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Forward

In India livestock rearing play a significant role in the national economy, the
animal population is 485 millions excluding poultry and dogs. Animal perfor-
mance and production depends upon quality and quantity of feeds and fodders.
Forage crops generally include annual and perennial legumes and grasses.
Forages contain significant portions of plant cell wall material (Cellulose).
Ruminants can digest these cellulosic materials (through bacteria and other
microorganisms in their digestive tract) into utilizable nutrients. This ability is
extremely important, since cellulose in one of the most abundant material on the
earth. Forages, especially the perennial legumes and grasses make a valuable
contribution towards supply of nutrients for animals, conserving soil and water
resources and contributing into pollution control of natural resources (soil, water
and air). Forage legumes, improves soil health by their ability of symbiotic
nitrogen fixation. Forage legumes foliage is usually rich in proteins.

In India, agriculture and animal husbandry are integrated to each other and
its scenario is expected to continue in the foreseeable future. Forage cultivation
1s restricted to only four per cent of the cultivable area in the country. This is due
to the majority of small and marginally farmers and high pressure on cultivable
land which leads to the deficiency of feeds and fodders for livestock. The shortage
of dry and green fodders are 40 and 24 per cent against total requirements of 650
and 761 million tons for the 485 millions livestock population, respectively.
Therefore, there is need for improvement of fodder production on quality to
maintain national economy.

I appreciate the efforts of Late Dr Jai Vir Singh, Sr. Scientist (Plant
Breeding), Dr. B.S. Chhillar, Director of Research., Dr. B.D. Yadav, Sr. Scientist
(Agronomy) and Dr U.N. Joshi Senior Sscientist (Biochemistry) for brining out
valuable information on forage legumes in book form entitled as “Forage
Legumes”. The information provided in this book will be certainly helpful for
students, scientists, teachers, farmers and planners associated with improve-
ment, production and utilization of forage crops as well as animal production.

Dr Amar Singh Faroda

Former Chairman,

Agricultural Science Recruitment Board,

Indian Council of Agricultural Research, New Delhi



Preface

Forage crops are important for the economy of our country as these crops
provide major nutritional base in the livestock ration. The National Commission
on Agriculture has also emphasized in its report that in order to achieve the so-
called ‘White Revolution’ it will be necessary to provide required emphasis on
research relating to the improvement and management of forages. India’s
average availability of milk per head per day comes to only 100 ml as against our
requirement of 220 ml per day. With the increase in world human population and
economic growth, the demand for animal products such as milk, meat and eggs in
the human diet is bound to increase. The success of dairy and poultry
programmes will largely depend on the availability of required forages and feeds
since almost 60-65 per cent investment is invariably on these essential
requirements. A recent estimate indicates that the deficiency in total forage need
is about 40 per cent of dry forage and about 24 per cent of green fodder. This
deficit is likely to increase further as (i) the area under forage crop is declining
because of the pressing problems of growing cereals and other cash crops to meet
the increasing pressure of population growth, (i1) the animal population is
increasing every year by almost 2 per cent (iii) cultivable land is decreasing due
to urbanization and industrial growth and (iv) forages in future are going to have
competition from liquid fuel shortage. Recent interests in the development of
technology for the economic conversion of cellulosic material to liquid fuels,
however, have given rise to estimates of several hundred million metric tons of
lignocellulosic material being used annually for their new developments. With
the development of these technologies, the impact on ruminants production
would be substantial, so there is going to be a vital challenge to meet the
requirement of forages in the near future.

In this book entitled as “Forage Legumes” the efforts have been made to
collect and compile the information related to forage legumes so, that same may
be utilized by students, scientists, teachers, farmers and planners.

Jai Vir Singh
B.S. Chhillar
B.D. Yadav
U.N. Joshi



Acknowledgements

The editors express their deep sense of gratitude to the colleagues in CCS
Haryana Agricultural University, the contributors of various chapters printers
and publishers for making this endeavor a success, Especial thanks are to Dr.
M.S. Rana Department of Vegetable. CCS Haryana Agricultural University
Hisar for checking the chapters of the book. Editors are highly thankful to Dr.
Dhiraj Singh, Professor and Head, Department of Plant Breeding for his
continuous encouragement and help.



Contents

10

11

12

Foreword Vil
Preface X
Acknowledgement xi

Forage Legumes — An Introduction
— T. Ram and R.S. Sheoran
Breeding Forage Legumes
— J.V. Singh and J.S. Verma
Improvement of Forage Legume Crops using Biotechnological Techniques
— K.S. Boora, J.V. Singh, P. Boora and A. Gulati
Forage Legumes Production Technology
— B.D. Yadav and Virendar Kumar

Fodder Production Potential and Tree Breeding Strategies for Important
Fodder Trees

— K.S. Bangarwa, M.S. Hooda and Ravi Kumar
Disease Management in Forage Legumes

— P.P. Gupta and J.V. Singh
Insect-pest Management in Legume Forage Crops
— S.P. Singh and B.S. Chhillar
Nutrients Management in Legume Forage Crops
— D.J. Dahiya, Ravi Kumar and M.S. Hooda
Nutritional and Anti-nutritional Constituents of Forage Legumes
— U.N. Joshi, Sandeep Kumar and Kaushalya Gupta
Seed Production of Major Forage Legumes in India
— Dinesh Kumar and Rakesh Seth

Nutritional Potential and Quality Evaluation of Legume Fodders in
Ruminants

— B.S. Tewatia and K.R. Yadav
Nutritional and health aspects of fodder arid legumes

— Raj Bala Grewal

13

31

49

124

138

241

263

286

319

340

377



	Title

	About the Editors

	Forward

	Preface

	Acknowledgements

	Contents

	1. 
Forage Legumes – An Introduction
	2. 
Breeding Forage Legumes
	3. Improvement of Forage Legume Crops using 
Biotechnological Techniques
	4. 
Forage Legumes Production Technology
	5. Fodder Production Potential and Tree Breeding 
Strategies for Important Fodder Trees
	6. 
Disease Management in Forage Legumes
	7. 
Insect-pest Management in Legume Forage Crops
	8. 
Nutrients Management in Legume Forage Crops
	9. Nutritional and Anti-nutritional Constituents of 
Forage Legumes
	10. 
Seed Production of Major Forage Legumes in India
	11. Nutritional Potential and Quality Evaluation of Legume 
Fodders in Ruminants
	12. 
Nutritional and health aspects of fodder arid legumes



