In view of the immense potential of Azolla and 
BGA biofertilizers as a source for rice, this book on BIOFERTILIZER 
TECHNOLOGY has been written to provide latest know-how on the 
production technology, preservation, multiplication, storage, 
transportation, and their field uses besides a Glossary of technical 
terms. Only a thorough knowledge of different aspects viz. distribution, 
morphology, structure, ecology, growth, reproduction, nutrition, carbon 
assimilation, nitrogen fixation, pests and diseases could help more 
optimal utilization of these biofertilizers for sustainable rice production. 
We are especially thankful to Dr.Kannaiyan, Dr.B.D.Kaushik, 
Dr.A.L.Singh, Dr.P.K. Singh, and Dr.R.N.Singh. Dr.S.N.Talley, Dr.G.S. 
Venkataraman and Dr.L.Watanabe whose works and contributions 
were of great help in preparing this monograph.

Because of its wide coverage, upto date information and simple 
language, this book will be of use and interest to students, teachers, 
libraries, researchers, biotechnologists, enterpreneures, planners, soil 
scientists, extension specialists, microbiologists, environmentalists and 
all those interested in energy conserving and eco-friendly plant nutrition 
in general and biofertilizers in particular. In spite of our best efforts, we 
do not claim that the information given is exhaustive. We, therefore, 
crave the indulgence of our vary readers in the omissions and errors in 
which we must have fallen inadvertently and solicit their valued 
suggestions towards improving the contents.
January 26, 2004 R.A. Sharma

K.L. Totawat 
S.R. Maloo 

L.L.Somani
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