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ORGANIZATION OF COURSE CONTENTS
&
CREDIT REQUIREMENTS

Code Numbers

All courses are divided into two series: 500-series courses pertain to Master’s level,
and 600-series to Doctoral level. A Ph. D. student must take a minimum of two 600
series courses, but may also take 500-series courses if not studied during Master’s
programme.

Credit seminar for Master’s level is designated by code no. 591, and the two seminars
for Doctoral level are coded as 691 and 692, respectively.

Similarly, 599 and 699 codes have been given for Master’s research and Doctoral
research, respectively.

Course Contents

The contents of each course have been organized into:

Obijective — to elucidate the basic purpose.

Theory units — to facilitate uniform coverage of syllabus for paper setting.

Suggested Readings — to recommend some standard books as reference material. This
does not unequivocally exclude other such reference material that may be
recommended according to the advancements and local requirements.

A list of journals pertaining to the discipline is provided at the end which may be
useful as study material for 600-series courses as well as research topics.

E-Resources - for quick update on specific topics/events pertaining to the subject.

Broad research topics provided at the end would facilitate the advisors for appropriate
research directions to the PG students.

Minimum Credit Requirements

Subject Master’s programme | Doctoral programme

Major 20 15
Minor 09 08
Supporting 05 05
Seminar 01 02
Research 20 45
Total Credits 55 75
Compulsory Non Credit Courses See relevant section

Major subject: The subject (department) in which the students takes admission

Minor subject: The subject closely related to students major subject (e.g., if the major
subject is Entomology, the appropriate minor subjects should be Plant Pathology &
Nematology).

Supporting subject: The subject not related to the major subject. It could be any
subject considered relevant for student’s research work.

Non-Credit Compulsory Courses: Please see the relevant section for details. Six
courses (PGS 501-PGS 506) are of general nature and are compulsory for Master’s
programme. Ph. D. students may be exempted from these courses if already studied
during Master’s degree.



COMPULSORY NON-CREDIT COURSES

(Compulsory for Master’s programme in all disciplines; Optional for Ph.D. scholars)

CODE COURSE TITLE CREDITS
PGS 501 LIBRARY AND INFORMATION SERVICES 0+1
PGS 502 TECHNICAL WRITING AND COMMUNICATIONS

0+1
SKILLS
PGS 503 INTELLECTUAL PROPERTY AND ITS 140
(e-Course) MANAGEMENT IN AGRICULTURE
PGS 504 BASIC CONCEPTS IN LABORATORY TECHNIQUES 0+1
PGS 505 AGRICULTURAL RESEARCH, RESEARCH ETHICS 140
(e-Course)  AND RURAL DEVELOPMENT PROGRAMMES
PGS 506 DISASTER MANAGEMENT 1+0
(e-Course)
Course Contents
PGS 501 LIBRARY AND INFORMATION SERVICES 0+1
Objective
To equip the library users with skills to trace information from libraries
efficiently, to apprise them of information and knowledge resources, to
carry out literature survey, to formulate information search strategies, and
to use modern tools (Internet, OPAC, search engines etc.) of information
search.
Practical
Introduction to library and its services; Role of libraries in education,
research and technology transfer; Classification systems and organization
of library; Sources of information- Primary Sources, Secondary Sources
and Tertiary Sources; Intricacies of abstracting and indexing services
(Science Citation Index, Biological Abstracts, Chemical Abstracts, CABI
Abstracts, etc.); Tracing information from reference sources; Literature
survey; Citation techniques/Preparation of bibliography; Use of CD-ROM
Databases, Online Public Access Catalogue and other computerized library
services; Use of Internet including search engines and its resources; e-
resources access methods.
PGS 502 TECHNICAL WRITING AND COMMUNICATIONS SKILLS  0+1
Objective

To equip the students/scholars with skills to write dissertations, research
papers, etc.

To equip the students/scholars with skills to communicate and articulate in
English (verbal as well as writing).



Practical

Technical Writing - Various forms of scientific writings- theses, technical
papers, reviews, manuals, etc; Various parts of thesis and research
communications (title page, authorship contents page, preface, introduction,
review of literature, material and methods, experimental results and
discussion); Writing of abstracts, summaries, précis, citations etc.;
commonly used abbreviations in the theses and research communications;
illustrations, photographs and drawings with suitable captions; pagination,
numbering of tables and illustrations; Writing of numbers and dates in
scientific write-ups; Editing and proof-reading; Writing of a review article.
Communication Skills - Grammar (Tenses, parts of speech, clauses,
punctuation marks); Error analysis (Common errors); Concord,;
Collocation; Phonetic symbols and transcription; Accentual pattern: Weak
forms in connected speech: Participation in group discussion: Facing an
interview; presentation of scientific papers.

Suggested Readings

Chicago Manual of Style. 14" Ed. 1996. Prentice Hall of India.

Collins’ Cobuild English Dictionary. 1995. Harper Collins.

Gordon HM & Walter JA. 1970. Technical Writing. 3" Ed. Holt, Rinehart
& Winston.

Hornby AS. 2000. ComE. Oxford Advanced Learner’s Dictionary of
Current English. 6" Ed. Oxford University Press.

James HS. 1994. Handbook for Technical Writing. NTC Business Books.

Joseph G. 2000. MLA Handbook for Writers of Research Papers. 5" Ed.
Affiliated East-West Press.

Mohan K. 2005. Speaking English Effectively. MacMillan India.

Richard WS. 1969. Technical Writing. Barnes & Noble.

Robert C. (Ed.). 2005. Spoken English: Flourish Your Language. Abhishek.

Sethi J & Dhamija PV. 2004. Course in Phonetics and Spoken English. 2"
Ed. Prentice Hall of India.

Wren PC & Martin H. 2006. High School English Grammar and
Composition. S. Chand & Co.

PGS 503 INTELLECTUAL PROPERTY AND ITS 1+0
(e-Course) MANAGEMENT IN AGRICULTURE
Objective
The main objective of this course is to equip students and stakeholders with
knowledge of intellectual property rights (IPR) related protection systems,
their significance and use of IPR as a tool for wealth and value creation in a
knowledge-based economy.
Theory

Historical perspectives and need for the introduction of Intellectual
Property Right regime; TRIPs and various provisions in TRIPS Agreement;
Intellectual Property and Intellectual Property Rights (IPR), benefits of
securing IPRs; Indian Legislations for the protection of various types of
Intellectual Properties; Fundamentals of patents, copyrights, geographical
indications, designs and layout, trade secrets and traditional knowledge,
trademarks, protection of plant varieties and farmers® rights and bio-
diversity protection;  Protectable subject matters, protection in



biotechnology, protection of other biological materials, ownership and

period of protection; National Biodiversity protection initiatives;

Convention on Biological Diversity; International Treaty on Plant Genetic

Resources for Food and Agriculture; Licensing of technologies, Material

transfer agreements, Research collaboration  Agreement,License

Agreement.

Suggested Readings

Erbisch FH & Maredia K.1998. Intellectual Property Rights in Agricultural
Biotechnology. CABI.

Ganguli P. 2001. Intellectual Property Rights: Unleashing Knowledge
Economy. McGraw-Hill.

Intellectual Property Rights: Key to New Wealth Generation. 2001. NRDC
& Aesthetic Technologies.

Ministry of Agriculture, Government of India. 2004. State of Indian
Farmer. Vol. V. Technology Generation and IPR Issues. Academic
Foundation.

Rothschild M & Scott N. (Ed.). 2003. Intellectual Property Rights in
Animal Breeding and Genetics. CABI.

Saha R. (Ed.). 2006. Intellectual Property Rights in NAM and Other
Developing Countries: A Compendium on Law and Policies. Daya
Publ. House.

The Indian Acts - Patents Act, 1970 and amendments; Design Act, 2000;

Trademarks Act, 1999; The Copyright Act, 1957 and amendments; Layout

Design Act, 2000; PPV and FR Act 2001, and Rules 2003; National

Biological Diversity Act, 2003.

PGS 504 BASIC CONCEPTS IN LABORATORY TECHNIQUES 0+1
Objective
To acquaint the students about the basics of commonly used techniques in
laboratory.
Practical

Safety measures while in Lab; Handling of chemical substances; Use of
burettes, pipettes, measuring cylinders, flasks, separatoryfunnel,
condensers, micropipettes and vaccupets; washing, drying and sterilization
of glassware; Drying of solvents/chemicals. Weighing and preparation of
solutions of different strengths and their dilution; Handling techniques of
solutions; Preparation of different agro-chemical doses in field and pot
applications; Preparation of solutions of acids; Neutralisation of acid and
bases; Preparation of buffers of different strengths and pH values. Use and
handling of microscope, laminar flow, vacuum pumps, viscometer,
thermometer, magnetic  stirrer, micro-ovens, incubators, sandbath,
waterbath, oilbath; Electric wiring and earthing. Preparation of media and
methods of sterilization; Seed viability testing, testing of pollen viability;
Tissue culture of crop plants; Description of flowering plants in botanical
terms in relation to taxonomy

Suggested Readings
Furr AK. 2000. CRC Hand Book of Laboratory Safety. CRC Press.
Gabb MH & Latchem WE. 1968. A Handbook of Laboratory Solutions.

Chemical Publ. Co.



PGS 505
(e-Course)

AGRICULTURAL RESEARCH, RESEARCH ETHICS 1+0
AND RURAL DEVELOPMENT PROGRAMMES

Objective

To enlighten the students about the organization and functioning of
agricultural research systems at national and international levels, research
ethics, and rural development programmes and policies of Government.

Theory

UNIT |

History of agriculture in brief; Global agricultural research system: need,
scope, opportunities; Role in promoting food security, reducing poverty and
protecting the environment; National Agricultural Research Systems
(NARS) and Regional Agricultural Research Institutions; Consultative
Group on International Agricultural Research (CGIAR): International
Agricultural Research Centres (IARC), partnership with NARS, role as a
partner in the global agricultural research system, strengthening capacities
at national and regional levels; International fellowships for scientific
mobility.

UNIT 1

Research ethics: research integrity, research safety in laboratories, welfare
of animals used in research, computer ethics, standards and problems in
research ethics.

UNIT I11

Concept and connotations of rural development, rural development policies
and strategies. Rural development programmes: Community Development
Programme, Intensive Agricultural District Programme, Special group —
Area Specific Programme, Integrated Rural Development Programme
(IRDP)  Panchayati Raj Institutions, Co-operatives, Voluntary
Agencies/Non-Governmental Organisations. Critical evaluation of rural
development policies and programmes. Constraints in implementation of
rural policies and programmes.

Suggested Readings

PGS 506
(e-Course)

Bhalla GS & Singh G. 2001. Indian Agriculture - Four Decades of
Development. Sage Publ.

Punia MS. Manual on International Research and Research Ethics. CCS,
Haryana Agricultural University, Hisar.

Rao BSV. 2007. Rural Development Strategies and Role of Institutions -
Issues, Innovations and Initiatives. Mittal Publ.

Singh K.. 1998. Rural Development - Principles, Policies and
Management. Sage Publ.

DISASTER MANAGEMENT 1+0

Objectives

To introduce learners to the key concepts and practices of natural disaster
management; to equip them to conduct thorough assessment of hazards,
and risks vulnerability; and capacity building.
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Theory

UNIT |

Natural Disasters- Meaning and nature of natural disasters, their types and

effects. Floods, Drought, Cyclone, Earthquakes, Landslides, Avalanches,

Volcanic eruptions, Heat and cold Waves, Climatic Change: Global

warming, Sea Level rise, Ozone Depletion

UNIT 1

Man Made Disasters- Nuclear disasters, chemical disasters, biological

disasters, building fire, coal fire, forest fire. Qil fire, air pollution, water

pollution, deforestation, Industrial wastewater pollution, road accidents, rail

accidents, air accidents, sea accidents.

UNIT I11

Disaster Management- Efforts to mitigate natural disasters at national and

global levels. International Strategy for Disaster reduction. Concept of

disaster management, national disaster management framework; financial

arrangements; role of NGOs, Community-based organizations, and media.

Central, State, District and local Administration; Armed forces in Disaster

response; Disaster response: Police and other organizations.

Suggested Readings

Gupta HK. 2003. Disaster Management. Indian National Science
Academy. Orient Blackswan.

Hodgkinson PE & Stewart M. 1991. Coping with Catastrophe: A
Handbook of Disaster Management. Routledge.

Sharma VK. 2001. Disaster Management. National Centre for Disaster
Management, India.
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NEW AND RESTRUCTURED
POST-GRADUATE CURRICULA & SYLLABI

Biochemistry

Microbiology
Plant Physiology
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EXECUTIVE SUMMARY

Biochemistry

o Course curricula and course outlines in biochemistry are designed in view of the fact that
biochemistry courses are offered by students from almost all disciplines of faculties of
agriculture, veterinary sciences, home science, forestry, fisheries and even technology. Thus
the course Biochem 501 is a basic course to be offered to students taking biochemistry as a
major or minor subject and also to students from other disciplines, who offer only one
course in biochemistry.

o All courses are designed as per NCG guidelines and to cover all basic topics. New
courses on Immunochemistry, Advanced Molecular Biology, Biochemistry of Biotic and
Abiotic Stress, Functional Genomics and Metabolomics, Carbon and Nitrogen Metabolism,

Current  TopicsinBiochemistry and Advanced Techniques in
Biochemistry are framed in view of the recent developments in the subject.

o More emphasis is given on practicals at M. Sc level courses; the ratio of lectures to lab is
23:8 for 500 series and 14:2 for 600 series courses.

o Biochemistry courses are offered by a large number of students hence need small
equipment in multiple numbers. To do quality teaching and research, sophisticated
equipments like ultra low freezers, high speed refrigerated and ultra- centrifuges,
automated bioseparation systems like GLC or HPLC and UV-Vis spectrophotometers
suitable for enzyme studies, PCRs, electrophoresis systems for proteins and DNA are
required for Biochemistry lab. Consumables will also be needed accordingly. In most of
the SAUs, the biochemistry labs may also need renovation as per GLP norms. An
approximate total budget of Rs. 5.0 lacs per annum apart from one time equipment
grant of Rs. 50.00 lacs will be required.

Chemistry

o The present day scenario is to encourage the growth of high quality interdisciplinary
research, which now thrives in many institutions. The interfaces between Chemistry (as
a strong core discipline) and Physics, Biology, Materials and Engineering have
strengthened. The interaction with biology for example, involves not just Synthetic Organic
Chemistry but Spectroscopy, Physical, Inorganic, The oretical and Computational
Chemistry. Such interactions are essential since the major task of deriving scientific
and commercial value from recent advances in genomics and proteomics require massive
inputs from chemistry and computing. Similar comments apply to Photonics, Molecular
Electronics, Biomaterials and Nanotechnology. In view of useful interdisciplinary
research, it is essential to revise the Chemistry Courses so that the outgoing student has a
better grip on interdisciplinary teaching and research.

o There are several recent advances in Chemistry including Green Chemistry which
deals with environmental like issues involving: chemical technology of waste,
pollution, solventless reactions, catalysis, biocatalysis, benign syntheses and alternate energy
sources. Another recent area is modern spectroscopy, which deals with
techniques like GCMS, LCMS, FABMS, which enable us to determine the molecular mass
from a pinch of the compound. It is possible to arrive at the structure of the
naturally occurring organic molecule by using modern techniques like *H NMR, CMR and
DNMR. The present courses have been revised to take care of the various such new
areas.

o The revised courses cover the areas: Green Chemistry, Dynamics of Inorganic
13



Reactions, Spectroscopy, Organic Syntheses, Computers in Chemistry, Quantum Mechanics,
Polymers, Macromolecules, Catalysis, Bioorganic Chemistry, Drugs and Dyes, Reactions
and Rearrangements, Photochemistry, Preparations, Analysis, Nuclear Chemistry,
Nonaqueous Solvents, Colloidal Chemistry, Biophysical Chemistry; Experiments on
pH meter, conductometer, potentiometer, flamephotometry,

refractometer, polarography, chromatography; Natural Products Chemistry, Physical
Organic Chemistry, Coordination Chemistry, Chemical Kinetics, Surface Chemistry and
Thermodynamics.

o The UGC recommendations for PG courses have been taken into consideration in
framing these courses. It is hoped that these will prove very useful to the future
students.

o Chemistry courses are offered by a large number of students of Engineering stream
besides Basic Science students. To do quality teaching and research, sophisticated
equipments like GCMS, LCMS to determine molecular masss of a compound from a pinch
of sample is required. NMR, CMR, can be used to determine the structure of naturally
occurring organic molecule. An approximate total budget of Rs. 5.0 lacs per annum apart
from one time equipment grant of Rs. 1 Crore will be required.

Microbiology

o Microbes are indispensable to our life. Interactions of microbes involved in soil,
environment, food, fermentation, medical, or agriculture has been studied using modern
techniques. New antibiotics, vaccines are also being produced. Moreover genome
sequence of important genes of interest or complete sequence of microbes, plants,
human beings or animals has further paved the ways for detailed study of interactions
and their manipulations in the desired direction. Molecular analysis of relevant factors
in the plant and microbes and components that modulate plant-microbe interactions for soil
and plant health for sustaining crop productivity is now being revealed using different
molecular techniques. Microbial diagnostic micro arrays has beendeveloped for the
parallel, high-throughput identificationofmany microorganisms.

o Great emphasis is also being given on integrated use of chemical fertilizers, pesticides,
herbicides along with biofertilizers, biopesticides and biocontrol agents for sustaining
modern agriculture and soil health. Biocontrol agents for control of plant diseases,
insects, nemotodes have been developed and some of these are commercially available
& being used by the farmers. Microbe — plant symbiosis within plant rhizosphere have come
up as an effective clean up technology. Increased attention has been directed towards
use of microorganisms (bioremediation) for wastewater treatment mainly decolorization of
different industrial effluents, which include distillery waste, textile industries & paper &
pulp industries. Microbial degradation & decolorization holds promise and can be
exploited. But genetic improvement of strains can be explored in future for improving their
decolorization efficiency. Some of the agro wastes are being used for the production of
biofuels. Use of recombinant microorganisms for industrial production of useful
compounds has reached at commercial levels. All these aspects are covered in the course
curricula.

o Microbiology courses are offered by a large number of students hence need small
equipment in multiple numbers. To do quality teaching and research, sophisticated
equipment like ultra low freezers, high speed refrigerated-automated bioseparation systems
like GLC or HPLC and UV-Vis spectrophotometers suitable for enzyme studies, PCRs,
electrophoresis systems for proteins and DNA are required for Microbiology lab.

14



Consumables will also be needed accordingly. An approximate total budget of Rs. 5.0 lacs
per annum apart from one time equipment grant of Rs. 50.00 lacs will be required.

Plant Physiology

O

In agricultural universities and crop specific Institutes, the major mandate is crop
improvement. Therefore, post graduate degree programme in plant physiology / crop
Physiology was started in many Agricultural Universities with an objective to impart
required training and adequate exposure to the graduates who ultimately assist in
national and state level crop improvement programmes. From this context the course
curricula is constantly being modified over the years to address the issues of crop
improvement by exploiting well characterized crop physiological processes. Since, last

20 years phenomenal progress has taken place in understanding the plant physiological
processes at molecular level and provided several comprehensive molecular biology
options to modify growth and developmental processes. Adoption of these
developments necessitates a strong exposure to tools of modern biology to
addressspecific issues of crop growth and developments. This emphasizes the need for
reorientation of the courses to encompass molecular biology also as an integral component
of plant and crop physiology. The course structure thus consists of:

A basic course for both majoring in plant Physiology as a beginner course as well as for
students choosing Plant physiology as minor subject or offering only single course.

Courses are framed on various aspects of plant physiology that include physiology
(with molecular bias) of plant growth and yield modeling, physiology of development,
stress, post harvest, seed and weed, photosynthesis, mineral nutrition, morphogenesis, signal
transduction, genome structure and functional genomics.

Separate Courses on Climate Change and Crop Growth, Molecular Approaches for
Improving Physiological Traits and Techniques in Plant Physiology are included as Ph.
D. level courses.

Plant Physiology courses are offered by a large number of students hence need small
equipment in multiple numbers. To do quality teaching and research, sophisticated
equipment like ultra low freezers, high speed refrigerated-centrifuge, IRGA, Consumables
will also be needed accordingly.. An approximate total budget of Rs. 5.0 lacs per annum
apart from one time equipment grant of Rs. 50.00 lacs will be required.

15



BIOCHEMISTRY

Course Structure —at a Glance

CODE COURSE TITLE CREDITS
BIOCHEM 501** | BASIC BIOCHEMISTRY 3+1
BIOCHEM 502* | INTERMEDIARY METABOLISM 3+0
BIOCHEM 503* | ENZYMOLOGY 2+1
BIOCHEM 504 MOLECULAR BIOLOGY 2+1
BIOCHEM 505* | BIOCHEMICAL TECHNIQUES 1+2
BIOCHEM 506 IMMUNO CHEMISTRY 2+1
BIOCHEM 507 PLANT BIOCHEMISTRY 3+0
BIOCHEM 508 | ANIMAL BIOCHEMISTRY 3+0
BIOCHEM 509 FOOD AND NUTRITIONAL BIOCHEMISTRY 2+1
BIOCHEM 510 CARBON AND NITROGEN METABOLISM 2+1
Biochemistry 511 | BIOCHEMISTRY OF CEREAL,OILSEEDS AND 2+0
PULSES
BIOCHEM 591 | MASTER’S SEMINAR [ 140
BIOCHEM 599 | MASTER’S RESEARCH |20
BIOCHEM 601** | ADVANCED ENZYMOLOGY 2+0
BIOCHEM 602** | ADVANCED MOLECULAR BIOLOGY 3+0
BIOCHEM 603 BIOCHEMISTRY OF BIOTIC AND ABIOTIC| 3+0
STRESS
BIOCHEM 604** | CURRENT TOPICS IN BIOCHEMISTRY 1+0
BIOCHEM 605 FUNCTIONAL GENOMICS AND | 3+0
METABOLOMICS
BIOCHEM 606 BIOMEMBRANES 2+0
BIOCHEM 607** | ADVANCED TECHNIQUES IN BIOCHEMISTRY 0+2
BIOCHEM 691 DOCTORAL SEMINAR | 1+0
BIOCHEM 692 DOCTORAL SEMINAR Il 1+0
BIOCHEM 699 | DOCTORAL RESEARCH S

*Compulsory for Master’s programme; ** Compulsory for Doctoral programme

A Open for PG students of other discipline

Note: BBIOCHEM 501 BASIC BIOCHEMISTRY be considered as optional course for
those who had obtained degree in Biochemistry /Microbiology /Biotechnology at B.Sc /M.Sc

level

16



BIOCHEMISTY
Course Contents

BIOCHEM 501 BASIC BIOCHEMISTRY 3+1
Objective
To provide elementary knowledge/overview of structure and functions and
metabolism of biomolecules.

Theory
UNIT |
Scope and importance of biochemistry in agriculture; Fundamental
principles governing life; structure of water; acid base concept and buffers;
pH; hydrogen bonding; hydrophobic, electrostatic and Van der Waals
forces; General introduction to physical techniques for determination of
structure of biopolymers.
UNIT Il
Classification, structure and function of carbohydrates, lipids and
biomembranes, amino acids, proteins, and nucleic acids.
UNIT I11
Structure and biological functions of vitamins, enzymes classification and
mechanism of action; regulation, factors affecting enzyme action.
Hormones animal plants and insects, Fundamentals of thermodynamic
principles applicable to biological processes, Bioenergetics.
UNIT IV
Metabolism of carbohydrates, photosynthesis and respiration, oxidative
phosphorylation, lipids, proteins and nucleic acids. DNA replication,
transcription and translation; recombinant DNA technology

Practical
Preparation of standard and buffer solutions, Extraction and estimation of
sugars, Amino acids,Estimation of Proteins by Lowry’s method,
Estimation of DNA and RNA by diphenylamine and orcinol methods
Estimation of Ascorbic acid, Separation of biomolecules by TLC and Paper
chromatography.

Suggested Readings
Conn EE & Stumpf PK. 1987. Outlines of Biochemistry. John Wiley.
Metzler DE. 2006. Biochemistry. Vols. I, Il. Wiley International.
Nelson DL & Cox MM. 2004. Lehninger Principles of Biochemistry. 4t

Ed. MacMillan.
Voet D, Voet JG & Pratt CW. 2007. Fundamentals of Biochemistry. John
Wiley.
BIOCHEM 502 INTERMEDIARY METABOLISM 3+0

Objective
To teach metabolic pathways, their regulation and engineering, and
methods used in their elucidation.

Theory
UNIT |
The living cell a unique chemical system, Introduction to metabolism,
methods of studying metabolism, transport mechanism, bioenergetics,
biological oxidation, signal transduction.

17



UNIT Il

Catabolic and anabolic pathways of carbohydrates, lipids, regulation and

their metabolic  disorders. Energy transduction and oxidative

phosphorylation.

UNIT 111

General reactions of amino acid metabolism, Degradative and biosynthetic

pathways of amino acids and their metabolic disorders. Sulphur

metabolism, Metabolic engineering concepts.

UNIT IV

Compartmentation of metabolic pathways, metabolic profiles of major

organs and regulation of metabolic pathways.

Suggested Readings

Berg JM, Tymoczko JL, Stryer L & Clarke ND 2000. Biochemistry. 5" Ed.
WH Freeman & Co.

Metzler DE. 2006. Biochemistry. Vols. I, 1. John Wiley.

Voet D, Voet JG & Pratt CW. 2007. Fundamentals of Biochemistry. John
Wiley.

Zubey GL. 1998. Biochemistry. 4™ Ed. WCB London.

BIOCHEM 503 ENZYMOLOGY 2+1

Objective
To impart knowledge about the catalytic role of enzymes, their structure,
physico-chemical, kinetic and regulatory properties and mechanism of
action.

Theory
UNIT |
Introduction and historic  perspective, Enzyme nomenclature and
classification, enzyme compartmentalization in cell organelles, isolation
and purification of enzymes, measurement of enzyme activity. ribozymes,
isozymes, abzymes,
UNIT Il
Enzyme structure, enzyme specificity, active site, active site mapping,
mechanism of enzyme catalysis. cofactors, coenzymes- their structure and
role.
UNIT I11
Enzyme Kinetics, enzyme inhibition and activation, multienzyme
complexes, allosteric enzymes and their kinetics, regulation of enzyme
activity.
UNIT IV
Isolation and purification of enzymes, Applications of enzymes in chemical
and food industry, enzyme immobilization, biosensors and clinical
applications of enzymes.

Practical
Enzyme assay by taking any model enzyme like alpha-amylase or acid
phosphatase,isolation and purification of any model enzyme like alpha-
amylase or acid phosphatase,study of the effect of enzyme and substrate
concentrations and determination of Km and Vmax,determination of pH

18



and temperature optima and effect of various inhibitors,determination of
the pH and temperature stability of enzyme.
Suggested Readings

Bergmeyer HU. 1983. Methods of Enzymatic Analysis. Vol. Il. Verlag
Chemie, Academic Press.

Dixon M, Webb EC, Thorne CJR & Tipton KF. 1979. Enzymes. 3" Ed.
Longman.

Maragoni AG. 2003. Enzyme Kinetics - A Modern Approach. John Wiley.

Palmer T. 2001. Enzymes: Biochemistry, Biotechnology and Clinical
Chemistry. 5™ Ed. Horwood Publ.

Price NC & Stevens L. 2003. Fundamentals of Enzymology. Oxford Univ.
Press.

Wilson K & Walker J. (Eds.). 2000. Principles and Techniques of Practical
Biochemistry. 5" Ed. Cambridge Univ. Press.

BIOCHEM 504 MOLECULAR BIOLOGY 2+1

Objective
To provide knowledge regarding genes, their functions, expression,
regulation and transfer in heterologous systems.

Theory
UNIT |
Historical development of molecular biology, nucleic acids as genetic
material, chemistry and structure of DNA and RNA, Genome organization
in prokaryotes and eukaryotes, chromatin structure and function.
UNIT 1
DNA replication, DNA polymerases, topoisomerases, DNA ligase, reverse
transcriptase, repetitive and non-repetitive DNA, satellite DNA,;
transcription process, RNA editing, RNA processing.
UNIT I11
Ribosomes structure and function, organization of ribosomal proteins and
RNA genes, genetic code, aminoacyl tRNA synthases’ inhibitors of
replication, transcription and translation; translation and Post translational
modification; nucleases and restriction enzymes, regulation of gene
expression in prokaryotes and eukaryotes, molecular mechanism of
mutation.
UNIT IV
DNA sequencing, recombinant DNA technology, vectors, isolation of
genes, recombinants vector, selection of recombinants, PCR; general
features of replication, transcription, site directed mutagenesis and
translation in eukaryotes.

Practical
Isolation and purification of DNA and RNA from different sources, check
of purity of isolated DNA and RNA, restriction fragmentation and
separation of oligos by agarose electrophoresis,RAPD analysis of DNA,
cDNA synthesis using PCR, Southern and Northern blotting experiments

Suggested Readings
Adams RLP, Knowler JT & Leader DP. 1992. The Biochemistry of the

Nucleic Acids. 11" Ed. Chapman & Hall.
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Alberts B, Bray D, Lewis J, Raff M, Roberts K & Watson JD 2006.
Molecular Biology of the Cell. 6" Ed. Garland Publ.

Blackburn GM & Gait MJ. 1996. Nucleic Acids in Chemistry and Biology.
2" Ed. Oxford University Press.

Freifelder D & Malacinski GM. 1996. Essentials of Molecular Biology. 3"
Ed. Panima.

Glick BR & Pasternak JJ. 1994. Molecular Biology: Principles and
Applications of Recombinant DNA Technology. ASM Press.

Lewin B. 2007. Genes IX. Oxford University Press.

Lodish H, Berk A, Zipursky SA, Matsudaira P, Baltimore D & Darnell J.
1999. Molecular Cell Biology. WH Freeman.

Old RW & Primrose SB. 1989. Principles of Gene Manipulation: An
Introduction to Genetic Engineering. 4™ Ed. Blackwell Scientific
Publ.

Sambrook J & Russel DW. 2001. Molecular Cloning: A Laboratory
Manual. Vols. I-111. Cold Spring Harbor.

BIOCHEM 505 TECHNIQUES IN BIOCHEMISTRY 142

Objective
To impart practical knowledge about various techniques used in
purification and characterization and estimation of cellular constituents.

Theory
UNIT |
Chromatographic and electrophoretic methods of separation, Principles and
applications of Paper, Thin layer & HPTLC, Gas, Gas-liquid, Liquid
chromatography, HPLC and FPLC; Paper and gel electrophoresis, Different
variants of polyacrylamide gel electrophoresis (PAGE) like native and
SDS-PAGE, 2D-PAGE, capillary electrophoresis.
UNIT Il
Spectrophotometry: Principles and applications UV-Visible, Fluorescence,
IR and FTIR, Raman, NMR and FTNMR, ESR and X-Ray spectroscopy.
UNIT 11
Hydrodyanmic methods of separation of biomolecules such as viscosity and
sedimentation- their principles, variants and applications.
UNIT IV
Tracer techniques in biology: Concept of radioactivity, radioactivity
counting methods with principles of different types of counters, concept of
a, B and vy emitters, scintillation counters, y-ray spectrometers,
autoradiography, applications of radioactive tracers in biology, principles
and applications of phosphor imager.

Practical
Determination of absorption maxima of some important chemicals from
their  absorption  spectra, estimation  of  biomolecule  using
spectrophotometer, Separation of carbohydrates and amino acids by paper
chromatography, Separation of lipids by thin layer and column
chromatography, Separation of proteins by ion exchange and gel filtration
chromatography, Electrophoretic techniques to separate proteins and
nucleic acids ,Centrifugation- Cell fractionation, Application of GLC,
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HPLC, FPLC in separation of biomolecules,Use of radioisotopes in
metabolic studies.
Suggested Readings
Clark JM. 1977. Experimental Biochemistry. 2" Ed. WH Freeman.
Sawhney SK & Singh R. 2000. Introductory Practical Biochemistry. 2"
Ed. Narosa.
Willard M, Merritt LL & Dean JA.1981. Instrumental Methods of
Analysis. 4™ Ed. Van Nostrand.
William BL & Wilson K. 1975. Principles and Techniques of Practical
Biochemistry. Edward Arnold.
Wilson K, Walker J & Walker JM. 2005. Principles and Techniques of
Practical Biochemistry. Cambridge Univ. Press.

BIOCHEM 506 IMMUNOCHEMISTRY 2+1
Objective
To give an insight into the biochemical basis of immunity.
Theory
UNIT |

History and scope of immunology, antigens, adjuvants, immune system,
organs, tissues and cells, immunoglobulins, molecular organization of
Immunoglobulin.
UNIT Il
Classes of antibodies, Antibody diversity, theories of generation of
antibody diversity, Vaccine, Monoclonal antibodies, polyclonal antibodies,
Hybridoma, Recombinant antibodies, complement system- classical and
alternate.
UNIT I11
Cellular interactions in the immune response, major histocompatibility
complex, cell mediated immune response, cytokines.
UNIT IV
Immunoregulation, immunological tolerance, hypersensitivity, mechanisms
of immunity, innate resistance and specific immunity. Current
immunological techniques-ELISA, RIA

Practical
Handling, inoculation and bleeding of laboratory animals, Preparation of
antigens and antisera, natural antibodies, Carbon clearance test, lymphoid
organs of the mouse, Morphology of the blood leucocytes, separation of
lymphocytes from blood, viable lymphocyte count, Antigen-antibody
interaction,  precipitation, agglutination, direct and  indirect
haemagglutination,  Immunoelectrophoresis, Complement  fixation,
Quantitation of immunoglobulins by zinc sulphate turbidity and single
radial immunodiffusion.

Suggested Readings
Abbas AK & Lichtman AH. 2003. Cellular and Molecular Immunology. 5"

Ed. WB Saunders.
Goldshby RA, Kindt TJ & Osborne BA. 2003. Immunology. 4" Ed. WH
Freeman.
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Harlow & Lane D. (Eds.) 1988. Antibodies: A Laboratory Manual. Cold
Spring Harbor Laboratory.

Kuby J. 1996. Immunology. 39 Ed. WH Freeman.

Male D, Brostoff J, Roth DB & Roitt 1. 2006. Immunology. 7™ Ed.
Elsevier.

BIOCHEM 507 PLANT BIOCHEMISTRY 3+0
Objective
Detailed information about biochemical and molecular basis of various
plant processes and plant growth regulatory substances.
Theory
UNIT |
Scope and importance of biochemistry in Agriculture, Plant cell organelles
and their separation, structure and function of cell organelle. Photosynthetic
pigments in relation to their functions, photosynthesis, C3, C4, and CAM
pathways, photorespiration.
UNIT Il
Sucrose-starch interconversion, biosynthesis of structural carbohydrates,
storage proteins and lipids. Biochemistry of nitrogen fixation and nitrate
assimilation, sulphate reduction and incorporation of sulphur in to amino
acids.
UNIT I11
Biochemistry of seed germination and development, Biochemistry of fruit
ripening, phytohormones and their mode of action, signal transduction.
UNIT IV
Biochemistry and significance of secondary metabolites-cyanogenic
glycosides, glucosinolates, phenolic compounds, terpenoids, alkaloids,
plant defense system.
Suggested Readings
Buchanan BB, Gruissem W & Jones RL. 2000. Biochemistry and
Molecular Biology of Plants. 2" Ed. John Wiley.
Dey PM & Harborne JB. 1997. Plant Biochemistry. Academic Press.
Goodwin TW & Mercer EIl. 1983. Introduction to Plant Biochemistry.
Pergamon Press.
Heldt HS. 1997. Plant Biochemistry and Molecular Biology. Oxford Univ.
Press.
Lea PJ & Leegood RC. 1993. Plant Biochemistry and Molecular Biology.
2" Ed. John Wiley.

BIOCHEM 508 ANIMAL BIOCHEMISTRY 3+0
Objective
To impart knowledge regarding biochemistry of various physiological
processes, specialized tissues and hormone action in animal system.

Digestion and absorption of food, Vitamins,, Detoxification, biochemistry
of specialized tissues — connective tissue, skin, muscle, nervous tissue and
blood and other body fluids.
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UNIT Il

Water, electrolyte and acid-base balance, biochemistry of respiration,

structure, function and mechanism of major trace elements.

UNIT I11

Hormones of thyroid, hypothalamus, pituitary, pancreas, adrenals and sex

hormones, Membrane receptors of hormones, signal transduction,

biochemistry of reproduction.

UNIT IV

Immune systems, immunoglobulins, monoclonal antibodies, formation of

antibody, antibody diversity, complement system — classical and alternate,

major histocompatibility complexes, cell mediated immune response,

mechanisms of immunity.

Suggested Readings

Devlin TM. 2006. Text Book of Biochemistry with Clinical Correlations. 6"
Ed. John Wiley.

Goldsby RA, Kindt TJ, Kuby J & Osborne BA. 2003. Immunology. 4" Ed.
WH Freeman. & Co.

Harper H. A. 2000. Physiological Chemistry. MacMillan.

Buchanan BB, Gruissem W & Jones RL. 2000. Biochemistry and
Molecular Biology of Plants. 2" Ed. John Wiley.

BIOCHEM 509 FOOD AND NUTRITIONAL 2+1
BIOCHEMISTRY

Objective
To impart knowledge regarding the biochemical aspects of various
nutrients and their interactions in foods during processing, storage and
deterioration.

Theory
UNIT |
Fundamentals of humam nutrition, concept of balanced diet, biochemical
composition, energy and food value of various food grains (including
cereals, pulses, oilseeds), fruits and vegetables. Physico-chemical,
functional and nutritional characteristics of carbohydrates, proteins and fats
and their interactions (emulsions, gelation, browning etc.).
UNIT Il
Biochemical and nutritional aspects of vitamins, minerals Nutraceuticals,
antinutritional factors, biochemistry of post harvest storage.
UNIT 11
Effect of cooking, processing and preservation of different food products
on nutrients, biochemical aspects of food spoilage, role of lipase and
lipoxygenase, oxidative rancidity and antioxidants.
UNIT IV
Enzymes in food industry, food additives (coloring agents, preservatives
etc.), biogenesis of food flavours and aroma, nutritional quality of plant,
dairy, poultry and marine products.

Practical
Estimation of starch, lipid/oil, phenols in plant tissue/sample, Estimation of
carotenoids, Estimation of Trypsin and chymotrypsin inhibitor activities in
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seeds, Estimation of Vitamin C in fruits,Reducing & non reducing sugar in

fruits, Estimation of protein contents, Estimation of dietary fibre,

Determination of limiting amino acids, Estimation of Phytate/Oxalate.

Suggested Readings

Alais C & Lindel G. 1995. Food Biochemistry. Amazon Springer.

DeMan JM. 1999. Principles of Food Chemistry. 3" Ed. Springer.

Fennema OR. 1996. Food Chemistry. 3" Ed. CRC Press.

Hulme AC. (Ed.). 1970. Biochemistry of Fruits and Vegetables and their
Products. Vols. I, Il. Academic Press.

Ranganna S. (Ed.). 1986. Handbook of Analysis and Quality for Fruits and
Vegetable Products. Tata McGraw Hill.

Robinson DS. 1987. Food Biochemistry and Nutritional Value. Longman.

BIOCHEM 510 CARBON AND NITROGEN METABOLISM 2+1

Objective
To impart knowledge of general carbon and nitrogen metabolism in plants with
special reference to starch and cell wall polysaccharides and biological
nitrogen fixation and assimilatory pathways.

Theory
UNIT |
Carbon metabolism: Synthesis of sucrose, Regulation of sucrose phosphate
synthesis, Transport of sucrose, phloem loading and unloading, synthesis of
starch in leaves and seeds, concept of transitory starch.
UNIT Il
Synthesis of fructose, galactomannans raffinose series oligosaccharides and
trehalose.
UNIT 11
Nitrogen cycle- Biochemistry of nitrate assimilation and its regulation,
GS/GOGAT and GDH pathway, ureides and amides as nitrogen transport
compounds, chemoautotrophy in denitrifying bacteria.
UNIT IV
Biological nitrogen fixation; structure function and regulation of
nitrogenase; nif genes and their regulation; biochemical basis of legume-
Rhizobium symbiosis, genes involved in synthesis.

Practical
Estimation of nitrite content, Estimation of protein by Lowry’s method,
Estimation of starch, Estimation of nitrate content by hydrazine sulphate
reduction method, in vivo assay of nitrate reductase activity, in vitro assay
of nitrate reductase activity, in vitro assay of nitrite reductase activity, in
vitro assay of glutamine synthetase activity, in vitro assay of glutamate
synthase and glutamate dehydrogenase activity, Estimation of ureides and
amides, Assay of nitrogenase activity by acetylene reduction method,
Estimation of hydrogen evolution by legume nodules.

Suggested Readings
Beevers L. 1979. Nitrogen Metabolism in Plants. Gulab Vazirani for

Arnold-Heinermann.
Bergersen FJ. (Ed.). 1980. Methods for Evaluating Biological Nitrogen
Fixation. John Wiley & Sons.
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Bray CM. 1983. Nitrogen Metabolism in Plants. Longman.

Buchanan BB, Gruissem W & James RL. (Eds.). 2000. Biochemistry and
Molecular Biology of Plants. American Society of Plant
Physiologists.

Mehta SL, Lodha ML & Sane PV. (Eds.). 1993. Recent Advances in Plant
Biochemistry. ICAR.

BIOCHEM 601 BIOCHEMISTRY OF CEREALS, OILSEEDS AND PULSES  2+0
Theory

Biochemical changes during germination, development and maturation of cereals,
oilseeds and pulses, Chemical composition and nutritive values of cereals (rice,
wheat, maize, sorghum and bajra), oilseeds (groundnut, cotton seed, castor,
sesamum rape and mustard) and pulses crop (bengal gram, pigeonpea). Phytotoxin,
aflatoxins, gossypol, naturally occurring protenase inhibitors and other plant toxins.
Chemical changes and nutritional deterioration in infested cereals, oilseeds and
pulses crop. Prospect of genetic upgrading of grain quality.

Practical

Proximate analysis, essential amino acids fatty acids profile, antinutritional factors,
biochemical changes during seed development and germination.

BIOCHEM 601 ADVANCED ENZYMOLOGY 2+0
Objective
To provide advanced knowledge about the structure, mechanism, kinetics and
regulation of enzymes and their use as biosensors.
Theory
UNIT |
Theory of enzymatic catalysis, specificity, concept of active site and enzyme
substrate complex, active site mapping, acid-base and covalent catalysis, factors
associated with catalytic efficiency, proximity and orientation, distortion and
strain, induced fit hypothesis, Mechanism of enzyme reactions.
UNIT 1l
Effect of different factors affecting enzyme activity, transition state theory,
Arrhenius equation, Determination of energy of activation, kinetics of pH and
temperature and determination of pKa and AH of active site amino acids.
UNIT I11
Kinetics of bisubstrate reactions, mechanism determination by radioisotope
exchange, kinetics of mixed inhibitions, substrate and product inhibition. UNIT
v
Role of enzymes in regulation of metabolism, allosteric enzymes and their
kinetics, enzyme engineering, Bifunctional enzymes, enzyme engineering,
Suggested Readings
Dixon M & Web EC. 1979. Enzymes. 3" Ed. Longmans Green.
Seigel IH. 1975. Enzyme Kinetics. John Wiley.
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BIOCHEM 602 ADVANCED MOLECULAR BIOLOGY 3+0

Objective
To impart latest information on the molecular biochemistry of isolation,
transfer and expression of genes in plants and biochemical approaches employed
in gene therapy.

Theory
UNIT |
Organization of prokaryotic genome, nuclear and organelle genes, concept of

genome mapping, molecular evolution, cell development and

differentiation.
UNIT Il
Prokaryotic and eukaryotic gene regulation, RNA editing, molecular
biology of viruses.

UNIT I11

Methods of gene isolation and transfer in plants and animals, molecular basis

of male sterility, Application of genetic engineering in different fields.

UNIT IV

Site directed mutagenesis, gene targeting and gene therapy, bioethics and

biosafety guidelines and IPR in recombinant DNA research.

Suggested Readings

Alberts B, Bray D, Lewis J, Raff M, Roberts K & Watson JD. 2006.
Molecular Biology of the Cell. 6™ Ed. Garland Publ.

Lewin B. 2007. Gene IX. 9" Ed. Pearson Publ.

Selected articles from journals.

BIOCHEM 603 BIOCHEMISTRY OF BIOTIC AND 3+0
ABIOTIC STRESSES
Objective
To impart latest development about biochemistry of biotic and abiotic
stresses in plants.
Theory
UNIT |
Plant-pathogen interaction and disease  development;  molecular
mechanisms of fungal and bacterial infection in plants; changes in
metabolism, cell wall composition and vascular transport in diseased plants.
UNIT 1l
Plant defence response, antimicrobial molecules; genes for resistance,
hypersensitive response and cell death; systemic and acquired resistance. UNIT
i
Plant viruses, host-virus interactions, disease induction, virus movement, and
host range determination; viroids, pathogen-derived resistance.
UNIT IV
Biochemical basis of abiotic stresses namely osmotic (drought, salinity),
temperature, heavy metals, air and water pollutants, synthesis and functions of
proline and glycine betaine in stress tolerance interaction between biotic and
abiotic stresses; stress adaptation.
UNIT V
Reactive oxygen species and biotic and abiotic stress, antioxidants,
enzymes defense system. Role of calcium, nitric oxide and salicylic acid in plant
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development. Molecular strategies for imparting tolerance against biotic and
abiotic stress.

Suggested Readings
Basra AS. 1997. Stress Induced Gene Expression in Plants. Harwood
Academic Publ.
Chessin M, DeBorde D & Zipf A. 1995. Antiviral Proteins in Higher
Plants. CRC Press.
Crute IR, Burdon JJ & Holub EB. (Eds.). 1997. Gene-for-Gene
Relationship in Host-Parasite Interactions. CABI.

BIOCHEM 604 CURRENT TOPICS IN BIOCHEMISTRY 1+0
Objective
To acquaint the students with the advanced developments in the field of
biochemistry and to inculcate the habit of searching and reading the topics of
current importance.
Theory
UNIT |
Advanced topics related to Nutrition and metabolism.
UNIT 1
Advanced topics related to enzymology and industrial biochemistry.
UNIT Il
Advanced topics related to molecular biochemistry and immunology.
UNIT IV
Advanced topics related to metabolic engineering and bioprospecting.
Suggested Readings
Selected articles from journals.

BIOCHEM 605 GENOMICS, PROTEOMICS AND 3+0
METABOLOMICS
Objective
To impart knowledge in the upcoming areas of biochemistry. and to
acquaint the students with the recent developments of job opportunities in
pharmaceutical and other industries.
Theory
UNIT |
Protein and nucleic acid sequencing: Various methods of sequencing
including automated sequencing and microarrays, whole genome sequence
analysis.
UNIT 1l
Comparative genomics, functional genomics, transcriptomics, gene
identification, gene annotation, pairwise and multiple alignments,
application of genomics, Quantitative PCR, SAGE, MPSS, microarray. UNIT 111
Proteome technology- 2D-PAGE, MSMS, MALDI-TOF, protein
microarray, comparative proteomics and structural proteomics.
UNIT IV
Metabolic pathway engineering, vitamin A engineering in cereals, micro- array
analysis, role of bioinformatics in functional genomics.
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Suggested Readings

Baxevanis AD & Ouellette BFF. 2004. Bioinformatics - A Practical Guide to
the Analysis of Genes and Proteins. 3 Ed. Wiley InterScience.

Dale JW & Schantz MV. 2002. From Genes to Genomes. John Wiley.

Lieber DC. 2002. Introduction to Proteomics - Tools for the New Biology.
Humana Press.

Suhai S. 2002. Genomics and Proteomics - Functional and Computational
Aspects. Kluwer.

BIOCHEM 606 BIOMEMBRANES 2+0
Objective
To teach structure and functions of biomembranes, structure-function
relationships, membrane biogenesis.
Theory
UNIT |
Concept of biomembranes and their classification based on cellular
organelles; physico-chemical properties of different biological and artificial
membranes, cell surface receptors and antigen.
UNIT Il
Membrane biogenesis and differentiation; membrane components-lipids,
their distribution and organization; proteins, intrinsic and extrinsic, their
arrangement; carbohydrates in membranes and their function.
UNIT I11
Various membrane movements; transport across membrane and energy
transduction.
UNIT IV
Role of membrane in cellular metabolism, cell recognition and cell —to —
cell interaction; signal transduction, recent trends and tools in membrane
research.
Suggested Readings
Lodish H, Berk A, Zipursky SA, Matsudaira P, Baltimore D & Darnel J.
1999. Molecular Cell Biology. WH Freeman.
Nelson DL & Cox MM. 2000. Lehninger Principles of Biochemistry. 3"
Ed. Printed in India by Replika Press Pvt. Ltd., New Delhi for
Worth Publ., New York.
Smallwood M, Knox JP & Bowls BJ. 1996. Membranes: Specialized
Functions in Plants. Bros. Scientific Publ.

BIOCHEM 607 ADVANCED TECHNIQUES IN 0+2
BIOCHEMISTRY

Objective
To impart students a hands on training of techniques of biochemistry and
molecular biology.

Theory
UNIT |
Isolation and purification of protein from microbial/plant/animal source.
Electrophoretic separation of protein. Determination of molecular weight of
protein using PAGE/ gel filtration method.

UNIT Il
Experiments on DNA: Isolation, agarose gel electrophoresis and restriction
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analysis of DNA.

UNIT I11

Isolation of chloroplast and mitochondria by differential centrifugation and
their purification by density gradient centrifugation.

UNIT IV

Isolation and purification of enzymes, isozymic analysis and enzyme
immobilization

Suggested Readings

Kolowick NP & Kaplan NP. Methods in Enzymology. Academic Press
(Series).

Plummer DT. 1998. An Introduction to Practical Biochemistry. 3" Ed. Tata
McGraw Hill.

Rickwood D. (Ed.). 1984. Practical Approaches in Biochemistry. 2" Ed.
IRL Press, Washington DC.

Wilson K & Goulding KH. 1992. A Biologist’s Guide to Principles and
Techniques of Practical Biochemistry. 3™ Ed. Cambridge Univ. Press.

Wilson K & Walker J. 2000. Principles and Techniques of Practical
Biochemistry. 5" Ed. Cambridge Univ. Press.

29



BIOCHEMISTRY
List of Journals

Annual Review of Biochemistry

Annual Review of Genetics

Annual Review of Plant Physiology and Plant Molecular Biology
Biochemical and Biophysical Research Communication
Biochemical Journal

Biochim. Biophysic Acta

Cell

Current Science

Federation of European Biochemical Society

Indian Journal of Experimental Biology

Journal of Biological Chemistry

Journal of Immunology

Journal of Molecular Modeling

Journal of Plant Biochemistry and Biotechnology
Nature

Physiologia Plantarum

Plant Physiology

Plant Science

Planta

Proceedings of National Academy of Sciences, USA
Protein Science

RNA

Science

Scientific American

Trends in Biochemical Sciences

Trends in Biotechnology

Trends in Plant Sciences

e-Resources
www.unixl.com/dir/molecular_sciences/biochemistry/biochemistry_jobs/
www.unixl.com/dir/medical_sciences/
http://www.ncbi.nlm.nih.gov/
http://us.expasy.org
http://us.expasy.org/spdbv/
http://www.brenda.uni-koeln.de/
http://www.worthington-biochem.com
http://www.cefotaxime.net
http://home.123india.com/nbsc/
http://www.biochemist.org
http://www.gwu.edu/~mpb
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http://www.unixl.com/dir/medical_sciences/
http://www.ncbi.nlm.nih.gov/
http://us.expasy.org/
http://us.expasy.org/spdbv/
http://www.brenda.uni-koeln.de/
http://www.worthington-biochem.com/
http://www.cefotaxime.net/
http://home.123india.com/nbsc/
http://www.biochemist.org/
http://www.gwu.edu/~mpb

Suggested Broad Topics for Master’s and Doctoral Research

Immobilization of industrially important enzymes

Manipulation of metabolic pathways for reserve biosynthesis and utilization.
Biochemistry and molecular biology of biotic and abiotic stresses in plants.
Biochemistry of fruits and vegetables during ripening and post ripening.

Manipulation of metabolic pathways at molecular level to increase shelf life of
fruits and to increase contents of alkaloids, flavones and isoflavones, PUFA
etc.

Use of molecular markers for identification and improvement of crop plants.
Enzyme engineering and functional genomics/proteomics.

Biochemical and molecular evaluation of varieties for quality improvement.
Use of biomolecules as biosensors.

Study of metabolome and elucidation of metabolic pathway of secondary
metabolites.

* Compulsory for M.Sc. programme; ** Compulsory for Ph.D.
programme
(Students have to take at least 3 courses of 600
series)

The courses other than marked as * / ** can be taken by the students of other

departments
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MICROBIOLOGY

Course Structure — at a Glance

CODE COURSE TITLE CREDITS
MICRO 501* | PRINCIPLES OF MICROBIOLOGY 3+1
MICRO 502* | MICROBIAL PHYSIOLOGY AND METABOLISM 3+1
MICRO 503* | MICROBIAL GENETICS 2+1
MICRO 504*# | SOIL MICROBIOLOGY 2+1
MICRO 505*® | MICROBIAL BIOTECHNOLOGY 2+1
MICRO 506* | FOOD AND DAIRY MICROBIOLOGY 2+1
MICRO 507 BACTERIOPHAGES 1+1
MICRO 508 ENVIRONMENTAL MICROBIOLOGY 2+1
MICRO 509** | PLANT-MICROBE INTERACTIONS 3+0
MICRO 510 INDUSTRIAL MICROBIOLOGY 2+1
MICRO 511 BIOFERTILIZER TECHNOLOGY 1+1
MICRO 512 CYANOBACTERIAL AND ALGAL 2+0

BIOTECHNOLOGY
MICRO 591 MASTER’S SEMINAR 1+0
MICRO 599 MASTER’S RESEARCH 20
MICRO 601** | ADVANCES IN FERMENTATION 2+1
MICRO 602** | ADVANCED MICROBIAL PHYSIOLOGY 2+0
MICRO 603** | REGULATION OF MICROBIAL BIOSYNTHESIS 2+0
MICRO 604** | CURRENT TOPICS IN SOIL MICROBIOLOGY 2+0
MICRO 691 DOCTORAL SEMINAR | 1+0
MICRO 692 DOCTORAL SEMINAR 11 1+0
MICRO 699 DOCTORAL RESEARCH 45

*Compulsory for Master’s programme; **Compulsory for Doctoral programme
#Can be cross-listed with Soil Science; @Can be cross-listed with Biotechnology
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MICRO 501

MICROBIOLOGY
Course Contents

PRINCIPLES OF MICROBIOLOGY 3+1

Objective

To teach the students about basics in development of microbiology,
differences in prokaryotes and eukaryotic cell and classification of
prokaryotes.

Theory

UNIT |

Development of Microbiology in the 18" and 19" century. Morphology,
structure and function of prokaryotic and eukaryotic cell. Archea.
Classification of prokaryotes — Basic principles and techniques used in

bacterial classification.

UNIT Il

Evolutionary relationship among prokaryotes. Phylogenetic and numerical
taxonomy. Use of DNA and r-RNA sequencing in classifications.

UNIT 111

Study of major groups of bacteria belonging to Gracilicutes, Firmicutes,
Tanericutes and Mendosicutes.

UNIT IV

Viruses — morphology, classification and replication of plant, animal and
bacterial viruses. Cultivation methods of viruses. Immune response —
specific and non-specific resistance. Normal microflora of human body;
some common bacterial and viral diseases of humans and animals.

Practical

Methods of isolation, purification and maintenance of microorganisms from
different environments (air, water, soil, milk and food). Enrichment culture
technique — isolation of asymbiotic, symbiotic nitrogen fixing bacteria.
Isolation of photosynthetic bacteria. Use of selective media, antibiotic
resistance and isolation of antibiotic producing
microorganisms. Morphological, physiological and biochemical
characterization of bacteria.

Suggested Readings

MICRO 502

Brock TD. 1961. Milestones in Microbiology. Infinity Books.

Pelczar MJ, Chan ECS & Kreig NR. 1997. Microbiology: Concepts and
Application. Tata McGraw Hill.

Stainier RY, Ingraham JL, Wheelis ML & Painter PR. 2003. General
Microbiology. MacMillan.

Tauro P, Kapoor KK & Yadav KS. 1996. Introduction to Microbiology.
Wiley Eastern.

MICROBIAL PHYSIOLOGY AND METABOLISM 3+1
(Pre-requisite Micro 401, Micro 501)

Objective

To teach students about cell cycle, growth and practical training on
methods to determine microbial growth.

33



Theory
UNIT |
Structure, function, biosynthesis and assembly of various cellular
components of prokaryotes. Archea and fungi. Transport of solutes across
the membrane.
UNIT Il
Microbial growth. Cell cycle and cell division. EMP, HMP, ED, TCA
pathways, Aerobic and anaerobic respiration. Fermentative metabolism.
Biosynthesis of macromolecules. Regulation of microbial metabolism.
UNIT I
Effect of chemicals and other environmental factors on growth.
Morphogenesis and cellular differentiation.
UNIT IV
Important metabolic patterns in photoautotrophs, photoheterotrophs,
chemoautotrophs and chemoheterotrophs.

Practical
Use of simple techniques in laboratory (Colorimetry, Centrifugation,
Electrophoresis and GLC). Determination of viable and total number of
cells. Measurement of cell size. Gross cellular composition of microbial

cell. Growth - Factors affecting growth. Sporulation and spore
germination in bacteria. Protoplasts formation. Induction and repression of
enzymes.

Suggested Readings
Doelle HW. 1969. Bacterial Metabolism. Academic Press.
Gottschalk G. 1979. Bacterial Metabolism. Springer Verlag.
Moat AG. 1979. Microbial Physiology. John Wiley & Sons.
Sokatch JR. 1969. Bacterial Physiology and Metabolism. Academic Press.

MICRO 503 MICROBIAL GENETICS 2+1
(Pre-requisite Micro 401, Micro 501)
Objective
To acquaint the learners regarding molecular concepts of bacteria and viruses
and impact of gene cloning on human welfare.
Theory

UNIT |
Prokaryotic, eukaryotic and viral genome. Replication of Eukaryotic,
Prokaryotic and Viral DNA. Structure, classification and replication of
plasmids.
UNIT 1l
Molecular basis of mutation. Biochemical genetics and gene mapping by
recombination and complementation. Fine gene structure analysis. Fungal
genetics.
UNIT I11
Gene transfer in bacteria through transformation, conjugation and
transduction; gene mapping by these processes. Transposable elements.
UNIT IV
Gene cloning and gene sequencing. Impact of gene cloning on human
welfare. Regulation of gene expression. Recent advances in DNA repair
and mutagenesis, Genetic basis of Cancer and cell death.
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Practical
Inactivation of microorganisms by different mutagens. Production,
isolation and characterization of mutants. Determination of mutation rate.
Isolation, characterization and curing of plasmids. Transfer of plasmid by
conjugation, electroporation. Tetrad and random spore analysis.

Suggested Readings
Birge EA. 1981. Bacterial and Bacteriophage Genetics. Springer Verlag.
Gardner JE, Simmons MJ & Snustad DP. 1991. Principles of Genetics.

John Wiley& Sons.

Lewin B.1999. Gene. Vols. VI-IX. John Wiley & Sons.
Maloy A & Friedfelder D. 1994. Microbial Genetics. Narosa.
Scaife J, Leach D & Galizzi A 1985. Genetics of Bacteria. Academic Press.
William Hayes 1981. Genetics of Bacteria. Academic Press.

MICRO 504 SOIL MICROBIOLOGY 2+1
Objective
Objective of this course is to teach students regarding basics of
microbiology related to soil including biogeochemical cycles, plant growth
promoting rhizobacteria, microbial interactions in soil and other soil
activities.
Theory
UNIT |
Soil biota, Soil microbial ecology, types of organisms in different soils;
Soil microbial biomass; Microbial interactions: unculturable soil biota.
UNIT 11
Microbiology and biochemistry of root-soil interface; phyllosphere,
Biofertilizers, soil enzyme activities and their importance.
UNIT I11
Microbial transformations of nitrogen, phosphorus, sulphur, iron and
manganese in soil. Siderophores and antimicrobials. Biochemical
composition and biodegradation of soil organic matter and crop residues.
UNIT IV
Biodegradation of pesticides, Organic wastes and their use for production
of biogas and manures: Biotic factors in soil development.
Practical
Determination of soil microbial population; Soil microbial biomass;
Decomposition studies in soil, Soil enzymes; Measurement of important
soil microbial processes such as ammonification, nitrification. N, fixation,
S oxidation, P solubilization and mineralization of other micro nutrients;
Study of rhizosphere effect.
Suggested Readings
Martin Alexander 1977. Soil Microbiology. John Wiley.
Paul EA. 2007. Soil Microbiology, Ecology and Biochemistry. 3" Ed.
Academic Press.
Sylvia et al. 2005. Principles and Applications of Soil Microbiology. 2"
Ed. Pearson Edu.
van Elsas JD, Trevors JT & Wellington EMH. 1997. Modern Soil
Microbiology. Marcel Dekker.
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MICRO 505 MICROBIAL BIOTECHNOLOGY 2+1
(Pre-requisite Micro 401, Micro 402, Micro 501)

Objective
To teach students about industrially useful microorganisms and use of
fermentor for the production of wvarious primary and secondary
metabolites.

Theory
UNIT |
Introduction, scope and historical development; Isolation, screening and
genetic improvement of industrially important microorganisms.
UNIT Il
Types of fermentation systems; production of various primary and
secondary metabolities, e.g. amino acids, organic acids, alcohols, enzymes,
organic solvents, antibiotics, etc.
UNIT 111
Process scale up steps: laboratory, pilot plant and industrial scales. Down
stream processing; Over-production of metabolities; Bioreactor operations,
process control.
UNIT IV
Fermented beverages; Production of single cell protein; Steroid
transformation; Immobilization of cells/enzymes; Silage production; Waste
water treatment.
UNIT V
Use of genetically-engineered  microorganisms in  biotechnology;
Bioinsecticides, biofertilizers, etc. Microbiologically-produced food
colours and flavours. Retting of flax.

Practical
Isolation of industrially important microorganisms, their maintenance and
improvement. Production of industrial compounds such as alcohol, beer,
citric acid, lactic acid and their recovery; Study of bio-reactors and their
operation: Production of biofertilizers.

Suggested Readings
Cruger W & Cruger A. 2004. Biotechnology - A Textbook of Industrial

Microbiology. 2" Ed. Panima.

Ward OP. 1989. Fermentation Biotechnology. Prentice Hall.
Wiseman A. 1983. Principles of Biotechnology. Chapman & Hall.

MICRO 506 FOOD AND DAIRY MICROBIOLOGY 2+1
(Pre-requisite Micro 401, Micro 403, Micro 501)

Objective
To familiarize the students with recent advances in food microbiology
including fermented foods, dairy, food preservation, detection of food-
borne diseases, their control measures.

Theory
UNIT |
Introduction and scope; Food Microbiology — A many faceted science;
Interrelationship of food microbiology with other sciences; Perspectives on
food safety and Food Biotechnology.
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UNIT Il
Factors of special significance in Food Microbiology — Principles
influencing microbial growth in foods; Spores and their significance;
Indicator organisms and Microbiological criteria; Microbial spoilage of
foods- meat, milk, fruits, vegetables and their products; Food poisoning and
food-borne pathogenic bacteria.
UNIT I11
Food fermentation; Fermented dairy, vegetable, meat products;
Preservatives and preservation methods — physical methods, chemical
preservatives and natural antimicrobial compounds. Bacteriocins and their
applications; Biologically based preservation systems and probiotic
bacteria.
UNIT IV
Advanced techniques in detecting food-borne pathogens and toxins.
Hurdle technology and Hazard analysis. Critical control point systems in
controlling microbiological hazards in foods.

Practical
Statutory, recommended and supplementary tests for microbiological
analysis of various foods: Baby foods, canned foods, milk and dairy
products, eggs, meat, vegetables, fruits, cereals, surfaces, containers and
water.

Suggested Readings
Bibek Ray.1996. Fundamentals of Food Microbiology. CRC Press.
Frazier WC & Westhoff DC. 1991. Food Microbiology. 3" Ed. Tata

McGraw Hill.

George J Banwart. 1989. Basic Food Microbiology. AVI.
James M Jay. 1987. Modern Food Microbiology. CBS.
Peppler HJ & Perlman D.1979. Microbial Technology. 2" Ed. Academic

Press.
MICRO 507 BACTERIOPHAGES 1+1

Objective

To familiarize students about phages and phage- bacterial interactions.
Theory

UNIT |

Historical developments and classification of bacteriophages.

UNIT Il

Physiology, biochemistry, enzymology and molecular biology of phage-
bacterial interactions.

UNIT 11

Structure, functions and life cycles of different DNA, RNA, lytic and
lysogenic phages.

UNIT IV
Phages in the development of molecular biology and genetic engineering.
Practical

Titration of phages and bacteria. Absorption of phages. Preparation of
phage stocks. Isolation of new phages and phage resistant bacteria. One
step growth curve, phage bursts. Induction of lambda. Complementation
of T4 rll mutants etc.
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Suggested Readings

Birge EA. 2000. Bacterial and Bacteriophage Genetics. Springer-Verlag.

Mathew CK. 1972. Bacteriophage Biochemistry. Am. Chemical Soc.

Mathew CK, Kutter EM, Mosig G & Berget P. 1988. Bacteriophage T4.
Plenum Press.

Nancy T & Trempy J. 2004. Fundamental Bacterial Genetics. Blackwell.

Stent SG. 1963. Molecular Biology of Bacterial Viruses. WH Freeman.

Winkler J, Ruger W & Woackernagel W. 1979. Bacterial, Phage and
Molecular Genetics - An Experimental Course. Narosa.

Winkler U & Ruhr W. 1984. Bacteria, Phage and Molecular Genetics.

ALA.
MICRO 508 ENVIRONMENTAL MICROBIOLOGY 2+1
(Pre-requisite Micro 502)
Objective

To teach and create awareness regarding environment, water, soil, air
pollution and bioremediation.

Theory

UNIT |

Scope of environmental microbiology. An overview of microbial niches in
global environment and microbial activities. Microbiology of air, outdoor
and indoor environment in relation to human, animal and plant health and
economic activities.

UNIT Il

Microbiology of natural waters. Environmental pollution — Deleterious and
beneficial role of microorganisms. Environmental microbiology in public
health. Microorganism in extreme environments, Environmental
determinants that govern extreme environment- Air water interface,
extreme of pH, Temperature, Salinity, Hydrostatic pressure.

UNIT 11

Microbial technology in pollution abatement, waste management and
resource recovery in metal, petroleum and bioenergy fields.
Biofuels. Global environmental problems

UNIT IV

Microbial upgradation of fossil fuels and coal gas. Microbial interaction in
rumen and gastrointestinal tract. Biodeterioration and Bioremediation.
Biodegradation and xenobiotic compounds

Practical

Analysis of natural waters, waste waters and organic waste in relation to
water pollution assessment, pollution strength and resource quantification;
Quality control tests, waste treatment and anaerobic digestion;
Demonstration of waste water treatment processes such as activated sludge
processes, biofilter and fluidized bed process.

Suggested Readings

Campbell R. 1983. Microbial Ecology. Blackwell.

Hawker LE & Linton AH. 1989. Microorganisms Function, Form and
Environment. 2" Ed. Edward Arnold.

Mitchell R. 1992. Environmental Microbiology. John Wiley & Sons.

Richards BN. 1987. Microbes of Terrestrial Ecosystem. Longman.

38



MICRO 509

PLANT-MICROBE INTERACTIONS 3+0
(Open for: Microbiology, Biotechnology & Molecular Biology,
Genetics, Pl. Physiology, Biochemistry, Plant Breeding & Plant
Pathology students; Pre-requisite Micro503/Equiv., Micro 504)

Objective

To familiarize the students with the biochemical and biophysical
mechanisms, genetics, genomics, proteomics and advanced microscopy,
spectroscopy of different interfaces of beneficial and pathogenic plant
microbe interactions. Molecular analysis of relevant factors in the plant and
microbes, and components that modulate plant-microbe interactions for soil
and plant health for sustaining crop productivity.

Theory

UNIT |

Different interfaces of interactions - Plant-microbe, microbe-microbe, soil-
microbe, soil-plant-microbe interactions leading to symbiotic (rhizobial and
myecorrhizal), associative, endophytic and pathogenic interactions. Types of
ecosystems: Concept and dynamics of ecosystem, Food chain and energy
flow, Microbial communities in the soil. Community dynamics and
population interactions employing DGGE, TGGE, T-RFLP.

UNIT 1

Quorum-sensing in bacteria, flow of signals in response to different carbon
or other substrates and how signals are recognized.

UNIT I11

Methodology/resources to study plant-microbe interaction, recombinant
inbred lines, biosensors, transcriptome profiling, metabolic profiling,
genomics, proteomics and advanced microscopy, spectroscopy of different
interfaces.

UNIT IV

Plant and microbial gene expression and signal exchange, global and
specific regulators for different interactions. Molecular diversity of
microbes, plants and their interactions including transgenic microbes and
plants.

Suggested Readings

Kosuge T & Nester EW. 1989. Plant-Microbe Interactions: Molecular and
Genetic Perspectives. Vols I-IV. McGraw Hill.

Verma DPS & Kohn TH. 1984. Genes Involved in Microbe-Plant
Interactions. Springer Verlag.

Molecular Plant-Microbe Interactions. Journal Published by APS.

MICRO 510 INDUSTRIAL MICROBIOLOGY 2+1
(Open for: Microbiology, Biotechnology, Biochemistry, Soil
Science, Agronomy, Plant Pathology, Horticulture students; pre-
requisite Micro 504, Micro 506)
Objective

To expose the students to the commercial exploitation of microorganisms
for production of useful products. Focus will be on understanding of the
techniques involved and the application of microorganisms for agribusiness
purpose.
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Theory
UNIT |
Biofermentor; Production of wine, beer, lactic acid, acetic acid (vinegar),
citric acid, antibiotics, enzymes, vitamins and single cell proteins. Biofuels:
Production of ethanol, biogas and hydrogen production.
UNIT Il
Brief introduction to bacterial, fungal and insect diseases, Types of
chemicals/pesticides used for disease control. Vaccines. Bioagents and
Biopesticides Biocontrol agents and their scope in control of plant diseases,
nematodes and insect pests. Introduction to phytopathogens, symptoms,
pathogenesis molecular aspects of plant pathogens, host-pathogens
interactions, host defense mechanisms, disease forecasting and assesment
of losses, prevention of epidemics, and disease control. Detailed study of
the representative examples of plant diseases casuad by fungi and bacteria
UNIT 111
Bioplastics and biopolymers: Microorganisms involved in synthesis of
biodegradable plastics, other pigments, Biosensors: Development of
biosensors to detect food contamination and environment pollution,
Biodiversity: Structural, biochemical and molecular systematics, Numerical
taxonomy. Magnitude and distribution of biodiversity.
UNIT IV
Biofertilizers, Genetic engineering of microbes for enhanced pesticide
degradation Mechanisms of pesticide degradation by microbes. Biomining:
Coal, mineral and gas formation, prospecting for deposits of crude, oil and
gas, recovery of minerals from low-grade ores.
Practical
Production of industrial compounds such as alcohol, beer, citric acid, lactic
acid and their recovery. Detection of food-borne pathogens, pesticide
degradation. Demonstration of biogas production. Production of biocontrol
agents.
Suggested Readings
Alexander M. 1977. Soil Microbiology. John Wiley.
Hawker LE & Linton AH. 1989. Microorganisms Function, Form and
Environment. 2" Ed. Edward Arnold.
James M Jaqg 1987. Modern Food Microbiology. CBS.
Paul EA. 2007. Soil Microbiology, Ecology and Biochemistry. 3" Ed
Academic Press.
Stanbury PF & Whitaker A. 1987. Principles of Fermentation Technology.
Pergamon Press.
Sylvia DM, Fuhrmann JJ, Hartlly PT & Zuberer D. 2005. Principles and
Applications of Soil Microbiology. 2" Ed. Pearson Prentice Hall
Edu.

MICRO 511 BIOFERTILIZER TECHNOLOGY 1+1
Objective
To familiarize the students and farmers with mass scale production of
different agriculturally important microorganisms which are being used as
biofertilizers for maintaining the soil and plant health for sustaining crop
productivity and their importance in organic farming.
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Theory
UNIT |
Different agriculturally important beneficial microorganisms — free living,
symbiotic (rhizobial, actinorhizal), associative and endophytic nitrogen
fixers including cyanobacteria, taxonomic classification, nodule formation,
competitiveness and gquantification of N, fixed.
UNIT Il
Different agriculturally important beneficial microorganisms — phosphate
solubilizing bacteria and fungi, including mycorrhiza.
UNIT 111
Different agriculturally important beneficial microorganisms — plant growth
promoting rhizobacteria.
UNIT IV
Different agriculturally important beneficial microorganisms — Biocontrol
microbial inoculants.
UNIT V
Different agriculturally important beneficial microorganisms for recycling
of organic waste and compositing, bioremediators and other related
microbes.
UNIT VI
Different agriculturally important beneficial microorganisms - selection,
establishment, competitiveness, crop productivity, soil & plant health, mass
scale production and quality control of bio inoculants. Biofertilizer
inoculation and microbial communities in the soil.
Practical
Isolations of symbiotic, asymbiotic, associative nitrogen fixating bacteria.
Development and production of efficient microorganisms, Determination of
beneficial properties in important bacteria to be used as biofertilizer,
Nitrogen fixing activity, indole acetic acid (IAA), siderophore production
etc, Bioinoculant production and quality control
Suggested Readings
Alexander M. 1977. Soil Microbiology. John Wiley.
Bergerson FJ. 1980. Methods for Evaluating Biological Nitrogen Fixation.
John Wiley & Sons.
Sylvia DM, Fuhrmann JJ, Hartlly PT & Zuberer D. 2005. Principles and
Applications of Soil Microbiology. 2@ Ed. Pearson Prentice Hall
Edu.
van Elsas JD, Trevors JT & Wellington EMH. 1997. Modern Soil
Microbiology. CRC Press.

MICRO 512 CYANOBACTERIAL AND 2+0
ALGAL BIOTECHNOLOGY
Objective

To teach students about this upcoming fascinating field of microbes
develoed at a faster pace, mainly due to photoautotrophic nature of
Cyanobacteria, their ability to survive under a variety of habitats and wide
diversity of thallus structure and functions. Their importance for mankind
is enormous including their role as biofertilizers, nutraceuticals,
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experimental models, dyes, biofuels and a wvariety of biochemicals.

regarding structure, molecular evolution and properties of cyanobacteria

and algae

Theory

UNIT |

Introduction to Cyanobacteria and algae. Definition, occurrence and

distribution, thallus structure, reproduction, life cycles, origin and evolution

of Cyanobacteria, molecular evolution; role of algae in evolution of land

plants and horizontal transfer of genes.

UNIT Il

Algal pigments, storage products, carbon metabolism, photosynthesis.

Algal culturing and cultivation. Culture types, culture conditions, culture

vessels, culture media, sterilization, culture methods, synchronous cultures,

photobioreactors, algal density and growth, seaweed cultivation.

UNIT I11

Cyanobacterial and algal fuels, Fine chemicals (restriction enzymes etc)

and nutraceuticals from algae; UV absorbing pigments Industrial products

from macro algae - seaweed biotechnology, sustainable aquaculture.

Ecology of algae- distribution in soil and water; primary colonizers, carbon

sequestration and cycling in soil and water. Cellular differentiation and

nitrogen fixation, nitrogen metabolism.

UNIT IV

Algae in pollution - as pollution indicators, eutrophication agents and role

in  Bioremediation.Cyanobacterial and algal toxins, allelopathic

interactions, Algae in global warming and environmental sustainability.

Cyanobacteria and selected microalgae in agriculture — biofertilizers &

algalization; soil conditioners; reclamation of problem soils.

Suggested Readings

Ahluwalia AS. 2003. Phycology: Principles, Processes and Applications.
Daya Publ.

Barsanti L & Gualtieri P. 2006. Algae: Anatomy, Biochemistry and
Biotechnology. Taylor & Francis, CRC Press.

Carr NG & Whitton BA. 1982. The Biology of Cyanobacteria. Blackwell.

Herrero A & Flores E. 2008. The Cyanobacteria Molecular Biology,
Genomics and Evolution. Calster Academic Press

Kumar HD. 2005. Introductory Phycology. East West Press.

Linda E Graham & Lee W Wilcox. 2000. Algae. Prentice Hall.

Robert A Andersen. 2005. Algal Culturing Techniques. Academic Press.

Venkataraman LV & Becker EW. 1985. Biotechnology and Utilization of
Algae: the Indian Experience. DST.

MICRO 601 ADVANCES IN FERMENTATION 2+1

Objective
To teach students regarding fermentation industry using industrially useful
microorganisms including yeast technology.

Theory
UNIT |
An overview of fermentation - current status of fermentation industry.
Fermentor design, high performance bioreactors, mass and energy transfer
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in bioreactors. Instrumentation and control in fermentors — on line
measurements systems, computer application.

UNIT Il

Media for microbial fermentation; Criteria in media formulation. An
overview of downstream processing.

UNIT I11

New strategies for isolation of industrially important microbes and their
genetic manipulations; Microbial production of health care products.
Antibiotic fermentation research; steroid transformation.

UNIT IV

Recent developments on production of primary and secondary metabolites,
Treatment of biological wastes, microbial inoculants and enzymes for
waste treatment.

UNIT V

Yeast technology - classification, genetics, strain improvement for
brewing, baking and distilleries and topics of current interest in
fermentations.

Practical

Industrially important microbes and their genetic manipulations,
Fermentation by improved strains of yeast for production of alcohol and
beer, Microbial production of important antibiotics, enzymes and organic
acids, Bioremediation of industrial effluents

Suggested Readings

Peppler HJ & Perlman D. 1979. Microbial Technology. 2" Ed. Academic
Press.

Reed G. 1987. Presscott & Dunn’s Industrial Microbiology. 4™ Ed. CBS.

Stanbury PF & Whitaker A. 1987. Principles of Fermentation Technology.
Pergamon Press.

Wiseman A. 1983. Principles of Biotechnology. Chapman & Hall.

MICRO 602 ADVANCED MICROBIAL PHYSIOLOGY 2+0
(Pre-requisite Micro 502)
Objective
To acquaint students with current topics in molecular microbiology
Theory
UNIT |
Origin, evolution, structure, function and molecular aspects of various cell
components.
UNIT II
Differentiation in bacteria, slime molds, yeasts.
UNIT Il

Molecular biology of bioluminescence, bacterial virulence. Heat shock
response. Extracellular protein secretion in bacteria.

UNIT IV

Topics of current interest in molecular microbiology.

Suggested Readings

Selected articles from journals.
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MICRO 603 REGULATION OF MICROBIAL BIOSYNTHESIS 2+0
(Pre-requisite Micro 502, Micro 503)

Objective
Course imparts thorough knowledge about the synthesis of biomolecules in
microorganisms by various pathways and their regulation.

Theory
UNIT |
Regulation of initiation, termination and anti-termination of transcription.
Global regulation and differentiation by sigma factor. Regulatory controls
in bacteria - inducible and biosynthetic pathways.
UNIT Il
Ribosomal RNA and ribosomal proteins regulation under stress condition.
Specific regulatory systems; SOS regulatory control; Antisense RNA
regulation of gene expression.
UNIT 111
Oxidative stress control. Fermentative and respiratory regulatory
pathways. Regulation of cell cycle. Lytic and lysogenic cascade.
UNIT IV
Global nitrogen control and regulation of nitrogen fixation and other recent
topics of regulatory systems of current interest.

Suggested Readings

Selected articles from journals.

MICRO 604 CURRENT TOPICS IN SOIL MICROBIOLOGY 2+0
(Pre-requisite Micro 504)

Objective
To make students learn the latest trends in soil microbiology like diversity,
biological control and bioremediation.

Theory
UNIT |
Molecular ecology and biodiversity of soil microorganisms; Survival and
dispersal of microorganisms.
UNIT Il
Microbial successions and transformation of organic matter; Role of
microorganisms in soil fertility.
UNIT 11
Bioremediation of polluted soils; Biological control.
UNIT IV
Other topics of current interest.

Suggested Readings
Selected articles from journals.

MICRO 6054 SPECIAL PROBLEM 0+2

Objective )
To allot short research programme to PG students based on current issues of
farmers and/or industry oriented problems as per the regional research priorities.
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Books

MICROBIOLOGY

List of Journals

Advances in Microbial Physiology
Annual Review of Genetics/Biochemistry
Annual Review of Microbiology
Applied and Environmental Microbiology
Biology and Fertility Soils
Indian Journal of Microbiology
Journal of Bacteriology
Journal of Basic Microbiology
Microbiology and Molecular Biology Reviews
Nature/Science/EMBO Journal
Reviews in Microbiology and Biotechnology
Soil Biology and Biochemistry
Trends in Biotechnology
Trends in Microbiology
Trends in Plant Sciences
e-Resources

http://www.aw-bc.com/microplace/
http://www.personal.psu.edu/jel5/micro/index.htm
http://microbiology.ucsc.edu/

Details of sites related to Microbiology

http://www.suite101.com/links.cfm/microbiology
http://www.microbeworld.org/resources/links.aspx
http://www.asm.org/
http://www.microbiologyiworld.com/
http://www.sciencemag.org/cgi/collection
http://www.latrobe.edu.au/microbiology/links
www.uwstout.edu/lib/subjects/microbi
http://www.aemtek.com

Journal related to Microbiology

http://www.fems-microbiology.org/website/nl/default.asp
http://www.blackwellpublishing.com/journal
http://www.springer.com/
http://www.e-journals.org/microbiology/
http://pubs.nrc-cnrc.gc.ca/

http://www.elsevier.com/
http://www.academicjournals.org/ajmr/
http://www.horizonpress.com/gateway/journals.html
http://www.scielo.br/bjm

http://www.jmb.or.kr/

Latest in microbiology- Microbiology News

http://microbiologybytes.wordpress.com/
http://www.topix.net/science/microbiolog
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http://www.aw-bc.com/microplace/
http://www.personal.psu.edu/jel5/micro/index.htm
http://microbiology.ucsc.edu/
http://www.suite101.com/links.cfm/
http://www.microbeworld.org/resources/links.aspx
http://www.asm.org/
http://www.microbiologyiworld.com/
http://www.sciencemag.org/cgi/collection
http://www.latrobe.edu.au/microbiology/links
http://www.uwstout.edu/lib/subjects/microbi
http://www.aemtek.com/
http://www.fems-microbiology.org/website/nl/default.asp
http://www.blackwellpublishing.com/journal
http://www.springer.com/
http://www.e-journals.org/microbiology/
http://pubs.nrc-cnrc.gc.ca/
http://www.elsevier.com/
http://www.academicjournals.org/ajmr/
http://www.horizonpress.com/gateway/journals.html
http://www.scielo.br/bjm
http://www.jmb.or.kr/
http://microbiologybytes.wordpress.com/
http://www.topix.net/science/microbiolog

Suggested Broad Topics for Master’s and Doctoral Research

Molecular Microbiology
< Microbial diversity
= Meta genomics
< Improvement of beneficial microorganisms
(Nitrogen fixers, Phosphate solubilizers etc.)

Environmental Microbiology
» Biocontrol
» PGPR, Termite control, Pathogenic fungi control

Biofuels
< Biogas, alcohol production

Bioremediation
< Waste management, Bioremediation of industrial effluents and

agrochemicals
« Composting

Microbial Biotechnology
« Biofertilizers
(Nitrogen fixers, Phosphate solubilizers, PGPR, BGA, composting etc)
< Secondary metabolites including industrially important enzymes,
amino acids
= Citric acid and lactic acid fermentations

Food Microbiology
< Improvement and industrial exploitation of microorganisms

« Fermented foods
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PLANT PHYSIOLOGY
Course Structure —at a Glance

CODE COURSE TITLE CREDITS
PP 501* PRINCIPLES OF PLANT PHYSIOLOGY 3+1
PP 502* PLANT DEVELOPMENTAL BIOLOGY — PHYSIOLOGICAL 2+0
AND MOLECULAR BASIS

PP 503* PHYSIOLOGICAL AND MOLECULAR RESPONSES OF 2+1
PLANTS TO ABIOTIC STRESSES

PP 504* HORMONAL REGULATION OF PLANT GROWTH AND 2+1
DEVELOPMENT

PP 506* PHYSIOLOGY OF GROWTH AND YIELD AND MODELING 1+1

PP 507 GENOME ORGANIZATION IN HIGHER PLANTS 2+1

PP 508* MORPHOGENESIS, TISSUE CULTURE AND 2+1
TRANSFORMATION

PP 509 PHYSIOLOGY OF CROP PLANTS -SPECIFIC CASE 2+0
STUDIES

PP 510 PHYSIOLOGICAL AND MOLECULAR ASPECTS OF 2+1
PHOTOSYNTHESIS- CARBON AND NITROGEN
ASSIMILATION

PP 511 MINERAL NUTRITION 2+1

PP 591 MASTER’S SEMINAR 1+0

PP 599 MASTER’S RESEARCH 20

PP 601** FUNCTIONAL GENOMICS AND GENES ASSOCIATED 2+0
WITH A FEW PHYSIOLOGICAL PROCESSES

PP602** SIGNAL PERCEPTIONS AND TRANSDUCTION AND 2+0
REGULATION OF PHYSIOLOGICAL PROCESSES

PP 603** MOLECULAR APPROACHES FOR IMPROVING 2+1
PHYSIOLOGICAL TRAITS

PP 604 TECHNIQUES IN PLANT PHYSIOLOGY 1+2

PP 605 CLIMATE CHANGE AND CROP GROWTH 2+0

PP 606 POST HARVEST PHYSIOLOGY 2+0

PP 607 WEED PHYSIOLOGY AND HERBICIDE ACTION 1+1

PP 608 SEED PHYSIOLOGY 2+1

PP 691 DOCTORAL SEMINAR | 1+0

PP 692 DOCTORAL SEMINAR 11 1+0

PP 699 DOCTORAL RESEARCH 45

*Compulsory for Master’s programme; ** Compulsory for Ph. D. programme
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PLANT PHYSIOLOGY
Course Contents

PP 501 PRINCIPLES OF PLANT PHYSIOLOGY 3+1

Objective
To acquaint the students with the basic concepts of plant physiology and their
application in agriculture.

Theory
UNIT I
Cell organelles and their physiological functions, structure and physiological
functions of cell wall, cell inclusions; cell membrane structure and functions.
UNIT 1l
Soil and plant water relations, water and its role in plants, properties and functions
of water in the cell water relations-cell water terminology, water potential of plant
cells.
UNIT 1
Mechanism of water uptake by roots-transport in roots, aguaporins,movement of
water in plants — Mycorhizal association on water uptake.
UNIT IV
Water loss from plants-Energy balance-Solar energy input-energy dissipation at
crop canopy level- evapotranspiration transpiration -Driving force for
transpiration, plant factors influencing transpiration rate.
UNIT V
Stomata structure and function — mechanism of stomatal movement,
antitranspirants.
UNIT VI
Physiology of water stress in plants: Influence of water stress at cell, organ, plant
and canopy levels. Indices for assessment of drought resistance.
UNIT VII
The role of mineral nutrients in plant metabolism: Essential elements, classification
based on function of elements in plants.
UNIT VI
Uptake of mineral elements in plants —Mechanisms of uptake-translocation of
minerals in plants.
UNIT IX
Physiological and metabolic functions of mineral elements, critical levels,
deficiency symptoms, nutrient deficiency and toxicity. Foliar nutrition.
UNIT X
Photorespiration and its relevance. Photosynthesis as a diffusive process and effect
of environmental factors on photosynthetic rates. Photosynthesis and translocation
of photosynthates and its importance in bio productivity. Photochemical process,
photochemical reactions, CO2 reduction in Calvin cycle, supplementary pathway
of C fixation in C4 and CAM plants and its significance. Impact of climate change
on photosynthesis. Photorespiration and its relevance.
UNIT XI
Mitochondrial respiration, growth and maintenance respiration, cyanide resistant
respiration and its significance.
UNIT XII
Growth and differentiation. Hormonal concept of growth and differentiation, plant
growth hormones and their physiological role synthetic growth regulators, growth

48



retardants., Apical dominanace, senescence, fruit growth, development, ripening
and abscission.
UNIT XIlI
Photo morphogenesis: Photo receptors, phytochrome, cryptochrome, physiology of
flowering- Photoperiodism and Vernalisation.
UNIT XIV
Classification of Plant Movements. Physiology of Plant Movements — nastic and
tropic movements.

Practical
Measurement of soil water status: Theory and principle of pressure plate apparatus,
neutron probe, Measurement of plant water status: Relative water content, water
saturation deficits Chardakov’s test. Theory and principle of pressure bomb,
psychrometer and osmometer, Measurement of transpiration rate. Measurement of
vapour pressure deficits, theory and principle of porometry, diffusion prometer and
Steady state porometer, Stomatal physiology, influence of ABA on stomatal
closing. Mineral nutrients: Demonstration of energy requirement for ion uptake.
Deficiencysymptoms of nutrients, Radiant energy measurements, separation and
quantification of chlorophylls, O2 evolution during photosynthesis, Measurement
of gas exchange parameters, conductance, photosynthetic rate, photorespiration,
Respiration rates, Bioassays for different growth hormones- Auxins, Gibberellins,
Cytokinins, ABA and ethylene. Demonstration of photoperiodic response of plants
in terms of flowering.

Suggested Readings
Hopkins WG & Huner NPA. 2004. Introduction to Plant Physiology. John Wiley
& Sons.
Salisbury FB & Ross C. 1992. Plant Physiology. 4th Ed. Wadsworth Publ.
Taiz L & Zeiger E. 2006. Plant Physiology. 4th Ed. Sinauer Associates.

PP 502 PLANT DEVELOPMENTAL BIOLOGY - PHYSIOLOGICAL 2+0
AND MOLECULAR BASIS
Objective
To explain about basic physiological and molecular processes concerning various
facets of growth and development of plants.
Theory
UNIT |
Plant Biodiversity, Concept of evolution in plants.
UNIT 1l
General Aspects — Novel features of plant growth and development; Concept of
plasticity in plant development; Analysing plant growth.
UNIT 1
Seed Germination and Seedling Growth — Mobilization of food reserves during
seed germination; tropisms; hormonal control of seed germination and seedling
growth.
UNIT IV
Shoot, Leaf and Root Development — Organization of shoot apical meristem
(SAM); Control of cell division and cell to cell communication; Molecular analysis
of SAM; Leaf development and differentiation; Organization of root apical
meristem (RAM); Root hair and trichome development; Cell fate and lineages.
UNIT V
Floral Induction and Development —Photoperiodism and its significance;
Vernalization and hormonal control; Inflorescence and floral determination;
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Molecular genetics of floral development and floral organ differentiation; Sex
determination.
UNIT VI
Seed Development and Dormancy — Embryo and endosperm development; Cell
lineages during late embryo development; Molecular and genetic determinants;
Seed maturation and dormancy.
UNIT VII
Senescence and Programmed Cell Death (PCD) — Senescence and its regulation;
Hormonal and environmental control of senescence; PCD in the life cycle of
plants.
UNIT VI
Light Control of Plant Development — Discovery of phytochromes and
cryptochromes, their structure, biochemical properties and cellular distribution;
Molecular mechanisms of light perception, signal transduction and gene regulation;
Biological clocks and their genetic and molecular determinants
UNIT IX
Embryonic Pattern Formation — Maternal gene effects; Zygotic gene effects;
Homeotic gene effects in Drosophila; Embryogenesis and early pattern formation
in plants.
UNIT X
Regeneration and totipotency; Organ differentiation and development; Cell
lineages and developmental control genes in maize.
UNIT XI
Special Aspects of Plant Development and Differentiation — Pollen germination
and pollen tube guidance; Phloem differentiation; Sex determination in plants;
UNIT XIlI
Self-incompatibility and its genetic control; Heterosis and apomixis.

Suggested Readings
Kabita Datta 2007. Plant Physiology. Mittal Publ.
Srivastava L.M. 2002. Plant Growth and Development: Hormones and
Environment. Academic Press.
Taiz L & Zeiger E. 2006. Plant Physiology. 4th Ed. Sinauer Associates.
Wareing PF & Phillips IDJ. 1981. Growth and Differentiation in Plants. 3rd Ed.
Pergamon Press.
Wilkins MB. 1969. Physiology of Plant Growth and Development. Tata McGraw-
Hill.

PP 503 PHYSIOLOGICAL AND MOLECULAR RESPONSES OF 2+1
PLANTS TO ABIOTIC STRESSES
Objective

To apprise the students regarding abiotic stress to plant and its molecular basis.

Theory
UNIT |
Response of plants to abiotic stresses: Abiotic stresses affecting plant productivity.
Basic principles of a crop improvement programme under stress, Interactions
between biotic and abiotic stresses.
UNIT II
Drought-characteristic features, Water potential in the soil-Plant air continuum.
Development of water deficits, energy balance concept.
UNIT I
Transpiration and its regulation — stomatal functions.
UNIT IV

50



Physiological processes affected by drought. Drought resistance mechanisms:
Escape Dehydration postponement (Drought avoidance), Dehydration tolerance
and characteristics of resurrection plants. Osmotic adjustment, Osmoprotectants,
Stress proteins. Water use efficiency as a drought resistant trait.
UNIT V
Molecular responses to water deficit: Stress perception, Expression of regulatory
and functional genes and significance of gene products.
UNIT VI
Stress and hormones- ABA as a signaling molecule- Cytokinin as a negative
signal. Oxidative stress: Reactive Oxygen Species (ROS). Role of scavenging
systems (SOD catalase etc.).
UNIT VII
High temperature stress: Tolerance mechanisms- role of membrane lipids in high
temperature tolerance. Functions of HSP’s.
UNIT VI
Chilling stress: Effects on physiological processes. Crucial role of membrane
lipids.
UNIT IX
Salinity: Species variation in salt tolerance. Salinity effects at — Cellular and whole
plant level, tolerance mechanisms. Salt tolerance in — Glycophytes and halophytes.
UNIT X
Heavy metal stress: Aluminium and cadmium toxicity in acid soils. Role of
Phytochelatins (heavy metal binding proteins).

Practical
Measurement of water status of plants, determination of osmotic potential by
vapour pressure and freezing point depression, Determination of soil water
potential and content by psychrometry and other systems. Stress imposition and
quantification, Stress —stomatal conductance. Canopy temperature as a reflection of
transpiration and root activity,Water use — efficiency, Determination at whole plant
and single leaf level,Root- shoot signals-ABA and cytokinin effect on stomatal
behavior, Heat tolerance and membrane integrity. Sullivans heat tolerance test,
chilling tolerance- Galactolipase and free fatty acid levels as biochemical markers
for chilling damage, Cold induced inactivation of O2 evolution of chloroplasts- as
a screening technique for chilling tolerance.

Suggested Readings
Hopkins WG & Huner NPA. 2004. Introduction to Plant Physiology. John Wiley
& Sons.
Salisbury FB & Ross C. 1992. Plant Physiology. 4th Ed. Wadsworth Publ. Taiz L
& Zeiger E. 2006. Plant Physiology. 4th Ed. Sinauer Associates.

PP 504 HORMONAL REGULATION OF PLANT GROWTH AND 2+1

DEVELOPMENT

Objective
To apprise the students about structure function of plant growth regulator on
growth and development of plant.

Theory
UNIT I
Definition and classifiacation of palnt growth regulators- Hormones, endogenous
growth substances and synthetic chemicals, Endogenous growth regulating
substances other than hormones. tricontanol, Phenols — polyamines, jasmonates,
concept of death hormone.
UNIT II

51



Site of synthesis, biosynthetic pathways and metabolism and the influence on plant
growth development of individual group of hormones- Auxins, Gibberlins,
cytokinins, Abscisic acid and Ethylene Brassinosteroids.
UNIT 1
Hormone mutants and transgenic plants in understanding role of hormones.
UNIT IV
Signal perception.transduction, and effect at functional gene level of different
hormones- Auxins- cell elongation, Gibberellins -, germination of dormant seeds,
cytokinins- cell division. Retardation of senescence of plant parts, Abscisic acid-
Stomatal closure and induction of drought resistance, Ethylene- fruit ripening.
UNIT V
Interaction of hormones in regulation of plant growth and development processes.
Rooting of cuttings-Flowering. Apical dominance, molecular aspects of control of
reproductive growth and development.
UNIT VI
Synthetic growth regulators- Classification, their effect on plant growth and
development. Practical utility in agriculture and horticulture.

Practical
Quantification of Hormones- Principles of bioassays, physico chemical techniques
and immunoassay, Extraction of hormones from plant tissue. Auxins- bioassays-
auxins effect onrooting of cuttings, abscission, apical dominance, Gibberellins-
bioassays-GA effect on germination of dormant seeds, cytokinin- bioassays-
estimation using immunoassay technique cytokinin effect on apical dormance and
senescence, ABA bioassaysestimation using immunoassay technique. ABA effect
on somatal movement, Ethylene bioassays, estimation using physico chemical
techniques- effect on breaking dormancy in sunflower and groundnut.

Suggested Readings
Hopkins WG & Huner NPA. 2004. Introduction to Plant Physiology. John Wiley
& Sons.
Salisbury FB & Ross C. 1992.Plant Physiology. 4th Ed. Wadsworth Publ.
Taiz L & Zeiger E. 2006. Plant Physiology. 4th Ed. Sinauer Associates.

PP 506 PHYSIOLOGY OF GROWTH AND YIELD AND MODELING 1+1

Objective
To impart knowledge regarding crop growth analysis and different yield prediction
models.

Theory
UNIT I
Crop growth analysis, key growth parameters. Analysis of factors limiting crop
growth and productivity- the concept of rate limitation
UNIT 11
Phenology- Growth stages, internal and external factors influencing flowering.
Photoperiodic and thermo-periodic responses and the concept of Degree days and
crop growth duration.
UNIT I
Canopy architecture, light interception, energy use efficiency of different canopies.
LAI, LAD. concept of optimum LAI.
UNIT IV
Source-sink relationships. Translocation of photosynthates and factors influencing
transport of sucrose. Physiological and molecular control of sink activity —
partitioning efficiency and harvest index.
UNIT V
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Plant growth analysis techniques, yield structure analysis, theoretical and actual
yields.
UNIT VI
Plant ideotypes,
UNIT VII
Simple physiological yield models- Duncan’s. Monteith’s, and Passioura’s
UNIT VI
Crop growth models-empirical models testing and yield prediction.

Practical
Plant sampling for leaf area and biomass estimation; analysis of growth and yield
parameters — LAD, NAR. CGR, LAI, LAR, SLA portioning efficiency HI,
Measurement of light interception, light extinction coefficient, energy utilization
efficiency based energy intercepted, and realized, Computer applications in plant
physiology, crop productivity and modeling.

Suggested Readings
Gardner FP, Pearce RB & Mitchell RL. 1988. Physiology of Crop Plants.
Scientific Publ.
Goudriaan J & Van Laar HH. 1995. Modelling Potential Crop Growth Processes.
(Textbook with Exercises) Series: Current Issues in Production Ecology. Vol. Il.
Kluwer.
Hunt R. Plant Growth Curve - The Fundamental Approach to PlantGrowth
Analysis. Edward Arnold.
John H, Thornley M & Johnson IR. Plant and Crop Modeling: AMathematical
Approach to Plant and Crop Physiology. Blackburn Press. Vos J, Marcelis LFM,
Visser PHBD, Struik PC & Evers JB. (Eds.). 2007.
Functional-Structural Plant Modelling in Crop Production.Vol. XXII. Springer.

PP 507 GENOME ORGANIZATION IN HIGHER PLANTS 2+1

Objective
To impart basic concept on genome organization in prokaryotic and eukaryotic
system.

Theory
UNIT |
Introduction: Basic discoveries in molecular genetics; basic concepts on genome
organization and its replication in prokaryotic systems including cyanobacteria;
genome organization in diploids, tetraploids, autoptetraploids and polyploids.
UNIT 1l
Gene & gene expression: Diversity in DNA polymerases; control of plasmid copy
number; Regulation of transcription in prokayotes; Promoters and terminators;
Positive and negative control of transcription; Repression and activation-operon
concept.
UNIT 111
Mitochondrial and chloroplastic genome organization and regulation of gene
expression.
UNIT IV
Eukaryotic genome structure: Organization and replication; control of gene
expression-transcription and post-transcriptional; promoter analysis; concept of cis
elements; transcription factors, function and role of RNA polymerases.
UNIT V
Genetic code and translation-deciphering the genetic code; Codon bias; tRNAs,
ribosomes; Initiation and termination of translation; Translational and post-
translational controls; Attenuation ; Suppressor tRNAs.
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UNIT IV
Mobile genetic elements; Structure and function of transposable elements;
Mechanism of transposition; Special features of retroptransposans; Repair and
recombination.
Practical
Culturing and transformation of bacteria; genomic DNA and plasmid DNA
isolation from bacteria, restriction enzyme digestion and analysis by agarose gel
electrophoresis, isolation of genomic DNA and RNA from plants and
quantification; Culture of bactriophage; studis on lytic and lysogenic phages.
Suggested Readings
Bruce Alberts, Alexander Johnson, Julian Lewis, Martin Raff, Keith
Roberts & Peter Walter. Molecular Biology of the Cell. 3rd Ed. Garland Science.

PP 508 MORPHOGENESIS, TISSUE CULTUREAND TRANSFORMATION2+1

Objective
To impart knowledge about cellular basic of growth and morphogenesis in plants.

Theory
UNIT I
Morphogenesis:  The cellular basis of growth and morphogenesis
cytodifferentiation.
UNIT Il
The cell cycle-cell division and cell organization, cell structure, tissue and organ
differentiation. Control of cell division and differentiation in selected cell types,
Introductory history, morphogenesis and cellular totipotency.
UNIT 1
Introduction to in vitro methods : Terms and definitions, Use of growth regulators,
Beginning of in vitro cultures in our country ( ovary and ovule culture , in vitro
pollination and fertilization), Embryo culture, embryo rescue after wide
hybridization and its application, Endosperm culture and production of triploids.
UNIT IV
Introduction to the processes of somatic embryogenesis, synthetic seeds. And
organogenesis and their practical applications. Methods of micropropagation and
clonal Multiplication of elite species (micropropagation) — axillary bud, shoot — tip
and meristem culture. Haploids and their applications. Somaclonal variations and
applications (treasure your exceptions).
UNIT V
Introduction to protoplast isolation : Principles and applications.Testing of viability
of isolated protoplast . Various steps in the regeneration of protoplast . Somatic
hybridization — an introduction, Various methods for fusing protoplast, chemical
and electrical . Use of makers for selection of hybrid cells. Practical applications of
somatic hybridization (hybrids vs cybrids)
UNIT VI
Use of plant cells, protoplast and tissue culture for genetic manipulation of plant :
Introdiuction to A. tumefaciens. Tumour formation on plants using A. tumefaciens
(Monocots vs Dicots), Root — formation using A.rhizogenes

Practical
In vitro culture of different explants such as leaf, stem, shoot apex, cotyledonary
nodes; Effect of explant age on propagation potential, Effect of growth regulators
auxin, cytokinins and ethlyne on callus induction, organogenesis; Somatic
embryogenesis, Effect of growth conditions such as temperature and photoperiod
on organogenesis, Single — cell suspension cultures.

Suggested Readings
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Bajaj YPS. (Ed.). 1991. Biotechnology in Agriculture and Forestry. Vol. XIV.
Springer-Verlag.
Rajdan MK. 1993. Plant Tissue Culture. Oxford & IBH.

PP 509 PHYSIOLOGY OF CROP PLANTS - SPECIFIC 2+0
CASE STUDIES

Objective
To impart knowledge of physiological aspects of different crop plants.

Theory
UNIT I
Crop physiological aspects of rice, wheat, maize, sorghum, millets, sugarcane,
pulses, oil seeds, cotton and potato Crops. Six to Eight Species could be chosen
based on local importance.
UNIT Il
Crop specific topics.
UNIT 1
Seed dormancy, photoperiodic and thermoperiodic responses.
UNIT IV
Source-sink relationship, Yield structure and factors influencing yield, Nutrients
and other resource requirements and crop specific features.

Suggested Readings
Gardner FP, Pearce RB & Mitchell RL. 1988. Physiology of Crop Plants.Scientific
Publ.
Pessarakli M. Handbook of Plant and Crop Physiology. CRC Press.
Selected reviews and articles from Periodicals and Journals.

PP 510 PHYSIOLOGICAL AND MOLECULAR ASPECTS 2+1
OF PHOTOSYNTHESIS-CARBON AND NITROGEN ASSIMILATION
Objective

To impart knowledge about physiological and molecular aspects of carbon
reduction cycle and nitrogen assimilation.

Theory
UNIT |
Photosynthesis- its significance in plant growth, development and bio productivity.
Gaseous fluxes in atmosphere.
UNIT 1l
Physiological and biochemical aspects: chloroplast structure development and
replication, ultra structure of thylakoids, photo systems, mechanism of light
absorption, chloroplast electron transport chain, Coupling factors and mechanisms
of ATP synthesis, and concept of quantum yield.
UNIT 1
Photosynthetic carbon reduction cycle and its regulation. CO2 Concentration
Mechanism (CCM) as a complementary strategy for carbon fixation. CCM in
photosynthetic bacteria, micro algae, Submerged Aquatic macrophages (SAM),
C4, CAM and single celled C4 organisms, C3-C4 intermediates. Ecological
significance of CCM.
UNIT IV
Rubisco structure, assembly and kinetics, photorespiration and its significance.
UNIT V
Carbon fluxes between chloroplast and cytoplasm and Carbon fixation as a
diffusive process, the concept of ra, rs and rm. Pi recycling, starch and sucrose
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synthesis and export. Concept of canopy photosynthesis, influence of
environmental factors such as water stress, high light stress VPD etc.
UNIT VI
Molecular aspects: chloroplast genome organization, expression and regulation of
plastid genes Genes regulating potential traits of photosynthesis, biotechnological
approaches for improving photosynthetic rate and productivity — transgenics.
Conceptual approaches of expressing C4 photosynthesis genes in C3 species.
UNIT VII
Photosynthesis and crop productivity, energy utilization efficiency by crops. Photo
inhibition, photo oxidation, excitation energy dissipation mechanisms,
photochemical and no-photochemical quenching of chlorophyll fluorescence.
Photosynthesis and transpiration interaction, significance of WUE, carbon isotope
discrimination concept.
UNIT VI
Prospects of improving photo synthetic rate and productivity — potential traits of
photosynthesis- biotechnological approaches.
UNIT IX
Nitrogen assimilation in photosynthesizing cells — NO3 -, NO2 - reduction, GS-
GOGAT pathway. Photorespiration loss of Ammonia and its reassimilation and
NUE.

Practical
Extraction and separation of plant pigments, Isolation of chloroplasts ETC
reactions- O2 evolution, Determination of rubisco content (western and ELISA),
activity and activation state, Enzymatic determination of starch and sucrose,
Determination of photosynthetic rates —gas exchange. A, gs, Ci, A/gs, Clgs-
intrinsic WUE by gas exchange rates. Light, CO2, VPD response curves,
Determination of photorespiration by gas exchange- (TPSAPS). Genotypic/species
differences in photosynthetic rates. Measurement of radiation, Eu% light
interception, Determination of NH4 +, reduction of inorganic nitrogen species.

Suggested Readings
Edwin Oxlade & Graham Lawler (year). Plant Physiology: The Structure of Plants
Explained. John Wiley & Sons.
Hopkins WG & Huner NPA.2004. Introduction to Plant Physiology. John Wiley &
Sons.
Salisbury FB & Ross C.1992. Plant Physiology. 4th Ed. Wadsworth Publ.
Taiz L & Zeiger E. 2006. Plant Physiology. 4th Ed. Sinauer Associates.

PP 511 MINERAL NUTRITION 2+1

Objective
To impart knowledge about physiological and molecular aspects of carbon
reduction cycle and nitrogen assimilation

Theory
UNIT I
Overview of essential mineral elements, kinetics of nutrient uptake by plants.
Biological actions influencing nutrient availability near the root
system.
UNIT 11
Nutrient uptake by root cells, long distance transport in plants and movement into
developing grains. Nutrient transport from vegetative to reproductive organs during
reproductive stage of growth and maturity.
UNIT 111
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Molecular mechanism of ion uptake, ion transporters, specific examples of
transporters for Nitrate, Phosphate, Potassium and other nutrients. Multiple
transporters for a single ion and their functional regulation.
UNIT IV
Molecular physiology of micronutrient acquisition. Examples of genes encoding
mineral ion transporters. Strategies plants adopt to acquire and transport minerals
under deficient levels.
UNIT V
Physiological and molecular mechanisms underlying differential nutrient
efficiency in crop genotypes, Examples of Phosphorous, Iron and Zinc efficient
crop varieties.
UNIT VI
Physiological screening methods of crop varieties for improved nutrient efficiency.
Plant responses to mineral toxicity.

Practical
Physiological and biochemical changes in plants under nutrient sufficiency and
deficiency levels. Quantification of pigment levels, enzyme activities.

Suggested Readings
Barker AB & Pilbeam DJ. 2007. Handbook of Plant Nutrition. CRC
Epstein E. 2007. Mineral Nutrition of Plants. John Wiley & Sons.
Marschner H. 1995. Mineral Nutrition of Higher Plants. Academic Press.

PP 512 PLANT CELL METABOLISM 2+1

Objective
To apprise the students regarding various metabolic events at cellular level and its
impact on crop physiology.
UNIT I
Compartmentation of cellular metabolism in the cell and role of various cell
organelles-plastids, mitochondria, ribosomes, endoplasmic reticulum, nucleus etc.
in cell metabolism.
UNIT 1l
Carbohydrate metabolism :Synthesis of sucrose, oligo, starch and polysaccharides.
UNIT 1
Nitrogen metabolism: Inorganic nitrogen species (N2, NO3 and NH3) and their
reduction to aminoacids, protein synthesis and nucleic acids.
UNIT IV
Lipid metabolism- Storage, protective and structural lipids. Biosynthesis of
fattyacids, diacyl and triacyl glycerol, fatty acids of storage lipids. Secondary
metabolites and their significance in plant defence mechanism.
Practical
Estimation of reducing sugars and starch. Estimation of NO3, free aminoacids in
the xylem exudates, quantification of soluble proteins and sugars. Estimation of
key enzymes of different metabolic pathways under study.

Suggested Readings:
Hopkins WG & Huner NPA. 2004. Introduction to Plant Physiology. John Wiley
& Sons.
Salisbury FB & Ross C. 1992. Plant Physiology. 4th Ed. Wadsworth Publ.
Taiz L & Zeiger E. 2006. Plant Physiology. 4th Ed. Sinauer Associates.
Atkinson, D. E. (1977). Cellular energy metabolism and its regulation. Academic
Press, New York.
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Street, H.E. and Cockburn (year). Plant Cell Metabolism.

PP 513 Physiological responses of plants to Biotic Stresses 1+1
Objective
To apprise the students regarding biotic stress to plant and its physiological basis.
UNIT I

Response of plants to biotic stresses and their effect on plant productivity.
Interaction between biotic and abiotic stresses.
UNIT 1l
Plant-pathogen interaction and disease development; molecular mechanisms of
fungal and bacterial infection an plants; changes in metabolism, cell wall
composition and vascular transport on diseased plants.
UNIT 1
Plant defense response, morphological, structural, biochemical and physiological
resistance mechanisms, antimicrobial molecules; genes for resistance,
hypersensitive response and cell death; systemic and acquired resistance,
phytoalexins, altered respiration in defense mechanisms.
UNIT IV
Plant viruses, host-virus interactions, disease induction, virus movement, and host
range determination; viriods, pathogen-derived resistance.
UNIT V
Mechanism of resistance against insect-pests.
Practicals:

Morphological and Physiological symptoms related to bacterial, fungal and viral
diseases.Total phenol from diseased and healthy plants. Polyphenol oxidase assay
and isozymes plant species differing in tolerance. Peroxidase assay and isozymes
plant species differing in tolerance. Chitinase assay from tolerant and susceptible
plant genotypes.Assay and SDS PAGE of native and PR proteins.

Suggested Readings:
Levitt, J. 1980. Responses of Plants to Environmental Stresses, Academic Press,
New York.
Fritig, B. and Legrand, M. 1993. Mechanism of Plant Defence Responses,
Dardecht Kluwer Academic Press.
Primrose, S.B. 1989. Introduction to Modern Virology, Blackwell Scientific
Publications, London. Paris. Berlin
Crute, I.R., Bruden, J.J. and Holub, E.B. (Eds.). 1997, Gene-for-Gene Relationship
in Host-Parasite Interactions, Wallingford, U.K.: CAB Int.
Chessin. M., DeBorde. D. ad Zipf, A. 1995. Antiviral Protiens in Higher Plants,
CRC Press, Boca Raton.
Dengl, J. 1995. Bacterial Pathogenesis of Plants and Animals : Molecular and
Cellular Mechanisms, Springer Verlag, Heidelberg, Germany.

PP 601 FUNCTIONAL GENOMICS AND GENES 2+0
ASSOCIATED WITH A FEW PHYSIOLOGICAL PROCESSES
Objective
To impart knowledge about physiological process of plant at molecular level.
Theory
UNIT I
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Gene discovery: Finding Genes in Complex Plant System, Constructing Gene-
Enriched Plant Genomic Libraries, In Silico Prediction of plant Gene Function,
Quantitative Trait Locus Analysis as a Gene Discovery Tool.
UNIT 1l
Genetic tools for plant development- Understanding the importance of mutants in
unraveling the physiological processes — T-DNA insertion mutants, Gain in
function, Transposon mutagens, Transposition, Physical and Chemical
mutagenesis, Gene and Enhancer Traps for Gene Discovery, High-Throughput
TAIL-PCR as a Tool to identify DNA Flanking insertions, High-Throughput
TILLING for functional Genomics.
UNIT 1
Gene knock out approaches: Antisense technology, Virus induced gene silencing
(VIGS), Custom Knock-outs with Haripin RNA-mediated Gene Silencing and
other silencing tools, Complementation studies, DNA micro arrays.
UNIT IV
Gene Over expression approaches: Vector Construction for Gene Overexpression
as a Tool to Elucidate Gene Function; Transient expression, Transgenics.
UNIT VI
Proteomics: Networking of Biotechnology for interpreting gene functions. Yeast
two hybrid systems to study protein —protein interaction to study gene functions,
Proteomics as a Functional Genomics Tool, Crystallographic and NMR approaches
to determine protein structures.
UNIT VII
Functional characterization of genes associated with important cellular processes
influencing crop growth and development.
UNIT VI
Case studies of genes controlling photosynthesis, respiration, photorespiration,
fatty acid biosynthesis, nutrient uptake, flowering, seed protein quality and
quantity.

Suggested Readings
Selected articles from various journals

PP 602 SIGNAL PERCEPTIONS AND TRANSDUCTION 2+0

AND REGULATION OF PHYSIOLOGICAL PROCESSES

Objective
To impart the knowledge about signal ling of hormones and regulation of
physiological processes.

Theory
UNIT I
General aspects: Introduction to signaling-Long range (Diffusible) signaling and
short range (contact) signaling. Components of signaling- Upstream components:
receptor and ligands concept-types of ligands and its relevance-receptor kinases-
Two component sensing system. Down stream components: G. proteins-second
messengers-Cyclic AMP, adenylate cyclase cascade, cyclic GMP, calcium-
calmodulin-Kinases-Effector molecules (transcription factor).
UNIT 1l
Hormone signaling: Hormone binding receptors-Transduction process.Effector
molecules and gene expression.
UNIT 1
Specific signaling pathways of Auxins, Cytokinisn, Gibberllins, Ethylene, ABA,
Brassinosteroids which leads to formative effects. The cross talk in the signaling of
different hormones-significance of studies with hormone action mutants.
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UNIT IV
Light signaling: Perception of light-pigments involved-activation of
phytochrome/cryptochrome (study of mutants). Light signal transduction-Multiple
signaling cascades-identification of signaling components through mutant analysis-
changes in gene expression.
UNIT V
Abiotic stress signaling: Sensing of environmental factors (Temperature-
Osmoticum-lonic stress) Activation of specific molecules and secondary
messengers-Activation of Down stream components-leading to stress gene
expression. Case studies with different abiotic stresses.
UNIT VI
Cross talk between signaling pathways.
UNIT VII
Signal perception and transduction in plant defense responses: Role of salicylic
acid and active oxygen species.
UNIT VI
Signaling cascade during leaf senescence, abscission, flowering and tuberisation
UNIT IX
Transcription factor as signaling regulatory tools for improving growth processes-
Case studies: Thi- lateral branch development, Shi 4- grain shattering, GAl-
Dwarfing. MADS, KNOX- flowering development, HAT 4- Shade development,
AP2-EREBP- biotic/abiotic stresses.

Suggested Readings
Selected articles from various journals.

PP 603 MOLECULAR APPROACHES FOR 2+1
IMPROVING PHYSIOLOGICAL TRAITS
Objective
To impart knowledge to improve the physiological traits using molecular
approaches.
Theory
UNIT |

Importance of Molecular Breeding for complex multi-gene controlled
physiological traits and its relevance in augmenting trait based breeding.
Physiological traits with relevance to growth, development, abiotic stress tolerance,
nutrient acquisition, Approaches for accurate phenotyping of large germplasm
accessions and/or mapping populations.

UNIT 1l

The advantages of “Trait based” breeding approaches. Concept of segregation,
independent assortment and linkage. The concept of molecular markers, various
types of Dominant and Co-dominant marker systems.

UNIT 1

Relevance and development of mapping populations and genetic analysis using
marker systems. Advantages of association mapping and the concept of linkage,
LD decay and population structure.

UNIT IV

Statistical analysis to assess the variance in phenotypic traits and molecular data.
Assessment of genetic parameters such as heritability, genetic advance etc.

UNIT V

Strategies for QTL introgression and Marker Assisted Selection (MAS). Map
based cloning of novel genes and alleles. Allele mining

UNIT VI
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Transgenic approach in improving physiological processes- Introduction to GMOs
and application in crop improvement; gene mining, sequence structure & function
analysis using bioinformatics tools, identification of candidate genes for various
physiological process associated with specific traits (such as stress tolerance) and
their potential benefits in transgenic
crops.
UNIT VII
Cloning full-length candidate genes, stress inducible promoters, strategies to clone
and characterize and make constructs for specific crops, gene stacking strategies,
tissue specific expression and functional validation of genes.
UNIT VI
Transformation of crop plants-Agrobacterium and use of other organisms for
transformation-particle gun transformation and other methods.
UNIT IX
Selection of transformants- molecular analysis on the basis of qRT-PCR, Southern,
Northern analysis and immunoassays; estimation of copy number. Concept of
desirable number of independent events.
UNIT X
Evaluation of transgenics on basis of empirical/physiological/biochemical process
under specific conditions on the basis of gene function. Generation of T1
populations, event characterization and generation of molecular data as per the
regulatory requirements.
UNIT XI
Issues related to Biosafety and Registration of Transgenic Agricultural Organisms,
methods to detect GMOs from agricultural products.
Practical
Phenotyping approaches for the different physiological traits. Genotyping options
using gene-scan systems. Development of SSR, SNP and SCAR markers,
resolution of polymorphism on agarose gels and PAGE, genotyping using a DNA
sequencing machine, scoring of gels and assessment of polymorphism, Statistical
approaches to assess genetic variability, heritability and other parameters,
Phylogenic analysis, Principal component analysis and construction of
dendrograms. Construction of Linkage map, QTL maps, population structure, LD
decay etc leading to identification of QTLs, Bioinformatics — sequence analysis,
structure analysis, Molecular biology - genomic/plasmid DNA isolation, RNA
isolation. Full-length gene cloning, vector construction with specific promoter,
gene stacking & transient assays. Transformation in model system,Crop
transformation - Agrobacterium mediated transformation (inplanta & invitro),
particle-gun transformation, Evaluation of transgenics -semiquantitative &
guantitative RT-PCR, southern blot, northern blot, western blot and ELISA,
biochemical/physiological assay based on the function of gene & testing LOD.
Suggested Readings
Selected articles from various journals.

PP 604 TECHNIQUES IN PLANT PHYSIOLOGY 1+2

Objective
To impart recent practical training to study various physiological processes in
plants.

Theory
UNIT |
Recent experimental techniques to study various physiological processes,
Photosynthetic gas exchange measurements, light and CO2 response curves-
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determination of relative limitations to photosynthesis; chlorophyll fluorescence
measurements. Measurement of respiration and photorespiration.
UNIT 1l
Estimation of water use efficiency at whole plant and single leaf level. Use of
stable isotopes to understand physiological processes.
UNIT 1
Radio isotopes in plant biology.
UNIT IV
Tools and techniques (molecular and biochemical) to study physiological processes
and to screen & assess stress responses in plants, such as (a) DNA & RNA
isolation, cDNA synthesis & library construction, semiquantitative & quantitative
RT-PCR, northern blot, immunoassays; (b) techniques for defined physiological
processes.
UNIT V
Methods to phenotype germplasm for specific physiological traits.
UNIT VI
Quantification of mineral nutrients using advanced instruments like AAS, & ICP.
UNIT VII
Techniques in plant transformation & analysis of transgenic plants
UNIT VI
Molecular markers- genetic distance and mapping population concept of linkage
maps and identification of QTLS.
UNIT IX
Instrumentation: Acquaintance of the operation of specific instruments important
in physiological research like Mass spec., phosphor-imager, DNA sequencer,
spectro-fluorometer, oxygen electrode, etc.

Practical
Photosynthetic gas exchange measurements, light and CO2 response curves-
determination of relative limitations to photosynthesis; chlorophyll fluorescence
measurements. Estimation of water use efficiency at whole plant and single leaf
level. Use of stable and radioactive isotopes to understand physiological processes.
DNA & RNA isolation, cDNA synthesis & library construction, semiquantitative
& quantitative RT-PCR, northern blot, immunoassays; techniques for defined
physiological processes, Quantification of mineral nutrients using advanced
instruments like AAS.

Suggested Readings
Dhopte MA & Manuael Livera M. 1986. Useful Techniques for Plant
Scientists. Forum for Plant Physiologists, R. D. G., Aloka.

PP 605 CLIMATE CHANGE AND CROP GROWTH 2+0
Objective
To impart knowledge about climate change and its implication to crop growth.
Theory
UNIT I

History and evidences of climate change and its implications. Effect of climate
change on monsoons, hydrological cycle and water availability.

UNIT Il

Natural and anthropogenic activities and agricultural practices on GHG production,
Monitoring of greenhouse gases and their influence on global warming and climate
change, Ozone depletion leading to increased ionizing radiations and its
implications on crop growth.

UNIT I
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Long-term and short-term projections of climate change effects on natural
vegetations and ecosystems, crop-pest interaction, area shift, food production and
supply.
UNIT IV
Approaches to mitigate climate change through studies on plant responses.
UNIT V
Direct and indirect effects of climate change on plant processes —phenology, net
carbon assimilation, water relations, grain development and quality, nutrient
acquisition and yield.
UNIT VI
Conventional and biotechnological approaches to improve the crop adaptation to
climate change. Relevance of “Genome wide mutants” to identify genes/processes
for improved adaptation to changing environments
UNIT VII
Introduction to  carbon sequestration. International conventions and global
initiatives on Carbon sequestration, carbon trading.

Suggested Readings
Abrol YP & Gadgil S. (Eds.). 1999. Rice in a Changing Climate.
Reddy KR & Hodges HF. 2000. Climate Change and Global Crop Productivity.
CABI.
Watson RT, Zinyowera MC & Moss RH. 1998. The Regional Impacts of
Climate Change - an Assessment of Vulnerability. Cambridge Univ.Press.

PP 606 POST HARVEST PHYSIOLOGY 240
Objective
To impart knowledge about physiological changes during senescence and ripening.
Theory
UNIT I

Environmental factors influencing senescence, ripening and post harvest life of
flowers, vegetables and seeds.

UNIT 1l

Molecular mechanism of senescence and ageing. Physiological, biochemical and
molecular aspects of senescence and fruit ripening.

UNIT 1

Senescence associated genes and gene products.

UNIT IV

Functional and ultrastructural changes in chloroplast membranes, mitochondria and
cell wall during senescence and ripening.

UNIT V

Regulatory role of ethylene in senescence and ripening, ethylene biosynthesis,
perception and molecular mechanism of action.

UNIT VI

Post harvest changes in seed and tubers biochemical constituent’s quality
parameters. Effect of environmental factors on post harvest changes in seed and
tubers.

UNIT VII

Biotechnological approaches to manipulate ethylene biosynthesis and action.

UNIT VI

Alternate post harvest methodology and quality attributes. Scope for genetic
modification of post harvest life of flowers and fruits.

UNIT IX

Uses of GM crops and ecological risk assessment.

63



UNIT X
Concepts of physiological maturity of seeds, post harvest changes in biochemical
constituents in field crops, loss of nutritive value, environmental factors
influencing post harvest deterioration of seeds and fruits.

Practical
Physiological and biochemical changes during senescence and ripening, Estimation
of ethylene during senescence and ripening, determination of Reactive Oxygen
Species and scavenging enzymes, Measurement of dark and alternate respiration
rates during senescence and ripening. Estimation of ripening related enzyme
activity, Cellulases pectin methyl esterases, polygalacturonase etc.

Suggested Readings
Jeffrey K Brecht & Weichmann J. 2003. Post Harvest Physiology andPathology of
Vegetables. CRC Press.

PP 607 WEED PHYSIOLOGY AND HERBICIDE ACTION 1+1

Objective
To apprise students regarding weed and crop competition, and physiological and
molecular aspects of herbicides.

Theory
UNIT I
Weed biology, ecology and physiology. Weed and crop competition,
allelochemicals, their nature and impact. Weed-seed physiology.
UNIT Il
Classification of herbicides and selectivity. Recent concepts on entry, uptake,
translocation and metabolism of soil and foliar applied herbicides.Environmental
and plant factors influencing entry, uptake and translocation of herbicides.
UNIT 1
Classification and chemistry of common herbicides. Physiological, biochemical
and molecular mechanism of action of different groups of herbicides; ACC
synthase inhibitors, ALS inhibitors, Mitotic inhibitors, Cellulose biosynthesis
inhibitors, Inhibitors of fatty acid biosynthesis, inhibitors of Photosynthesis,
Auxinic Herbicides, New herbicides,
UNIT IV
Metabolic pathway of herbicide degradation in plants and soil. Herbicide adjuvants
and their classification.
UNIT V
Molecular mechanism of action of herbicide synergists and antagonists.
UNIT VI
Physiological and molecular mechanism of herbicide selectivity.
UNIT VII
Herbicide resistant crops; transgenic & tissue culture approaches to develop
herbicide tolerant varieties

Practical
Adjuvants and their effect on spray droplets, chemical entry and transport.
Determination of physiological and biochemical processes like photosynthesis,
respiration, cell division, Protein & fatty acid synthesis, membrane permeability as
affected by herbicides. Quantification of pigment levels in leaves, specific enzyme
activities affected by herbicides. Demonstration of translocating type of herbicides
by radio labeling studies.

Suggested Readings
Devine MD, Duke SO & Fedtake C. 1993. Physiology of Herbicide Action.Prentice
Hall.
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Monaco TJ, Weller SC & Ashton FM. 2002. Weed Science - Principles
andPractices. Wiley.com Publ.

PP 608 SEED PHYSIOLOGY 2+1

Objective
To apprise students regarding seed germination, dormancy and physiological
processes involved in regulation of seed development

Theory
UNIT I
Seed and fruit development, seed and fruit abortion, proximate mechanism of seed
and fruit abortion. Hereditary and environmental effect on seed development. Gene
imprints and seed development.
UNIT Il
Importance of seeds, seed structure and function, physiological and biochemical
changes, environmental influences, physiology of seed and fruit development; seed
and fruit abortion and means to overcome it; proximate mechanisms of seed and
fruit abortion.
UNIT 1
Structure of seeds and their storage resources, seed developmental patterns and
source of assimilates for seed development.
UNIT IV
Pathway of movement of assimilates in developing grains of monocots and dicots,
Chemical composition of seeds, Storage of carbohydrates, proteins and fats in
seeds and their biosynthesis.
UNIT V
Seed respiration, mitochondrial activity, Seed ageing, Mobilization of stored
resource in seeds, Chemistry of oxidation of starch, proteins and fats, Utilization of
breakdown products by embryonic axis.
UNIT VI
Control processes in mobilization of stored resources, Role of embryonic axes,
Gibberllin and a-amylase and other hydrolytic activity. Seed maturation phase and
desiccation damage, Role of LEA proteins.
UNIT VII
Seed viability, Physiology of and means to prolong seed viability, Seed vigour:
concept, importance, measurement; invigoration: methods and physiological basis
of it, Seed dormancy, types and regulation, Means to overcome seed dormancy.

Practical
Determination of seed storage proteins, Sink drawing ability of ovules, empty
ovule technique, Alpha-amylase activity in germinating seeds, Role of GA in
inducing amylase activity, Role of embryo in GA induced aamylase activity,
Protease and lipase activity in germinating seeds, Seed viability test and
accelerated ageing test. Seed hardening/osmotic priming of seeds, Seed respiration
rates, Seed viability losses through membrane leakage studies.

Suggested Readings
Bewley JD & Black M.1985.Seed Physiology of Development and
Germination.Plenum Publ.
Copeland LO & McDonald MB.Principles of Seed Sciences and
Technology.Burgers Publ. Srivastav L M. Plant Growth and Development -
Hormones and Environment, Academic Press.
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PLANT
PHYSIOLOGY
List of Journals

American Journal of Botany

Annals of Arid Zone

Annual Review of Plant Physiology and Plant Molecular Biology
Australian Journal of Agricultural Research
Australian Journal of Biological Sciences
Australian Journal of Botany

Australian Journal of Plant Physiology
Biochemie und Physiologie der Pflanzen
Biologia Plantarum

Botanical Gazette

Botanical Review

Canadian Journal of Agricultural Research
Canadian Journal of Botany

Canadian Journal of Plant Science
Communications in Soil Science and Plant Analysis
Current Science

Environmental and Experimental Botany
Euphytica

Experimental Agriculture

Experimental Cell Biology

Functional Plant Biology

Indian Journal of Agriculture

Indian Journal of Experimental Biology
Indian Journal of Plant Physiology
International Journal of Botany

Japanese Journal of Crop Science

Journal of Agricultural and Scientific Research
Journal of Agricultural Science

Journal of Arid Environment

Journal of Experimental Botany

Journal of Plant Biology

Journal of Plant Nutrition

Nature

New Physiologist

Physiologia Plantarum

Physiology and Molecular Biology of Plants
Plant and Cell Physiology

Plant and Soils

Plant Cell, Tissue and Organ Culture

Plant Growth Regulator abstracts
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Plant Physiology and Biochemistry
Plant Science

Plant Science (India)

Science Journal

Seed Science and Technology
Seed Science Research

Soil Science and Plant Nutrition
Soviet Plant Physiology

Trends in Plant Science

Tropical Agriculture

e_
Resources

www.Bioone Online Journals The Arabiopsis Book.

www. Botany on line:

www.Ingenta Connect Physiologia Plantarum
www.new.phytologist.org.

www.plant physiol.org.
www.mpiz-Kolen.mpg.de.

www.Science Direct.

www.Scientia Agricolo.

www.wiley interscience.
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http://www.bioone/
http://www.ingenta/
http://www.new.phytologist.org/
http://www.plant/
http://www.mpiz-kolen.mpg.de/
http://www.science/
http://www.scientia/
http://www.wiley/

Suggested Broad Topics for Master’s and Doctoral Research

- Environmental stress physiology- Salt, Drought, Heat, Freezing, and
Heavy
Metal
= Nodulation and nitrogen fixation in leguminous plants
= Physiology of senescence and abscission in crop plants especially in cotton
» Phytoremediation, especially with reference to salt and heavy metal stress
- Ecophysiology of tree species to evaluate bio-drainage potential of plants
under waterlogged saline area
« Growth and development of crop plants
< Mineral nutrition in crop plant
= Application of plant growth regulators to improve crop productivity
< Photosynthesis, respiration and related processes for crop improvement
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EXECUTIVE SUMMARY

Plant Molecular Biology & Biotechnology

In the last thirty years, a revolution has taken place that has put molecular biology and
biotechnology at the heart of all the biological sciences with extensive applications in
agriculture, health, industry and environment. Keeping these developments in view,
the new course curriculum for PG program in ‘Plant Molecular Biology and
Biotechnology’ has been developed

The curriculum now includes courses on ‘Plant Tissue Culture and Genetic

Transformation’, ‘Molecular Breeding’, ‘Genomics and Proteomics’, ‘Bioinformatics’,

‘Nano-biotechnology’, ‘Biosafety, IPR and Bioethics’, ‘Biostatistics and Computers’,

‘Environmental Biotechnology’, ‘Immunology and Molecular Diagnostics’, which
have direct application in improving agriculture and industry.

The curriculum also includes seven advanced courses (for Ph.D.) on Molecular

Biology, ‘Genetic Engineering’, ‘Microbial Biotechnology’, ‘Crop Biotechnology’,

‘Functional Genomics and Proteomics”, “Commercial Plant Tissue Culture” and
“Animal Biotechnology’, which are meant to provide the latest developments in the
respective fields of Biotechnology.

The curriculum also includes two practical courses namely ‘Techniques in Molecular
Biology | and II’ that includes exhaustive hands-on training on various techniques of
molecular biology and genomics.

Highly specialized faculty in different areas of Molecular Biology and Biotechnology,
well-equipped laboratories and other resources shall be required for teaching of the
courses and conducting practicals given in the new course curriculum. While teaching
and research skills of the already employed faculty needs to be improved, new young
faculty from advanced Institutes/Universities in India or abroad may be appointed.
Exchange of faculty among the various Universities could also be a viable option.

The new course curriculum shall provide ample opportunity to the students to
specialize in several different areas of Biotechnology including ‘Plant Tissue Culture’,

‘Genomics’, ‘Microbial Biotechnology’, ‘Animal Biotechnology’, ‘Molecular
Breeding’ and ‘Genetic Transformation’.

The proposed curriculum is now tuned with fast evolving area of ‘Molecular Biology’
and likely to generate qualified human resource at par with those from other elite
National and International institutions.

Training of the faculty is required to teach new courses.

Approximately, Rs. 10 crores are required for building laboratories, equipment,
furniture, etc. for effective implementation of both Ph. D. and M. Sc. Programmes.
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PLANT MOLECULAR BIOLOGY AND
BIOTECHNOLOGY

Course Structure — at a Glance

CODE COURSE TITLE CREDITS
MBB 501** | PRINCIPLES OF BIOTECHNOLOGY 2+1
MBB 502** | FUNDAMENTALS OF MOLECULAR BIOLOGY 3+0
MBB 503** MOLECULAR CELL BIOLOGY 3+0
MBB 504 PLANT TISSUE CULTURE & GENETIC 1+2

TRANSFORMATION
MBB 505** | TECHNIQUES IN MOLECULAR BIOLOGY | 0+3
MBB 506 MICROBIAL/ INDUSTRIAL BIOTECHNOLOGY 2+1
MBB 507 MOLECULAR BREEDING 2+0
MBB 508 GENOMICS & PROTEOMICS 2+0
MBB 509 TECHNIQUES IN MOLECULAR BIOLOGY I 0+3
MBB 510* BIOSAFETY, IPR AND BIOETHICS 2+0
MBB 511* ANIMAL BIOTECHNOLOGY 3+0
MBB 512* IMMUNOLOGY AND MOLECULAR DIAGNOSTICS 2+1
MBB 513* NANO-BIOTECHNOLOGY 3+0
MBB 551*" PRINCIPLES OF GENETICS 2+1
MBB 552** BASIC BIOCHEMISTRY 2+1
MBB 553*, BIOSTATISTICS AND COMPUTERS 2+1
MBB 554*° PRINCIPLES OF MICROBIOLOGY 2+1
MBB 555** INTRODUCTION TO BIOINFORMATICS 2+1
MBB 556 ENVIRONMENTAL BIOTECHNOLOGY 3+0
MBB 557 MOLECULAR CYTOGENETICS 2+1
MBB 558 MOLECULAR FARMING 1+1
MBB 591** | MASTER’S SEMINAR [ 1+0
MBB 599** | MASTER’S RESEARCH | 20
MBB 601 ADVANCES IN PLANT MOLECULAR BIOLOGY 3+0
MBB 602 ADVANCES IN GENETIC ENGINEERING 3+0
MBB 603 ADVANCES IN MICROBIAL BIOTECHNOLOGY 3+0
MBB 604 ADVANCES IN CROP BIOTECHNOLOGY 3+0
MBB 605 ADVANCES IN FUNCTIONAL GENOMICS AND 2+0
PROTEOMICS
MBB 606 COMMERCIAL PLANT TISSUE CULTURE 2+0
MBB 607 ADVANCES IN ANIMAL BIOTECHNOLOGY 2+0
MBB 691 DOCTORAL SEMINAR | 1+0
MBB 692 DOCTORAL SEMINAR I 1+0
MBB 699 | DOCTORAL RESEARCH | 45

*May be taken as minor/supporting courses; **Compulsory for M.Sc. Programme
~ cross listed with GP 501;

* cross listed with Biochemistry 501
¥ cross listed with MICRO 501
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PLANT MOLECULAR BIOLOGY AND BIOTECHNOLOGY

Course Contents

MBB 501 PRINCIPLES OF BIOTECHNOLOGY 2+1

Objective
To familiarize the students with the fundamental principles of
Biotechnology, various developments in Biotechnology and its potential
applications.

Theory
UNIT |
History, scope and importance; DNA structure, function and metabolism.
UNIT Il
DNA modifying enzymes and vectors; Methods of recombinant DNA
technology; Nucleic acid hybridization; Gene libraries; PCR amplification;
Plant and animal cell and tissue culture techniques and their applications.
UNIT I11
Molecular markers and their applications; DNA sequencing; Applications
of gene cloning in basic and applied research; Genetic engineering and
transgenics; Genomics, transcriptomics and proteomics.
UNIT IV
General application of biotechnology in Agriculture, Medicine, Animal
husbandry, Environmental remediation, Energy production and Forensics;
Public perception of biotechnology; Bio-safety and bioethics issues;
Intellectual property rights in biotechnology.

Practical

iv.
V.

Isolation of genomic and plasmid DNA

Gel electrophoresis techniques

Restriction enzyme digestion, ligation, transformation and screening of
transformants

PCR and molecular marker analysis

Plant tissue culture: media preparation, cell and explant culture,
regeneration and transformation.

Suggested Readings

MBB 502

Becker JM, Coldwell GA & Zachgo EA. 2007. Biotechnology - a
Laboratory Course. Academic Press.

Brown CM, Campbell | & Priest FG. 2005. Introduction to Biotechnology.
Panima Pub.

Brown TA. Gene Cloning and DNA Analysis. 5" Ed. Blackwell Publishing.

Dale JW & von Schantz M. 2002. From Genes to Genomes: Concepts and
Applications of DNA Technology. John Wiley & Sons.

Gupta PK. 2004. Biotechnology and Genomics. Rastogi Publications.

Sambrook J, Fritsch T & Maniatis T. 2001. Molecular Cloning - a
Laboratory Manual. 2" Ed. Cold Spring Harbour Laboratory Press.

Singh BD. 2007. Biotechnology Expanding Horiozon. Kalyani Publishers.

FUNDAMENTALS OF MOLECULAR BIOLOGY 3+0

Objective

To familiarize the students with the basic cellular processes at molecular
level.
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Theory

UNIT |

Historical developments of molecular biology; Nucleic acids as genetic

material; Chemistry, structure and properties of DNA and RNA.

UNIT Il

Genome organization in prokaryotes and eukaryotes; Chromatin structure

and function; DNA replication; DNA polymerases, topoisomerases, DNA

ligase, etc; Molecular basis of mutations; DNA repair mechanisms.

UNIT I11

Transcription process; RNA processing; Reverse transcriptase; RNA

editing; Ribosomes structure and function; Organization of ribosomal

proteins and RNA genes; Genetic code; Aminoacyl tRNA synthases.

UNIT IV

Translation and post-translational — modifications; Operon concept;

Attenuation of trp operon; important features of gene regulation in

eukaryotes.

Suggested Readings

Lewin B. 2008. Gene IX. Peterson Publications/ Panima.

Malacinski GM & Freifelder D. 1998. Essentials of Molecular Biology. 3"
Ed. Jones & Bartlett Publishers.

Nelson DL & Cox MM. 2007. Lehninger’s Principles of Biochemistry.
W.H. Freeman & Co.

Primrose SB. 2001. Molecular Biotechnology. Panima.

Watson JD, Bakee TA, Bell SP, Gann A, Levine M & Losick R. 2008.
Molecular Biology of the Gene. 6" Ed. Pearson Education
International.

MBB 503 MOLECULAR CELL BIOLOGY 3+0
Objective
To familiarize the students with the cell biology at molecular level.
Theory
UNIT |

General structure and constituents of cell; Similarities and distinction
between plant and animal cells; Cell wall, cell membrane, structure and
composition of biomembranes, cell surface related functions.
UNIT 11
Structure and function of major organelles: Nucleus, Chloroplasts,
Mitochondria, Ribosomes, Lysosomes, Peroxisomes, Endoplasmic
reticulum, Microbodies, Golgi apparatus, Vacuoles, etc.
UNIT Il
Organellar genomes and their manipulation; Ribosomes in relation to cell
growth and division; Cyto-skeletal elements.
UNIT IV
Cell division and regulation of cell cycle; Membrane transport; Transport
of water, ion and biomolecules; Signal transduction mechanisms; Protein
targeting.

Suggested Readings
Gupta PK. 2003. Cell and Molecular Biology. 2" Ed. Rastogi Publ.
Lodish H. 2003. Molecular Cell Biology. 5" Ed. W.H. Freeman & Co.
Primrose SB. 2001. Molecular Biotechnology. Panima.
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MBB 504

PLANT TISSUE CULTURE AND GENETIC 1+2
TRANSFORMATION

Objective

To familiarize the students and provide hands on training on various
techniques of plant tissue culture, genetic engineering and transformation.

Theory

UNIT |

History of plant cell and tissue culture; Culture media; Various types of
culture; callus, suspension, nurse, root, meristem, etc.; In vitro
differentiation: organogenesis and somatic embryogenesis; Plant growth
regulators: mode of action, effects on in vitro culture and regeneration;
Molecular basis of plant organ differentiation.

UNIT Il

Micropropagation; Anther and microspore culture; Somaclonal variation; In
vitro mutagenesis; In vitro fertilization; In vitro germplasm conservation;
Production of secondary metabolites; Synthetic seeds.

UNIT I11

Embryo rescue and wide hybridization; Protoplast culture and regeneration;
Somatic hybridization: protoplast fusion, cybrids, asymmetric hybrids, etc.
UNIT IV

Methods of plant transformation; Vectors for plant transformation; Genetic
and molecular analyses of transgenics; Target traits and transgenic crops;
Biosafety issues, testing of transgenics, regulatory procedures for
commercial approval.

Practical

iii.
iv.
V.
vi.
vii.
viii.

Laboratory set-up.

Preparation of nutrient media; handling and sterilization of plant
material; inoculation, subculturing and plant regeneration.

Anther and pollen culture.

Embryo rescue.

Suspension cultures and production of secondary metabolites.
Protoplast isolation, culture and fusion.

Gene cloning and vector construction

Gene transfer using different methods, reporter gene expression,
selection of transformed tissues/plants, molecular analysis.

Suggested Readings

Bhojwani SS. 1983. Plant Tissue Culture: Theory and Practice. Elsevier.

Christou P & Klee H. 2004. Handbook of Plant Biotechnology. John Wiley
& Sons.

Dixon RA. 2003. Plant Cell Culture. IRL Press.

George EF, Hall MA & De Klerk GJ. 2008. Plant Propagation by Tissue
Culture. Agritech Publ.

Gupta PK. 2004. Biotechnology and Genomics. Rastogi Publ.

Herman EB. 2005-08. Media and Techniques for Growth, Regeneration
and Storage. Agritech Publ.

Pena L. 2004. Transgenic Plants: Methods and Protocols. Humana Press.

Pierik RLM. 1997. In vitro Culture of Higher Plants. Kluwer.

Singh BD. 2007. Biotechnology: Expanding Horiozon. Kalyani.
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MBB 505 TECHNIQUES IN MOLECULAR BIOLOGY-I 0+3
Objective
To provide hands on training on basic molecular biology techniques.
Practical
UNIT |
Good lab practices; Biochemical techniques: Preparation of buffers and
reagents, Principle of centrifugation, Chromatographic techniques (TLC,
Gel Filtration Chromatography, lon exchange Chromatography, Affinity
Chromatography).
UNIT Il
Gel electrophoresis- agarose and PAGE (nucleic acids and proteins);
Growth of bacterial culture and preparation of growth curve; lIsolation of
plasmid DNA from bacteria; Growth of lambda phage and isolation of
phage DNA; Restriction digestion of plasmid and phage DNA; Isolation of
high molecular weight DNA and analysis.
UNIT I11
Gene cloning — Recombinant DNA construction, transformation and
selection of transformants; PCR and optimization of factors affecting PCR.
UNIT IV
Dot blot analysis; Southern hybridization; Northern hybridization; Western
blotting and ELISA; Radiation safety and non-radio isotopic procedure.
Suggested Readings
Ausubel FM, Brent R, Kingston RE, Moore DD, Seidman JG, Smith JA &
Struhl K. 2002. Short Protocols in Molecular Biology. John Wiley.
Kun LY. 2006. Microbial Biotechnology. World Scientific.
Sambrook J, Russel DW & Maniatis T. 2001. Molecular Cloning: a
Laboratory Manual. Cold Spring Harbour Laboratory Press.

MBB 506 MICROBIAL/ INDUSTRIAL BIOTECHNOLOGY 2+1

Objective
To familiarize about the various microbial processes/systems/activities,
which have been used for the development of industrially important
products/processes.

Theory
UNIT |
Introduction, scope and historical developments; Isolation, screening and
genetic improvement (involving classical approaches) of industrially
important organisms.
UNIT 1l
Primary metabolism products, production of industrial ethanol as a case
study; Secondary metabolites, bacterial antibiotics and non ribosomal
peptide antibiotics; Recombinant DNA technologies for microbial
processes; Strategies for development of industrial microbial strains with
scale up production capacities; Metabolic pathway engineering of microbes
for production of novel product for industry.
UNIT 11
Microbial enzymes, role in various industrial processes, production of fine
chemicals for pharmaceutical industries; Bio-transformations, Bio-
augmentation with production of vitamin C as a case study; Bioreactors,
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their design and types; Immobilized enzymes based bioreactors;

Microencapsulation technologies for immobilization of microbial enzymes.

UNIT IV

Industrial biotechnology for pollution control, treatment of industrial and

other wastes, biomass production involving single cell protein; Bio-

remediation of soil; Production of eco-friendly agricultural chemicals, bio-

pesticides, bio-herbicides, bio-fertilizers, bio-fuels, etc.

Practical

i. Isolation of industrially important microorganisms, their maintenance
and improvement.

ii. Production of industrial compounds such as alcohol, beer, citric acid,
lactic acid and their recovery.

iii. Study of bio-reactors and their operations.

iv. Production of biofertilizers.

v. Experiments on microbial fermentation process, harvesting purification
and recovery of end products.

vi. Immobilization of cells and enzymes, studies on its kinetic behavior,
growth analysis and biomass estimation.

vii. Determination mass transfer co-efficients.

Suggested Readings
Huffnagle GB & Wernick S. 2007. The Probiotics Revolution: The
Definitive Guide to Safe, Natural Health. Bantam Books.
Kun LY. 2006. Microbial Biotechnology. World Scientific.
Primrose SB. 2001. Molecular Biotechnology. Panima.

MBB 507 MOLECULAR BREEDING 2+0
Objective
To familiarize the students about the use of molecular biology tools in plant
breeding.
Theory
UNIT |

Principles of plant breeding; Breeding methods for self and cross pollinated

crops; Heterosis breeding; Limitations of conventional breeding; Aspects of

molecular breeding.

UNIT 11

Development of sequence based molecular markers - SSRs and SNPs;

Advanced methods of genotyping; Mapping genes for qualitative and

guantitative traits.

UNIT 11

QTL mapping using structured populations; AB-QTL analysis;

Association mapping of QTL; Fine mapping of genes/QTL; Map based

gene/QTL isolation and development of gene based markers; Allele mining

by TILLING and Eco-TILLING; Use of markers in plant breeding.

UNIT IV

Marker assisted selection (MAS) in backcross and heterosis breeding;

Transgenic breeding; Foreground and background selection; MAS for gene

introgression and pyramiding: MAS for specific traits with examples.
Suggested Readings

Chittaranjan K. 2006-07. Genome Mapping and Molecular Breeding in

Plants. Vols. I-VII. Springer.
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Newbury HJ. 2003. Plant Molecular Breeding. Blackwell Publ.
Weising K, Nybom H, Wolff K & Kahl G. 2005. DNA Fingerprinting in
Plants: Principles, Methods and Applications. Taylor & Francis.

MBB 508 GENOMICS AND PROTEOMICS 2+0
Objective
To familiarize the students with recent tools used for genome analysis and
their applications.
Theory

UNIT |

Structural genomics: Classical ways of genome analysis, large fragment
genomic libraries; Physical mapping of genomes; Genome sequencing,
sequence assembly and annotation; Comparative genomics, etc.

UNIT 1

Functional genomics: DNA chips and their use in transcriptome analysis;
Mutants and RNAI in functional genomics; Metabolomics and ionomics for
elucidating metabolic pathways, etc.

UNIT I11

Proteomics - Protein structure, function and purification; Introduction to
basic proteomics technology; Bio-informatics in proteomics; Proteome
analysis, etc.

UNIT IV

Applications of genomics and proteomics in agriculture, human health and
industry.

Suggested Readings

Azuaje F & Dopazo J. 2005. Data Analysis and Visualization in Genomics
and Proteomics. John Wiley & Sons.

Brown TA. 2007. Genome Ill. Garland Science Publ.

Campbell AM & Heyer L. 2004. Discovery Genomics, Proteomics and
Bioinformatics. Pearson Education.

Gibson G & Muse SV. 2004. A Primer of Genome Science. Sinauer
Associates.

Jollés P & Jornvall H. 2000. Proteomics in Functional Genomics: Protein
Structure Analysis. Birkhduser.

Kamp RM. 2004. Methods in Proteome and Protein Analysis. Springer.

Primrose SB & Twyman RM. 2007. Principles of Genome Analysis and
Genomics. Blackwell.

Sensen CW. 2005. Handbook of Genome Research. Vols. I, Il. Wiley CVH.

MBB 509 TECHNIQUES IN MOLECULAR BIOLOGY-II 0+3
Objective
To provide hands on training on various molecular techniques used in
molecular breeding and genomics.
Practical

UNIT |

Construction of gene libraries; Synthesis and cloning of cDNA and RT-
PCR analysis; Real time PCR and interpretation of data.

UNIT Il

Molecular markers (RAPD, SSR, AFLP etc) and their analysis; Case study
of SSR markers (linkage map, QTL analysis etc); SNP identification and
analysis; Microarray studies and use of relevant software.
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UNIT 111

Proteomics (2D gels, mass spectrometry, etc.); RNAI (right from designing

of construct to the phenotyping of the plant); Yeast 1 and 2-hybrid

interaction.

UNIT IV

Generation and screening of mutants; Transposon mediated mutagenesis.

Suggested Readings

Ausubel FM, Brent R, Kingston RE, Moore DD, Seidman JG, Smith JA &
Struhl K. 2002. Short Protocols in Molecular Biology. Wiley.

Caldwell G, Williams SN & Caldwell K. 2006. Integrated Genomics: A
Discovery-Based Laboratory Course. John Wiley.

Sambrook J, Russel DW & Maniatis T. 2001. Molecular Cloning: a
Laboratory Manual. Cold Spring Harbour Laboratory Press.

MBB 510 BIOSAFETY, IPR AND BIOETHICS 2+0

Objective
To discuss about various aspects of biosafety regulations, IPR and bioethic
concerns arising from the commercialization of biotech products.

Theory
UNIT |
Biosafety and risk assessment issues; Regulatory framework; National
biosafety policies and law, The Cartagena protocol on biosafety, WTO and
other international agreements related to biosafety, Cross border movement
of germplasm; Risk management issues - containment.
UNIT Il
General principles for the laboratory and environmental biosafety; Health
aspects; toxicology, allergenicity, antibiotic resistance, etc; Impact on
environment: gene flow in natural and artificial ecologies; Sources of gene
escape, tolerance of target organisms, creation of superweeds/superviruses,
etc.
UNIT 11
Ecological aspects of GMOs and impact on biodiversity; Monitoring
strategies and methods for detecting transgenics; Radiation safety and non-
radio isotopic procedure; Benefits of transgenics to human health, society
and the environment.
UNIT IV
The WTO and other international agreements; Intellectual properties,
copyrights, trademarks, trade secrets, patents, geographical indications, etc;
Protection of plant variety and farmers right act; Indian patent act and
amendments, patent filing; Convention on biological diversity; Implications
of intellectual property rights on the commercialization of biotechnology
products.

Suggested Readings
Singh BD. 2007. Biotechnology: Expanding Horizon. Kalyani.
http://patentoffice.nic.in
WWW.Wipo.org
www.dbtindia.nic.in
www.dbtbiosafety.nic.in
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MBB 511 ANIMAL BIOTECHNOLOGY 3+0

Objective
Intended to provide an overview and current developments in different
areas of animal biotechnology.

Theory
UNIT |
Structure of animal cell; History of animal cell culture; Cell culture media
and reagents, culture of mammalian cells, tissues and organs, primary
culture, secondary culture, continuous cell lines, suspension cultures,
somatic cell cloning and hybridization, transfection and transformation of
cells, commercial scale production of animal cells, application of animal
cell culture for in vitro testing of drugs, testing of toxicity of environmental
pollutants in cell culture, application of cell culture technology in
production of human and animal viral vaccines and pharmaceutical
proteins.
UNIT Il
Introduction to immune system, cellular and hormonal immune response,
history of development of vaccines, introduction to the concept of vaccines,
conventional methods of animal vaccine production, recombinant
approaches to vaccine production, hybridoma technology, phage display
technology for production of antibodies, antigen-antibody based diagnostic
assays including radioimmunoassays and enzyme immunoassays,
immunoblotting, nucleic acid based diagnostic methods, commercial scale
production of diagnostic antigens and antisera, animal disease diagnostic
kits, probiotics.
UNIT 111
Structure of sperms and ovum, cryopreservation of sperms and ova of
livestock, artificial insemination, super ovulation, in vitro fertilization,
culture of embryos, cryopreservation of embryos, embryo transfer,
embryo-spliting, embryo sexing, transgenic manipulation of animal
embryos, different applications of transgenic animal technology, animal
viral vectors, animal cloning basic concept, cloning from- embryonic cells
and adult cells, cloning of different animals, cloning for conservation for
conservation endangered species, ethical, social and moral issues related to
cloning, in situ and ex situ preservation of germplasm, in utero testing of
foetus for genetic defects, pregnancy diagnostic Kits, anti-fertility animal
vaccines, gene knock out technology and animal models for human genetic
disorders.
UNIT IV
Introduction to different breeds of cattle, buffalo, sheep, goats, pigs,
camels, horses, canines and poultry, genetic characterization of livestock
breeds, marker assisted breeding of livestock, introduction to animal
genomics, different methods for characterization of animal genomes, SNP,
STR, QTL, RFLP, RAPD, genetic basis for disease resistance, Transgenic
animal production and application in expression of therapeutic proteins.
Immunological and nucleic acid based methods for identification of animal
species, detection of meat adulteration using DNA based methods,
detection food/feed adulteration with animal protein, identification of wild
animal species using DNA based methods using different parts including
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bones, hair, blood, skin and other parts confiscated by anti-poaching
agencies.

Suggested Readings

Gordon I. 2005. Reproductive Techniques in Farm Animals. CABI.

Kindt TJ, Goldsby RA & Osbrne BA. 2007. Kuby Immunology. WH
Freeman.

Kun LY. 2006. Microbial Biotechnology. World Scientific.

Levine MM, Kaper JB, Rappuoli R, Liu MA, Good MF. 2004. New
Generation Vaccines. 3" Ed. Informa Healthcare.

Lincoln PJ & Thomson J. 1998. Forensic DNA Profiling Protocols.
Humana Press.

Portner R. 2007. Animal Cell Biotechnology. Humana Press.

Spinger TA. 1985. Hybridoma Technology in Biosciences and Medicine.
Plenum Press.

Twyman RM. 2003. Advanced Molecular Biology. Bios Scientific.

MBB 512 IMMUNOLOGY AND MOLECULAR DIAGNOSTICS 2+1
Objective
To discuss the application of various immunological and molecular
diagnostic tools.
Theory

UNIT |
History and scope of immunology; Components of immune system: organs,
tissues and cells, Immunoglobulin chemistry, structure and functions;
Molecular organization of immunoglobulins and classes of antibodies.
UNIT Il
Antibody diversity; antigens, haptens, antigens- antibody interactions;
immuno-regulation and tolerance; Allergies and hypersensitive response;
Immunodeficiency; Vaccines; Immunological techniques.
UNIT 11
Immunological application in plant science, monoclonal antibodies and
their uses, molecular diagnostics. Introduction to the basic principles of
molecular technology and techniques used in pathogen detection, Principles
of ELISA and its applications in viral detection.
UNIT IV
Basics and procedures of PCR, Real time PCR, PCR based and
hybridization based methods of detection, microarrays based detection,
multiplexing etc, detection of soil borne and seed born infections,
transgene detection in seed, planting material and processed food,
molecular detection of varietal impurities and seed admixtures in
commercial consignments.

Practical

i.
ii.
iii.
iv.
V.

Preparation of buffers and reagents.

Immunoblotting, immunoelectrophoresis and fluorescent antibody test.
Enzyme immunoassays including ELISA western blotting.

Extraction and identification of DNA/RNA of pathogenic organisms.
Restriction hybridoma technique and production of monoclonal
antibodies.
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vi. Immunogenic proteins, expression and immunogenecity studies,
purification of immunogenic protein and immunization of laboratory
animals.

Suggested Readings

Bloom BR & Lambert P-H. 2002. The Vaccine Book. Academic Press.

Elles R & Mountford R. 2004. Molecular Diagnosis of Genetic Disease.
Humana Press.

Kindt TJ, Goldsbhy RA & Osbrne BA. 2007. Kuby’s Immunology. WH
Freeman.

Levine MM, Kaper JB, Rappuoli R, Liu MA & Good MF. 2004. New
Generation Vaccines. 3" Ed. Informa Healthcare.

Lowrie DB & Whalen R. 2000. DNA Vaccines. Humana Press.

Male D, Brostoff J, Roth DB & Roitt I. 2006. Immunology. Elsevier.

Rao JR, Fleming CC & Moore JE. 2006. Molecular Diagnostics. Horizon
Bioscience.

Robinson A & Cranage MP. 2003. Vaccine Protocols. 2" Ed. Humana
Press.

Spinger TA, 1985. Hybridoma Technology in Biosciences and Medicine.
Plenum Press.

MBB 513 NANO-BIOTECHNOLOGY 3+0

Objective
Understanding the molecular techniques involved in structure and functions
of nano-biomolecules in cells such as DNA, RNA and proteins.

Theory
UNIT |
Introduction to Biomacromolecules: The modern concepts to describe the
conformation and dynamics of biological macromolecules: scattering
techniques, micromanipulation techniques, drug delivery applications etc.
UNIT Il
Cellular engineering: signal transduction in biological systems, feedback
control signaling pathways, cell-cell interactions etc. Effects of physical,
chemical and electrical stimuli on cell function and gene regulation.
UNIT 11
Chemical, physical and biological properties of biomaterials and
bioresponse: biomineralization, biosynthesis, and properties of natural
materials (proteins, DNA, and polysaccharides), structure-property
relationships in polymeric materials (synthetic polymers and structural
proteins); Aerosol properties, application and dynamics; Statistical
Mechanics in Biological Systems,
UNIT IV
Preparation and characterization of nanoparticles; Nanoparticular carrier
systems; Micro- and Nano-fluidics; Drug and gene delivery system;
Microfabrication, Biosensors, Chip technologies, Nano- imaging,
Metabolic engineering and Gene therapy.

Suggested Readings
Nalwa HS. 2005. Handbook of Nanostructured Biomaterials and Their

Applications in Nanobiotechnology. American Scientific Publ.
Niemeyer CM & Mirkin CA. 2005. Nanobiotechnology. Wiley
Interscience.
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MBB 551 PRINCIPLES OF GENETICS 2+1

Objective
This course is aimed at understanding the basic concepts of genetics,
helping students to develop their analytical, quantitative and problem-
solving skills from classical to molecular genetics.

Theory
UNIT |
Early concepts of inheritance; Discussion on Mendel’s paper; Sex
determination, differentiation and sex-linkage, Sex-influenced and sex-
limited traits; Linkage, recombination and genetic mapping in eukaryotes,
Somatic cell genetics.
UNIT Il
Structural and numerical changes in chromosomes; Nature, structure and
replication of the genetic material; Organization of DNA in chromosomes;
Mutations and mutagenic agents.
UNIT I11
Genetic code and protein biosynthesis; Gene regulation, Genes in
development; Extra chromosomal inheritance, Male sterility and
incompatibility; Recombination in bacteria, fungi and viruses, tetrad
analysis.
UNIT IV
Inheritance of quantitative traits; Concepts in population genetics; Genes
and behavior; Genetics and evolution; Recombinant DNA technology;
Genetic fine structure analysis, Split genes, Transposable genetic elements,
Overlapping genes, Pseudogenes, Oncogenes, Gene families; An overview
of some recent discoveries in the field of genetics.

Practical

i. Laboratory exercises in probability and chi-square.

ii. Demonstration of genetic principles using laboratory organisms.

iii. Chromosome mapping using three point test cross.

iv. Tetrad analysis.

v. Induction and detection of mutations through genetic tests.

vi. Pedigree analysis in humans.

vii. Numerical problems on Hardy Weinberg Equilibrium, Quantitative
inheritance and Molecular genetics.

Suggested Readings

MBB 552

Klug WS & Cummings MR. 2003 Concepts of Genetics. Peterson
Education.

Lewin B. 2008. Genes IX. Jones & Bartlett Publ.

Russell PJ. 1998. Genetics. The Benzamin/Cummings Publ. Co.

Strickberger MW.1990. Genetics. Collier MacMillan.

Tamarin RH. 1999. Principles of Genetics. Wm. C. Brown Publs.

Uppal S, Yadav R, Subhadra & Saharan RP. 2005. Practical Manual on
Basic and Applied Genetics. Dept. of Genetics, CCS HAU Hisar.

BASIC BIOCHEMISTRY 2+1

Objective

To provide elementary knowledge/overview of structure, functions and
metabolism of biomolecules.
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Theory
UNIT |
Scope and importance of biochemistry in agriculture; Fundamental
principles governing life; structure of water; acid base concept and buffers;
pH; hydrogen bonding; hydrophobic, electrostatic and Van der Waals
forces; General introduction to physical techniques for determination of
structure of biopolymers.
UNIT 1
Classification, structure and function of carbohydrates, lipids and
biomembranes, amino acids, proteins, and nucleic acids.
UNIT I11
Structure and biological functions of vitamins, enzymes classification and
mechanism of action; regulation, factors affecting enzyme action.
Fundamentals of thermodynamic principles applicable to biological
processes, Bioenergetics.
UNIT IV
Metabolism of carbohydrates, photosynthesis and respiration, oxidative
phosphorylation, lipids, proteins and nucleic acids. DNA replication,
transcription and translation; recombinant DNA technology, Nutritional
aspects of carbohydrates, lipids, proteins and minerals.
Practical
i.  Preparation of standard and buffer solutions.
ii.  Extraction and estimation of sugars and amino acids.
iii.  Estimation of proteins by Lowry’s method.
iv.  Estimation of DNA and RNA by Diphenyamine and orcinol methods.
v.  Estimation of ascorbic acid.
vi.  Separation of biomolecules by TLC and paper chromatography
Suggested Readings
Conn EE & Stumpf PK. 1987. Outlines of Biochemistry. John Wiley.
Metzler DE. Biochemistry. Vols. I, Il. Wiley International.
Nelson DL & Cox MM. 2004. Lehninger’s Principles of Biochemistry.
MacMillan.
Voet D & Voet JG. Biochemistry. 3" Ed. Wiley International.

MBB 553 BIOSTATISTICS AND COMPUTERS 2+1
Objective
This is the special course for M.Sc. students of Biotechnology. They are
exposed to various statistical methods to analyze their experimental data.
Theory
UNIT |
Aims, scope and idea of elementary statistics; Measures of central
tendency and dispersion, skewness and kurtosis.
UNIT 1l
Concept of probability and probability laws, mathematical expectation,
moments, moments generating function; Standard  probability
distributions- Binomial, Poisson and Normal distributions.
UNIT 11
Tests of significance based on Z, %°, t and F statistics; Correlation and
regression, curve fitting by least squares methods.
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UNIT IV

Basic principles, organization and operational aspects of computers,

operating  systems. Introduction to MS-Office, MS-Word, MS-Excel.

Statistical Data analysis based on above topics through MS-Excel.
Practical

I. Data analysis using probability, test of significance

ii. Correlation and regression analysis

iii. Usage of MS-Windows

iv. Exercises on test processing, spreadsheet and DBMS

V. SPSS
Suggested Readings

Agarwal BL. 2003. Basic Statistics. New Age.

Gupta SP. 2004. Statistical Methods. S. Chand & Sons.

Dutta NK. 2002. Fundamentals of Bio-Statistics. Kanishka Publ.

MBB 554 PRINCIPLES OF MICROBIOLOGY 2+1

Objective
To acquaint the students with history, classification and role of
microbiology in agriculture, food and environment.

Theory
UNIT |
Development of Microbiology in the 18" and 19" century. Morphology,
structure and function of prokaryotic and eukaryotic cell. Archea.
Classification of prokaryotes — Basic principles and techniques used in
bacterial classification.
UNIT Il
Evolutionary relationship among prokaryotes. Phylogenetic and numerical
taxonomy. Use of DNA and r-RNA sequencing in classifications.
UNIT Il
Study of major groups of bacteria belonging to Gracilicutes, Firmicutes,
Tanericutes and Mendosicutes.
UNIT IV
Viruses — morphology, classification and replication of plant, animal and
bacterial viruses. Cultivation methods of viruses. Immune response —
specific and non-specific resistance. Normal microflora of human body;
some common bacterial and viral diseases of humans and animals.

Practical

i. Methods  of isolation, purification and maintenance  of
microorganisms from different environments (air, water, soil, milk
and food).

ii. Enrichment culture technique — isolation of asymbiotic, symbiotic
nitrogen fixing bacteria. Isolation of photosynthetic bacteria.

iii. Use of selective media, antibiotic resistance and isolation of antibiotic
producing microorganisms.

iv. Morphological, physiological and biochemical characterization of

bacteria.
Suggested Readings
Brock TD. 1961. Milestones in Microbiology. Infinity Books.
Pelczar ML Jr. 1997. Microbiology. Tata McGraw Hill.
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Stainier RY, Ingraham JL, Wheelis ML & Painter PR. 2003. General
Microbiology. MacMillan.

Tauro P, Kapoor KK & Yadav KS. 1996. Introduction to Microbiology.
Wiley Eastern.

MBB 555 INTRODUCTION TO BIOINFORMATICS 2+1

Objective
To impart an introductory knowledge about the subject of bioinformatics to
the students studying any discipline of science.

Theory
UNIT |
Introduction, biological databases — primary, secondary and structural,
Protein and Gene Information Resources — PIR, SWISSPROT, PDB,
genebank, DDBJ. Specialized genomic resources.
UNIT Il
DNA sequence analysis, cDNA libraries and EST, EST analysis, pairwise
alignment techniques, database searching, multiple sequence alignment.
UNIT I11
Secondary database searching, building search protocol, computer aided
drug design — basic principles, docking, QSAR.
UNIT IV
Analysis packages — commercial databases and packages, GPL software for
Bioinformatics, web-based analysis tools.

Practical
i Usage of NCBI resources
ii. Retrival of sequence/structure from databases
iii. Visualization of structures
iv. Docking of ligand receptors
V. BLAST exercises.

Suggested Readings
Attwood TK & Parry-Smith DJ. 2003. Introduction to Bioinformatics.

Pearson Education.
Rastogi SC, Mendiratta N & Rastogi P. 2004. Bioinformatics: Concepts,
Skills and Applications. CBS.

BMB 556 ENVIRONMENTAL BIOTECHNOLOGY 3+0

Objective
To apprise the students about the role of biotechnology in environment
management for sustainable eco-system and human welfare.

Theory
UNIT |
Basic concepts and environmental issues; types of environmental pollution;
problems arising from high-input agriculture; methodology of
environmental management; air and water pollution and its control; waste
water treatment - physical, chemical and biological processes; need for
water and natural resource management.
UNIT Il
Microbiology and use of micro-organisms in waste treatment;
biodegradation; degradation of Xenobiotic, surfactants; bioremediation of
soil & water contaminated with oils, pesticides & toxic chemicals,
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detergents etc; aerobic processes (activated sludge, oxidation ditches,
trickling filter, rotating drums, etc); anaerobic processes: digestion,
filteration, etc.

UNIT I11

Renewable and non-Renewable resources of energy; energy from solid
waste; conventional fuels and their environmental impact; biogas;
microbial hydrogen production; conversion of sugar to alcohol; gasohol;
biodegradation of lignin and cellulose; biopesticides; biofertilizers;
composting; vermiculture, etc.

UNIT IV

Treatment schemes of domestic waste and industrial effluents; food, feed
and energy from solid waste; bioleaching; enrichment of ores by
microorganisms; global environmental problems: ozone depletion, UV-B,
greenhouse effects, and acid rain; biodiversity and its conservation;
biotechnological approaches for the management environmental problems.

Suggested Readings

MBB 557

Evans GM & Furlong JC. 2002. Environmental Biotechnology: Theory and
Application. Wiley International.

Jordening H-J & Winter J. 2006. Environmental Biotechnology: Concepts
and Applications. Wiley-VCH Verlag.

MOLECULAR CYTOGENETICS (2+1)

Molecular anatomy of eukaryotic chromosomes: Metaphase chromosome,
centromere, kinetochore, telomere and its maintenance, Repeat sequences of
centromere and telomeres of chromosome, Heterochromatine and
Euchromatain, chromosome banding-basis, techniques and applications.
UNIT-II

Chromosome replication, Artificial chromosomes: synthesis and applications.
Organellar genomes: genome organization in chloroplasts and mitochondria,
manipulation of organellar genomes and their applications. Genome analysis-
significance and uses; Modern methods of genome analysis.

UNIT-1

Location and mapping of genes on chromosomes: genetic, physical and
molecular maps, molecular mapping and tagging of genes, Introduction to
molecular cytogenetic techniques- In situ hybridization, chromosome
painting FISH and GISH in plants, their significance and applications in crop
improvement, genomic southern hybridization, DNA finger printing repeated
nucleotide sequences and simple sequence repeats (SSR)

UNIT-1V

Flow cytometry and chromosome sorting, Automated Kkaryotyping,
immunocytochemistry, micro-spectrophotometry, microdissection,
microinjection, microcloning, chromosome-based cloning. Cell cycle analysis
and control mechanisms; molecular machinery for cell division; molecular
analysis of meiosis and recombination, Moelcular cytotgenetics and
evolutionary patterns; C- value paradox- DNA content and adaptability. The
concept of gene synteny, colinearity among genomes and synteny.

Practicals:

1. Study of chromosomes during meiosis
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2. Staining of metaphase chromosomes — Chromosomal banding — stain with
giemsa — fluorescent dye

3. Polytene chromosomes — banding — Chironomus / Drosophila larva

4. Structural abnormalities in chromosomes (Rhoeo — plant mature)
5. Induction of polyploidy using colchicines
6. Identification of polyploids through cytomorphology, cytometry, DNA

Quantification

and other molecular techniques

7. Demonstration/exploration of FISH, GISH, DNA Finger printing

REFERENCE BOOKS

Alberts et al Essential Cell Biology Garland 1998

Alberts et al Molecular Biology of The Cell Garland 2002

Bostoc & Sumner The Eukaryotic Chromosome Elsevier 1980

Burnham, C.R. Discussions in Cytogenetics Burgess 1962

Hamsew & Flavell The Chromosome Bios 1993

Hawley & Walker Advanced Genetic Analysis Blackwell 2003

Hennig Structure & Function of Eukaryotic | Springer 1987
Chromosomes

Khush,G.S. Cytogenetics of aneuploids Academic 1973

Press

Lewin Genes VIII Pearson 2004

Lodish et al Molecular Cell Biology Freeman 2004

Obe & Natarajan Chromosome aberrations - Basic Springer 1990
and Applied Aspects

Risley Chromosome Structure and Reinhold 1985
Function

Sumner Chromosomes Blackwell

Sybenga, J. Meiotic configurations Springer 1975

MBB 558 MOLECULAR FARMING (1+1)
Theory
Unit |

Definition and scope of molecular farming, Critical needs for vaccine
development, Potential to meet critical needs, Scientific back ground on plant-
based vaccines. Why GMO for edible vaccines?

Unit-11

Plant based recombinant proteins as valuable drugs, first generation

products,

and plant patents.

Methods of molecular farming,

nuclear

transformation and Chloroplast transformation. Invention of use for molecular

farming.
Unit-111

Molecular farming for protein production, Molecular farming antibodies in
plants, Molecular farming for vaccines in plants and Molecular farming
product recovery methods.

Unit-1vV

Molecular farming information on plant made pharmaceuticals and
biopharmaceuticals from genetically engineered plants, Transgenic plants for
immunotherapy, Strategy for expression of antigens in plants.

Practicals:
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Various tissue culture techniques:

Media preparation, preparation of different types of culture including
suspension cultures, transformation, regeneration techniques, co-cultivation,
selection, confirmation using PCR techniques, extraction of recombinant
protein using techniques like Rhizo extraction, SDS —PAGE analysis for
guantification.

Reference Books

Rainer Fischer and Stefan Schillberg, (2004). Molecular farming- Plant made
pharmaceuticals and technical proteins. Wiley-VCH Verlag GmbH&
Co.KGaA

Elizabeth E.Hood and John A. Howard (eds.) (2002). Plants as factories for
protein production, Kluwer academic publishers P.O. Box 17, 3300 aa
Dordrucht, The Netherlands.

Meran R.L.Owen and Jan Pen (1996). Transgenic plants: A production system
for industrial and pharmaceutical proteins. Wiley and sons L.td, Baffin lane,
Chichester, West Sussex P.O. 19 UD, England.

MBB 601 ADVANCES IN PLANT MOLECULAR BIOLOGY  3+0

Objective
To discuss the specialized topics and recent advances in the field of plant
molecular biology.

Theory
UNIT |
Arabidopsis in molecular biology, Forward and Reverse Genetic
Approaches, Transcriptional and post-transcriptional regulation of gene
expression, isolation of promoters and other regulatory elements.
UNIT 1l
RNA interference, Transcriptional gene silencing, Transcript and protein
analysis, use of transcript profiling to study biological systems.
UNIT 11
Hormone regulatory pathways: Ethylene, Cytokinin, Auxin and ABA, SA
and JA; ABC Model of Floral Development, Molecular basis of self
incompatibility, Regulation of flowering: photoperiod, vernalization,
circadian rhythms.
UNIT IV
Molecular biology of abiotic stress responses: Cold, high temperature, sub-
mergence, salinity and drought; Molecular Biology of plant-pathogen
interactions, molecular biology of Agrobacterium Infection, Molecular
biology of Rhizobium infection (molecular mechanisms in symbiosis),
Programmed cell death in development and defense.

Suggested Readings
Buchanan B, Gruissen W & Jones R. 2000. Biochemistry and Molecular
Biology of Plants. American Society of Plant Physiologists, USA.
Lewin B. 2008. Gene IX. Peterson Publications/ Panima.
Malacinski GM & Freifelder D. 1998. Essentials of Molecular Biology. 3"
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Ed. Jones & Bartlett Publ.

Nelson DL & Cox MM. 2007. Lehninger’s Principles of Biochemistry. WH
Freeman & Co.

Watson JD, Bakee TA, Bell SP, Gann A, Levine M & Losick R. 2008.
Molecular Biology of the Gene. 6™ Ed. Pearson Education.

MBB 602 ADVANCES IN GENETIC ENGINEERING 3+0

Objective
To discuss the specialized topics and advances in field of genetic
engineering and their application in plant improvement.

Theory
UNIT |
General overview of transgenic plants; Case studies: Genetic engineering of
herbicide resistance, Transgenic plants resistant to insects/pests, Genetic
engineering of abiotic stress tolerance, Engineering food crops for quality,
Genetically engineered pollination control, Induction of male sterility in
plants.
UNIT Il
Molecular farming of plants for applications in veterinary and human
medicine systems: Boosting heterologous protein production in transgenics,
Rapid production of specific vaccines, High-yield production of therapeutic
proteins in chloroplasts.
UNIT 111
Recent developments in plant transformation strategies; Role of antisense
and RNAi-based gene silencing in crop improvement; Regulated and
tissue-specific expression of transgenes for crop improvement; Gene
stacking; Pathway engineering; Marker-free transgenic development
strategies; High throughput phenotyping of transgenic plants.
UNIT IV
Field studies with transgenic crops; Environmental issues associated with
transgenic crops; Food and feed safety issues associated with transgenic
crops; Risk assessment of transgenic food crops.

Suggested Readings
Christou P & Klee H. 2004. Handbook of Plant Biotechnology. John Wiley

& Sons.

Specific journals mentioned later.

MBB 603 ADVANCES IN MICROBIAL BIOTECHNOLOGY  3+0
Objective
To discuss specialized topics about industrially important microorganisms.
Theory
UNIT |

Fermentative metabolism and development of bioprocessing technology,
processing and production of recombinant products; isolation, preservation
and improvement of industrially important microorganisms.

UNIT Il

Immobilization of enzymes and cells; Batch, plug flow and chemostate
cultures; Computer simulations; Fed-batch and mixed cultures; Scale-up
principles; Down stream processing etc.
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UNIT I11
Current advances in production of antibiotics, vaccines, and biocides;
Steroid transformation; Bioreactors; Bioprocess engineering; Production of
non-microbial origin products by genetically engineered microorganisms.
UNIT IV
Concept of probiotics and applications of new tools of biotechnology for
quality feed/food production; Microorganisms and proteins used in
probiotics; Lactic acid bacteria as live vaccines; Factors affecting
delignification; Bioconversion of substrates, anti-nutritional factors present
in feeds; Microbial detoxification of aflatoxins; Single cell protein,
Bioinsecticides; Biofertilizers; Recent advances in  microbial
biotechnology.

Suggested Readings
Specific journals and published references.

MBB 604 ADVANCES IN CROP BIOTECHNOLOGY 3+0

Objective
To discuss specialized topics on the application of molecular tools in
breeding of specific crops.

Theory
UNIT |
Conventional versus non-conventional methods for crop improvement;
Present status and recent developments on available molecular marker,
transformation and genomic tools for crop improvement.
UNIT Il
Genetic engineering for resistance against abiotic (drought, salinity,
flooding, temperature, etc) and biotic (insect pests, fungal, viral and
bacterial diseases, weeds, etc) stresses; Genetic Engineering for increasing
crop productivity by manipulation of photosynthesis, nitrogen fixation and
nutrient uptake efficiency; Genetic engineering for quality improvement
(protein, essential amino acids, vitamins, mineral nutrients, etc); edible
vaccines, etc.
UNIT Il
Molecular breeding: constructing molecular maps; integrating genetic,
physical and molecular maps; diversity assessment and phylogenetic
analysis; molecular tagging of genes/traits; selected examples on marker-
assisted selection of qualitative and quantitative traits.
UNIT IV
Discussion on application of molecular, transformation and genomic tools
for the genetic enhancement in some major field crops such as rice, wheat,
cotton, maize, soybean, oilseeds, sugarcane etc.

Suggested Readings
Specific journals and published references.

MBB 605 ADVANCES IN FUNCTIONAL GENOMICS 2+0
AND PROTEOMICS
Objective
To discuss recent advances and applications of functional genomics and
proteomics in agriculture, medicine and industry.
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Theory
UNIT |
Genome sequencing and functional genomics; Human, animal, plant,
bacterial and yeast genome projects; genome annotation; ab initio gene
discovery; functional annotation and gene family clusters; etc.
UNIT Il
Functional analysis of genes; RNA-mediated interference; gene knockoffs;
Gene traps/ T-DNA insertion lines; homologous recombination; microarray
profiling; SAGE; SNPs/variation; yeast-two hybrid screening; gene
expression and transcript profiling; EST contigs; EcoTILLING; allele/gene
mining; synteny and comparative genomics; Genome evolution, speciation
and domestication etc.
UNIT 1
Proteomics: protein annotation; protein separation and 2D PAGE; mass
spectroscopy; protein microarrays; protein interactive maps; structural
proteomics: protein structure determination, prediction and threading,
software and data analysis/ management, etc.
UNIT IV
Discussion on selected papers on functional genomics, proteomics,
integrative genomics etc.

Suggested Readings
Specific journals and published references.

MBB 606 COMMERCIAL PLANT TISSUE CULTURE 2+0

Objective
To discuss the commercial applications of plant tissue culture in
agriculture, medicine and industry.

Theory
UNIT |
Micropropagation of commercially important plant species; plant
multiplication, hardening, and transplantation; genetic fidelity; scaling up
and cost reduction; bioreactors; synthetic seeds; management and
marketing.
UNIT 1l
Production of useful compounds via biotransformation and secondary
metabolite production: suspension cultures, immobilization, examples of
chemicals being produced for use in pharmacy, medicine and industry.
UNIT 1
Value-addition by transformation; development, production and release of
transgenic plants; patent, bio-safety, regulatory, environmental and ethic
issues; management and commercialization.
UNIT IV
Some case studies on success stories on commercial applications of plant
tissue culture. Visits to some tissue culture based commercial
units/industries.

Suggested Readings
Specific journals and published references.
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MBB 607 ADVANCES IN ANIMAL BIOTECHNOLOGY 2+0

Objective
Intended to provide cutting edge knowledge on advances in different areas
of animal biotechnology.

Theory
UNIT |
Advances in animal cell culture technology, suspension culture technology,
advances in commercial scale productions of mammalian cells.
UNIT 1
Advances in cell cloning and cell hybridization, advances in monoclonal
antibody production technology, Advances in diagnostic technology,
Computational vaccinology, reverse genetics based vaccines.
UNIT Il
Advances in embryo manipulation, knock out and knock in technology,
advances in animal cloning technology, stem cell technology, Advances in
development of animal models for human diseases using transgenic animal
technology.
UNIT IV
Advances in genetic basis for animal disease resistance, Molecular methods
for animal forensics, Advances in animal genomics, proteomics,

Suggested Readings
Selected articles from journals.
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PLANT MOLECULAR BIOLOGY & BIOTECHNOLOGY

List of Journals
Advances in Botanical Research
Advances in Enzyme Regulation
Advances in Enzymology
Advances in Genetics
Agricultural and Biological Research
Analytical Biochemistry
Annals of Botany
Archives of Biochemistry and Biophysics
Archives of Microbiology
Biochemical and Biophysical Research Communication
Biochemical Genetics
Biochemistry
Biotechnology and Bioengineering
Critical Reviews in Plant Sciences
Crop Science
EMBO Journal
Euphytica
Genetic and Plant Breeding
Genome
Indian Journal of Genetics and Plant Breeding
Journal of Biotechnology
Journal of Experimental Botany
Journal of General Microbiology
Journal of Heredity
Journal of Plant Biochemistry and Biotechnology
Journal of Plant Biology
Molecular and Cellular Biochemistry
Molecular Breeding
Molecular Genetics and Genomics
Nature
Nature Biotechnology
Plant Cell
Plant Molecular Biology
Plant Physiology
Plant Physiology and Biochemistry
Proceedings of The National Academy of Sciences (USA)
Science
Trends in Biochemical Sciences
Trends in Biotechnology
Trends in Cell Biology
Trends in Food Science and Technology
Trends in Genetics
Trends in Microbiology
Trends in Plant Sciences

e-Resources

National Center for Biotechnology Information
http://www.ncbi.nlm.nih.gov/
The World Wide Web Virtual Library: Biotechnology.
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http://www.cato.com/biotech/

The Transgenic/Targeted Mutation Database (TBASE)
http://www.bis.med.jhmi.edu/Dan/tbase/tbase.html
Primer on Molecular Genetics
http://www.bis.med.jhmi.edu/Dan/DOE/intro.html.
Bioportal
http://bioportal.gc.ca/english/BioPortalHome.asp
Access Excellence

http://www.gene.com/ae

BioTech Biosources Database: Indiana University
http://biotech.chem.indiana.edu/

Information Systems for Biotechnology
http://gophisb.biochem.vt.edu/

All About The Human Genome Project (HGP)
http://www.genome.gov/

Human Genome Project at the Sanger Institute
http://www.sanger.ac.uk/HGP/

UCSC Genome Browser

http://genome.ucsc.edu/

Gramene

www.gramene.org/

The Institute for Genomic Research

www.tigr.org

Suggested Broad Topics for Master’s and Doctoral Research
Micropropagation of important crop plants, cash crops, ornamentals, forest and

horticultural trees, medicinal and aromatic plants.

Development of transgenics in field crops for resistance against biotic and abiotic
stresses, and to improve the nutritional quality, etc.

DNA fingerprinting of important plant species and germplasm.

Development of molecular markers (SNP, SSR, transposable elements, etc) and
their utilization for genetic diversity and phylogenetic analysis.

Molecular mapping and marker-assisted selection for major-gene traits in crop
species.

Value-addition including biopesticides, biofertilizers, biofuels, biodegradable
plastics, secondary metabolites, etc.

Genome sequencing and functional analysis of genes of important organisms.

Allele mining, proteomics, genomics and metabolic engineering for crop
improvement.

Immobilization of enzymes/microorganisms.

Protein engineering.

To develop crops with improved mineral (Fe, Zn, Vitamin A, etc) bioavailbility.
Biodiversity and conservation of endangered plant species.

Bioprocess engineering and downstream processing.
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http://www.cato.com/biotech/
http://www.bis.med.jhmi.edu/Dan/tbase/tbase.html
http://www.bis.med.jhmi.edu/Dan/DOE/intro.html
http://bioportal.gc.ca/english/BioPortalHome.asp
http://www.gene.com/ae
http://biotech.chem.indiana.edu/
http://gophisb.biochem.vt.edu/
http://www.genome.gov/
http://www.sanger.ac.uk/HGP/
http://genome.ucsc.edu/
http://www.gramene.org/
http://www.tigr.org/
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EXECUTIVE SUMMARY

1. Genetics and Plant Breeding

New courses including topics in biotechnology, molecular breeding, molecular
genetics, maintenance breeding and plant genetic resources were included in the
new syllabus.

Provisions are made to train the students in modern breeding and seed production
methods through in-service training.

Tie-up with private sector seed companies for doing research by the Masters &
Doctoral students.

Practical classes were included in the curriculum for visiting the private sector
companies involved in breeding & seed production and genomic research

A course on “Principles of seed production” is also offered to the Genetics & Plant
Breeding students as an optional course.

2. Seed Science and Technology

New courses and topics including DUS testing and PVP, Maintenance Breeding,
Seed Advancement Technologies, Marker Based Seed Purity evaluation & Cultivar
identification, and Evaluation and Conservation of Plant Genetic Resources have
been included in the new syllabus.

Provisions are made to train students in modern seed production, processing,
marketing and quality control methods through students’ attachment with the
public/ private sector organizations.

Tie-up with private sector seed companies for doing research by the Masters &
Doctoral students.

Practical classes are included in the curriculum for visiting the private and public
sector seed companies, certification agencies, quarantine facility and NBPGR.

Strengthening the infrastructure facilities and training of teacher staffs in the SAUs.
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GENETICS AND PLANT BREEDING (Integrated)

Course Structure — at a Glance

CODE COURSE TITLE CREDITS
GP501*~ PRINCIPLES OF GENETICS 2+1
GP502* PRINCIPLES OF CYTOGENETICS 2+1
GP503* PRINCIPLES OF PLANT BREEDING 2+1
GP504* PRINCIPLES OF QUANTITATIVE GENETICS 2+1
GP505 MUTAGENESIS AND MUTATION BREEDING 2+1
GP506 POPULATION GENETICS 1+1
GP507 HETEROSIS BREEDING 1+1
GP508* CELL BIOLOGY AND MOLECULAR GENETICS 2+1
GP509* BIOTECHNOLOGY FOR CROP IMPROVEMENT 2+1
GP510 BREEDING FOR BIOTIC AND ABIOTIC STRESS RESISTANCE 2+1
GP511* BREEDING CEREALS, FORAGES AND SUGARCANE 2+1
GP512* BREEDING LEGUMES, OILSEEDS AND FIBRE CROPS 2+1
GP513 BREEDING FOR QUALITY TRAITS 1+1
GP514 GENE REGULATION AND EXPRESSION 2+0
GP515 MAINTENANCE BREEDING, CONCEPTS OF VARIETY RELEASE 141

AND SEED PRODUCTION
GP 5169 GERMPLASM COLLECTION, EXCHANGE AND QUARANTINE 2+1
GP 517 DATA BASE MANAGEMENT, EVALUATION AND UTILIZATION

2+1

OF PGR
GP 518 GENETIC CONTROL OF PLANT REPRODUCTION 2+1
GP 519 BREEDING FOR VEGETABLE CROPS 2+1
GP591 | MASTER’S SEMINAR 1+0
GP599 | MASTER’S RESEARCH 20
GP601 PLANT GENETIC RESOURCES AND THEIR UTILIZATION 2+0
GP602 ADVANCES IN QUANTITATIVE GENETICS 2+1
GP603** GENOMICS IN CROP IMPROVEMENT 2+1
GP604** CELLULAR AND CHROMOSOMAL MANIPULATIONS IN CROP 241

IMPROVEMENT
GP605** ADVANCED PLANT BREEDING SYSTEMS 2+0
GP606 CROP-EVOLUTION 2+1
GP607 BREEDING DESIGNER CROPS 1+1
GP608 ADVANCES IN BREEDING OF MAJOR FIELD CROPS 3+0
GP609 MICROBIAL GENETICS 2+1
GP6109@ IN SITU AND EX SITU CONSERVATION OF GERMPLASM 2 +1
GP 691 DOCTORAL SEMINAR | 1+0
GP 692 DOCTORAL SEMINAR II 1+0
GP 699 | DOCTORAL RESEARCH 45

*Compulsory for Master’s programme; ** Compulsory for Ph. D. programme

@Cross listed with SST 515; @@ Cross listed with SST 602
A cross listed with MBB 511
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GENETICS AND PLANT BREEDING
Course Contents

GP 501 PRINCIPLES OF GENETICS 2+1

Objective
This course is aimed at understanding the basic concepts of genetics,
helping students to develop their analytical, quantitative and problem-
solving skills from classical to molecular genetics.

Theory
UNIT |
Beginning of genetics; Cell structure and cell division; Early concepts of
inheritance, Mendel's laws; Discussion on Mendel’s paper, Chromosomal
theory of inheritance.
UNIT Il
Multiple alleles,Gene interactions. Sex determination, differentiation and
sex-linkage, Sex-influenced and sex-limited traits; Linkage-detection,
estimation; Recombination and genetic mapping in eukaryotes, Somatic
cell genetics, Extra chromosomal inheritance.
UNIT I11
Population - Mendelian population — Random mating population -
Frequencies of genes and genotypes-Causes of change: Hardy-Weinberg
equilibrium.
UNIT IV
Structural and numerical changes in chromosomes; Nature, structure and
replication of the genetic material; Organization of DNA in chromosomes,
Genetic code; Protein biosynthesis.
UNIT V
Genetic fine structure analysis, Allelic complementation, Split genes,
Transposable genetic elements, Overlapping genes, Pseudogenes,
Oncogenes, Gene families and clusters.
UNIT VI
Regulation of gene activity in prokaryotes; Molecular mechanisms of
mutation, repair and suppression; Bacterial plasmids, insertion (IS) and
transposable (Tn) elements; Molecular chaperones and gene expression.
Gene regulation in eukaryotes, RNA editing.
UNIT VII
Gene isolation, synthesis and cloning, genomic and cDNA libraries, PCR-
based cloning, positional cloning; Nucleic acid hybridization and immuno-
chemical detection; DNA sequencing; DNA restriction and modification,
Anti-sense RNA and ribozymes; Micro-RNAs (miRNAS).
UNIT VIII
Genomics and proteomics;  Functional and pharmacogenomics;
Metagenomics.
UNIT IX
Methods of studying polymorphism at biochemical and DNA level;
Transgenic bacteria and bioethics; Gene silencing; genetics of mitochondria
and chloroplasts.
UNIT X
Concepts of Eugenics, Epigenetics, Genetic disorders and Behavioural
genetics.
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Practical

Laboratory exercises in probability and chi-square; Demonstration of

genetic principles using laboratory organisms; Chromosome mapping using

three point test cross; Tetrad analysis; Induction and detection of mutations

through genetic tests; DNA extraction and PCR amplification -

Electrophoresis — basic principles and running of amplified DNA -

Extraction of proteins and isozymes — use of Agrobacterium mediated

method and Biolistic gun; practical demonstrations - Detection of

transgenes in the exposed plant material; visit to transgenic glasshouse and

learning the practical considerations.

Suggested Readings

Gardner EJ & Snustad DP. 1991. Principles of Genetics. John Wiley &
Sons.

Klug WS & Cummings MR. 2003. Concepts of Genetics. Peterson Edu.

Lewin B. 2008. Genes IX. Jones & Bartlett Publ.

Russell PJ. 1998. Genetics. The Benzamin/Cummings Publ. Co.

Snustad DP & Simmons MJ. 2006. Genetics. 4™ Ed. John Wiley & Sons.

Strickberger MW. 2005. Genetics (I11 Ed). Prentice Hall, New Delhi, India

Tamarin RH. 1999. Principles of Genetics. Wm. C. Brown Publs.

Uppal S, Yadav R, Subhadra & Saharan RP. 2005. Practical Manual on
Basic and Applied Genetics. Dept. of Genetics, CCS HAU Hisar.

GP 502 PRINCIPLES OF CYTOGENETICS 2+1

Objective
To provide insight into structure and functions of chromosomes,
chromosome mapping, polyploidy and cytogenetic aspects of crop
evolution.

Theory
UNIT |
Architecture  of chromosome in prokaryotes and eukaryotes;
Chromonemata, chromosome matrix, chromomeres, centromere, secondary
constriction and telomere; Artificial chromosome construction and its uses;
Special types of chromosomes.
UNIT Il
Chromosomal theory of inheritance — Cell Cycle and cell division — mitosis
and meiosis; Differences, significance and deviations — Synapsis, structure
and function of synaptonemal complex and spindle apparatus, anaphase
movement of chromosomes and crossing over-mechanisms and theories of
crossing over- recombination models, cytological basis, - Variation in
chromosome structure: Evolutionary significance - Introduction to
techniques for karyotyping; Chromosome banding and painting - in situ
hybridization and various applications.
UNIT 11
Structural and Numerical variations of chromosomes and their implications
- Symbols and terminologies for chromosome numbers - euploidy -
haploids, diploids and polyploids ; Utilization of aneuploids in gene
location - Variation in chromosome behaviour - somatic segregation and
chimeras — endomitosis and somatic reduction ; Evolutionary significance
of chromosomal aberrations - balanced lethals and chromosome complexes.
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UNIT IV
Inter-varietal chromosome substitutions; Polyploidy and role of polyploids
in crop breeding; Evolutionary advantages of autopolyploids vs
allopolyploids — Role of aneuploids in basic and applied aspects of crop
breeding, their maintenance and utilization in gene mapping and gene
blocks transfer — Alien addition and substitution lines — creation and
utilization; Apomixis - Evolutionary and genetic problems in crops with
apomixes.
UNIT V
Reversion of autopolyploids to diploids; Genome mapping in polyploids -
Interspecific hybridization and allopolyploids; Synthesis of new crops
(wheat, triticale and brassica) — Hybrids between species with same
chromosome number, alien translocations - Hybrids between species with
different chromosome number; Gene transfer using amphidiploids - Bridge
species.
UNIT VI
Fertilization barriers in crop plants at pre-and postfertilization levels- In
vitro techniques to overcome the fertilization barriers in crops;
Chromosome manipulations in wide hybridization ; case studies -
Production and use of haploids, dihaploids and doubled haploids in genetics
and breeding.
Practical

Learning the cytogenetics laboratory, various chemicals to be used for
fixation, dehydration, embedding, staining, cleaning etc. - Microscopy:
various types of microscopes, - Observing sections of specimen using
Electron microscope; Preparing specimen for observation - Fixative
preparation and fixing specimen for light microscopy studies in cereals -
Studies on the course of mitosis in wheat, pearl millet - Studies on the
course of mitosis in onion and Aloe vera - Studies on the course of meiosis
in cereals, millets and pulses - Studies on the course of meiosis in oilseeds
and forage crops - Using micrometers and studying the pollen grain size in
various crops -Various methods of staining and preparation of temporary
and permanent slides - Pollen germination in vivo and in vitro; Microtomy
and steps in microtomy; Agents employed for the induction of various
ploidy levels; Solution preparation and application at seed, seedling level -
Identification of polyploids in different crops - Induction and identification
of haploids; Anther culture and Ovule culture - Morphological
observations on synthesized autopolyploids - Observations on C-mitosis,
learning on the dynamics of spindle fibre assembly - Morphological
observations on alloployploids - Morphological observations on aneuploids
- Cytogenetic analysis of interspecific and intergeneric crosses -
Maintenance of Cytogenetic stocks and their importance in crop breeding -
Various ploidy levels due to somaclonal wvariation ; Polyploidy in
ornamental crops. -Fluorescent in situ hybridization (FISH)- Genome in
situ hybridization GISH.

Suggested Readings
Becker K & Hardin. 2004. The World of Cell. 5™ Ed. Pearson Edu.
Carroll M. 1989. Organelles. The Guilford Press.
Charles B. 1993. Discussions in Cytogenetics. Prentice Hall.
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Darlington CD & La Cour LF. 1969. The Handling of Chromosomes.
Georger Allen & Unwin Ltd.

Elgin SCR. 1995. Chromatin Structure and Gene Expression. IRL Press.

Gray P. 1954. The Mirotomist’s Formulatory Guide. The Blakiston Co.

Gupta PK & Tsuchiya T. 1991. Chromosome Engineering in Plants:
Genetics, Breeding and Evolution. Part A. Elsevier.

Gupta PK. 2000. Cytogenetics. Rastogi Publ.

Johannson DA. 1975. Plant Microtechnique. McGraw Hill.

Karp G. 1996. Cell and Molecular Biology: Concepts and Experiments.
John Wiley & Sons.

Khush GS. 1973. Cytogenetics of Aneuploids. Academic Press.

Sharma AK & Sharma A. 1988. Chromosome Techniques: Theory and
Practice. Butterworth.

Sumner AT. 1982. Chromosome Banding. Unwin Hyman Publ.

Swanson CP. 1960. Cytology and Cytogenetics. Macmillan & Co.

GP 503 PRINCIPLES OF PLANT BREEDING 2+1

Objective
To impart theoretical knowledge and practical skills about plant breeding
objectives, modes of reproduction and genetic consequences, breeding
methods for crop improvement.

Theory
UNIT |
History of Plant Breeding (Pre and post-Mendelian era); Objectives of plant
breeding, characteristics improved by plant breeding; Patterns of Evolution
in Crop Plants- Centres of Origin-biodiversity and its significance.
UNIT Il
Genetic basis of breeding self- and cross - pollinated crops including
mating systems and response to selection - nature of variability,
components of variation; Heritability and genetic advance, genotype-
environment interaction; General and specific combining ability; Types of
gene actions and implications in plant breeding; Plant introduction and role
of plant genetic resources in plant breeding.
UNIT 11
Self-incompatibility and male sterility in crop plants and their commercial
exploitation.
UNIT I11
Pure line theory, pure line selection and mass selection methods; Line
breeding, pedigree, bulk, backcross, single seed descent and multiline
method; Population breeding in self-pollinated crops (diallel selective
mating approach).
UNIT IV
Breeding methods in cross pollinated crops; Population breeding-mass
selection and ear-to-row methods; S1 and S2 progeny testing, progeny
selection schemes, recurrent selection schemes for intra and inter-
population improvement and development of synthetics and composites;
Hybrid breeding - genetical and physiological basis of heterosis and
inbreeding, production of inbreds, breeding approaches for improvement of
inbreds, predicting hybrid performance; seed production of hybrid and
their parent varieties/inbreds.
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UNIT V

Breeding methods in asexually/clonally propagated crops, clonal selection

apomixes, clonal selection.

UNIT VI

Self-incompatibility and male sterility in crop plants and their commercial

exploitation; Concept of plant ideotype and its role in crop improvement;

Transgressive breeding.

UNIT VII

Special breeding techniques- Mutation breeding; Breeding for abiotic and

biotic stresses.

UNIT VIII

Cultivar development- testing, release and notification, maintenance

breeding, Participatory Plant Breeding, Plant Dbreeders’ rights and

regulations for plant variety protection and farmers rights.

Practical

Floral biology in self and cross pollinated species, selfing and crossing

techniques. Selection methods in segregating populations and evaluation of

breeding material; Analysis of variance (ANOVA); Estimation of

heritability and genetic advance; Maintenance of experimental records;

Learning techniques in hybrid seed production using male-sterility in field

crops.

Suggested Readings

Allard RW. 1981. Principles of Plant Breeding. John Wiley & Sons.

Chopra VL. 2001. Breeding Field Crops. Oxford & IBH.

Chopra VL. 2004. Plant Breeding. Oxford & IBH.

Gupta SK. 2005. Practical Plant Breeding. Agribios.

Pohlman JM & Bothakur DN. 1972. Breeding Asian Field Crops. Oxford
& IBH.

Roy D. 2003. Plant Breeding, Analysis and Exploitation of Variation.
Narosa Publ. House.

Sharma JR. 2001. Principles and Practice of Plant Breeding. Tata
McGraw-Hill.

Simmonds NW. 1990. Principles of Crop Improvement. English Language
Book Society.

Singh BD. 2006. Plant Breeding. Kalyani.

Singh P. 2002. Objective Genetics and Plant Breeding. Kalyani.

Singh P. 2006. Essentials of Plant Breeding. Kalyani.

Singh S & Pawar IS. 2006. Genetic Bases and Methods of Plant Breeding.
CBS.

GP 504 PRINCIPLES OF QUANTITATIVE GENETICS 2+1

Objective
To impart theoretical knowledge and computation skills regarding
component of variation and variances, scales, mating designs and gene
effects.

Theory
UNIT |
Mendelian traits vs polygenic traits - nature of quantitative traits and its
inheritance - Multiple factor hypothesis - analysis of continuous variation;
Variations associated with polygenic traits - phenotypic, genotypic and
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environmental - non-allelic interactions; Nature of gene action - additive,
dominance, epistatic and linkage effects.
UNIT 1
Principles of Anaylis of WVariance (ANOVA) - Expected variance
components, random and fixed models; MANOVA, biplot analysis;
Comparison of means and variances for significance.
UNIT I11
Designs for plant breeding experiments — principles and applications;
Genetic diversity analysis — metroglyph, cluster and D? analyses -
Association analysis - phenotypic and genotypic correlations; Path analysis
and Parent - progeny regression analysis; Discriminant function and
principal component analyses; Selection indices - selection of parents;
Simultaneous selection models- concepts of selection - heritability and
genetic advance.
UNIT IV
Generation mean analysis; Mating designs- Diallel, partial diallel, line x
tester analysis, NCDs and TTC; Concepts of combining ability and gene
action; Analysis of genotype x environment interaction - adaptability and
stability; Models for GXE analysis and stability parameters; AMMI analysis
— principles and interpretation.
UNIT V
QTL mapping; Strategies for QTL mapping - desired populations for QTL
mapping - statistical methods in QTL mapping - QTL mapping in Genetic
analysis; Marker assisted selection (MAS) - Approaches to apply MAS in
Plant breeding - selection based on marker - simultaneous selection based
on marker and phenotype - factors influencing MAS.

Practical
Problems on multiple factors inheritance - Partitioning of variance -
Estimation of heritability and genetic advance - Covariance analysis -
Metroglyph analysis - D* analysis - Grouping of clusters and interpretation
- Cluster analysis - Construction of cluster diagrams and dendrograms -
interpretation - Correlation analysis - Path analysis - Parent-progeny
regression analysis - Diallel analysis: Griffing’s methods | and Il - Diallel
analysis: Hayman’s graphical approach - Diallel analysis: interpretation of
results - NCD and their interpretations - Line x tester analysis and
interpretation of results - Estimation of heterosis : standard, mid-parental
and better-parental heterosis - Estimation of inbreeding depression -
Generation mean analysis: Analytical part and Interpretation - Estimation
of different types of gene actions.
Partitioning of phenotypic variance and co-variance into components due to
genotypes, environment and genotype X environment interactions -
Construction of saturated linkage maps and QTL mapping - Strategies for
QTL mapping; statistical methods in QTL mapping; Phenotype and Marker
linkage studies - Working out efficiency of selection methods in different
populations and interpretation, Biparental mating, Triallel analysis,
Quadriallel analysis and Triple Test Cross (TTC) — use of softwares in
analysis and result interpretation, Advanced biometrical models for
combining ability analysis, Models in stability analysis Additive Main
Effect and Multiplicative Interaction (AMMI) model - Principal
Component Analysis model - Additive and multiplicative model - Shifted
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multiplicative model - Analysis and selection of genotypes - Methods and

steps to select the best model - Selection systems - Biplots and mapping

genotypes.

Suggested Readings

Bos | & Caligari P. 1995. Selection Methods in Plant Breeding. Chapman
& Hall.

Falconer DS & Mackay J. 1998. Introduction to Quantitative Genetics.
Longman.

Mather K & Jinks JL. 1971. Biometrical Genetics. Chapman & Hall.

Mather K & Jinks JL. 1983. Introduction to Biometrical Genetics.
Chapman & Hall.

Nadarajan N & Gunasekaran M. 2005. Quantitative Genetics and
Biometrical Techniques in Plant Breeding. Kalyani.

Naryanan SS & Singh P. 2007. Biometrical Techniques in Plant Breeding.
Kalyani.

Singh P & Narayanan SS. 1993. Biometrical Techniques in Plant Breeding.
Kalyani.

Singh RK & Choudhary BD. 1987. Biometrical Methods in Quantitative
Genetics. Kalyani.

Weir DS. 1990. Genetic Data Analysis. Methods for Discrete Population
Genetic Data. Sinauer Associates.

Wricke G & Weber WE. 1986. Quantitative Genetics and Selection in
Plant Breeding. Walter de Gruyter.

GP 505 MUTAGENESIS AND MUTATION BREEDING 1+1

Objective
To impart the knowledge about general principles of radiation and various
tests/methods for detection of radiation effects on the living cells, genetic
risks involved and perspectives of advances made.

Theory
UNIT |
Mutation and its history - Nature and classification of mutations:
spontaneous and induced mutations, micro and macro mutations, pre and
post adaptive mutations - Detection of mutations in lower and higher
organisms — paramutations.
UNIT Il
Mutagenic agents: physical -- Radiation types and sources: lonising and
non-ionizing radiations viz., X rays, y rays, , o and B particles, protons,
neutrons and UV rays - Radiobiology: mechanism of action of various
radiations (, photoelectric absorption, Compton scattering and pair
production) and their biological effects —\RBE and LET relationships.
UNIT 11
Effect of mutations on DNA - Repair mechanisms operating at DNA,
chromosome, cell and organism level to counteract the mutation effects -
Dosimetry - Objects and methods of treatment - Factors influencing
mutation: dose rate, acute vs chronic irradiation, recurrent irradiation,
enhancement of thermal neutron effects - Radiation sensitivity and
modifying factors: External and internal sources- Oxygen, water content,
temperature and nuclear volume.
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UNIT IV
Chemical mutagens- Classification - Base analogues, antibiotics, alkylating
agents, acridine dyes and other mutagens: their properties and mode of
action - Dose determination and factors influencing chemical mutagenesis -
Treatment methods using physical and chemical mutagens - Combination
treatments; Other causes of mutation - direct and indirect action,
comparative evaluation of physical and chemical mutagens.
UNIT V
Observing mutagen effects in M; generation: plant injury, lethality,
sterility, chimeras etc., - Observing mutagen effects in M, generation -
Estimation of mutagenic efficiency and effectiveness — spectrum of
chlorophyll and viable mutations -— Mutations in traits with continuous
variation.
UNIT VI
Factors influencing the mutant spectrum: genotype, type of mutagen and
dose, pleiotropy and linkage etc. - Individual plant based mutation analysis
and working out effectiveness and efficiency in Ms generation -
Comparative evaluation of physical and chemical mutagens for creation of
variability in the same species — Case studies.
UNIT VII
Use of mutagens in creating oligogenic and polygenic variations — Case
studies - In vitro mutagenesis — callus and pollen irradiation; Handling of
segregating genrations and selection procedures; Validation of mutants;
Mutation breeding for various traits (disease resistance, insect resistance,
guality improvement,etc) in different crops- Procedures for micro-
mutations breeding/polygenic  mutations- Achievements of mutation
breeding- varieties released across the world- Problems associated with
mutation breeding.
UNIT VI
Use of mutagens in genomics, allele mining, TILLING.

Practical
Learning the precautions on handling of mutagens; Dosimetry - Studies of
different mutagenic agents: Physical mutagens - Studies of different
mutagenic agents: Chemical mutagens - Learning on Radioactivity —
Production of source and isotopes at BRIT, Trombay - Learning about
gamma chamber; Radiation hazards - Monitoring — safety regulations and
safe transportation of radioisotopes - Visit to radio isotope laboratory ;
learning on safe disposal of radioisotopes - Hazards due to chemical
mutagens - Treating the plant propagules at different doses of physical and
chemical mutagens - Learning combined mutagenic treatments; Raising the
crop for observation - Mutagenic effectiveness and efficiency; Calculating
the same from earlier literature - Study of M1 generation — Parameters to be
observed; Study of M, generation — Parameters to be observed; Mutation
breeding in cereals and pulses — Achievements made and an analysis -
Mutation breeding in oilseeds and cotton — Achievements and opportunities
- Mutation breeding in forage crops and vegetatively propagated crops;
Procedure for detection of mutations for polygenic traits in M, and Ms
generations.

Suggested Readings
Alper T. 1979. Cellular Radiobiology. Cambridge Univ. Press, London.
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Chadwick KH & Leenhouts HP. 1981. The Molecular Theory of Radiation
Biology. Springer-Verlag.

Cotton RGH, Edkin E & Forrest S. 2000. Mutation Detection: A Practical
Approach. Oxford Univ. Press.

International Atomic Energey Agency. 1970. Manual on Mutation
Breeding. International Atomic Energey Agency, Vienna, Italy.

Singh BD. 2003. Genetics. Kalyani.

Strickberger MW. 2005. Genetics. 3 Ed. Prentice Hall.

GP 506 POPULATION GENETICS 2+1

Objective
To impart knowledge on structure, properties and their breeding values of
different population.

Theory
UNIT |
Population - Properties of population - Mendelian population — Genetic
constitution of a population through time, space, age structure etc. Mating
systems - Random mating population - Frequencies of genes and
genotypes-Causes of change: population size, differences in fertility and
viability, migration and mutation.
UNIT Il
Hardy-Weinberg equilibrium - Hardy-Weinberg law - Proof - Applications
of the Hardy-Weinberg law - Test of Hardy-Weinberg equilibrium - Mating
frequencies - Non-dominance - Codominance - Snyder’s ratio, importance
and its effect over random mating in succeeding generations.
UNIT 111
Multiple alleles - More than one locus - Sex linked genes; Use of gene and
genotypic frequencies evaluation in field population level; Interpretations -
Changes of gene frequency - Migration — Mutation - Recurrent and non-
recurrent - Selection - Balance between selection and mutation - Selection
favouring heterozygotes - Overdominance for fitness.
UNIT IV
Non random mating: selfing —inbreeding coefficient - panmictic index —
sibmating - Assortative mating and disassortative mating - Pedigree
populations and close inbreeding - Estimation of selection - Estimation of
disequilibrium - Estimation of linkage - Correlation between relatives and
estimation of F; Effect of inbreeding and sibbing in cross pollinated crops.
UNIT V
Gene substitution and average effects; Breeding value- Genetic drift;
Genetic slippage, Co-adapted gene complexes; Homoeostasis- Adapative
organization of gene pools, Polymorphism- Balanced and Non-balanced
polymorphism, heterozygous advantage- Survival of recessive and
deleterious alleles in populations.

Practical
Genetic exercise on probability; Estimation of gene frequencies; Exercises
on factors affecting gene frequencies; Estimation of average affect of gene
substitution and breeding value; Exercises on inbreeding and linkage
disequilibrium- Cavalli’s joint scaling test; Exercises of different mating
designs; Estimation of different population parameters from experimental
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data; Measurement of genotype-environment interaction; Genetic
divergence.
Suggested Readings

Chawla V & Yadava RK. 2006. Principles of Population Genetics - A
Practical Manual. Dept. of Genetics, CCS HAU Hisar.

Falconer DS & Mackay J.1996. Introduction to Quantitative Genetics.
Longman.

Jain JP, Jain J & Parbhakaran, VT. 1992. Genetics of Populations. South
Asia Books.

Li CC. 1955. Population Genetics. The Univ. of Chicago Press.

Mather K & Jinks JL. 1982. Biometrical Genetics. Chapman & Hall.

Sorrens D & Doniel G. 2007. Methods in Quantitative Genetics. Series:
Statistics for Biology and Health. Likelihood.

Tomar SS. 1992. Text Book of Population Genetics. Universal Publication.

GP 507 HETEROSIS BREEDING 2+1

Objective
To provide understanding about mechanisms of heterosis and its
exploitation for yield improvement through conventional and
biotechnological approaches.

Theory
UNIT |
Historical aspect of heterosis - Nomenclature and definitions of heterosis -
Heterosis in natural population and inbred population; Evolutionary aspects
- Genetic consequences of selfing and crossing in self-and cross-pollinated
and asexually propagated crops crops.
UNIT Il
Pre Mendelian and Post-Mendelian ideas - Genetic theories of heterosis —
Physiological, Biochemical and molecular factors underlining heterosis;
theories and their estimation; - Evolutionary concepts of heterosis.
UNIT I11
Prediction of heterosis from various crosses- Inbreeding depression,
frequency of inbreeding and residual heterosis in F, and segregating
populations, importance of inbreeding in exploitation of heterosis — case
studies. - Relationship between genetic distance and expression of heterosis
— case studies; Divergence and Genetic Distance analyses-morphological
and molecular genetic distance in predicting heterosis, Development of
heterotic pools in germplasm/genetic stocks and inbreds, their improvement
for increasing heterosis.
UNIT IV
Types of male sterility and use in heterosis breeding; Maintenance, transfer
and restoration of different types of male sterility; Use of self-
incompatibility in development of hybrids; Hybrid seed production system:
3-line, 2-line and 1-line system; Development of inbreds and parental lines-
A, B and R lines — functional male sterility; Commercial exploitation of
heterosis- maintenance breeding of parental lines in hybrids.
UNIT V
Fixation of heterosis in self, cross and often cross pollinated crops,
asexually/clonally propagated crops; Male sterile line creation and
diversification in self pollinated, cross pollinated and asexually propagated
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crops; problems and prospects; Apomixis in fixing heterosis-concept of
single line hybrid.
UNIT VI
Organellar heterosis and complementation - Creation of male sterility
through genetic engineering and its exploitation in heterosis.
UNIT VII
Heterosis breeding in wheat, rice, cotton, maize, pearl millet, sorghum and
oilseed crops.
Practical
Selection indices and selection differential — Calculations and
interpretations - Male sterile line characterization in millets; Using
morphological descriptors; Restorer line identification and diversification
of male sterile sources - Male sterile line creation in dicots comprising
oilseeds, pulses and cotton ; problems in creation of CGMS system; Ways
of overcoming them - Male sterile line creation, diversification and
restoration in forage crops; Understanding the difficulties in breeding
apomicts; Estimation of heterotic parameters in self, cross and asexually
propagated crops - Estimation from the various models for heterosis
parameters -Hybrid seed production in field crops — an account on the
released hybrids; their potential; Problems and ways of overcoming it;
hybrid breeding at National and International level; Opportunities ahead.
Suggested Readings
Proceedings of Genetics and Exploitation of Heterosis in Crops - An
International Symposium CIMMY'T, 1998.
Akin E. 1979. The Geometry of Population Genetics. Springer-Verlag.
Ben Hiu Lin. 1998. Statistical Genomics — Linkage, Mapping and QTL
Analysis. CRC Press.
De Joung G. 1988. Population Genetics and Evolution. Springer-Verlag.
Hartl DL. 2000. A Primer of Population Genetics. 3™ Ed. Sinauer Assoc.
Mettler LE & Gregg TG. 1969. Population Genetics and Evolution.
Prentice-Hall.
Montgomery DC. 2001. Design and Analysis of Experiments. 5" Ed.,
Wiley & Sons.
Richards AJ. 1986. Plant Breeding Systems. George Allen & Unwin.
Srivastava S & Tyagi R. 1997. Selected Problems in Genetics. Vols. I, II.
Anmol Publ.

GP 508 CELL BIOLOGY AND MOLECULAR GENETICS  2+1

Objective
To impart knowledge in theory and practice about cell structure, organelles
and their functions, molecules like proteins and nucleic acids.

Theory
UNIT |
Ultrastructure of the cell; Differences between eukaryotic and prokaryotic
cells, macromolecules;  Structure and function of cell wall, nuclear
membrane and plasma membrane; Cellular Organelles — nucleus, plastids-
chloro/chromoplast, mitochondria endoplasmic reticulum, Golgi complex,
lysosomes, peroxisomes.
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UNIT Il
Bioenergetics; Ultrastructure and function of mitochondria and biological
membranes; Chloroplast and other photosynthetic organelles; Interphase
nucleus- Structure and chemical composition; Cell division and physiology
of cell division.
UNIT 111
Historical background of molecular genetics; Genetic material in
organisms; Structure and properties of nucleic acid, DNA transcription and
its regulation — Transcription factors and their role; Genetic code,
regulation of protein synthesis in prokaryotes and eukaryotes — ribosomes,
t-RNAs and translational factors.
UNIT IV
Transposable elements; Mechanisms of recombination in prokaryote; DNA
organization in eukaryotic chromosomes — DNA content variation, types of
DNA sequences — Unique and repetitive sequences; organelle genomes;
Gene amplification and its significance; Proteomics and protein-protein
interaction; Signal transduction; Genes in development; Cancer and cell
aging.
Practical
Morphological and Gram staining of natural bacteria; Cultivation of
bacteria in synthetic medium; Determination of growth rate and doubling
time of bacterial cells in culture; Demonstration of bacteriophage by plaque
assay method; Determination of soluble protein content in a bacterial
culture.
Isolation, purification and raising clonal population of a bacterium;
Biological assay of bacteriophage and determination of phage population in
lysate; Study of Iytic cycle of bacteriophage by one step growth
experiment; determination of latent period and burst size of phages per cell;
Quantitative estimation of DNA, RNA and protein in an organism;
Numericals: problems and assignments.
Suggested Readings
Bruce A.2004. Essential Cell Biology. Garland.
Karp G.2004. Cell and Molecular Biology: Concepts and Experiments.
John Wiley.
Klug WS & Cummings MR 2003. Concepts of Genetics. Scot, Foreman &
Co.
Lewin B. 2008. IX Genes. John Wiley & Sons
Lodish H, Berk A & Zipursky SL. 2004. Molecular Cell Biology. 5" Ed.
WH Freeman.
Nelson DL & Cox MM. 2005. Lehninger’s Principles of Biochemistry.
WH Freeman & Co.
Russell PJ. 1996. Essential Genetics. Blackwell Scientific Publ.
Schleif R.1986. Genetics and Molecular Biology. Addison-Wesley Publ.
Co.

GP 509 BIOTECHNOLOGY FOR CROP IMPROVEMENT  2+1
Objective
To impart knowledge and practical skills to use biotechnological tools in
crop improvement.
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Theory
UNIT |
Biotechnology and its relevance in agriculture; Definitions, terminologies
and scope in plant breeding.
UNIT Il
Tissue culture- History, callus, suspension cultures, cloning; Regeneration;
Somatic embryogenesis; Anther culture; somatic hybridization techniques;
Meristem, ovary and embryo culture; cryopreservation.
UNIT 111
Techniques of DNA isolation, quantification and analysis; Genotyping;
Sequencing techniques; Vectors, vector preparation and cloning,
Biochemical and Molecular markers: morphological, biochemical and
DNA-based markers (RFLP, RAPD, AFLP, SSR,SNPs, ESTs etc.),
mapping populations (F,s, back crosses, RILs, NILs and DH).
UNIT IV
Molecular mapping and tagging of agronomically important traits.
Statistical tools in marker analysis, Robotics; Marker-assisted selection for
gualitative and quantitative traits; QTLs analysis in crop plants, Gene
pyramiding.
UNIT V
Marker assisted selection and molecular breeding; Genomics and
genoinformatics for crop improvement; Integrating functional genomics
information on agronomically/economically important traits in plant
breeding; Marker-assisted backcross breeding for rapid introgression,
Generation of EDVs.
UNIT VI
Recombinant DNA technology, transgenes, method of transformation,
selectable markers and clean transformation techniques, vector-mediated
gene transfer, physical methods of gene transfer. Production of transgenic
plants in various field crops: cotton, wheat, maize, rice, soybean, oilseeds,
sugarcane etc. Commercial releases.
UNIT VII
Biotechnology applications in male sterility/hybrid breeding, molecular
farming.
UNIT VIII
MOs and related issues (risk and regulations); GMO; International
regulations, biosafety issues of GMOs; Regulatory procedures in major
countries including India, ethical, legal and social issues; Intellectual
property rights
UNIT IX
Bioinformatics & Bioinformatics tools.
UNIT X
Nanotechnology and its applications in crop improvement programmes.
Practical
Requirements for plant tissue culture laboratory-Techniques in plant tissue
culture - Media components and media preparation -Aseptic manipulation
of various explants ; observations on the contaminants occurring in media —
interpretations - Inoculation of explants; Callus induction and plant
regeneration - Plant regeneration; Standardizing the protocols for
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regeneration; Hardening of regenerated plants; Establishing a greenhouse

and hardening procedures - Visit to commercial micropropagation unit.

Transformation using Agrobacterium strains, GUS assay in transformed

cells / tissues. DNA isolation, DNA purity and quantification tests, gel

electrophoresis of proteins and isozymes, PCR-based DNA markers, gel
scoring and data analysis for tagging and phylogenetic relationship,
construction of genetic linkage maps using computer software.

Suggested Readings

Chopra VL & Nasim A. 1990. Genetic Engineering and Biotechnology:
Concepts, Methods and Applications. Oxford & IBH.

Gupta PK. 1997. Elements of Biotechnology. Rastogi Publ.

Hackett PB, Fuchs JA & Messing JW. 1988. An Introduction to
Recombinant DNA Technology - Basic Experiments in Gene
Manipulation. 2" Ed. Benjamin Publ. Co.

Sambrook J & Russel D. 2001. Molecular Cloning - a Laboratory Manual.
3rd Ed. Cold Spring Harbor Lab. Press.

Singh BD. 2005. Biotechnology, Expanding Horizons. Kalyani.

GP 510 BREEDING FOR BIOTIC AND ABIOTIC STRESS RESISTANCE  2+1

Objective
To apprise about various abiotic and biotic stresses influencing crop yield,
mechanisms and genetics of resistance and methods to breed stress resistant
varieties.

Theory
UNIT |
Importance of plant breeding with special reference to biotic and abiotic
stress resistance; Classification of biotic stresses — major pests and diseases
of economically important crops - Concepts in insect and pathogen
resistance; Analysis and inheritance of resistance variation; Host defence
responses to pathogen invasions- Biochemical and molecular mechanisms;
Acquired and induced immunity and systemic acquired resistance (SAR);
Host-pathogen interaction, gene-for-gene hypothesis, molecular evidence
for its operation and exceptions; Concept of signal transduction and other
host-defense mechanisms against viruses and bacteria.
UNIT 1l
Types and genetic mechanisms of resistance to biotic stresses —Horizontal
and vertical resistance in crop plants. Quantitative resistance/Adult plant
resistance and Slow rusting resistance - Classical and molecular breeding
methods - Measuring plant resistance using plant fitness; Behavioural,
physiological and insect gain studies.
UNIT 11
Phenotypic screening methods for major pests and diseases; Recording of
observations; Correlating the observations using marker data - Gene
pyramiding methods and their implications.
UNIT IV
Classification of abiotic stresses - Stress inducing factors -—moisture
stress/drought and  water logging & submergence;  Acidity,
salinity/alkalinity/sodicity; High/low temperature, wind, etc. Stress due to
soil factors and mineral toxicity; Physiological and Phenological responses;
Emphasis of abiotic stresses in developing breeding methodologies.

111



UNIT V
Genetics of abiotic stress resistance; Genes and genomics in breeding
cultivars suitable to low water regimes and water logging & submergence,
high and low/freezing temperatures; Utilizing MAS procedures for
identifying resistant types in important crops like rice, sorghum, wheat,
cotton etc; Breeding for resistance to stresses caused by toxicity, deficiency
and pollutants/contaminants in soil, water and environment.

UNIT VI

Exploitation of wild relatives as a source of resistance to biotic and abiotic

factors in major field crops - Transgenics in management of biotic and

abiotic stresses, use of toxins, protease inhibitors, lectins, chitnases and Bt
for diseases and insect pest management- Achievements.
Practical

Phenotypic screening techniques for sucking pests and chewing pests —

Traits to be observed at plant and insect level - Phenotypic screening

techniques for nematodes and borers; Ways of combating them; Breeding

strategies - Weeds — ecological, environmental impacts on the crops;

Breeding for herbicide resistance - Evaluating the available populations like

RIL, NIL etc. for pest resistance; Use of standard MAS procedures -

Phenotypic screening methods for diseases caused by fungi and bacteria;

Symptoms and data recording; use of MAS procedures - Screening forage

crops for resistance to sewage water and tannery effluents; Quality

parameters evaluation - Screening crops for drought and flood resistance;
factors to be considered and breeding strategies - Screening varieties of
major crops for acidity and alkalinity- their effects and breeding strategies;

Understanding the climatological parameters and predisposal of biotic and

abiotic stress factors- ways of combating them.

Suggested Readings

Blum A. 1988. Plant Breeding for Stress Environments. CRC Press.

Christiansen MN & Lewis CF. 1982. Breeding Plants for Less Favourable
Environments. Wiley International.

Fritz RS & Simms EL. (Eds.). 1992. Plant Resistance to Herbivores and
Pathogens: Ecology, Evolution and Genetics. The University of
Chicago Press.

Li PH & Sakai A. 1987. Plant Cold Hardiness. Liss, New York

Luginpill P. 1969. Developing Resistant Plants - The Ideal Method of
Controlling Insects. USDA, ARS, Washington DC.

Maxwell FG & Jennings PR. (Eds.). 1980. Breeding Plants Resistant to
Insects. John Wiley & Sons.

Painter RH. 1951. Insect Resistance in Crop Plants. MacMillan, New York.

Russel GE. 1978. Plant Breeding for Pest and Disease Resistance.
Butterworths.

Sakai A & Larcher W. 1987. Frost Survival in Plants. Springer-Verlag.

Turener NC & Kramer PJ. 1980. Adaptation of Plants to Water and High
Temperature Stress. John Wiley & Sons.

van der Plank JE. 1982. Host-Pathogen Interactions in Plant Disease.
Academic Press.
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GP 511 BREEDING CEREALS, FORAGES AND SUGARCANE 2+1
Objective
To provide insight into recent advances in improvement of cereals and
forage crops and sugarcane using conventional and modern
biotechnological approaches.
Theory

UNIT |
Rice: Evolution and distribution of species and forms - wild relatives and
germplasm; Genetics — cytogenetics and genome relationship - Breeding
objectives- yield, quality characters, biotic and abiotic stress resistance etc.
— Hybrid rice breeding- potential and outcome - Aerobic rice, its
implications and drought resistance breeding.
UNIT 1
Wheat: Evolution and distribution of species and forms - wild relatives and
germplasm; cytogenetics and genome relationship; Breeding objectives-
yield, quality characters, biotic and abiotic stress resistance, exploitation of
heterosis etc; Sorghum: Evolution and distribution of species and forms -
wild relatives and germplasm - cytogenetics and genome relationship -
Breeding objectives- yield, quality characters, biotic and abiotic stress
resistance etc; Pearl millet: Evolution and distribution of species and forms
- wild relatives and germplasm; Cytogenetics and genome relationship;
Breeding objectives- yield, quality characters, biotic and abiotic stress
resistance etc.
UNIT I11
Maize: Evolution and distribution of species and forms - wild relatives and
germplasm; Cytogenetics and genome relationship; Breeding objectives:
yield, quality characters, biotic and abiotic stress resistance etc - QPM and
Bt maize — strategies and implications - Heterosis breeding attempts taken
in Sorghum, Pearl Millet and Maize; Minor millets: Evolution and
distribution of species and forms - wild relatives and germplasm;
Cytogenetics and genome relationship - Minor millets: breeding objectives-
yield, quality characters, biotic and abiotic stress resistance etc.

UNIT IV
Sugarcane: Evolution and distribution of species and forms - wild relatives
and germplasm; Cytogenetics and genome relationship - Breeding

objectives- yield, quality characters, biotic and abiotic stress resistance etc -
Forage grasses: Evolution and distribution of species and forms - Wild
relatives and germplasm; Cytogenetics and genome relationship; Breeding
objectives- yield, quality characters and palatability studies; Biotic and
abiotic stress resistance etc., synthetics, composites and apomixes.

UNIT V

Forage legumes: Evolution and distribution of species and forms; Wild
relatives and germplasm; Cytogenetics and genome relationship; Breeding
objectives- yield, quality characters, biotic and abiotic stress resistance etc -
Tree fodders: Evolution and distribution of species and forms; Wild
relatives and germplasm; Cytogenetics and genome relationship; Breeding
objectives- yield, quality characters, biotic and abiotic stress resistance etc,
palatability studies.
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UNIT VI

Distinguishing features of popular released varieties in Rice and Sorghum -
Wheat, Pearl millet, Maize and other millets - Sugarcane, forage grasses
and legumes and their application to DUS testing - Maintenance of seed
purity - Nucleus and Breeder Seed Production.

Practical
Floral biology — emasculation - pollination techniques ; Study of range of
variation for vyield and yield components — Study of segregating

populations and their evaluation - Trait based screening for stress resistance

in crops of importance— Use of descriptors for cataloguing Germplasm

maintenance; learning on the Standard Evaluation System (SES) and

descriptors; Use of softwares for database management and

retrieval.Practical learning on the cultivation of fodder crop species on

sewage water; analysing them for yield components and palatability;

Laboratory analysis of forage crops for crude protein, digestibility percent

and other quality attributes; Visit to animal feed producing factories,

learning the practice of value addition; visiting the animal husbandry unit

and learning the animal experiments related with palatability and

digestibility of fodder.

Suggested Readings

Agarwal RL. 1996. Identifying Characteristics of Crop Varieties. Oxford &
IBH.

Bahl PN & Salimath PM. 1996. Genetics, Cytogenetics and Breeding of
Crop Plants. Vol. I. Pulses and Oilseeds. Oxford & IBH.

Chandraratna MF. 1964. Genetics and Breeding of Rice. Longmans.

Chopra VL & Prakash S. 2002. Evolution and Adaptation of Cereal Crops.
Oxford & IBH.

Gill KS. 1991. Pearl Millet and its Improvement. ICAR.

IRRI. 1964. Rice Genetics and Cytogenetics. Elsevier.

IRRI. 1986. Rice Genetics. Proc. International Rice Genetics Symposium.
IRRI, Los Banos, Manila, Philippines.

IRRI. 1991. Rice Genetics Il. Proc. International Rice Genetics
Symposium. IRRI, Los Banos, Manila, Philippines.
IRRI. 1996. Rice Genetics Ill. Proc. International Rice Genetics

Symposium. IRRI, Los Banos, Manila, Philippines.

IRRI. 2000. Rice Genetics IV. Proc. International Rice Genetics
Symposium. IRRI, Los Banos, Manila, Philippines.

Jennings PR, Coffman WR & Kauffman HE. 1979. Rice Improvement.
IRRI, Los Banos, Manila, Philippines.

Kannaiyan S, Uthamasamy S, Theodore RK & Palaniswamy S. 2002. New
Dimensions and Approaches for Sustainable Agriculture.
Directorate of Extension Education, TNAU, Coimbatore.

Murty DS, Tabo R & Ajayi O. 1994. Sorghum Hybrid Seed Production and
Management. ICRISAT, Patancheru, India.

Nanda JS. 1997. Manual on Rice Breeding. Kalyani.

Ram HH & Singh HG. 1993. Crop Breeding and Genetics. Kalyani.

Singh HG, Mishra SN, Singh TB, Ram HH & Singh DP. (Eds.). 1994.
Crop Breeding in India. International Book Distributing Co.

Slafer GA. (Ed.). 1994. Genetic Improvement of Field Crops. Marcel
Dekker.
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Walden DB. 1978. Maize Breeding and Genetics. John Wiley & Sons.

GP 512 BREEDING LEGUMES, OILSEEDS AND FIBRE CROPS 2+1

Objective
To provide insight into recent advances in improvement of legumes,
oilseeds and fibre crops using conventional and modern biotechnological
approaches.

Theory
UNIT |
Pigeonpea: Evolution and distribution of species and forms; Wild relatives
and germplasm; Genetics, cytogenetics and genome relationship;
Morphological and molecular descriptors used for differentiating the
accessions; Breeding objectives- yield, quality characters, biotic and abiotic
stress etc - Hybrid technology; maintenance of male sterile, fertile and
restorer lines, progress made at ICRISAT and other Institutes.

UNIT 1
Chickpea: Evolution and distribution of species and forms - Wild relatives
and germplasm - cytogenetics and genome relationship; Breeding

objectives- yield, quality characters, biotic and abiotic stress etc; Protein
quality improvement; Conventional and modern plant breeding approaches,
progress made - Breeding for anti nutritional factors.

UNIT I11

Other pulses: Greengram, blackgram, fieldpea, lentil,, lathyrus, cowpea,
lablab, mothbean: Evolution, cytogenetics and genome relationship;
Learning the descriptors; Breeding objectives- vyield, quality characters,
biotic and abiotic stress etc; Interspecific crosses attempted and its
implications, reasons for failure, ways of overcoming them.

UNIT IV

Groundnut: Evolution and distribution of species and forms; Wild relatives
and germplasm; Cytogenetics and genome relationship; Pod and kernel
characters; Breeding objectives- yield, quality characters, biotic and abiotic
stress etc.

UNIT V

Rapeseed and Mustard: Breeding objectives, utilization of wild relatives for
yield and quality improvement, biotic and abiotic stress etc; Oil quality —
characteristics in different oils; Evolution and distribution of species and
forms; Wild relatives and germplasm; Genetics, cytogenetics and genome
relationship.

UNIT VI

Soybean: Breeding objectives, utilization of wild relatives for yield and
quality improvement, biotic and abiotic stress etc. - Oil quality —
characteristics; Evolution and distribution of species and forms; Wild
relatives and germplasm; Genetics, cytogenetics and genome relationship.
UNIT VII

Other oilseed crops: Sunflower, sesame, safflower, niger: Evolution and
distribution of species and forms; Wild relatives and germplasm;
Cytogenetics and genome relationship; breeding objectives- yield, quality
characters, biotic and abiotic stress; Sunflower: Evolution and distribution
of species and forms; Wild relatives and germplasm; Cytogenetics and
genome relationship, hybrid sunflower, constraints and achievements.

115



UNIT VIII
Castor: Evolution and distribution of species and forms; Wild relatives and
germplasm; Cytogenetics and genome relationship, breeding objectives-
yield, quality characters, biotic and abiotic stress etc - Hybrid breeding in
castor — opportunities, constraints and achievements.
UNIT IX
Cotton: Evolution of cotton; Breeding objectives- yield, quality characters,
biotic and abiotic stress etc; Development and maintenance of male sterile
lines — Hybrid development and seed production — Scenario of Bt cottons,
evaluation procedures for Bt cotton. Jute: Evolution and distribution of
species and forms; Wild relatives and germplasm; Cytogenetics and
genome relationship; breeding objectives- yield, quality characters, biotic
and abiotic stress etc; Mesta and minor fibre crops: Evolution and
distribution of species and forms; Wild relatives and germplasm;
Cytogenetics and genome relationship; breeding objectives- yield, quality
characters, biotic and abiotic stress etc.
UNIT X
Distinguishing features of the released varieties in pulses, oilseeds and
cotton; Maintenance of seed purity and seed production.
Practical
Use of descriptors for cataloguing — Floral biology - emasculation —
pollination techniques; Study of range of variation for yield and yield
components - Study of segregating populations in Redgram, Greengram,
Blackgram and other pulse crops; Attempting crosses between blackgram
and greengram. Use of descriptors for cataloguing — Floral biology,
emasculation, pollination techniques of oilseed crops like Sesame,
Groundnut, Sunflower and Castor, Cotton: Use of descriptors for
cataloguing — Floral biology - Learning on the crosses between different
species - Cotton: Study of range of variation for yield and yield
components - Study of segregating populations - evaluation - Trait based
screening for stress resistance - Cotton fibre quality evaluation -
conventional and modern approaches; analysing the lint samples of
different species, interspecific and interracial derivatives for fibre quality
and interpretation —Development and maintenance of male sterile lines
Evaluation of cotton cultures of different species for insect and disease
resistance — Learning the mechanisms of resistance, quantifying the
resistance using various parameters; Evaluating the germplasm of cotton
for yield, quality and resistance parameters — learning the procedures on
development of Bt cotton - Visit to Cotton Technology Laboratory and
Spinning Mills — Learning on cotton yarn production, its quality evaluation
and uses.
Suggested Readings
Agarwal RL. 1996. Identifying Characteristics of Crop Varieties. Oxford &
IBH.
Bahl PN & Salimath PM. 1996. Genetics, Cytogenetics and Breeding of
Crop Plants. Vol. I. Pulses and Oilseeds. Oxford & IBH.
Chahal GS & Ghosal SS. 2002. Principles and Procedures of Plant
Breeding - Biotechnological and Conventional Approaches. Narosa
Publ.
Chopra VL. 1997. Plant Breeding. Oxford & IBH.
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Nath V & Lal C. 1995. Oilseeds in India. Westvill Publ. House.

Nigam J. 1996. Genetic Improvement of Oilseed Crops. Oxford & IBH.

Ram HH & Singh HG. 1993. Crop Breeding and Genetics. Kalyani.

Singh DP. 1991. Genetics and Breeding of Pulse Crops. Kalyani.

Singh HG, Mishra SN, Singh TB, Ram HH & Singh DP. (Eds.). 1994.
Crop Breeding in India. International Book Distributing Co.

Smartt J. 1994. The Groundnut Crop - a Scientific Basis for Improvement.
Chapman & Hall.

BREEDING FOR QUALITY TRAITS 2+1

Objective

To provide insight into recent advances in improvement of quality traits in
rice, millets, legumes, oilseeds and forage crops and for physiological
efficiency using conventional and modern biotechnological approaches.

Theory

UNIT |

Developmental biochemistry and genetics of carbohydrates, proteins, fats,
vitamins, aminoacids and anti-nutritional factors - Nutritional improvement

- A human perspective - Breeding for grain quality parameters in rice and
its analysis - Golden rice and aromatic rice — Breeding strategies,
achievements and application in Indian context - Molecular basis of quality
traits and their manipulation in rice - Post harvest manipulation for quality
improvement.

UNIT Il

Breeding for baking qualities in wheat; Characters to be considered and
breeding strategies - Molecular and cytogenetic manipulation for quality
improvement in wheat - Breeding for quality improvement in barley and
oats.

UNIT 11

Breeding for quality improvement in Sorghum and pearl millet; Quality
protein maize — Concept and breeding strategies — Breeding for quality
improvement in forage crops - Genetic resource management for sustaining
nutritive quality in crops.

UNIT IV

Breeding for quality in pulses - Breeding for quality in groundnut, sesame,
sunflower and minor oilseeds — Molecular basis of fat formation and
manipulation to achieve more PUFA in oil crops; Genetic manipulation for
quality improvement in cotton.

UNIT V

Genetic engineering protocols for quality improvement — Achievements
made - Value addition in crops; Classification and importance - Nutritional
genomics and Second generation transgenics.

Practical

Grain quality evaluation in rice; Correlating ageing and quality

improvement in rice - Quality analysis in millets; Estimation of
antinutritional factors like tannins in different varieties/hybrids; A
comparison - Quality parameters evaluation in wheat; Quality parameters
evaluation in pulses - Quality parameters evaluation in oilseeds; Value
addition in crop plants ; Post harvest processing of major field crops;
Quality improvement in crops through tissue culture techniques; Evaluating
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the available populations like RIL, NIL etc. for quality improvement using
MAS procedures.
Suggested Readings

Chahal GS & Ghosal SS. 2002. Principles and Procedures of Plant
Breeding - Biotechnological and Conventional Approaches. Narosa
Publ.

Chopra VL. 1997. Plant Breeding. Oxford & IBH.

FAO 2001. Speciality Rices of the World - Breeding, Production and
Marketing. Oxford & IBH.

Ghosh P. 2004. Fibre Science and Technology. Tata McGraw Hill.

Hay RK. 2006. Physiology of Crop Yield. 2" Ed. Blackwell.

Nigam J. 1996. Genetic Improvement of Oilseed Crops. Oxford & IBH.

Singh BD. 1997. Plant Breeding. Kalyani.

Singh RK, Singh UK & Khush GS. 2000. Aromatic Rices. Oxford & IBH.

GP 514 GENE REGULATION AND EXPRESSION 2+0
Objective
To provide insight into recent advances in the phenomenon of gene
regulation and mechanisms by which plants and microbes express different
traits and how these are modified during different stages.
Theory
UNIT |
Introduction: Gene regulation-purpose; Process and mechanisms in
prokaryotes and eukaryotes; Levels of gene controls.
UNIT Il
Coordinated genetic regulation-examples- Anthocyanin and gene families
and maize; Genetic and molecular basis depending on tissue specificity.
UNIT I11
Gene expression-Transposons in plant gene expression, cloning-transposon
tagging; Light regulated gene expression-model systems in Arabidopsis and
maize; Paramutations and imprinting of genes and genomes.
UNIT IV
Transgene expression and gene silencing mechanisms; Regulatory genes-
horizontal and vertical homology; Transformation-regulatory genes as
visible markers; Reporter systems to study gene expression; Combinatorial
gene control.
UNIT V
Eukaryotic transcriptional control; Translational and post-translational
regulation; Signal transduction; Stress-induced gene expression; Gene traps
and enhancer traps.
Suggested Readings
Lewin B. 2008. Genes IX. John Wiley & Sons.
Schleif R.1986. Genetics and Molecular Biology. Addison-Wesley.
Russell PJ. 1996. Essential Genetics. Blackwell Scientific Publ.
Brown TA. 2002. Genomes. Bios Scientific Publ.
Tamarin RH. 1999. Principles of Genetics. Wm C Brown Publ.
Griffiths AJF. 2000. An Introduction to Genetic Analysis. WH Freeman.
Hexter W & Yost HT. 1976. The Science of Genetics. Prentice Hall.
Singer M & Berg P.1991. Genes and Genomes. John Wiley & Sons.
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Hartl DL & Jones EW. 1998. Genetics Principles and Analysis. Jones &
Barlett Publ.

Micklos DA & Freyer G. 2003. DNA Science - A First Course. CPL
Scientific Publ.

Brooker RJ. 2004. Genetics Analysis and Principles. Addison-Wesley
Longman.

Watson JD. 2004. Molecular Bilology of the Gene. Pearson Edu.

GP 515 MAINTENANCE BREEDING AND CONCEPTS OF 1+1
VARIETY RELEASE AND SEED PRODUCTION

Objective
To apprise the students about the variety deterioration and steps to maintain
the purity of varieties & hybrids and principles of seed production in self &
cross pollinated crops.

Theory
UNIT |
Variety Development and Maintenance; Definition- variety, cultivar,extant
variety, essentially derived variety, independently derived variety,
reference variety, farmers’ variety, hybrid,and population; Variety testing,
release and notification systems in India and abroad.
UNIT 1
DUS testing- DUS Descriptors for major crops; Genetic purity concept and
maintenance breeding.
UNIT Il
Factors responsible for genetic deterioration of varieties - safeguards during
seed production; Maintenance of varieties in self and cross-pollination
crops- isolation distance; Principles of seed production; Methods of nucleus
and breeder seed production.
UNIT IV
Generation system of seed multiplication -nucleus, breeders, foundation,
certified, - Quality seed production technology of self and cross-pollinated
crop varieties viz. cereals & millets (wheat, barley, paddy, pearlmillet,
sorghum, maize and ragi etc.); Pulses (greengram, blackgram, cowpea,
pigeonpea, chickpea, fieldpea, lentil); Oilseeds (groundnut, soybean,
sesame, castor, sunflower, safflower, linseed, rapeseed and mustard); fibres
(cotton, jute) and forages (guar, forage sorghum, teosinte, oats, berseem,
lucerne).; Seed certification procedures; Seed laws and plant variety
protection regulations in India and international systems.

Practical

Identification of suitable areas/locations for seed production; Ear-to-row
method and nucleus seed production - Main characteristics of released and
notified varieties, hybrids and parental lines; Identification of important
weeds/objectionable weeds; Determination of isolation distance and
planting ratios in different crops; Seed production techniques of varieties in
different crops; Hybrid seed production technology of important crops.

Suggested Readings

Agarwal RL. 1997. Seed Technology. 2" Ed. Oxford & IBH.

Chhabra AK. 2006. Practical Manual of Floral Biology of Crop Plants.
Department of Plant Breeding. CCS HAU Hisar.

Kelly AF. 1988. Seed Production of Agricultural Crops. Longman.
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McDonald MB Jr & Copeland LO. 1997. Seed Production: Principles and
Practices. Chapman & Hall.

Musil AF. 1967. Identification of Crop and Weed Seeds. Handbook No.
219, USDA, Washington, DC.

Poehlman JM & Borthakur D. 1969. Breeding Asian Field Crops. Oxford
& IBH.

Singh BD. 2005. Plant Breeding: Principles and Methods. Kalyani.

Thompson JR. 1979. An Introduction to Seed Technology. Leonard Hill.

Tunwar NS & Singh SV. 1985. Handbook of Cultivars. ICAR.

GERMPLASM COLLECTION, EXCHANGE 2+1
AND QUARANTINE

Objective

To provide information about collection, germplasm exchange, quarantine,
maintenance and use of plant genetic resources including genetically
modified plants.

Theory

UNIT |

History and importance of germplasm exploration; Distribution and extent
of prevalent genetic diversity; Phyto-geographical regions/ecological zones
and associated diversity; Mapping eco-geographic distribution of diversity,
threatened habitats, use of flora.

UNIT Il

Concept of population and gene pool; Variations in population and their
classification; Gene frequencies in populations, rare and common alleles;
Gene pool sampling in self and cross pollinated and vegetatively
propagated species; Non-selective, random and selective sampling
strategies; Strategies and logistics of plant exploration and collection;
Coarse and fine grid surveys; Practical problems in plant exploration; Use
of in vitro methods in germplasm collection.

UNIT 11

Ethnobotanical aspects of PGR; Crop botany, farming systems, collecting
wild relatives of crop plants; Collection and preservation of specimens;
Importance and use of herbaria and preparation of herbarium specimens.
UNIT IV

Post-exploration handling of germplasm collections; Present status and
future strategies in collection of major crops of Indian origin such as rice,
maize, sorghum, sesame, Brassica, okra, eggplant, cotton, mango etc;
approaches for collection including indigenous knowledge.

UNIT V

History, principles, objectives and importance of plant introduction; Pre-
requisites, conventions, national and international legislations and policies
on germplasm collection and exchange; Documentation and information
management; Plant quarantine- introduction, history, principles, objectives
and relevance; Regulations and plant quarantine set up in India; Pest risk
analysis, pest and pathogen information database; Quarantine in relation to
integrated pest management; Economic significance of seed-borne pests
(insects, mites, non-insect pests, nematodes, fungi, bacteria, viruses,
phytoplasma etc.).
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UNIT VI

Detection and identification of pests including use of recent techniques like

ELISA, PCR etc.,, Symptoms of pest damage, salvaging techniques for

infested/infected germplasm, post-entry quarantine operation, seed

treatment and other prophylactic treatments and facilities; Domestic
quarantine; seed certification; International linkages in plant quarantine;
weaknesses and future thrust.

UNIT VII

Genetically modified organisms (GMOs) or genetically engineered plants

(GEPs), Concepts of biosafety, risk analysis and consequences of spread of

GE crops on the environment; Treaties and multilateral agreements

governing trans-boundary movement of GEPs or GMOs, Indian regulatory

system for biosafety.
Practical

Plant exploration and collection; Techniques of coarse and fine grid

surveys; ldentification of wild relatives of crop plants- Example of

collection, cataloguing and preservation of specimens; Sampling technigues
of plant materials; Visiting ports, airports to study the quarantine
regulations; Techniques for the detection of insects, mites, nematodes,
bacteria, weeds, pathogens and viruses on seed and planting materials and
salvaging; Use of visual, qualitative, quantitative, microscopic, molecular
and plant growth related techniques(controlled green houses/growth
chambers, etc); Detection of GMOs and GEPs; Study of post-entry
quarantine operation, seed treatment and other prophylactic treatments.

Suggested Readings

Briggs D. 1997. Plant Variation and Evolution. Science Publ.

Cronquist AJ. 1981. An Integrated System of Classification of Flowering
Plants. Columbia Univ. Press.

Dhillon BS, Varaprasad KS, Kalyani S, Singh M, Archak S, Srivastava U
& Sharma GD. 2001. Germplasm Conservation A Compendium of
Achievements. NBPGR, New Delhi.

di Castri F & Younes T. 1996. Biodiversity Science and Development:
Towards New Partnership. CABI & International Union for Biol.
Sci. France.

Gurcharan Singh. 2004. Plant Systematics: An Integrated Approach.
Science Publ.

Lawrence GMH. (Ed.). 1951. Taxonomy of Vascular Plants. London.

Paroda RS & Arora RK. 1991. Plant Genetic Resources Conservation and
Management Concepts and Approaches. IPGRI Regional office for
South and South Asia, New Delhi.

Pearson LC. 1995. The Diversity and Evolution of Plants. CRC Press.

Singh BP. 1993. Principles and Procedures of Exchange of Plant Genetic
Resources Conservation and Management. Indo-US PGR Project
Management.

Sivarajan VV. 1991. Introduction of Principles of Plant Taxonomy. Science
Publ.

Stace CA. Plant Taxonomy and Biosystematics 2" Ed. Cambridge Univ.
Press.

Takhrajan A. 1997. Diversity and Classification of Flowering Plants.
Columbia Univ. Press.
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Wiersema JH. 1999. World Economic Plants: A Standard Reference.
Blanca Leon.

GP 517 DATA BASE MANAGEMENT, EVALUATION AND 2+1
UTILIZATION OF PGR
Objective
To train the students in germplasm data base management using modern tools
and softwares.
Theory
UNIT |
Statistical techniques in management of germplasm; Core identification,
estimation of sample size during plant explorations, impact of sampling on
population structure, sequential sampling for viability estimation;
Introduction of binomial, normal and negative cumulative normal, use of
Probit scales, viability equations and numograms; Estimation of sample
size for storage and viability testing.
UNIT Il
Germplasm documentation; Basics of computer and operating systems;
Database management system, use of statistical softwares, pictorial and
graphical representation of data; introduction to communication network.
UNIT 111
Germplasm management system- global scenario; Genetic variation in crop
plants and management of germplasm collection, limitations in use of
germplasm collections; necessity of germplasm evaluation; Predictive
methods for identification of useful germplasm; Characterization of
germplasm and evaluation procedures including specific traits; Gene
markers and their use in PGR management.
UNIT IV
Management and utilization of germplasm collections; Concept of core
collection, molecular markers and their use in characterization; Evaluation
and utilization of genetic resources; Pre-breeding/ genetic enhancement,
utilizing wild species for crop improvement; Harmonizing agro-
biodiversity —and agricultural  development crop diversification-
participatory plant breeding.
Practical
Basics of computer and operating systems; Identification of useful
germplasm, evaluation of crop germplasm; Statistical techniques in
management of germplasm- estimation of sample size for storage and
viability testing; Evaluation procedure and experimental protocols (designs
and their analysis), Assessment of genetic diversity; Techniques of
Characterization of germplasm; Molecular markers and their use in
characterization.
Suggested Readings
Painting KA, Perry MC, Denning RA & Ayad WG. 1993. Guide Book for
Genetic Resources Documentation. IPGRI, Rome, Italy.
Puzone L & Th. Hazekamp 1996. Characterization and Documentation of
Genetic Resources Utilizing Multimedia Database. NBPGR, New
Delhi.

122



GP 518
Theory

Rana RS, Sapra RL, Agrawal RC & Gambhir R. 1991. Plant Genetic
Resources, Documentation and Information Management. NBPGR,
New Delhi.

GENETIC CONTROL OF PLANT REPRODUCTION 2+0

Pollination mechanism and fertilization process and its analysis: Genetics and
molecular biology of male and female gametes. Anther and ovule development.
Pre- and post-fertilization barriers in wide crosses - principles and techniques to
overcome fertility barriers; In vivo and in vitro fertilization mechanisms and its
applications for crop improvement; Male sterility - types and mechanisms -
methods of inducing male sterility in crop plants. Anther specific genes and
their utility in developing male sterility. Pollination mechanisms and their
evolution. Gene-flow studies in relation to transgenics. Self-incompatibility -
cellular, genetic and molecular basis male genetophytic selection and its
application. S gene - structure and function (case studies: tomato, Brassica,
tobacco). Somatic hybridization in crop plants. Apomixis - mechanism forms
and applications. Limitations, progress and prospects of transfer of apomictic
trait to crop plants. Haploid parthenogenesis - induction, detection and uses.

Practical

Floral features (syndromes) in relation to mode of pollination. In vitro
pollination. Pollen preservations and viability test. Test for stigma receptivity.
Anther, ovule and ovary culture technigues. Pollen germination techniques - in
vitro & in vivo study of fertility barrier in wide hybridization and demonstration
(wheat, peas, Brassica, cotton). Dissection of different stages of embryo
development in monocots and dicots. Embryo rescue technique.

Suggested Readings

Kual, M.L.H, 1988. Male sterility in Higher Plants. Springer-Verlag, Berlin.

Nettan Court D. de. 1977. Incompatability in Angiospenns. Springer - Verlag,
Berlin.

Raghavan, V. 1997. Molecular Embryology of Flowering Plants. Cambridge
University Press, U.K.

Richards A.J. 1997. Plant Breeding Systems (2nd Edition). Chapman & Hall,
London.

Shivanna, K.R. and Sawhney, V.K. 1977. Pollen Biotechnology in Crop
Production and Crop Improvement. Cambridge Univ Press. U.K.

Wyatt, R. 1992. Ecology and Evolution of Plant Reproduction. Chapman &

Hall, London.
GP 519 BREEDING OF VEGETABLE CROPS 2+1
Objective
To educate principles and practices adopted for breeding of vegetable crops.
Theory

Origin, botany, taxonomy, cytogenetics, genetics, breeding objectives, breeding
methods (introduction, selection, hybridization, mutation), varieties and varietal
characterization, resistance breeding for biotic and abiotic stress, quality
improvement, molecular marker, genomics, marker assisted breeding and QTLs,
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biotechnology and their use in breeding in vegetable crops-Issue of patenting,
PPVFR act.

UNIT I

Potato and tomato

UNIT II

Eggplant, hot pepper, sweet pepper and okra

UNIT 111

Peas and beans, amaranth, chenopods and lettuce

UNIT IV

Gourds, melons, pumpkins and squashes

UNIT V

Cabbage, cauliflower, carrot, beetroot, radish, sweet potato and tapioca
Practical

Selection of desirable plants from breeding population observations and analysis
of various qualitative and quantitative traits in germplasm, hybrids and
segregating generations; induction of flowering, palanological studies, selfing
and crossing techniques in vegetable crops; hybrid seed production of vegetable
crops in bulk. screening techniques for insect-pests, disease and environmental
stress resistance in above mentioned crops, demonstration of sib-mating and
mixed population; molecular marker techniques to identify useful traits in the
vegetable crops and special breeding techniques. Visit to breeding blocks.

Suggested Readings
Allard RW. 1999. Principles of Plant Breeding. John Wiley & Sons.
Basset MJ. (Ed.). 1986. Breeding Vegetable Crops. AVI Publ.

Dhillon BS, Tyagi RK, Saxena S. & Randhawa GJ. 2005. Plant Genetic
Resources: Horticultural Crops. Narosa Publ. House.

Fageria MS, Arya PS & Choudhary AK. 2000. Vegetable Crops: Breeding and
Seed Production. Vol. I. Kalyani.

Gardner EJ. 1975. Principles of Genetics. John Wiley & Sons.

Hayes HK, Immer FR & Smith DC. 1955. Methods of Plant Breeding. McGraw-
Hill.

Hayward MD, Bosemark NO & Romagosa |. (Eds.). 1993. Plant Breeding-
Principles and Prospects. Chapman & Hall.

Kalloo G. 1988. Vegetable Breeding. Vols. I-11l. CRC Press.

Kalloo G. 1998. Vegetable Breeding. Vols. I-11l (Combined Ed.). Panima Edu.
Book Agency.

Kumar JC & Dhaliwal MS. 1990. Techniques of Developing Hybrids in
Vegetable Crops. Agro Botanical Publ.

Paroda RS & Kalloo G. (Eds.). 1995. Vegetable Research with Special
Reference to Hybrid Technology in Asia-Pacific Region. FAO.

Peter KV & Pradeepkumar T. 2008. Genetics and Breeding of Vegetables.
Revised, ICAR.

Rai N & Rai M. 2006. Heterosis Breeding in Vegetable Crops. New India Publ.
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Agency.
Ram HH. 1998. Vegetable Breeding: Principles and Practices. Kalyani.
Simmonds NW. 1978. Principles of Crop Improvement. Longman.
Singh BD. 1983. Plant Breeding. Kalyani.

Singh PK, Dasgupta SK & Tripathi SK. 2004. Hybrid Vegetable Development.
International Book Distributing Co.

Swarup V. 1976. Breeding Procedure for Cross-pollinated Vegetable Crops.
ICAR.

GP 601 PLANT GENETIC RESOURCES AND PRE-BREEDING 2+0

Objective
To provide information about collection, evaluation, documentation,
maintenance and use of plant genetic resources for crop improvement.

Theory
UNIT |
Historical perspectives and need for PGR conservation; Importance of plant
genetic resources; Taxonomical classification of cultivated plants; Gene
pool: primary, secondary and tertiary; Centres of origin and global pattern
of diversity; Basic genetic resources and transgenes.
UNIT 1
Principles, strategies and practices of exploration, collection,
characterization, evaluation and cataloging of PGR; Plant quarantine and
phytosanitary certification; Germplasm introduction and exchange;
Principles of in vitro and cryopreservation.
UNIT 11
Germplasm conservation- in situ, ex situ, and on-farm; short, medium and
long term conservation strategies for conservation of orthodox seed and
vegetatively propagated crops; Registration of plant genetic resources.
UNIT IV
PGR data base management; Multivariate and clustering analysis,
descriptors; National and international protocols for PGR management;
PGR for food and agriculture (PGRFA); PGR access and benefit sharing;
Role of CGIAR system in the germplasm exchange; PBR, Farmers rights
and privileges; Seed Act, sui generis system; Geographical indicators,
Intellectual property; Patents, copyrights, trademarks and trade secrets. UNIT
\4
Journey from wild to domestication; Genetic enhancement- need for
genetic enhancement; Genetic enhancement in pre Mendelian era and 21st
century; Genetic enhancement and plant breeding; Reasons for failure in
genetic enhancement; Sources of genes/ traits- novel genes for quality. UNIT
VI
Distant Hybridization: Inter-specific, inter-generic hybridization, scope and
limitations, techniques to overcome the limitations; Gene transfer tools and
techniques into cultivated species; Validation of transferred genes and their
expression.
UNIT VII
Post-genomic tools for genetic enhancement of germplasm; Prebreeding
through chromosome manipulation; Application of biotechnology for
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Genetic enhancement-Achievements.

UNIT VIII

Utilization of genetic resources, concept of core and mini-core collections,
genetic enchancement/Prebreeding for crop improvement including hybrid
development.

Suggested Readings
Frankel OH & Bennett E. 1970. Genetic Resources in Plants — their
Exploration and Conservation. Blackwell.

Gautam PL, Dass BS, Srivastava U & Duhoon SS. 1998. Plant Germplasm
Collecting: Principles and Procedures. NBPGR, New Delhi. Painting KA,
Perry MC, Denning RA & Ayad WG. 1993. Guide Book for

Genetic Resources Documentation. IPGRI, Rome, Italy.

Paroda RS & Arora RK. 1991. Plant Genetic Resources, Conservation and
Management. Concepts and Approaches. IPGRI Regional office for
South and South Asia, New Delhi.

Puzone L & Hazekamp TH. 1996. Characterization and Documentation of
Genetic Resources Utilizing Multimedia Database. NBPGR, New
Delhi.

Rana RS, Sapra RL, Agrawal RC & Gambhir R. 1991. Plant Genetic
Resources, Documentation and Information Management. NBPGR,
New Delhi.

Singh RJ & Jauhar PP. 2005. Genetic Resources, Chromosomal
Engineering and Crop Improvement. Vol. I. Grain Legumes, Vol.
Il. Cereals. CRC Press, Taylor & Francis Group, USA.

GP 602 ADVANCED BIOMETRICAL AND QUANTITATIVE GENETICS 2+1

Objective
To impart theoretical knowledge and computation methods for non allelic
interactions, mating designs and component analysis and their significance
in plant breeding.

Theory
UNIT |
Basic principles of Biometrical Genetics; Selection of parents; Advanced
biometrical models for combining ability analysis; Simultaneous selection
models; Use of Multiple regression analysis in selection of genotypes;
Designs and Systems; Selection of stable genotypes.
UNIT Il
Models in stability analysis - Pattern analysis - Additive Main Effect and
Multiplicative Interaction (AMMI) analysis and other related models;
Principal Component Analysis.
UNIT 11
Additive and multiplicative model - Shifted multiplicative model; Analysis
and selection of genotypes; Methods and steps to select the best model -
Biplots and mapping genotypes.
UNIT IV
Genetic architecture of quantitative traits; Conventional analyses to detect
gene actions - Partitioning of phenotypic/genotypic variance - Construction
of saturated linkage maps, concept of framework map development; QTL
mapping- Strategies for QTL mapping - desired populations, statistical
methods; Marker Assisted Selection (MAS) - Approaches to apply MAS in
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Plant breeding - selection based on markers - simultaneous selection based
on marker and phenotype - Factors influencing MAS; Heritability of the
trait, proportion of genetic variance, linkage disequilibrium between
markers and traits and selection methods.

Practical
Working out efficiency of selection methods in different populations and
interpretation - Biparental mating — use of softwares in analysis and result
interpretation - Triallel analysis— use of softwares in analysis and result
interpretation - Quadriallel analysis — use of softwares in analysis and result
interpretation - Triple Test Cross (TTC) — use of softwares in analysis and
result interpretation - Advanced biometrical models for combining ability
analysis - Selection of stable genotypes using stability analysis; Models in
stability analysis Additive Main Effect and Multiplicative Interaction
(AMMI) model - Principal Component Analysis model - Additive and
multiplicative  model - Shifted multiplicative model - Analysis and
selection of genotypes - Methods and steps to select the best model -
Selection systems - Biplots and mapping genotypes. Construction of
linkage maps and QTL mapping - Strategies for QTL mapping; statistical
methods in QTL mapping; Phenotype and Marker linkage studies.

Suggested Readings
Bos | & P Caligari. 1995. Selection Methods in Plant Breeding. Chapman

& Hall.

Falconer DS & Mackay J. 1996. Introduction to Quantitative Genetics.
Longman.

Mather K & Jinks L. 1983. Introduction to Biometrical Genetics. Chapman
& Hall.

Nadarajan N & Gunasekaran M. 2005. Quantitative Genetics and
Biometrical Techniques in Plant Breeding. Kalyani.

Singh P & Narayanan SS. 1993. Biometrical Techniques in Plant Breeding.
Kalyani.

Singh RK & Choudhary BD. 1987. Biometrical Methods in Quantitative
Genetics. Kalyani.

Weir DS. 1990. Genetic Data Analysis. Methods for Discrete Population
Genetic Data. Sinauer Associates.

Wricke G & Weber WE. 1986. Quantitative Genetics and Selection in
Plant Breeding. Walter de Gruyter.

GP 603 GENOMICS IN PLANT BREEDING 2+1

Objective
To impart practical skills in advanced molecular techniques in genome
mapping structural/functional genomics and development of transgenic
crops.

Theory
UNIT |
Introduction to the plant genome- Plant nuclear genomes and their
molecular description - The chloroplast and the mitochondrial genomes in
plants - Genome size and complexity.
UNIT Il
Establishment of plant genome mapping projects - Genome mapping and
use of molecular markers in plant breeding; Strategies for mapping genes of
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agronomic traits in plants- Approaches for mapping quantitative trait loci;
Map based cloning of plant genes.

UNIT I11

Regulation of Plant gene expression - Functional genomics - Expression

Analysis using Microarrays — Transposon tagging and Insertional

mutagenesis- methods and significance- Diversity Array Technology.

UNIT IV

Genome sequencing in plants—Principles and Techniques; Applications of

sequence information in plant genome analyses; Comparative genomics—

Genome Comparison Techniques- Classical and advanced approaches. UNIT

\4

Detection of Single Nucleotide Polymorphism; TILLING and Eco-

TILLING; Role of transcriptomics, proteomics and metabolomics in

linking genome and phenome; Importance of understanding the phenotypes

for exploiting the outcome of genomic technologies- Knock out mutant

studies and high throughput phenotyping.

UNIT VI

Concept of database development, management and bioinformatics; Plant

genome projects and application of bioinformatics tools in structural and

functional genomics.

Practical

Chromosome analysis in major field crops - Fluorescence in situ

hybridization - Comparative genomic hybridization — Comparative analysis

of plant genomes using molecular markers — Genetic map construction

using molecular markers — Mapping major genes using molecular markers

— QTL mapping in plants — Comparison across mapping populations —

Understanding the need genetic algorithms in QTL mapping — Plant

Genome Databases — Computational tools to explore plant genome

databases — Comparative genomics — Comparison of genome sequences

using tools of bioinformatics- Advanced genomic technologies: TILLING

and Eco-TILLING — DNA Array Technology — Linking genome sequences

to phenotypes: Tools of transcriptomics, proteomics and metabolomics.

Suggested Readings

Baxevanis AD & Ouellette BFF. 2001. Bioinformatics: A Practical Guide
to the Analysis of Genes and Proteins. Wiley Interscience.

Brown TA. 2002. Genomes. Wiley-LISS.

Caetano-Anolles G & Gresshoff PM. 1998. DNA Markers: Protocols,
Applications and Overviews. Wiley-VCH.

Cantor CR & Smith CL (2004). Genomics. Wiley, New York.

Galas DJ & McCormack SJ. 2002. Genomic Technologies: Present and
Future. Calster Academic Press.

Jordan BR. 2001. DNA Microarrays: Gene Expression Applications.
Springer-Verlag.

Liu BH. 1997. Statistical Genomics: Linkage, Mapping and QTL Analysis.
CRS Press.

Lynch M & Walsh B. 1998. Genetics and Analysis of Quantitative Traits.
Sinauer Associates.

Mount DW. 2001. Bioinformatics. Sequence and Genome Analysis. Cold
Spring Harbor Laboratory Press..

Palzkill T. 2002. Proteomics. Kluwer.

128



Paterson AH. 1996. Genome Mapping in Plants. Academic Press.

Pennington SR & Dunn MJ. 2002. Proteomics: From Protein Sequence to
Function. Viva Books.
Rampal JB. 2001. DNA Arrays: Methods and Protocols. Humana Press.

GP 604 MOLECULAR AND CHROMOSOMAL MANIPULATIONS 2+0
FOR CROP BREEDING
Objective
This course focuses on the advanced techniques in analyzing chromosome
structure and manipulations for genome analysis in crop species.

Theory
UNIT |
Organization and structure of genome — Genome size — Organization of
organellar genomes — Nuclear DNA organization — Nuclear and

Cytoplasmic genome interactions and signal transduction; Transcriptional
and Translational changes, Inheritance and expression of organellar DNA;
Variation in DNA content — C value paradox; Sequence complexity —
Introns and Exons — Repetitive sequences — Role of repetitive sequence.
UNIT Il
Karyotyping — Chromosome banding and chromosome painting; Tracking
introgressions using FISH, GISH, loclalization and mapping of
genes/genomic segments; Distant hybridization - Role of polyploids in crop
evolution and breeding - auto and allopolyploids.
UNIT I11
Applications of cytogenetical methods for crop improvement; Location and
mapping of genes on chromosomes: deficiency method; Interchange-
genetic consequence, identification of chromosomes involved and gene
location; balanced lethal systems, their maintenance and utility; Multiple
interchanges-use in producing inbreds, transfer of genes- linked marker
methods; Duplication - production and use; Inversions and location of
genes; B/A chromosome translocations and gene location.
UNIT IV
Trisomics- types, production, breeding behavior and location of genes, use
of balanced tertiary trisomics in hybrid seed production; Monosomics-
methods of production, breeding behavior and location of genes;
Intervarietal substitutions-allelic and non-allelic interactions; Telocentric
method of mapping.
UNIT V
Barriers to interspecific and intergeneric hybridization- Behaviour of
interspecific and intergeneric  crosses; Totipotency of cells -
Morphogenesis: in vivo and in vitro — Meristem culture — anther and pollen
culture — ovule, ovary, embryo and endosperm culture — protoplast isolation
and culture — protoplast fusion, Different pathways of in  vitro
morphogenesis — organogenesis and somatic embryogenesis; in vitro
mutant/somaclone selection for biotic and abiotic stresses.
Suggested Readings
Clark MS & Wall WJ. 1996. Chromosomes: The Complex Code. Chapman
& Hall.
Conger BV. (Ed.). 1981. Cloning Agricultural Plants via in vitro
Techniques. CRC Press.
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Constabel F & Vasil IK. (Eds.). 1988. Cell Culture and Somatic Cell
Genetics of Plants. Vol. V. Cell Culture and Phytochemicals in
Plant Cell Cultures. Academic Press.

Lal R & Lal S. (Eds.). 1990. Crop Improvement Utilizing Biotechnology.
CRC Press.

Mantel SH & Smith H. 1983. Plant Biotechnology. Cambridge University
Press.

Sen SK & Giles KL. (Eds.). 1983. Plant Cell Culture in Crop Improvement.
Plenum Press.

GP 605 ADVANCES IN PLANT BREEDING SYSTEMS 2+0

Objective
To impart theoretical knowledge and computation methods for non allelic
interactions, mating designs and component analysis and their significance
in plant breeding.

Theory
UNIT |
Facts about plant breeding before the discovery of Mendelism;
Evolutionary concepts of genetics and plant breeding - Flower development
and its importance; genes governing the whorls formation and various
models proposed; Mating systems and their exploitation in crop breeding;
Types of pollination, mechanisms promoting cross pollination.
UNIT Il
Selection in cross fertilizing crops — Polycross and topcross selections,
Mass and recurrent selection methods and their modifications - Mass
selection: grided mass selection, ear to row selection, modified ear to row
selection; Convergent selection, divergent selection; Recurrent selection:
Simple recurrent selection and its modifications (restricted phenotypic
selection, selfed progeny selection and full sib recurrent selection) -
Recurrent selection for general combining ability (GCA) — Concepts and

utilization - Recurrent selection for specific combining ability (SCA) —
usefulness in hybrid breeding programmes - Reciprocal recurrent selection
(Half sib reciprocal recurrent selection, Half sib reciprocal recurrent
selection with inbred tester and Full sib reciprocal recurrent selection);
Selection in clonally propagated crops — Assumptions and realities.

UNIT VI

Genetic engineering technologies to create male sterility; Prospects and
problems - Use of self- incompatability and sterility in plant breeding —
case studies; - Fertility restoration in male sterile lines and restorer
diversification programmes - Conversion of agronomically ideal genotypes
into male steriles — Concepts and breeding strategies; Case studies -
Generating new cytonuclear interaction system for diversification of male
steriles - Stability of male sterile lines — Environmental influence on
sterility— Environmentally Induced Genic Male Sterility (EGMS) - Types
of EGMS; Influence on their expression, genetic studies; Photo and thermo
sensitive genetic male sterility and its use in heterosis breeding -
Temperature sensitive genetic male sterility and its use heterosis breeding -
Apomixis and its use in heterosis breeding - Incongruity - Factors
influencing incongruity - Methods to overcome incongruity mechanisms.
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Suggested Readings

Agarwal RL. 1996. Fundamentals of Plant Breeding and Hybrid Seed
Production. Oxford & IBH.

Allard RW. 1966. Principles of Plant Breeding. John Wiley & Sons.

Briggs FN & Knowles PF. 1967. Introduction to Plant Breeding. Reinhold.

Fehr WR. 1987. Principles of Cultivar Development: Theory and
Technique. Vol I. Macmillan.

Hayes HK, Immer FR & Smith DC. 1955. Methods of Plant Breeding.
McGraw-Hill.

Mandal AK, Ganguli PK & Banerji SP. 1995. Advances in Plant Breeding.
Vol. I, 1. CBS.

Richards AJ. 1986. Plant Breeding Systems. George Allen & Unwin.

Sharma JR. 1994. Principles and Practice of Plant Breeding. Tata
McGraw-Hill.

Simmonds NW. 1979. Principles of Crop Improvement. Longman.

Singh BD. 1997. Plant Breeding: Principles and Methods. 5" Ed., Kalyani.

Singh P. 1996. Essentials of Plant Breeding. Kalyani.

Welsh JR. 1981. Fundamentals of Plant Genetic and Breeding. John Wiley.

Williams W. 1964. Genetical Principles and Plant Breeding. Blackwell.

GP 606 CROP EVOLUTION 2+0

Objective
To impart knowledge on crop evolutionary aspects and manipulation at
ploidy level for crop improvement.

Theory
UNIT |
Origin and evolution of species; Centres of diversity/origin, diffused
centres; Time and place of domestication; Patterns of evolution and
domestication-examples and Case studies.

UNIT 1

Domestication and uniformity — Characteristics of early domestication and
changes — Concept of gene pools and crop evolution; Selection and Genetic
drift - Consequences.

UNIT 11

Speciation and domestication — The process of speciation — Reproductive
isolation barriers — Genetic differentiation during speciation -
Hybridization - speciation and extinction.

UNIT IV

Exploitation of natural variation — Early attempts to increase variation —
Distant hybridization and introgression- Inter-specific, inter-generic
hybridization, scope and limitations, techniques to overcome the
limitations; Gene transfer into cultivated species, tools and techniques;
Validation of transferred genes and their expression; Controlled
introgressions.

UNIT V
Processes in crop evolution and stabilization of polyploids, cytogenetic and
genetic stabilization; Genome organization — Transgenesis in crop
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evolution — Multifactorial genome — Intragenomic interaction -

Intergenomic interaction — Genome introgression.

UNIT VI

Methods to study crop evolution - Contemporary Methods — Based on

morphological features — Cytogenetic analysis — Allozyme variations and

crop evolution — DNA markers, genome analysis and comparative

genomics.

UNIT VII

Evolutionary significance of polyploidy, Evolution of crop plants through

ploidy manipulations; polyploids: methods, use of autopolyploids;

haploidy-method of production and use; allopolyploids- synthesis of new

crops; - Case studies — Cereals — Pulses — Oilseeds — vegetables, Fibre

crops - Plantation crops — Forage crops — Tuber crops — Medicinal Plants.
Suggested Readings

Hancock JF. 2004. Plant Evolution and the Origin of Crop Species. 2" Ed.

CABI.

Ladizinsky G. 1999. Evolution and Domestication. Springer.

Miller AJ. 2007. Crop Plants: Evolution. John Wiley & Sons.

Smartt J & Simmonds NW. 1995. Evolution of Crop Plants. Blackwell.

GP 607 BREEDING DESIGNER CROPS 2+1

Objective
To impart theoretical knowledge and practical know-how towards
physiological efficiency, nutritional enhancement, biofortification and
industrial/pharma applications in plant breeding.

Theory
UNIT |
Breeding of crop ideotypes; Genetic manipulations through recombination
breeding, genomics and transgenics for physiological efficiency, nutritional
enhancement, special compounds-proteins, vaccines, gums, starch and fats.

UNIT Il

Physiological efficiency as a concept, parametric and whole plant
physiology in integrated mode; Physiological mechanism of improvement
in nutrient use efficiency, water use efficiency, osmotic adjustment,
photosynthetic efficiency, stay green trait and its significance in crop
improvement.

UNIT I11

Improvement in yield potential under sub-optimal conditions by
manipulating source and sink, canopyarchitecture, plant-water
relationships, effect of suboptimal conditions on cardinal plant growth and
development processes, enhancing input use efficiency through genetic
manipulations.

UNIT IV

Breeding for special traits viz. oil, protein, vitamins, amino acids etc.;
Concept of biopharming and development of varieties producing targeted
compounds, nutraceuticals and industrial products; Success stories in
vaccines, modified sugars, gums and starch through biopharming

UNIT V

Biosafety management, segregation and isolation requirements in designer
crop production and post-harvest management
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Practical
Demonstration of plant responses to stresses through recent techniques;
Water use efficiency, transpiration efficiency, screening techniques under
stress conditions such as electrolyte leakage, TTC, chlorophyll
fluorescence, canopy temperature depression, stomatal conductance,
chlorophyll estimation, heat/drought/salt shock proteins.
Suggested Readings
Balint A. 1984. Physiological Genetics of Agricultural Crops. AK
Ademiaikiado.
Hay RK. 2006. Physiology of Crop Yield. 2" Ed. Blackwell.
Pessarakli M. 1995. Handbook of Plant and Crop Physiology. Marcel
Dekker.
Taiz L & Zeiger E. 2006. Plant Physiology. 4" Ed. Sinauer Associates.

GP 608 ADVANCES INBREEDING OF MAJOR FIELD CROPS 3+0

Objective
To provide insight into recent advances in improvement of cereals, millets
and non cereal crops using conventional and modern biotechnological
approaches.

Theory
UNIT |
History, description, classification, origin and phylogenetic relationship,
genome status in cultivated and alien species of major cereals, millets and
non cereal crops like Rice, Wheat, Maize, Pearlmillet, Sorghum , Pulses,
oilseeds, cotton, sugarcane, arid legumes and other forage crops etc.
UNIT 1
Breeding objectives in rice, wheat, maize, pearlmillet, sorghum, pulses,
oilseeds, cotton, sugarcane, arid legumes and other forage crops etc.
Genetic resources and their utilization; Genetics of quantitative and
qualitative traits.

UNIT 11

Breeding for value addition and resistance to abiotic and biotic stresses.

UNIT IV

Conventional (line breeding, population improvement, hybrids) and other

approaches (DH Populations, Marker Assisted Breeding, Development of

new male sterility systems), transgenics.

UNIT V

National and International accomplishments in genetic improvement of

major field crops and their seed production.

Suggested Readings

Chopra VL. 2001. Breeding Field Crops - Theory and Practice. Oxford &
IBH.

Davis DD.1978. Hybrid Cotton Specific Problems and Potentials. Adv.
Agron. 30: 129-157.

Heyne EG. 1987. Wheat and Wheat Improvement. 2" Eq. ASA, CSSA,
SSSA Inc Publ.

Khairwal, 1S, Rai KN & Harinaryanan H. (Eds.). 1999. Pearl Millet
Breeding. Oxford & IBH.

Khairwal I, Ram C & Chhabra AK. 1990. Pearl Millet Seed Production
and Technology. Manohar Publ.
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Nagarajan S, Singh G & Tyagi BS. 1998. Wheat Research Needs Beyond
2000 AD. Narosa.

Nanda JS. 2000. Rice Breeding and Genetics - Research Priorities and
Challenges. Oxford & IBH.

Rao VS, Singh G & Misra SC. 2004. Wheat: Technologies for Warmer
Areas. Annamaya Publ.

Reynolds MP, Rajaram S, McNab A. 1996. Increasing Yield Potential in
Wheat: Breaking the Barriers. Proc. Workshop held in Ciudad,
Obregon, Sonora, Mexico.

Seth BL, Sikka SM, Dastur RH, Maheshwari P, Rangaswamy NS & Josi
AB. 1960. Cotton in India — A Monograph. Vol. I. ICAR.

Singh BD. 2006. Plant Breeding - Principles and Methods. Kalyani.

Singh P & Singh S. 1998. Heterosis Breeding in Cotton. Kalyani.

Singh P. 1998. Cotton Breeding. Kalyani.

Singh S & Singh P. 2006. Trends in Wheat Breeding. Kalyani Publ.

GP 609 MICROBIAL GENETICS 2+1
Objective
The objective of this course is to apprise the students of molecular
processes at DNA and RNA level in different microorganisms, especially
bacteria and viruses.
Theory
UNIT |
Nature of bacterial variation; Molecular aspects of mutation; Episomes and
plasmids; Gene mapping in bacteria; Life cycle of bacteriophages; Genetic
fine analysis of rll locus; Circular genetic map of phage T4; Transposable
elements; Gene manipulation; Biochemical genetics of Neurospora and
Sacharomyces ; One gene - one enzyme hypothesis.
UNIT 1l
Regulation of gene activity in prokaryotes; Molecular mechanisms of
mutation, repair and suppression; Molecular chaperones and gene
expression; Genetic basis of apoptosis.
UNIT I11
Transgenic bacteria and bioethics; genetic basis of nodulation, nitrogen
fixation and competition by rhizobia, genetic regulation of nitrogen fixation
and quorum sensing in rhizobia; genetics of mitochondria and chloroplasts.
Practical
Preparation and sterilization of liquid and agar bacterial nutrient media;
Assessment of generation time in the log-phage bacterial cultures.
Handling of microorganisms for genetic experiments; Isolation of rhizobia
from nodules; Gram staining of rhizobial cells; Examination of
polyhydroxy butyrate (PHB) production in rhizobia; Demonstration of No-
fixing nodules/bacterial inoculation in the legume- Rhizobium symbiotic
system.
Induction, isolation and characterization of auxotrophic and drug resistant
mutants in bacteria; determination of spontaneous and induced mutation
frequencies; Discrete bacterial colony counts for the preparation of survival
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curves and determination of LDsg of a mutagen.

Tn-mediated mutagenesis; Analysis and isolation of plasmid DNA; Curing

of plasmids.

Suggested Readings

Brooker RJ. 2004. Genetics Analysis and Principles. Addison-Wesley
Longman.

Brown TA. 2002. Genomes. Bios Scientific Publ.

Griffiths AJF. 2000. An Introduction to Genetic Analysis. WH Freeman.

Hexter W & Yost HT 1976. The Science of Genetics. Prentice Hall.

Karp G. 2004. Cell and Molecular Biology: Concepts and Experiments.
John Wiley.

Lewin B. 2008. Genes IX. John Wiley & Sons.

Russell PJ. 1996. Essential Genetics. Blackwell Scientific Publ.

Russell PJ. 1996. Essential Genetics. Blackwell Scientific Publ.

Schleif R.1986. Genetics and Molecular Biology. Addison-Wesley Publ.
Co.

Tamarin RH. 1999. Principles of Genetics. Wm C Brown Publ.

Watson JD. 2004. Molecular Bilology of the Gene. Pearson Edu.

Yadav AS, Vasudeva M, Kharab P & Vashishat RK. 2002. Practical
Manual on Microbial and Molecular Genetics. Dept. of Genetics,
CCS HAU Hisar.

GP 610 IN SITU AND EX SITU CONSERVATION OF GERMPLASM  2+1

Objective
To impart knowledge on the methods of germplasm conservation.

Theory
UNIT |
Concept of natural reserves and natural gene banks, In situ conservation of
wild species in nature reserves: in situ conservation components, factors
influencing conservation value, national plan for in situ conservation; in
situ conservation of agro-biodiversity on-farm; scientific basis of in situ

conservation on-farm, building on-farm conservation initiatives,
implementation of on-farm conservation, management of in situ conserved
genetic diversity on-farm, enhancing benefits for farmers from local crop
diversity.

UNIT 11

Ex situ conservation: components, plant genetic resources conservation in
gene banks, national gene banks, gene repositories, preservation of genetic
materials under natural conditions, perma-frost conservation, guidelines for
sending seeds to network of active/ working collections, orthodox,
recalcitrant seeds- differences in handling ,clonal repositories, genetic
stability under long term storage condition.

UNIT 11

In vitro storage, maintanence of in vitro culture under different conditions,
in vitro bank maintanence for temporate and tropical fruit crop species,
spices, tubers, bulbous crops, medicinal and endangered plant species,
conservation of embryos and owvules, cell/suspension cultures, protoplast
and callus cultures, pollen culture, micropropagation techniques, problems ,
prospects of in vitro gene bank.

UNIT IV
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Cryopreservation- procedure for handling seeds of orthodox and
recalcitrants-cryoprotectants,dessication, rapid freezing, slow freezing,
vitrification techniques, encapsulation/dehydration techniques, national
facilities, achievements, application of cryopreservation in agriculture,
horticulture and forestry crops.Problems and prospects; challenges aheads.

Practical

In situ conservation of wild species —case studies at national and

international levels- ex situ techniques for active and long-term

conservation of collections- Preparation and handling of materials,

packaging, documentation; design of cold storage modules- Conservation

protocols for recalcitrant and orthodox seeds; Cytological studies for

assessing genetic stability, in vitro cultures- embryo,cell/suspension

cultures,pollen cultures, study of cryotank facility and vitrification

techniques, visit to NBPGR/NBAGR -study using fruit crops and other

horticultural crops.

Suggested Readings

Ellis RH & Roberts EH & White Head J. 1980. A New More Economic
and Accurate Approach to Monitor the Viability of Accessions
During Storage in Seed Banks. FAO / IBPGR PI. Genet. Resources
News 41-3-18.

Frankel OH & Hawkes JG. 1975. Crop Genetic Resources for Today and
Tomorrow. Cambridge University Press, Cambridge. Simmonds,

N.W. 1979. Principles of Crop Improvement Longman. Westwood MN.

1986. Operation Manual for National Clonal Germplasm
Repository Processed Report. USDA-ARS and Orgon State Univ.
Oregon, USA.

Withers LA. 1980. Tissue Culture Storage for Genetic Conservation.
IBPGR Tech. Rep. IBPGR, Rome, Italy.
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GENETICS AND PLANT BREEDING

List of Journals

Australian ~ Journal ~ of  Biological
Sciences, Australia

Australian ~ Journal of  Agricultural
Research, Australia
Biometrics, UK
BioTechniques
Cereal Research
Hungary

Cotton Research and Development,
Hisar, India

Crop Improvement, Ludhiana

Crop Science, USA

Current Science, Bangalore

Critical Reviews in Plant Sciences

Czech Journal of Plant Breeding
Genetics, Prague,

Electronic Journal of Biotechnology
Euphytica, The Netherlands

FABIS Newsletter

Forage Research, Hisar, India

Communication,

International Chickpea
Newsletter, ICRISAT
International  Rice  Research
Notes, IRRI, Philippines

Journal of Agricultural
Research, U.K.

Journal of Biochemistry and
Biotechnology, New Delhi
Journal of  Genetics and
Breeding, Italy

Journal of Heredity

Journal of Pulses Research,
Kanpur

Legume Research, Karnal
MILWAI Newsletter

Madras  Agricultural  Journal,
Coimbatore, India

Molecular Breeding, USA
Mutation Research

National ~ Journal of Plant

e Genetics, USA
e Genome, Canada

Sciences, Hisar, India
< Nucleic Acids Research, USA

» Genetic resources and crop evolution, = Oryza, Cuttack, India

Netherlands

« PGR Newsletter, Syria

= Haryana Agricultural University Journal = Plant Breeding, Germany

of Research, Hisar, India
« Heredity
- Hilgardia, Sweden,

e Plant Molecular Biology, The
Netherlands
< Rachis, Syria

» Indian Journal of Agricultural Research, = Sorghum and Millet Newsletter,
New Delhi ICRISAT
« Indian Journal of Genetics and Plant = Theoretical and Applied

Breeding, New Delhi

e Indian Journal of Plant

Resources, New Delhi

Genetics, Germany
Genetic « Wheat Research, Japan

e-Resources

Name of the Journal

URL

Agronomy Research

http://www.eau.ee/~agronomy/

Asian Journal of Plant Sciences

http://ansijournals.com/3/c4p.php?id=1&theme=3&jid=ajps

Breeding Science

http://www.jstage.jst.go.jp/browse/jsbbs

Current Science

http://www.ias.ac.in/currsci/index.html

International Journal of Botany

http://ansijournals.com/3/c4p.php?id=1&theme=3&jid=ijb

International Journal of Sociology
of Agriculture and Food

http://www.csafe.org.nz/ijsaf/

Japan Agricultural Research
Quarterly

http://ss.jircas.affrc.go.jp/english/publication/jarg/index.htm
|

Japanese Journal of Crop Sc.

http://www.jstage.jst.go.jp/browse/jcs

Journal of Agronomy

http://ansijournals.com/3/c4p.php?id=1&theme=3&jid=ja

Journal of Biosciences

http://www.ias.ac.in/jbiosci/index.html
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http://www.eau.ee/~agronomy/
http://ansijournals.com/3/c4p.php
http://www.jstage.jst.go.jp/browse/jsbbs
http://www.ias.ac.in/currsci/index.html
http://ansijournals.com/3/c4p.php
http://www.csafe.org.nz/ijsaf/
http://ss.jircas.affrc.go.jp/english/publication/jarq/index.htm
http://www.jstage.jst.go.jp/browse/jcs
http://ansijournals.com/3/c4p.php
http://www.ias.ac.in/jbiosci/index.html

Journal of Cotton Science http://www.cotton.org/journal/

Journal of Genetics http://www.ias.ac.in/jgenet/index.html

Plant Biotechnology http://www.jstage.jst.go.jp/browse/plantbiotechnology
Plant Production Science http://www.jstage.jst.go.jp/browse/pps

Scientia Agraria http://calvados.c3sl.ufpr.br/ojs2/index.php/agraria
Tropicultura http://www.bib.fsagx.ac.be/tropicultura/

Turkish Journal of Agriculture and

Forestry Sciences http://journals.tubitak.gov.tr/agriculture/index.php

Other Major Portals for Genetics and Plant Breeding
http://www.icrisat.org/

http://121.244.161.11/Search/QuickSearch.asp
http://www.plantstress.com/WRFiles/literaturewr.htm (portal for several sites)
http://www?2.unil.ch/Ipc/docs/index_plants.htm (portal for several sites)
http://www.dnaftb.org/dnaftb/ (portal for several sites)

Suggested Broad Areas for Master’s and Doctoral Research

©3  Studies on introgressions, gene transfers, gene identification, location and
localization with the application of technologies such as, in situ hybridization,
chromosome identification like FISH (Fluorescent In Situ Hybridization), GISH
(Genomic In Situ Hybridization), Spectral Karyotyping (SKY) and Multiplex
Fluorescence In Situ Hybridization (M-FISH) etc.

3 Studies on stay-green traits in relation to genes affecting efficiency of
photosynthethesis, biotic/abiotic stress tolerance

3 Genetics of AGP system for better photosynthesis and translocation
©3  ldentification of genes/QTLs for NUE and WUE

3 Molecular markers tagged to genes/QTLs identified for improvement of nutrient
use efficiency, water use efficiency

©3  MAS based mobilization of transgenes for tolerance to biotic and abiotic stresses
into desirable agronomic backgrounds

3 Breeding methologies to enhance selection efficiency

3 Component approaches and development of selection criteria for quantitiative trait
improvement

©3  Stability analyses and methods to estimate the G X E components in breeding
materials

©3  Relative efficiency analyses of genetic component estimation for reliable use in
developing selection criteria in crop plants

©3  Distance and divergence statistics for identification of similarity assessment among
genetic stocks and parental genetic material

©3  Linear and quadratic distance measures to identify relative contribution of
component traits for complex traits

©8  Studies on genetic and molecular bases of stress tolerance to develop molecular
diagnostics for screening/identification of stress tolerant genotypes

©3  Use of aneuploids for gene location and source for transfer through wild species
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http://www.cotton.org/journal/
http://www.ias.ac.in/jgenet/index.html
http://www.jstage.jst.go.jp/browse/plantbiotechnology
http://www.jstage.jst.go.jp/browse/pps
http://calvados.c3sl.ufpr.br/ojs2/index.php/
http://www.bib.fsagx.ac.be/tropicultura/
http://journals.tubitak.gov.tr/agriculture/index.php
http://www.icrisat.org/
http://121.244.161.11/Search/QuickSearch.asp
http://www.plantstress.com/WRFiles/literaturewr.htm
http://www2.unil.ch/lpc/docs/index_plants.htm
http://www.dnaftb.org/dnaftb/

& & & & &

&

&

Development and trisomic and monosomic series in diploids and polyploids

Dependable marker systems for detection of introgression in wide crosses with
minimized linkage drag

Analysis of Resistance Gene analogues and their use in MAS with enhanced
disease resistance

Analysis of Gene analogues and expression synteny and their use in MAS with
enhanced quality and trait expression

Refinements in embryo rescue and consequent diplodization for production of
double haploids

Use of molecular markers in phylogenetic analysis

Breeding through distant hybridization route for New Plant Type for breaking yield
barriers

Genetics of durable, quantitative resistance and adult plant resistance in major
crops against known pathogens

Development of tools and methodologies for identification of genes responsible for
resistance against polyphagus insects

Development of alien addition lines and telocentric lines in crops
Microarray technique and robotics for identification of useful genes in crops
Characterization of germplasm through molecular and serological techniques

Induction of novel variation through mutagenesis tools and identify novel genes for
different traits

Development of heterotic pools for maximized heterosis in cross and self pollinated
crops where hybrid seed production tools are available

Genetics and traits responsible for terminal and initial heat tolerance in wheat,
maize and mustard

Genetics of cold tolerance related traits in maize, rice and pigeonpea

Widening the QPM base in maize and prebreeding to add value to the genetic
stocks of QPM

Comparison of relative efficiency of different softwares in analysis of quantitative
trait loci and linkages

Biochemical and molecular bases of signal transduction in host-pathogen
interactions

Metal binding proteins for identification of phytoremediators
Crop improvement for biomass energy and industrial use

Development  of cytogenetic stocks through varietal/alien chromosome
substitutions
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SEED SCIENCE AND TECHNOLOGY
Course Structure — at a Glance

CODE COURSE TITLE CREDITS
SST 501* FLORAL BIOLOGY, SEED DEVELOPMENT & 1+1
MATURATION
SST 502* PRINCIPLES OF SEED PRODUCTION 240
SST 503* | SEED PRODUCTION IN FIELD CROPS 2+1
SST 504 SEED PRODUCTION IN VEGETABLES 2+1
SST 505 SEED PRODUCTION IN FLOWER, MEDICINAL 2+1
FRUITS AND PLANTATION CROPS
SST 506* | SEED LEGISLATION AND CERTIFICATION 2+1
SST 507* | SEED PROCESSING AND STORAGE 2+1
SST 508* | SEED QUALITY TESTING 2+1
SST 509 SEED PHYSIOLOGY 2+1
SST 510 SEED PATHOLOGY 2+1
SST 511 SEED ENTOMOLOGY 2+1
SST 512 SEED PRODUCTION IN PASTURE, FORAGE AND 2+1
GREEN MANURE CROPS
SST 513 SEED STORAGE AND DETERIORATION 1+1
SST 514 SEED MARKETING AND MANAGEMENT 1+1
SST 515 EMERGING TRENDS IN  SEED  QUALITY 1+1
ENHANCEMNT
SST516® | DATA BASE MANAGEMENT, EVALUATION AND 2+1
UTILIZATION OF PGR
SST591 | MASTER’S SEMINAR 140
SST 599 \ MASTER’S RESEARCH 20
SST 601** | HYBRID SEED PRODUCTIOON 1+1
SST 602%¢ |IN SITU AND EX SITU CONSERVATION OF 2+1
GERMPLASM
SST 603 TESTING FOR GENUINENESS & PURITY OF 1+1
CULTIVARS
SST 604** | DUS TESTING FOR PLANT VARIETY POTECTION 2+1
SST 605** | ADVANCES IN SEED SCIENCE RESEARCH 1+0
SST 691 DOCTORAL SEMINAR | 1+0
SST 692 DOCTORAL SEMINAR II 1+0
SST 699 DOCTORAL RESEARCH 45

*Compulsory for Master’s programme; ** Compulsory for Ph. D. programme,

@ Cross listed with GP 516; @@ Cross listed with GP 609
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SEED SCIENCE AND TECHNOLOGY
Course Contents

SST 501 FLORAL BIOLOGY, SEED DEVELOPMENT 1+1
AND MATURATION
Objective
To refresh the basic knowledge of seed development and structures and apprise
students with its relevance to production of quality seed.
Theory
UNIT |
Floral types, structure and biology in relation to pollination mechanisms;
sporogenesis: microsporogenesis and megasporogenesis; gametogenesis -
development of male and female gametes and their structures; effect of
environmental factors on floral biology.
UNIT Il
Fertilization — embryo sac structure, process, barriers to fertilization,
incompatibility and male sterility, factors affecting fertilization.
UNIT I11
Embryogenesis - development of typical monocot and dicot embryos;
endosperm development, modification of food storage structures with
reference to crop plants; different types of embryos, endosperm and
cotyledons; development and their structure in representative crop plants
with reference to food storage; external and internal features of monocot
and dicot seed; seed coat structure and development in representative crop
plants.
UNIT IV
Apomixis — identification, classification, significance and its utilization in
different crops for hybrid seed production; Polyembryony - types and
significance; haplontic and diplontic sterility, causes of embryo abortion,
embryo rescue and synthetic seeds.
Practical
Study of floral biology of monocots and dicots; microsporogenesis and
megasporogenesis; study of pollen grains - pollen morphology, pollen
germination and pollen sterility; types monocot and dicot embryos; external
and internal structures of monocot and dicot seeds; seed coat structure,
preparation of seed albums and identification.
Suggested Readings
Bhojwani SS & Bhatnagar SP. 1999. The Embryology of Angiosperm.
Vikas Publ.
Black M, Bewley D & Halmer P. 2006. The Encyclopedia of Seeds:
Science, Technology and Uses. CABI.
Chhabra AK. 2006. Practical Manual of Floral Biology of Crop Plants.
Deptt. of Plant Breeding, CCS HAU, Hisar.
Copeland LO & McDonald MB. 2001. Principles of Seed Science and
Technology. 4" Ed. Chapman & Hall.
Frankel R & Galun E. 1977. Pollination Mechanisms, Reproduction and
Plant Breeding. Springer Verlag.
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SST 502

PRINCIPLES OF SEED PRODUCTION 2+0

Objective

Theory

To introduce the basic priciples of quality seed production.

UNIT |

Introduction : Seed as basic input in agriculture; seed development in
cultivated plants; seed quality concept and importance of genetic purity in
seed production; types of cultivars, their maintenance and factors
responsible for deterioration; seed production in self and cross pollinated
crops.

UNIT II

Mode of pollination and reproduction in crop plants and their modification
in relation to hybrid seed production. Principles of hybrid seed production,
isolation distance, synchronization of flowering, roguing etc. male sterility
and incompatibility system in hybrid seed production, role of pollinators
and their management.

UNIT 1l

Seed multiplication ratios, seed replacement rate, demand and supply;
suitable areas of seed production and storage, agronomy of seed production
— agro climatic requirements and their influence on quality seed production;
generation system of seed multiplication; maintenance of Nucleus seed,
production of Breeder, Foundation and Certified seed- criteria involved,
life span of a variety and causes for its deterioration; certification standards
for self and cross pollinated and vegetatively propagated crops.

UNIT IV

Hybrid Seed - Methods of development of hybrids; use of male sterility and
self-incompatibility and CHA in hybrid seed production; one, two and three
line system; maintenance of parental lines of hybrids; planning and
management of hybrid seed production technology of major field crops and
vegetables.

UNIT V

Planning of seed production for different classes of seeds for self and cross-
pollinated crops, Seed quality control system and organization, seed village
concept; Seed production agencies, seed industry and custom seed
production in India.

Suggested Readings

Agarwal RL. 1997. Seed Technology. 2" Ed. Oxford & IBH.

Chhabra AK. 2006. Practical Manual of Floral Biology of Crop Plants.
Dept. of Plant Breeding CCS HAU, Hisar.

Desai BB. 2004. Seeds Handbook. Marcel Dekker.

Kelly AF. 1988. Seed Production of Agricultural Crops. Longman.

McDonald MB Jr & Copeland LO. 1997. Seed Production: Principles and
Practices. Chapman & Hall.

Musil AF. 1967. Identification of Crop and Weed Seeds. Handbook No.
219, USDA, Washington, DC, USA.

Poehlman JM & Sleper DA. 2006. Breeding Field Crops. Blackwell.

Singh BD. 2005. Plant Breeding: Principles and Methods. Kalyani.

Singhal NC. 2003. Hybrid Seed Production in Field Crops. Kalyani.

Thompson JR. 1979. An Introduction to Seed Technology. Leonard Hill.

Tunwar NS & Singh SV. 1985. Handbook of Cultivars. CSCB, GOlI.
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SST 503 SEED PRODUCTION IN FIELD CROPS 2+1

Objective
To impart a comprehensive knowledge of seed production in field crops
with adequate practical training.

Theory
UNIT |
Basic principles in seed production and importance of quality seed. Floral
structure, breeding and pollination mechanism in self-pollinated cereals and
millets viz, wheat, barley, paddy, ragi etc.
UNIT Il
Floral structure, breeding and pollination mechanism in cross-pollinated
cereals and millets viz maize, sorghum, bajra etc ; methods and techniques
of quality seed production incross-pollinated cereals and millets.
UNIT I11
Floral structure, breeding and pollination mechanism; methods and
techniques of seed production in pulses (pigeon pea, chick pea, green garm,
black garm, field beans, peas etc.).
UNIT IV
Floral structure, breeding and pollination mechanism; methods and
techniques of seed production in major oil seeds (groundnut, castor,
sunflower, safflower, rape and mustard, linseed, sesame etc.).
UNIT V
Floral structure, breeding and pollination mechanism; methods and
techniques of seed production in commercial fibers (cotton, jute, mesta etc)
and vegetatively propagated crops like sugar cane, potato etc.

Practical
Planning of Seed Production, requirements for different classes of seeds in
field crops - unit area and rate; Seed production in cross pollinated crops
with special reference to land, isolation, planting ratio of male and female
lines, synchronization of parental lines and methods to achieve synchrony;
supplementary pollination, pollen storage, hand emasculation and
pollination in Cotton, detasseling in Corn, identification of rogues and
pollen shedders; Pollen collection, storage, viability and stigma receptivity;
gametocide application and visits to seed production plots etc.

Suggested Readings
Kelly AF. 1988. Seed Production of Agricultural Crops. John Wiley.
McDonald MB Jr & Copeland LO. 1997. Seed Production: Principles and

Practices. Chapman & Hall.

Singhal NC. 2003. Hybrid Seed Production in Field Crops. Kalyani.

SST 504 SEED PRODUCTION IN VEGETABLES 2+1

Objective
To impart a comprehensive knowledge of seed production in vegetable
crops with adequate practical training

Theory
UNIT |
Introduction; modes of propagation in vegetables. Seed morphology and
development in vegetable seeds. Floral biology of these plant species;
classification of vegetable crops based on pollination and reproduction
behavior; steps in quality seed production; identification of suitable
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areas/locations for seed production of these crops.

UNIT Il

Classification based on growth cycle and pollination behavior; methods of

seed production; comparison between different methods e.g. seed-to-seed

vs. root-to-seed method in radish; seed multiplication ratios in vegetables;
pollination mechanisms; sex types, ratios and expression and modification
of flowering pattern in cucurbits; nursery raising and transplanting stage.

UNIT 111

Seed production technology of vegetables viz. solanaceous, cucurbitaceous,

leguminous, malvaceous, cole crops, leafy vegetables, root, tuber and bulb

crops and spices; harvesting/picking stage and seed extraction in fruit
vegetables; clonal propagation and multiplication in tuber crops e.g. Potato,
sweet potato, colocasia, tapioca; seed-plot technique in potato tuber seed
production; hybrid seed production technology of vegetable crops, TPS

(true potato seed) and its production technique; hybrids in vegetables;

maintenance of parental lines; use of male sterility and self incompatibility

in hybrid seed production, environmental factors related to
flowering/bolting in vegetable crops.

UNIT IV

Share of vegetable seeds in seed industry; importance and present status of

vegetable industry; intellectual property rights and its implications, impact

of PVP on growth of seed industry.
Practical

Selection of suitable areas/locations for high quality seed/planting material

production; study of floral biology of vegetables, determination of planting

ratios for hybrid seed production vegetables; use and maintenance of
monoecious line in hybrid seed production of cucumber; exercises on
emasculation and pollination; seed extraction methods and their effect on
quality of vegetables; seed production technology of varieties and hybrids
in vegetables.

Suggested Readings

Agarwal RL. 1997. Seed Technology. 2" Ed. Oxford & IBH.

Desai BB, Katecha, PM & Salunke DK.1997. Seed Hand Book: Biology,
Production, Processing and Storage. Marcel Dekker.

Desai BB. 2004. Seeds Handbook. Marcel Dekker.

George RAT. 1980. Vegetable Seed Technology. A Technical Guide to
Vegetable Seed Production, Processing, Storage and Quality
Control. FAO, Rome.

Hartman HT & Kester DE. 2000. Plant Propagation: Principles and
Practices. Prentice Hall.

Kelly AF & George RAT. (Eds.).1998. Encyclopedia of Seed Production of
World Crops. John Wiley & Sons.

McDonald MB Jr & Copeland LO. 1997. Seed Production of Crops:
Principles and Practices. Chapman & Hall.

Salunkhe DK, Desai BB & Bhat RN. 1987. Vegetable and Flower Seed
Production. Agricole Publ. Academy.

Singh SP. 2001. Seed Production of Commercial Vegetables.Agrotech.

Singhal NC. 2003. Hybrid Seed Production in Field Crops. Kalyani.
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SST 505 SEED PRODUCTION IN FLOWERS AND MEDICINAL, 2+1
FRUITS AND PLANTATION CROPS
Objective
To impart comprehensive knowledge of seed production in horticultural
crops with adequate practical training
Theory
UNIT |
Introduction: modes of propagation in flower and Meditional crops.
classification of medicinal crops based on pollination and reproduction
behavior; steps in quality seed production; identification of suitable
areas/locations for seed production of these crops.
UNIT Il
Flowers and Medicinal Plants; classification based on growth cycle,
reproduction and pollination behavior; nursery requirement, planning and
management; technology for quality seed production in important flower
species i.e. marigolds, petunias, dahlia, roses, gladiolus, tulips,
chrysanthemum etc; development of hybrids and their seed production
technology flower plants.
UNIT I11
IPR issues with special reference to floral and plantation crops.
Practical
Selection of suitable areas/locations for high quality seed/planting material
production; study of floral biology of flowers, fruits, medicinal and
plantation crops; determination of planting ratios for hybrid seed
production in flowers; exercises on emasculation and pollination; seed
extraction methods and their effect on quality of fruit; seed production
technology of varieties and hybrids; seed collection and extraction in fruit
and plantation crops.
Suggested Readings
Agarwal RL. 1997. Seed Technology. 2™ Ed. Oxford & IBH.
Desai BB, Katecha, PM & Salunke DK.1997. Seed Hand Book: Biology,
Production, Processing and Storage. Marcel Dekker.
Desai BB. 2004. Seeds Handbook. Marcel Dekker.
Doijode SD. 2001. Seed Storage of Horticultural Crops. CBS.
George RAT. 1980. Vegetable Seed Technology. A Technical Guide to
Vegetable Seed Production, Processing, Storage and Quality
Control. FAO, Rome.
Hartman HT & Kester DE. 2000. Plant Propagation: Principles and
Practices. Prentice Hall.
ICAR. Hand Book of Horticulture. ICAR Publ.

Kelly AF & George RAT. (Eds.).1998. Encyclopedia of Seed Production of
World Crops. John Wiley & Sons.

McDonald MB Jr & Copeland LO. 1997. Seed Production of Crops:
Principles and Practices. Chapman & Hall.

Salunkhe DK, Desai BB & Bhat RN. 1987. Vegetable and Flower Seed
Production. Agricole Publ. Academy.

Singh SP. 2001. Seed Production of Commercial Vegetables.Agrotech.

Singhal NC. 2003. Hybrid Seed Production in Field Crops. Kalyani.
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SST 506 SEED LEGISLATION AND CERTIFICATION 2+1

Objective
To apprise students with the legislative provisions and processes and the
mechanisms of seed quality control.

Theory
UNIT |
Historical development of Seed Industry in India; Seed quality: concept and
factors affecting seed quality during different stages of production,
processing and handling; seed quality control- concept and objectives;
Central Seed Certification Board (CSCB).
UNIT Il
Regulatory mechanisms of seed quality control- organizations involved in
seed quality control programmes; seed legislation and seed law
enforcement as a mechanism of seed quality control; the Seed Act (1966),
Seed Rules (1968), Seed (Control) Order 1983; Essential Commodities Act
(1955); Plants, Fruits and Seeds Order (1989); National Seed Development
Policy (1988) and EXIM Policy regarding seeds, plant materials; New Seed
Bill-2004 etc. Introduction, objectives and relevance of plant quarantine,
regulations and plant quarantine set up in India.
UNIT 111
Seed Certification- history, concept and objectives of seed certification;
seed certification agency/organization and staff requirement; legal status
and phases of seed certification; formulation, revision and publication of
seed certification standards; Indian Minimum Seed Certification Standards
(I.M.S.C.S.)- general and specific crop standards including GM varieties,
field and seed standards; planning and management of seed certification
programmes- eligibility of a variety for certification, area assessment,
cropping history of the seed field, multiplication system based on limited
generation concept, isolation and land requirements etc.
UNIT IV
Field Inspection- principles, phases and procedures; reporting and
evaluation of observations; pre and post-harvest control tests for genetic
purity evaluation (grow-out tests); post harvest inspection and evaluation;
seed sampling, testing, labeling, sealing and grant of certificate; types and
specifications for tags and labels; maintenance and issuance of certification
records and reports; certification fee and other service charges; training and
liaison with seed growers. OECD seed certification schemes.
UNIT V
Introduction to WTO and IPRs; Plant Variety Protection and its
significance; UPQV and its role; DUS testing- principles and applications;
essential features of PPV & FR Act, 2001 and related Acts.

Practical
General procedure of seed certification ; identification of weed and other
crop seeds as per specific crops; field inspection at different stages of a
crop and observations recorded on contaminants and reporting of results;
inspection and sampling at harvesting/threshing, processing and after
processing for seed law enforcement; testing physical purity, germination
and moisture; specifications for tags and labels to be used for certification
purpose; grow-out tests for pre and post-harvest quality control; visits to
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regulatory seed testing laboratory, including plant quarantine lab and seed
certification agency.
Suggested Readings

Agarwal RL. 1997. Seed Technology. Oxford & IBH.

Anonymous 1992. Legislation on Seeds. NSC Ltd., Department of
Agriculture and Cooperation, Ministry of Agriculture, New Delhi.

Nema NP. 1986. Principles of Seed Certification and Testing. Allied Publs.

Tunwar NS & Singh SN. 1988. Indian Minimum Seed Certification
Standards. CSCB, Ministry of Agriculture, New Delhi.

SST 507 SEED PROCESSING AND STORAGE 2+1
Objective
To impart knowledge on the principles and techniques of seed processing
for quality upgradation and of storage for maintenance of seed quality.
Theory
UNIT |
Introduction: Principles of seed processing; methods of seed drying
including dehumidification and its impact on seed quality. Relative
humidity and equilibrium moisture content of seed; Thumb rules of seed
storage; loss of viability in important agricultural and horticultural crops,
viability equations and application of nomograph.
UNIT 1
Seed cleaning equipment and their functions: Preparing seed for
processing; functions of scalper debearder, scarifier, huller, seed cleaner
and grader. Screen cleaners, specific gravity separator, indented cylinder,
velvet-spiral-disc  separators, colour sorter, delinting machines; seed
blending.
UNIT Il
Assembly line of processing and storage, receiving, elevating and
conveying equipments, plant design and layout, requirements and economic
feasibility of seed processing plant.
UNIT IV
Seed treatments-methods of seed treatment, seed treating formulations and
equipments, seed disinfestations, identification of treated seeds; Packaging:
principles, practices and materials; bagging and labeling.
UNIT V
Seed storage: Seed drying and storage; drying methods-importance and
factors affecting it, changes during storage, concepts and significance of
moisture equilibrium, methods of maintaining safe seed moisture content.
Methods to minimize the loss of seed vigour and viability; factors
influencing storage losses. Storage methods and godown sanitation. Storage
structures. Storage problems of recalcitrant seeds and their conservation.

Practical
Operation and handling of mechanical drying equipments; effect of drying
temperature and duration on seed germination and storability with
particular reference to oil seeds; seed extraction methods; seed processing
equipments; seed treating equipments; visit to seed processing plant and
commercial controlled and uncontrolled Seed Stores;. seed quality
upgradation; measurement of processing efficiency; seed blending, bag
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closures; study of orthodox, intermediary and recalcitrant seeds; evaluating

seed viability at different RH and temperature levels and packaging

materials; prediction of storability by accelerated ageing controlled
deterioration tests.
Suggested Readings

Agrawal RL. 1996. Seed Technology. Oxford Publ.

Barton LV. 1985. Seed Preservation and Longevity. International Books
and Periodicals Supply Service, New Delhi.

Hall CW. 1966. Drying of Farms Crops. Lyall Book Depot.

Justice OL & Bass LN. 1978. Principles and Practices of Seed Storage.
Castle House Publ. Ltd.

Mathews RK, Welch GB, Delouche JC & Dougherty GM. 1969. Drying,
Processing and Storage of Corn seed in Tropical and Subtropical
Regions. Proc. Am. Agric. Eng. St. Joseph, Mich. Paper No. 69-67.

Sahay KM & Singh K K. 1991. Unit Operations in Food Engineering.
Vikas Publ.

Virdi SS & Gregg BG. 1970. Principles of Seed Processing. National Seed
Corp., New Delhi.

SST 508 SEED QUALITY TESTING 2+1
Objective
To provide a comprehensive knowledge on all aspects of seed quality
evaluation and their relevance to crop performance.
Theory

UNIT |
Introduction:  Structure of monocot and dicot seeds; seed quality:
objectives, concept and components and their role in seed quality control;
instruments, devices and tools used in seed testing. ISTA and its role in
seed testing.
UNIT 1
Seed Sampling: definition, objectives, seed-lot and its size; types of
samples; sampling devices; procedure of seed sampling; sampling intensity;
methods of preparing composite and submitted samples; sub-sampling
techniques, dispatch, receipt and registration of submitted sample in the
laboratory, sampling in the seed testing laboratory.
UNIT Il
Physical Purity: definition, objective and procedure, weight of working
samples for physical purity analysis; components of purity analysis and
their definitions and criteria; pure seed definitions applicable to specific
genera and families; multiple seed units; general procedure of purity
analysis; calculation and reporting of results, prescribed seed purity
standards; determination of huskless seeds; determination of weed seed and
other seed by number per kilogram; determination of other distinguishable

varieties (ODV); determination of test weight and application of
heterogeneity test.

UNIT IV

Seed moisture content: importance of moisture content; equilibrium
moisture content; principles and methods of moisture estimation - types,
instruments and devices used; pre-drying and grinding requirements,
procedural steps in moisture estimation; calculation and reporting of
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results.

UNIT V
Germination: importance; definitions; requirements for germination,
instrument and substrata required; principle and methods of seed
germination testing; working sample and choice of method; general
procedure for each type of method; duration of test; seedling evaluation;
calculation and reporting of results; dormancy: definition, importance,
causal mechanisms, types and methods for breaking dormancy.
UNIT VI
Viability and Vigour Testing: definition and importance of viability tests;
different viability tests; quick viability test (TZ- test) - advantages,
principle, preparation of seeds and solutions, procedure, evaluation and
calculation of test results. Vigour testing: concept, historical development,
definitions, principles and procedures of different methods used for testing
vigour.
UNIT VII
Genetic purity testing : objective and criteria for genetic purity testing;
types of test; laboratory, Growth Chamber and field testing based on seed ,
seedling and mature plant morphology; principles and procedures of
chemical, biochemical and molecular tests.
UNIT VIII
Seed health Testing: field and seed standards ; designated diseases,
objectionable weeds - significance of seed borne disease vis-a-vis seed
quality - seed health testing and detection methods for seed borne fungi,
bacteria, viruses and nematodes.
UNIT IX
Testing of GM seeds and trait purity, load of detection (LOD).
UNIT X
Preparation and dispatch of seed testing reports; storage of guard samples;
application and use of seed standards and tolerances.

Practical
Structure of monocot and dicot seeds of important plant species;
identification and handling of instruments used in seed testing laboratory;
identification of seeds of weeds and crops; physical purity analysis of
samples of different crops; estimation of seed moisture content (oven
method); seed dormancy breaking methods requirements for conducting
germination test, specifications and proper use of different substrata for
germination; seed germination testing in different agri-horticultural crops;
seedling evaluation; viability testing by tetrazolium test in different crops;
seed and seedling vigour tests applicable in various crops; species &
cultivar identification; genetic purity testing by chemical, biochemical and
molecular methods; seed health testing for designated diseases, blotter

methods, agar method and embryo count methods; testing coated/pelleted
seeds.
Suggested Readings
Agarwal RL. 1997. Seed Technology. Oxford & IBH.
Agrawal PK & Dadlani M.1992. Techniques in Seed Science and
Technology. 2" Ed. South Asian Publ.
Agrawal PK. (Ed.). 1993. Handbook of Seed Testing. Ministry of
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Agriculture, GOI, New Delhi.

Copland LO & McDonald MB. 1996. Principles of Seed Science and
Technology. Kluwer.

ISTA 2006. Seed Testing Manual. ISTA, Switzerland.

Martin C & Barkley D. 1961. Seed Identification Manual. Oxford & IBH.

Tunwar NS & Singh SV. 1988. Indian Minimum Seed Certification
Standards. Central Seed Certification Board, Ministry of
Agriculture, New Delhi.

SST 509 SEED PHYSIOLOGY 1+1

Objective
To provide an insight into physiological processes governing seed quality
and its survival.

Theory
UNIT |
Physiology of seed development and maturation; chemical composition,
synthesis and accumulation of seed reserves, induction of desiccation
tolerance, hormonal regulation of seed development.
UNIT 1
Seed germination; factors affecting germination; role of embryonic axis;
growth hormones and enzyme activities, effect of age, size and position of
seed on germination. Physiological processes during seed germination; seed
respiration, breakdown of stored reserves in seeds, mobilization and inter-
conversion pathways.
Seed dormancy- types, significance, mechanism, endogenous and
exogenous factors regulating dormancy, role of phytochrome and PGR,
genetic control of dormancy.
UNIT Il
Seed viability and longevity, pre and post-harvest factors affecting seed
viability ; seed ageing ; physiology of seed deterioration ; lipid peroxidation
and other viability theories; means to prolong seed viability; mechanism of
desiccation sensitivity and recalcitrance with respect to seed longevity.
UNIT IV
Seed vigour and its concept, vigour test methods, factors affecting seed
vigour, physiological basis of seed vigour in relation to crop performance
and yield. Seed invigoration and its physiological and molecular control.

Practical
Proximate analysis of chemical composition of seed; methods of testing
viability; kinetics of seed imbibition and solute leakage; seed germination
and dormancy breaking methods; seed invigoration and priming
treatments; accelerated ageing and controlled deterioration tests; enzymatic
activities and respiration during germination and effect of accelerated
ageing; vigour testing methods etc.

Suggested Readings
Agrawal PK & Dadlani M. (Eds.). 1992. Techniques in Seed Science and
Technology. South Asian Publ.
Baskin CC & Baskin JM. 1998. Seeds: Ecology, Biogeography and
Evolution of Dormancy and Germination. Academic Press.
Basra AS. 2006. Handbook of Seed Science and Technology. Food Product
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Press.

Bench ALR & Sanchez RA. 2004. Handbook of Seed Physiology. Food
Product Press.

Bewley JD & Black M. 1982. Physiology and Biochemistry of Seeds in
Relation to Germination. Vols. I, 1. Springer Verlag.

Bewley JD & Black M. 1985. Seed: Physiology of Seed Development and
Germination. Plenum Press.

Copeland LO & Mc Donald MB. 1995. Principles of Seed Science and
Technology. 3" Ed. Chapman & Hall.

Khan AA. 1977. Physiology and Biochemistry of Seed Dormancy
and Germination. North Holland Co.

Kigel J & Galili G. (Eds.). Seed Development and Germination. Marcel
Dekker.

Murray DR. 1984. Seed Physiology. Vols. I, Il. Academic Press.

Sadasivam S & Manickam A. 1996. Biochemical Methods. 2™ Ed. New
Age.

SST 510 SEED PATHOLOGY 2+1
Objective

To acquaint the students with principles and practices of seed health testing

and management of seed borne diseases.
Theory

UNIT |

History and economic importance of seed pathology in seed industry and

plant quarantine; terminology, important seed transmitted pathogens; seed

microbes and their mode of action, detection techniques and identification

of common seed borne pathogens.

UNIT Il

Morphology and anatomy of typical monocotyledonous and dicotyledonous

seeds; mode and mechanism of transmission of seed borne pathogens and

microorganisms. Rate of transmission of major plant pathogens,

microorganisms in relation to seed certification and tolerance limit; type of

losses caused by seed- borne diseases.

UNIT 11

Role of microorganisms in seed quality deterioration; management of seed-

borne plant pathogens/diseases and procedure for healthy seed production;

different seed health testing methods for detecting microorganisms;

treatments to control seed borne diseases.

UNIT IV

Pest Risk Analysis (PRA) and disease free seed production, Sanitary &

Phytosaintory (SPS) requirements in seed trade, International regulation

(ISHI) in respect of seed health standards.

Practical
Different methods of examination of seeds to assess seed-borne
microorganisms and to quantify infection percentage, detection of seed-
borne fungi, bacteria and viruses, identification of storage fungi, control of
seed borne diseases, seed treatment methods.

Suggested Readings
Agarwal VK & Sinclair JB. 1997. Principles of Seed Pathology. Boca
Raton. Karuna V. 2007. Seed Health Testing. Kalyani.
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Neergaard P. 1988. Seed Pathology. Mac
Millan.

ST 511 SEED ENTOMOLOGY 2+1
Objective
To apprise about the role of insects in seed production and their effect
on seed quality during storage.
Theory
UNIT
I
Principles of seed entomology; pollinator insects, insect pests and
their classification based on mode of infestation etc.
UNIT
1
Principles of insect pollination, role of pollinators in seed production.
Augmenting quality seed production through honeybee pollination in
crucifers and forage legumes. Plant protection measures in bee pollinated
crops. Management of pollinators for hybrid seed production.
UNIT
111
Major insect pests of principal crops and their management practices.
Methods of insect pest control. Classes of pesticides, their handling
and safe use on seed crops.
UNIT
[\Y4
Storage insect pests infecting seeds, their development and economic
importance. Storage losses due to pests, control of storage pests,
Management of storage insects pests, mites and rodents, seed
sampling and loss estimation.
UNIT
\Y4
Principles of fumigation and their use, effect of different fumigants;
preservatives and seed protectants on seed quality; Type of storage
structures — domestic and commercial.
Practical
Collection and identification of insect-pollinators, collection
and identification of important pests of stored seeds.
Detection and estimation of pest infestation vis- a- vis loss of seed quality.
Safe handing and use of fumigants and insecticides ; safety measures
in fumigating and disinfecting , exposure period, aeration etc. the
storage structures. Plant protection equipments, their operation and
maintenance. Pesticides, its dose determination, preparation of solution
and its application.
Suggested Readings
Agarwal NA & Girish GK. 1977. An Introduction to Action Programme to
Regress on Farm  Storage Losses in India. FAO/NORAD
Seminar on Farm Storage Grain in India, Nov. 29-Dec. 8, 1977.
Anderson JA & Aleock AW. 1954. Storage of Cereal Grain &
their
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Products. American Assoc. Cereal Chemists, St. Pauls, Minn.

4Cottong RT. 1963. Insect Pests of Stored Grain and Grain Products.
Burgess Publ. Co., Minneopolis, Minn., USA.

Monro 1969. Manual of Fumigation for Insect Control. FAO Rome Agril.
Studies No. 79.

Subramanyam B & Hagstrum DW. 1995. Interrelated Management of
Insects in Stored Products. Marcel Dekker.

SST 512 SEED PRODUCTION IN FORAGE, PASTURE AND 2+1
GREEN MANURE CROPS
Objective
To apprise about the basic requirements and methods of quality seed
production in forage, pasture and green manure crops.
Theory
UNIT |
Important pasture and forage legume crops in India; seed requirement and
production; classification of forage, pastures and green manure crops;
pollination behavior.
UNIT 1
Factors influencing seed production; maintenance of varietal purity,
generation systems of seed multiplication self pollinated crops; seed
production in apomictic grasses.
UNIT Il
Methods and techniques of seed production in important grasses, pastures,
legumes and green manure crops; apomictic seed.
UNIT IV
Selection of seed production areas, influence of season, seed rate and
spacing, sowing methods, direct seed sowing, transplanting, pelleting,
fertilizer and manure requirement, isolation distance, weed control,
pollination and seed setting, seed shattering, seed maturity and stage of
harvest, seed collection, economics of seed production of important fodder
crops.
UNIT V
Seed processing, seed treatment, seed storage, seed viability of these crops.
Practical

Study of flower structure, seed collection and identification, characteristics
of forage, pastures and green manure crops; maturity indices for harvest,
seed testing- sampling, purity, moisture, germination and dormancy, seed
treatments.

Suggested Readings

SST 513

Farity DT & Hampton JC. 1997. Forage Seed Production. Vol. 1.
Temperate species. CABI.

Froma J. 1997. Temperate Forage Legumes. CABI.

Gutterridge RG. 1997. Forage Tree Legumes in Tropical Agriculture.
CABI.

Quality Declared Seed System. 2007. FAO Plant Production and Protection
Publication No.185: FAO, Rome.

SEED STORAGE AND DETERIORATION 1+1

Objective
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To provide understanding of the mechanism of seed ageing during
storage, factors affecting it and its control.

Theory
UNIT |
Life span of seeds of plant species; classification of seeds on the basis of
storage behaviour; orthodox and recalcitrant seeds; types of storage; kinds
of seed storage (open, bulk, controlled, hermetic, germplasm,
cryopreservation); soil seed bank; terminology; survival curve of seed.
UNIT 11
Factors affecting seed storability- biotic and abiotic and pre- and post-
harvest factors affecting seed longevity; the effects of packaging materials,
storage fungi and insects, seed treatment and fumigation and storage
environmental conditions on seed storability; moisture equilibrium in
seeds; hysteresis effect; thumb rules; selection of suitable areas/places for
safe storage; prediction of relative storability and longevity of seed lots,
viability equations and nomographs.
UNIT I11
Concept of seed ageing and deterioration, its causes, symptoms,
mechanisms and related theories; different changes associated with the loss
of vigour and viability during storage; application of physiological and
biochemical techniques for evaluation of seed ageing; genetics of seed
viability; effect of seed ageing on crop performance; maintenance of
viability and vigour during storage; seed amelioration techniques, mid
storage corrections etc.
UNIT IV
Storage methods- requirement of storage facilities in India; types and
storage structures available in the country and their impact on short and
long term storage; methods of safe seed storage including eco-friendly
techniques used in various group of crops viz. cereals, pulses, oilseeds,
fibers, forages and vegetables; operation and management of seed stores;
fruit storage; viability loss during transportation and interim storage.

Practical
To study the effect of storage environmental factors (RH, SMC and
temperature) on seed longevity; to study the effect of packaging materials,
seed treatment and fumigation on storability; prediction of storability and
longevity of seed-lots by using viability equations and nomographs;
standardization of accelerated ageing (AA) technique for assessing the seed
storability of various crops; estimation of carbohydrates, proteins, fats,
enzyme activities, respiration rate and nucleic acids in fresh and aged
seeds; use of eco-friendly products and amelioration techniques to enhance
quality of stored seeds, visit to seed stores.

Suggested Readings
Barton LV. 1961. Seed Preservation and Longevity. Burgess Publ.
Basra AS. (Ed.). 1995. Seed Quality: Basic Mechanisms and Agricultural

Implications. Food Products Press.
Basra AS. 2006. Handbook of Seed Science and Technology. Food Product
Press.

Desai BB. 2007. Seed Handbook: Biology, Production, Processing and

Storage. Marcel Dekker.
Doijode SD. 2001. Seed Storage of Horticultural Crops. CBS.
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Justice OL & Bass LN. 1978. Principles and Practices of Seed Storage.
Castle House Publ.

Kharb RPS & Kharb P. 1977. Biochemical and Cytogenetical Changes
During Storage. In: Seed Technology (Eds. BS Dahiya & KN Rai):
pp. 160-168.

McDonald MB & Roos EE. (Eds.). 1986. Physiology of Seed Deterioration.
Paper No. 11, Crop Science Society of America, USA.

Roberts EH. 1972. Viability of Seeds. Chapman & Hall.

SST 514 SEED MARKETING AND MANAGEMENT 1+1
Objective
To apprise students about the seed supply system, concepts and
principles of effective marketing of seed and strengths and weaknesses
of the seed sector.
Theory
UNIT |
Importance and promotion of quality seed, formal and informal seed supply
systems. Basic concepts of marketing with special reference to seed,;
importance and scope of seed industry in India, major constraints/problems
in seed industry/seed sector role of seed association / federation in seed
trade.
UNIT Il
Demand and supply of seed; Role of seed replacement rate (SRR), seed
multiplication ratio (SMR), cost of production and returns; determining
seed needs; seed pricing and price policy, seed processing and /packaging,
demand forecasting.
UNIT I11
Seed marketing intelligence and product mix, sales promotion, distribution
channels, marketing costs and margins.
UNIT IV
Salient features of national seed policies, role of various sectors/agencies in
efficient seed marketing, quality control and assurance programme.
Responsibilities of seed companies and dealers under Seed Act, EXIM
policies for seed trade etc.
Practical
Statutory requirements in seed business including R&D, estimation of cost
of seed production, marketing costs and margins of seeds of different crops,
case studies to compare public & private sectors in different conditions,
impact analysis., seed pricing, cost benefit ratio, economic feasibility of
seed industry etc.
Suggested Readings
Kohls RL & Uhl JN. 1980. Marketing of Agricultural Products.
MacMillan.
Kundu KK & Suhag KS. 2006. Teaching Manual on Seed Marketing and
Management. Department of Agricultural Economics CCS HAU
Hisar.

Venugopal P. 2004. State of Indian Farmers: A Millennium Study. Vol.
VIII. Input Management. Academic Foundation, Department of
Agriculture and Cooperation, Ministry of Agriculture, New Delhi.
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SST 515

EMERGING TRENDS IN SEED QUALITY ENHANCEMENT 1+1

Objective

To update knowledge on seed quality enhancement technologies and their
application.

Theory

UNIT |

Concept and significance of seed quality enhancement; physical, chemical
and pesticidal seed treatments, history, principles and methods of seed
treatment, methodology and factors affecting seed enhancement treatments.
UNIT 1

Seed priming: physiological and biochemical basis, types of priming
technology,  biochemical ~and  molecular  changes  associated,
pregermiantion, film coating and pelleting, seed tapes, seed mats, seed
colouring, biopriming.

UNIT I11

Synthetic seeds — Aim and scope for synthetic seeds, historical
development, somatic embryogenesis, somaclonal variation and their
control, embryo encapsulation systems, hardening of artificial seeds, cryo-
preservation, storage of artificial seeds, desiccation tolerance, use of
botanicals in improving seed quality etc.

Practical

Seed treatments — methods and techniques, equipments required for seed
treatment, film coating; seed invigoration/priming - hydration and
dehydration, PEG priming, solid matrix priming, bio priming, effects of
priming; methods for hydrogel encapsulation of artificial endosperm,
hydrophobic coating etc.; protocols for production of synthetic seeds, Visit
to leading Seed Companies to study the seed treatment processes.

Suggested Readings

SST516

Basra AS. (Ed.). 1995. Seed Quality: Basic Mechanisms and Agricultural
Implications. Food Product Press, NY.

Basra AS. 2006. Handbook of Seed Science and Technology. Food Product.
Press, NY

Bench ALR & Sanchez RA. 2004. Handbook of Seed Physiology. Food
Product Press, NY/ London.

Copland LO & McDonald MB. 2004. Seed Science and Technology.
Kluwer Acad.

Kalloo G, Jain SK, Vari AK & Srivastava U. 2006. Seed: A Global
Perspective. Associated Publishing Company, New Delhi.

GERMPLASM COLLECTION, EXCHANGE AND 2+1
QUARANTINE

Objective

To provide information about collection, germplasm exchange, quarantine,
maintenance and use of plant genetic resources including genetically
modified plants.

Theory

UNIT |

History and importance of germplasm exploration; Distribution and extent
of prevalent genetic diversity; Phyto-geographical regions/ecological zones
and associated diversity; Mapping eco-geographic distribution of diversity,
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threatened habitats, use of flora.
UNIT Il
Concept of population and gene pool; Variations in population and their
classification; Gene frequencies in populations, rare and common alleles;
Gene pool sampling in self and cross pollinated and vegetatively
propagated species; Non-selective, random and selective sampling
strategies; Strategies and logistics of plant exploration and collection;
Coarse and fine grid surveys; Practical problems in plant exploration; Use
of in vitro methods in germplasm collection.
UNIT I11
Ethnobotanical aspects of PGR; Crop botany, farming systems, collecting
wild relatives of crop plants; Collection and preservation of specimens;
Importance and use of herbaria and preparation of herbarium specimens.
UNIT IV
Post-exploration handling of germplasm collections; Present status and
future strategies in collection of major crops of Indian origin such as rice,
maize, sorghum, sesame, Brassica, okra, eggplant, cotton, mango etc;
approaches for collection including indigenous knowledge.
UNIT V
History, principles, objectives and importance of plant introduction; Pre-
requisites, conventions, national and international legislations and policies
on germplasm collection and exchange; Documentation and information
management; Plant quarantine- introduction, history, principles, objectives
and relevance; Regulations and plant quarantine set up in India; Pest risk
analysis, pest and pathogen information database; Quarantine in relation to
integrated pest management; Economic significance of seed-borne pests
(insects, mites, non-insect pests, nematodes, fungi, bacteria, viruses,
phytoplasma etc.).
UNIT VI
Detection and identification of pests including use of recent techniques like
ELISA, PCR etc.,, Symptoms of pest damage, salvaging techniques for
infested/infected germplasm, post-entry quarantine operation, seed
treatment and other prophylactic treatments and facilities; Domestic
quarantine; seed certification; International linkages in plant quarantine;
weaknesses and future thrust.
UNIT VII
Genetically modified organisms (GMOs) or genetically engineered plants
(GEPs), Concepts of biosafety, risk analysis and consequences of spread of
GE crops on the environment; Treaties and multilateral agreements
governing trans-boundary movement of GEPs or GMOs, Indian regulatory
system for biosafety.

Practical
Plant exploration and collection; Techniques of coarse and fine grid
surveys; ldentification of wild relatives of crop plants- Example of
collection, cataloguing and preservation of specimens; Sampling techniques

of plant materials; Visiting ports, airports to study the quarantine
regulations; Techniques for the detection of insects, mites, nematodes,
bacteria, weeds, pathogens and viruses on seed and planting materials and
salvaging; Use of visual, qualitative, quantitative, microscopic, molecular
and plant growth related techniques(controlled green houses/growth
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chambers, etc); Detection of GMOs and GEPs; Study of post-entry
quarantine operation, seed treatment and other prophylactic treatments.
Suggested Readings

Briggs D. 1997. Plant Variation and Evolution. Science Publ.

Cronquist AJ. 1981. An Integrated System of Classification of Flowering
Plants. Columbia Univ. Press.

Dhillon BS, Varaprasad KS, Kalyani S, Singh M, Archak S, Srivastava U
& Sharma GD. 2001. Germplasm Conservation A Compendium of
Achievements. NBPGR, New Delhi.

di Castri F & Younes T. 1996. Biodiversity Science and Development:
Towards New Partnership. CABI & International Union for Biol.
Sci. France.

Gurcharan Singh. 2004. Plant Systematics: An Integrated Approach.
Science Publ.

Lawrence GMH. (Ed.). 1951. Taxonomy of Vascular Plants. London.

Paroda RS & Arora RK. 1991. Plant Genetic Resources Conservation and
Management Concepts and Approaches. IPGRI Regional office for
South and South Asia, New Delhi.

Pearson LC. 1995. The Diversity and Evolution of Plants. CRC Press.

Singh BP. 1993. Principles and Procedures of Exchange of Plant Genetic
Resources Conservation and Management. Indo-US PGR Project
Management.

Sivarajan VV. 1991. Introduction of Principles of Plant Taxonomy. Science
Publ.

Stace CA. Plant Taxonomy and Biosystematics 2" Ed. Cambridge Univ.
Press.

Takhrajan A. 1997. Diversity and Classification of Flowering Plants.
Columbia Univ. Press.

Wiersema JH. 1999. World Economic Plants: A Standard Reference.
Blanca Leon.

SST 517 SEED PRODUCTION IN FRUITS AND PLANTATION CROPS 2+1
Objective
To impart comprehensive knowledge of seed production in horticultural
crops with adequate practical training
Theory

UNIT |
Introduction: modes of propagation in fruits and plantation crops. Floral
biology of these plant species; classification of medicinal and horticultural
crops based on pollination and reproduction behavior; steps in quality seed
production; identification of suitable areas/locations for seed production of
these crops.
UNIT 11
Fruits and Plantetion Plants; classification based on growth cycle,
reproduction and pollination behavior; nursery requirement, planning and
management; technology for quality seed production in important Fruit
and Plantation species; development of hybrids and their seed production
technology.
UNIT 111
Fruit and Plantation Crops: role of seed in perennial plant species;
classification based on reproduction and pollination behavior;

158




polyembryony and its significance; nursery requirement, planning and
management; clonal propagation and multiplication in tropical, sub-tropical
and temperate fruits and plantation crops; seed orchards; seed collection,
extraction and processing.

UNIT IV

IPR issues with special reference to floral and plantation crops.

Practical
Selection of suitable areas/locations for high quality seed/planting material
production; study of floral biology of fruits and plantation crops;
exercises on emasculation and pollination; seed extraction methods and their
effect on quality of fruit; seed production technology of varieties and
hybrids; seed collection and extraction in fruit and plantation crops.
Suggested Readings
Agarwal RL. 1997. Seed Technology. 2" Ed. Oxford & IBH.
Desai BB, Katecha, PM & Salunke DK.1997. Seed Hand Book: Biology,
Production, Processing and Storage. Marcel Dekker.
Desai BB. 2004. Seeds Handbook. Marcel Dekker.
Doijode SD. 2001. Seed Storage of Horticultural Crops. CBS.
George RAT. 1980. Vegetable Seed Technology. A Technical Guide to
Vegetable Seed Production, Processing, Storage and Quality
Control. FAO, Rome.
Hartman HT & Kester DE. 2000. Plant Propagation: Principles and
Practices. Prentice Hall.
ICAR. Hand Book of Horticulture. ICAR Publ.

Kelly AF & George RAT. (Eds.).1998. Encyclopedia of Seed Production of
World Crops. John Wiley & Sons.

McDonald MB Jr & Copeland LO. 1997. Seed Production of Crops:
Principles and Practices. Chapman & Hall.

Salunkhe DK, Desai BB & Bhat RN. 1987. Vegetable and Flower Seed
Production. Agricole Publ. Academy.

Singh SP. 2001. Seed Production of Commercial Vegetables.Agrotech.

Singhal NC. 2003. Hybrid Seed Production in Field Crops. Kalyani.

SST 601 HYBRID SEED PRODUCTION 1+1

Objective
To provide a comprehensive knowledge and practical exposure to hybrid
seed production in field crops and vegetables.

Theory
UNIT |
Heterosis: definition, expression and estimation of hybrid vigour;
utilization of heterosis in agricultural, horticultural and other crop plants for
crop improvement.

UNIT Il

Pre requisites for hybrid seed production; mechanisms and management of
pollination in autogamous and allogamous crops; genetic constitution of
varieties, hybrids and basic principles in seed production.

UNIT 11

Techniques of hybrid seed production - emasculation and crossing: use of
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self-incompatibility, modification of sex; types of male sterility and
exploitation in hybrid development and its use in hybrid seed production;
development and maintenance of A, B and R lines.
UNIT IV
Fertility restoration; use of chemical hybridizing agents, problems of non
synchrony in flowering of parental lines and methods to overcome; planting
ratios and population density in relation to hybrid seed yield; salient
features of hybrid seed production of various crops viz., rice, sorghum,
bajra, maize, sunflower, cotton and other major vegetables.

Practical
Methods of hybrid seed production in major agricultural and horticultural
crops; planting of rows/blocks of parental lines and manipulations for
achieving flowering synchrony for production of hybrid seeds, maintenance
of A, B and R lines and production of breeder seed; stable diagnostic
characteristics of parental lines and their hybrids; genetic purity tests;
determination of cost of hybrid seed production of various crops; visit to
seed production plots etc.

Suggested Readings
Basra AS. 2000. Heterosis and Hybrid Seed Production in Agricultural

Crops. Food Product Press.
McDonald MB & Copeland LO. 1997. Seed Production: Principles and
Practices. Chapman & Hall.

Singhal NC. 2003. Hybrid Seed Production. Kalyani Publishers.

SST 602 IN SITU AND EX SITUCONSERVATION OF GERMPLASM  2+1

Objective
To impart knowledge on the methods of germplasm conservation.

Theory
UNIT |
Concept of natural reserves and natural gene banks, In situ conservation of
wild species in nature reserves: in situ conservation components, factors
influencing conservation value, national plan for in situ conservation; in
situ conservation of agro-biodiversity on-farm; scientific basis of in situ
conservation  on-farm, building on-farm  conservation initiatives,
implementation of on-farm conservation, management of in situ conserved
genetic diversity on-farm, enhancing benefits for farmers from local crop
diversity.
UNIT Il
Ex situ conservation: components, plant genetic resources conservation in
gene banks, national gene banks, gene repositories, preservation of genetic
materials under natural conditions, perma-frost conservation, guidelines for
sending seeds to network of active/ working collections, orthodox,
recalcitrant seeds- differences in handling ,clonal repositories, genetic
stability under long term storage condition.

UNIT Il

In vitro storage, maintanence of in vitro culture under different conditions,
in vitro bank maintanence for temporate and tropical fruit crop species,
spices, tubers, bulbous crops, medicinal and endangered plant species,
conservation of embryos and ovules, cell/suspension cultures, protoplast
and callus cultures, pollen culture, micropropagation techniques, problems ,
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prospects of in vitro gene bank.

UNIT IV

Cryopreservation- procedure for handling seeds of orthodox and
recalcitrants-cryoprotectants,dessication, rapid freezing, slow freezing,
vitrification techniques, encapsulation/dehydration techniques, national
facilities, achievements, application of cryopreservation in agriculture,
horticulture and forestry crops.Problems and prospects; challenges aheads.

Practical

In situ conservation of wild species —case studies at national and

international levels- ex situ techniques for active and long-term

conservation of collections- Preparation and handling of materials,

packaging, documentation; design of cold storage modules- Conservation

protocols for recalcitrant and orthodox seeds; Cytological studies for

assessing genetic stability, in vitro cultures- embryo,cell/suspension

cultures,pollen cultures, study of cryotank facility and vitrification

techniques, visit to NBPGR/NBAGR -study using fruit crops and other

horticultural crops.

Suggested Readings

Ellis RH & Roberts EH & White Head J. 1980. A New More Economic
and Accurate Approach to Monitor the Viability of Accessions
During Storage in Seed Banks. FAO / IBPGR PI. Genet. Resources
News 41-3-18.

Frankel OH & Hawkes JG. 1975. Crop Genetic Resources for Today and
Tomorrow. Cambridge University Press, Cambridge. Simmonds,

N.W. 1979. Principles of Crop Improvement Longman. Westwood MN.

1986. Operation Manual for National Clonal Germplasm
Repository Processed Report. USDA-ARS and Orgon State Univ.
Oregon, USA.

Withers LA. 1980. Tissue Culture Storage for Genetic Conservation.
IBPGR Tech. Rep. IBPGR, Rome, Italy.

SST 603 TESTING FOR GENUINENESS & PURITY OF CULTIVARS 1+1
Objective
To provide hands-on training on various field and laboratory methods of
testing cultivar purity.
Theory
UNIT |
Objective of cultivar purity test, general principles and methods involved.
Use and limitations of laboratory, green house and field plot methods in
determination of genuineness of cultivars; a case study in hybrid cotton,
reporting of results and inference.

UNIT 1

Chemical-biochemical tests for species and cultivar purity: phenol test,
seed and seedling tests, electrophoretic analysis of seed protein, isozymes
etc, use of chromatography for analysis of secondary compounds etc.

UNIT Il

DNA finger printing (RAPD, SSR, AFLP etc) and their use in varietal
purity testing and registration of new varieties.

UNIT IV
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Use of computer-based machine vision (MVT) for varietal identification
and purity testing.

Practical
Chemical and biochemical tests for species and cultivar purity: phenol test,
seed and seedling tests, electrophoretic analysis of seed protein and
isozymes, DNA fingerprinting using PCR techniques, use of
chromatography for analysis of secondary compounds.

Suggested Readings
Basra AS. (Ed.). 1995. Seed Quality: Basic Mechanisms and Agricultural
Implications. Food Product Press.
ISTA 2006. Handbook of Variety Testing. International Seed Testing
Association, Switzerland.

SST 604 DUS TESTING FOR PLANT VARIETY PROTECTION 2+1
Objective
To provide a comprehensive understanding of DUS testing, its conduct
and significance to PVP.
Theory
UNIT |
Genesis of plant variety protection (PVP); International Union for
Protection of New Varieties of Plants (UPOV) and its functions; General
agreements on Tariff and Trades (GATT) agreement in relation to
protection of plant varieties; Protection of Plant Varieties and Farmers'
Rights (PPV &FR) Act, 2001; PPV&FR rules, 2003.
UNIT 1l
Criteria for protection of new varieties of plants; principles and procedures
of Distinctness, Uniformity and Stability (DUS) testing; test guidelines,
planting material, duration, testing options, varieties of common
knowledge, reference collection, grouping of varieties, types and categories
of characters; technical questionnaire.
UNIT 11
Assessment of DUS characters based on morphological, biochemical and
molecular markers; statistical procedures; computer software for use in
DUS testing; impact of PVP on growth of seed industry; practical exercise
of DUS testing in rice, wheat, pearl- millet, maize, rose and cauliflower.
Practical
Morphological description of plant parts and plant; character expression
and states, recording observation and interpretation of data; chemical tests
and markers applicable for DUS tests and case study of selected crops.

Suggested Readings
Chakrabarty SK, Prakash S, Sharma SP & Dadlani M. 2007. Testing Of
Distinctiveness,  Uniformity And Stability For Plant Variety
Protection. IARI, New Delhi.
Joshi AK & Singh BD. 2004. Seed Science And Technology. Kalyani.
The Protection Of Plant Varieties And Farmers’ Rights Act 2001. Bare Act
With Short Notes 2006. Universal Law Publ.

SST 605 ADVANCES IN SEED SCIENCE RESEARCH 1+0
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Objective
To provide knowledge on the advances in various aspects of seed science &
their application in seed technology.
Theory
UNIT |
Physiological and molecular aspects of seed development and control of
germination and dormancy; gene expression during seed development;
desiccation and stress tolerance and conservation; prediction of seed
dormancy and longevity using mathematical models; structural changes in
membranes of developing seeds during acquisition of desiccation tolerance;
dehydration damage and repair in imbibed seeds, seed biotechnology;
genetic analysis and QTL mapping of germination traits; seed ageing and
ethylene production; recent accomplishments in seed enhancement research
and application of nanotechnology.
UNIT Il
Modern techniques for identification of varieties and hybrids; principles
and procedures of electrophoresis, machine vision technique, DNA
fingerprinting and other molecular techniques and their utilization;
techniques for improving seed quality; proteomic analysis; seed priming,
coating, pelleting and synthetic seeds; GM seeds and their detection,
terminator technology (GURT).
UNIT I11
Detection and identification of seed borne fungi, bacteria, viruses,
nematodes and insect pests through advanced techniques like ELISA, PCR
based techniques etc.
UNIT IV
Seed production of self incompatible and apomictic plant species; recent
developments in seed laws, policies and seed certification system in India
and its comparison with OECD seed certification schemes; IPR systems
and PVP internationally.
Suggested Readings
Bench ALR & Sanchez RA. 2004. Handbook of Seed Physiology. Food
Product Press.
Black M & Bewley JD. (Eds.). 2000. Seed Technology and its Biological
Basis. Sheffield Academic Press.
Nicolas G, Bradford KJ, Come D & Pritchard HW. 2003. The Biology of
Seeds, Recent Research Advances. CABI.
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SEED SCIENCE AND TECHNOLOGY
List of Journals

Crop Science

Hort. Science

Acta Hoticulturae

Indian Journal of Agricultural Science.
Journal of Seed Technology
Plant Varieties and Seeds
Seed Abstracts

Seed Research

Seed Science & Technology
Seed Science Research
New Seed Journal

Journal of Seed Production
ISST News Bulletin

R e-Resources

Ag Biotech Reporter www.bioreporter.com

Agricultural Research Magazine www.ars.usda.gov/is/AR/

American Seed Trade Association www.amseed.com

Association of Official Seed Certifying Agencies www.AOSCA.org
Association of Official Seed Analysts www.aosaseed.com

Commercial Seed Analysts Association of Canada www.seedanalysts.com
Front Range Seed Analysts www.frsa.org

International Seed Federation www.wordseed.org

International Seed Testing Association www.seedtest.org

International Society for Seed Science www.css.comell.edu/ISSS/isss.htm
International Society of Seed Technologists www.isstech.org

The Seed Biology web page at Cornell University
www.css.comell.edu/seedbio/seedbio.html

Seed Biology at the Laboratory of Plant Physiology at the Wageningen University
www.wau.nl/uk/organisation

The Ohio State Seed Biology webpage www.css.ohio-state.edu/%7Eseebio/
The Seed Biotechnology Center University of California http://sbc.ucdavis.edul
Seed Viability and Storage Research Unit www.ars-
grain.gov/ars/NoPlains/FtCollins/preservation.htm

Seed World www.seedworld.com

Seed Quest www.seedquest.com

Seed Today www.seedtoday.com/info/ST sites.html

The South African National Seed Organization www.sansor.org/index.htm
Society of Commercial Seed Technologists www.seedtechnology.net
Wageningen Seed Centre www.seedcentre.nl
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&R Suggested Broad Areas for Master’s and Doctoral Research

Isolation distance requirements in view of GM varieties

Review of seed certification standards

GOT —seasonal requirements

Genetic purity vis-a-vis trait purity

Enhancement of pollen viability, stigma receptivity and seed setting

Reduction of processing losses

Alternate areas / protected cultivation methods for hybrid seed production
Standardising processing needs in high value crops and forage grasses

Protein and oil content in GM cotton seed and its effect on longevity
Optimisation of hybrid seed production technology in field crops, vegetables and
flowers

Pollen collection methods and viability testing

Management of seed borne diseases with biocontrol agents

Seed enhancement for unfavorable conditions

Identification of markers for hybrid confirmation and genetic purity testing

GM seed testing

Seed testing protocols and seed standards for forage crops, medicinal species and
spices

Molecular control of seed viability, vigour and invigoration

Standardisation of priming, coating and pelleting technologies

Development of technologies for maintenance of parental lines of Sl and MS based

hybrids
Any other location specific problems
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EXECUTIVE SUMMARY

Agricultural Meteorology

17 courses, 9 of 500 series and 8 of 600 series, in addition to one credit seminar at
Master’s level and two at Doctoral level recommended

4 courses of 500 series recommended as core courses for master’s degree

Course contents revised and new courses added on risk management due to climate
change, climate change and livestock management, crop-weather modeling, air
pollution, use of GIS tools in climate studies, and instrumentation and analytical
tools

Practical courses added in 600 series courses for more hands-on training of
students

Agronomy

22 courses, 13 of 500 series and 9 of 600 series, in addition to one credit seminar at
Master’s level and two at Doctoral level recommended

4 courses of 500 series recommended as core courses for master’s degree

The course curriculum includes courses on crop production- cereals, pulses, oil
seeds, fodder, weed control, climatology, fertilizer management and irrigation
management

New courses on current trends in Agronomy, organic farming, integrated farming
systems, stress crop production, watershed management and crop modeling have
been recommended

Practical added in 600 series

Soil Science

21 courses, 15 of 500 series and 6 of 600 series, in addition to one credit seminar at
Master’s level and two at Doctoral level recommended

5 courses of 500 series recommended as core courses for master’s degree

The contents of regular courses on pedology, soil fertility and chemistry, soil
physics, soil erosion and conservation, soil biology, use of radioisotopes in soil
research and instrumentation revised in the light of recent demands of industry and
society

New courses on air, soil and water pollution, use of remote sensing and GIS
techniques in soil research, land degradation and restoration principles and
processes, and watershed management included in the course curriculum

The present course is designed to educate the students about the basics of soil
science, soil processes and their implications in crop production. Contents on
various soil degradation processes, their economic and social implications, and
their amelioration techniques are the focus of attention. The students shall be
exposed to latest technologies in soil studies and prediction models for better
managing soils keeping in view the future projections.
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AGRICULTURAL METEOROLOGY
Course Structure — at a Glance

CODE COURSE TITLE CREDITS

AGM 501* | FUNDAMENTALS OF METEOROLOGY AND 2+1
CLIMATOLOGY

AGM 502* | FUNDAMENTALS OF AGRICULTURAL METEOROLOGY 2+1

AGM.503* | MICROMETEOROLOGY 2+1

AGM 504* | AGRO-METEOROLOGICAL MEASUREMENTS AND 1+2
INSTRUMENTATION

AGM 505 | SOIL WATER BALANCE CLIMATOLOGY 2+1

AGM 506 | CROP WEATHER MODELS 1+2

AGM 507 | WEATHER MODIFICATION AND RISK MANAGEMENT 2+0
STRATEGIES

AGM 508 | PRINCIPLES OF REMOTE SENSING AND ITS 2+1
APPLICATIONS IN AGRICULTURE

AGM 509 | APPLIED AGRICULTURAL CLIMATOLOGY 1+2

AGM 591 | MASTER’S SEMINAR 1+0

AGM 599 | MASTER’S RESEARCH 20

AGM 601 | CLIMATE CHANGE AND SUSTAINABLE DEVELOPMENT 2+1

AGM 602 | WEATHER FORECASTING 2+1

AGM 603 | AIR POLLUTION METEOROLOGY 2+1

AGM 604 | WEATHER, CLIMATE AND LIVESTOCK 2+1

AGM 605 | ANALYTICAL TOOLS AND METHODS FOR AGRO- 2+1
METEOROLOGY

AGM 606 | STRATEGIC USE OF CLIMATIC INFORMATION 2+1

AGM 607 | MATHEMATICS IN AGRICULTURE AND BIOLOGY 2+1

AGM 608 | DATABASE MANAGEMENT AND COMMERCIALIZATION 142
OF AGROMETEOROLOGICAL DATA IN E-SERVICES

AGM 691 | DOCTORAL SEMINAR | 1+0

AGM 692 | DOCTORAL SEMINAR Il 1+0

AGM 699 | DOCTORAL RESEARCH 45

*Compulsory for Master’s programme
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AGM 501 FUNDAMENTALS OF METEOROLOGY AND 2+1
CLIMATOLOGY
Objective
To impart theoretical and practical knowledge of physical processes
occurring in atmosphere and techniques used in meteorology.
Theory
UNIT |
Solar radiation and laws of radiation; greenhouse effect, albedo, and heat
balance of the earth and atmosphere; variation of pressure and temperature
with height, potential temperature, pressure gradient, cyclonic and
anticyclonic motions; geostropic and gradient winds; equations of motion;
general circulation, turbulence, vorticity, atmospheric waves.
UNIT Il
Gas laws, laws of thermodynamics and their application to atmosphere;
water vapour in the atmosphere, various humidity parameters and their
interrelationships; vapour pressure, psychrometric equation, saturation
deficit, stability and instability conditions in the atmosphere.
UNIT I11
Lapse rates-ascent of dry and moist air, condensation; clouds and their
classification; evaporation and rainfall; the hydrological cycle; precipitation
processes, artificial rainmaking, thunderstorms and dust storm; haze, mist,
fog, and dew; air masses and fronts; tropical and extra-tropical cyclones.
UNIT IV
Effect of earth's rotation on zonal distribution of radiation, rainfall,
temperature, and wind; the trade winds, equatorial trough and its
movement; the SE Asia monsoon.
UNIT V
Crop weather charts, calenders and diagrams; weather forecasting
importance, types, tools, and modern techniques of weather forecasting; El
Nino, la Nino and ENSO.
UNIT VI
Instruments for measurement of meteorological elements; agromet
observatory; measures of central tendency and dispersion, correlation,
regression, moving average probability and their distribution function;
water budgeting; synoptic, numerical, graphical, spatial analysis of weather
systems and charts technique.
Practical
- Agromet observatory- different classes of observatories (A, B, C)
- Site selection and installation procedures for meteorological
instruments
= Measurement of weather parameters.
= Reading and recording, calculation of daily, weekly, monthly means.
- Totals of weather data.
» Climatic normals, weather chart preparation and identification of low
pressure systems and ridges.
- Statistical technique for computation of normals, moving average,
marton chain model etc.
Suggested Readings
Barry RG & Richard JC. 2003. Atmosphere, Weather and Climate. Tailor
& Fransics Group.
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Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.

Ghadekar SR. 2001. Meteorology. Agromet Publ.

Mcllveen R. 1992. Fundamentals of Weather and Climate. Chapman &
Hall.

Petterson S. 1958. Introduction to Meteorology. McGraw Hill.

Trewartha Glenn T. 1954. An Introduction to Climate. McGraw Hill.

AGM 502 FUNDAMENTALS OF AGRICULTURAL METEOROLOGY 2+1
Objective
To impart the theoretical and practical knowledge of physical processes
occurring in relation to plant and atmosphere with advanced techniques.
Theory
UNIT |
Meaning and scope of agricultural meteorology; components of agricultural
meteorology; role and responsibilities of agricultural meteorologists.
UNIT Il
Importance of meteorological parameters in agriculture; efficiency of solar
energy conversion into dry matter production; meteorological factors in
photosynthesis, respiration and net assimilation; basic principles of water
balance in ecosystems; soil-water balance models and water production
functions.
UNIT 111
Crop weather calendars; weather forecasts for agriculture at short, medium
and long range levels; agromet advisories, preparation, dissemination and
economic impact analysis; use of satellite imageries in weather forecasting;
synoptic charts and synoptic approach to weather forecasting.
UNIT IV
Concept, definition, types of drought and their causes; prediction of
drought; crop water stress index, crop stress detection; air pollution and its
influence on vegetation.
UNIT V
Meteorological aspects of forest fires and their control; concepts of
mechanistic and deterministic models; general features of dynamical and
statistical modeling techniques; weather data and phenology-based
approaches to crop modeling; validation and testing of models.
UNIT VI
Climatic change, green house effect, CO, increase, global warming and
their impact on agriculture; concept and types of drought; climate
classification, agro-climatic zones and agro-ecological regions of India.
Practical
= Preparation of crop weather calendars
= Development of simple regression models for weather, pest and disease
relation in different crops.
= Preparation of weather based agro-advisories
= Use of automated weather station (AWS)
Suggested Readings
Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.
Kakde JR. 1985. Agricultural Climatology. Metropolitan Book Co.
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AGM 503

Varshneya MC & Pillai PB. 2003. Text Book of Agricultural Meteorology.
ICAR.

MICROMETEOROLOGY 2+1

Objective

To impart the theoretical and practical knowledge of physical processes
occurring in lower atmosphere.

Theory

UNIT |

Properties of atmosphere near the earth's surface; exchange of mass
momentum and energy between surface and overlaying atmosphere,
exchange coefficient, similarity hypothesis, shearing stress, forced and free
convection.

UNIT 1

Molecular and eddy transport of heat, water vapour and momentum,
frictional effects, eddy diffusion, mixing; temperature instability, air
pollution; microclimate near the bare ground, unstable and inversion layers,
variation in microclimate under irrigated and rainfed conditions, soil
moisture and temperature variation with depth; Richardson number,
Raymonds analogy, Exchange coefficients.

UNIT Il

Micrometeorology of plant canopies; distribution of temperature, humidity,
vapour pressure, wind and carbon dioxide; modification of microclimate
due to cultural practices, intercropping; radiation distribution and
utilization by plant communities, leaf temperature and its biological effects;
influence of topography on microclimate; shelter belts and wind breaks,
microclimate in low plant area of meadows and grain fields, microclimate
within forests, glass house and plastic house climates; instruments and
measuring techniques in micrometeorology.

UNIT IV

Effects of ambient weather conditions on growth, development and yield of
crops; measurement of global and diffuse radiation; measurement of albedo
over natural surfaces and cropped surfaces; net radiation measurement at
different levels; PAR distribution in plant canopies and interception; wind,
temperature and humidity profiles in (a) short crops and (b) tall crops;
energy balance over crops and LAI and biomass estimation; remote sensing
in relation to micrometeorology.

Practical

= Micrometerological measurements in crop canopies
= Quantification of crop microclimate
« Determination of ET and its computation by different methods

Suggested Readings

Arya S Pal. 1988. Introduction to Micrometeorology. Academic Press.

Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.

Gates DM. 1968. Energy Exchange in the Biosphere. UNESCO.

Goudriaan J. 1983. Crop Micrometeorology: A Simulation Study. Scientific
Publ.

Grace J. 1983. Plant Atmospheric Relationships: Outline Studies in
Ecology. Chapman & Hall.
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Gupta PL & Rao VUM. 2000. Practical Manual on Micrometeorology.
Dept. of Agril. Meteorology, CCS HAU Hisar, India.

Jones HG. 1992. Plants and Micriclimate. Cambridge Univ. Press.

Munn RE. 1970. Biometeorological Methods. Academic Press.

Rosenberg NJ. 1974. Microclimate — The biological Environmet. John
Wiley & Sons.

Sellers W. 1967. Physical Climatology. The University of Chicago Press.

AGM 504 AGRO-METEOROLOGICAL MEASUREMENTS AND 142
INSTRUMENTATION
Objective

To impart the theoretical and  practical  knowledge  of
instruments/equipments used for measurement of agro-meteorological
variables.
Theory
UNIT |
Fundamentals of measurement techniques; theory and working principles of
barometers, thermometers, psychrometers, hair hygrometer, thermo-
hygrograph; exposure and operation of meteorological instruments/
equipments in agromet observatories.
UNIT Il
Radiation and temperature instruments: working principles of albedometer,
photometer, spectro-radiometer, sunshine recorder, dew recorder, quantum
radiation sensors, pressure bomb apparatus, thermographs, and infra-red
thermometer.
UNIT I11
Precipitation and dew instruments: working principles of rain gauge, self
recording rain gauge, Duvdevani dew gauges.
UNIT I11
Wind instruments: working principles of anemometer, wind vane,
anemograph.
UNIT IV
Evapotranspiration and photosynthesis instruments: working principles of
lysimeters, open pan evaporimeters, porometer, photosynthesis system, leaf
area meter.
UNIT V
Soil thermometers, soil heat flux plates, instruments for measuring soil
moisture.
UNIT VI
Automatic weather station — data logger and sensors, nano-sensors for
measurement of weather variables; computation and interpretation of data.
Practical
= Working with the above instruments in the meteorological observatory
taking observations of relevant parameters
= Computation interpretation of the data

Suggested Readings
Anonymous. 1987. Instructions to Observers at Surface Observatories. Part
I, IMD, New Delhi.
Byers HR. 1959.General Meteorology. McGraw Hill.
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Ghadekar SR. 2002. Practical Meteorology: Data Acquisition Techniques,
Instruments and Methods. Agromet Publ.

Middleton WE & Spilhaws AF. 1962. Meteorological Department.
University of Toronto Press.

Tanner CB. 1973. Basic Instrumentation and Measurements for Plant
Environment and Micrometeology. University of Wisconsin,

Madison.
AGM 505 SOIL WATER BALANCE CLIMATOLOGY 2+1
Objective
To impart the theoretical and practical knowledge of ET estimation and
measurements.
Theory
UNIT |

Basic Laws of radiation; radiation interaction with plant environment;

energy balance in atmosphere, crop canopy.

UNIT Il

Atmosphere near the ground; laminar and turbulent flows; wind profile near

the ground.

UNIT 111

Theories of evapotranspiration and their comparison; aerodynamic, eddy

correlation, energy balance, water balance and other methods, their

application under different agroclimatic conditions; concepts of potential,

reference and actual evapotranspiration - modified techniques.

UNIT IV

Influence of microclimatic, plant, soil and cultural factors; techniques of

lysimetry in measuring actual evapotranspiration.

UNIT IV

Yield functions; water use efficiency and scheduling of irrigation based on

evapotranspiration; water use efficiency and antitranspirants, Kc values and

their use, dry matter yield ET functions; radiation instruments; advanced

techniques for measurement of radiation and energy balance; computation

of K¢ values and their use; estimation of evapotranspiration through

satellite imageries — MODIS, TERRA, AQUA, AVHRR, NOVA etc,;

modeling for potential ET & reference ET, and ET through remote sensing.

Practical
e Measurement and evaluation of radiation components
- Computation and comparison of evapotranspiration by different
methods - energy balance method, aerodynamic method, Penman
method, remote sensing and other methods
= Measurement of wind and temperature profiles near the ground
Suggested Readings

Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.

Burman R & Pochop LO. 1994. Evaporation, Evapotranspiration and
Climatic Data. Elsevier.

Grace J.1983. Plant Atmospheric Relationships: Outline Studies in Ecology.
Chapman & Hall.

Mavi HS & Graeme J Tupper 2004. Agrometeorology: Principles and
Applications of Climate Studies in Agriculture. The Haworth Press.
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Murthy VRK. 2002. Basic Principles of Agricultural Meteorology. BS
Publ.

Ram Niwas, Diwan Singh & Rao VUM. 2000. Pratical Manual on
Evapotranspiration. Dept. of Agril. Meteorology, CCS HAU Hisar.

Rosenberg NJ, Blad BL & Verma SB. 1983. Microclimate — The Biological
Environment. John Wiley & Sons.

AGM 506 CROP WEATHER MODELS 1+2
Objective
To impart the theoretical and practical knowledge of various models for
estimation of crop weather responses.
Theory

UNIT |

Principles of crop production; evaluation of crop responses to weather

elements; impact of natural and induced variability of climate on crop

production.

UNIT Il

Empirical and statistical crop weather models their application with

examples; regression models- incorporating weather, soil, plant and other

environmental related parameters and remote sensing inputs; growth and
yield prediction models; crop simulation models, e. g. CERES, WOFOST,

SPAW, RESCAP, WTGROW etc.; forecasting of pests and diseases;

verification, calibration and validation of models.

Practical
-« Working with statistical and simulation models, DSSAT models,
BRASSICA, RESCAP etc.
Suggested Readings

Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.

DeWit CT, Brouwer R & de Vries FWTP. 1970. The Simulation of
Photosynthetic Systems. pp. 7-70. In. Prediction and Measurement
of Photosynhetic Activity. Proc. Int. Biological Programme Plant
Physiology Tech. Meeting Trebon PUDOC. Wageningen.

Duncan WG. 1973. SIMAI- A Model Simulating Growth and Yield in
Corn. In: The Application of Systems Methods to Crop Production
(D.N. Baker, Ed.). Mississippi State Univ. Mississipi.

Frere M & Popav G. 1979. Agrometeorological Crop Monitoring and
Forecasting. FAO.

Hanks RJ. 1974. Mode for Predicting Plant Yield as Influenced by Water
Use. Agron. J. 66: 660-665.

Keulen H Van & Seligman NG. 1986. Simulation of Water Use, Nitrogen
Nutrition and Growth of a Spring Wheat Crop. Simulation
Monographs. PUDOC, Wageningen.

AGM 507 WEATHER MODIFICATION AND RISK 2+0
MANAGEMENT STRATEGIES
Objective
To impart the theoretical and practical knowledge of weather modification
techniques with risk management strategies.
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Theory
UNIT |
Historical reviews of weather modification, present status of weather
modification for agriculture; atmospheric composition and green house
effect.
UNIT Il
Theories of weather modification; scientific advances in clouds and
electrical behavior of clouds; hails suppression, dissipation of fog,
modification of frost intensity and severe storms; shelter belts and wind
breaks, mulches and anti-transpirants; protection of plants against climatic
hazards; air and water pollution; meteorological conditions in artificial and
controlled climates - green, plastic, glass and animal houses etc.
UNIT I11
Risks in agricultural production, history of weather and climate as accepted
risk factors in agriculture in the continent/region/country/sub-region
concerned and the related documented risk concepts; history and trends of
defense strategies towards such risks in the same continent
region/country/sub-region; preparedness for weather and climate risks.
UNIT IV
Risks of droughts; monitoring, prediction and prevention of drought;
drought proofing and management; modern tools inlcuidng remote sensing
and GIS in monitoring and combating droughts.
UNIT VI
Risk characterization - definitions and classification of risks;
characterization of weather and climate related risks in agriculture; water
related risks; radiation/heat related risks; air and its movement related risks;
biomass related risks; social and economic risk factors related to weather
and climate.
UNIT VII
Approaches and tools to deal with risks - history of methods for weather
and climate related risk assessments in the continent/region/country/sub-
region concerned and their documented evidence of application to
agricultural/farming systems; strategies of dealing with risks- mitigating
practices before occurrence; preparedness for the inevitable; contingency
planning and responses; disaster risk mainstreaming.
UNIT VIII
Perspectives for farm applications - farm applications not yet dealt with,
such as making risk information products more client friendly and transfer
of risk information products to primary and secondary users of such
information; heterogeneity of rural people in education, income, occupation
and information demands and consequences for risk information products
and their transfer; livelihood-focused support, participation and community
perspectives; challenges for developing coping strategies including
transferring risks through insurance schemes.
UNIT IX
Challenges to coping strategies - combining challenges to disaster risk
mainstreaming, mitigation practices, contingency planning and responses,
basic preparedness; preparedness approaches reducing emergency relief
necessities; the role that insurances can play in risk spreading and transfer;
quantification of risk in agricultural systems associated with weather and
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climate; methods for risk assessment and application to agricultural systems

of local and regional interest; application of risk management approaches to

problems associated with weather and climate problems; application of

methods that permit the incorporation of seasonal and long-term forecasts

into the risk assessment models.

Suggested Readings

Anonymous 2003. Critical Issues in Weather Modification Research

Board of Atmoshperic Science and Climate. National Research

Council, USA.
Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.

Chritchfield HJ. 1994. General Climatology. Prentice Hall.

Lenka D. 1998. Climate, Weather and Crops in India. Kalyani.

Mavi HS & Graeme J Tupper 2004. Agrometeorology: Principles and
Applications of Climate Studies in Agriculture. The Haworth Press.

Mavi HS. 1994. Introduction to Agrometeorology. Oxford & IBH.

Menon PA. 1989. Our Weather. National Book Trust.

Pearce RP. 2002. Meteorology at the Millennium. Academic Press.

Rosenberg NJ, Blad BL & Verma SB. 1983. Microclimate — The Biological
Environment. John Wiley & Sons.

Samra JS, Pratap Narain, Rattan RK & Singh SK. 2006. Drought
Management in India. Bull. Indian Society of Soil Science 24, ISSS,
New Delhi.

AGM 508 PRINCIPLES OF REMOTE SENSING AND ITS 2+1
APPLICATIONS IN AGRICULTURE
Objective
To impart the theoretical and practical knowledge of remote sensing
principles and their use to estimate of agro-meteorological variables.
Theory
UNIT |
Basic components of remote sensing- signals, sensors and sensing systems;
active and passive remote sensing.
UNIT Il
Characteristics of electromagnetic radiation and its interaction with matter;
spectral features of earth's surface features; remote sensors in visible,
infrared and microwave regions.
UNIT I11
Imaging and non-imaging systems; framing and scanning systems;
resolution of sensors; sensor platforms, their launching and maintenance.
UNIT IV
Data acquisition system, data preprocessing, storage and dissemination;
digital image processing and information extraction.
UNIT V
Microwave remote sensing; visual and digital image interpretation;
introduction to GIS and GPS.
UNIT VI
Digital techniques for crop discrimination and identification; crop stress
detection - soil moisture assessment, inventory of ground water and satellite
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measurement of surface soil moisture and temperature; drought monitoring,

monitoring of crop disease and pest infestation.

UNIT VII

Soil resource inventory; land use/land cover mapping and planning;

integrated watershed development; crop yield modeling and crop

production forecasting.

Practical

< Acquisition of maps

« Field data collection

- Map and imagery scales

« S/W and H/W requirements and specifications for remote sensing

- Data products, their specifications, media types, data inputs,

transformation, display types, image enhancement

= Image classification methods

= Evaluation of classification errors

= Crop discrimination and acreage estimations

- Differentiation of different degraded soils

e Time domain reflectometry

« Use of spectrometer and computation of vegetation indices

» Demonstration of case studies

< Hands on training

Suggested Readings

Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.

Colwell RN. (Ed.). Manual of Remote Sensing. Vols. 1, Il. Am. Soc.
Photogrammetry, Virginia.

Curan PJ. Principles of Remote Sensing. ELBS/Longman.

Georg Joseph 2005. Fundamentals of Remote Sensing. University Press
(India).

Jain AK. 1989. Fundamentals of Digital Image Processing, Prentice Hall of
India.

Narayan LRA. 1999. Remote Sensing and its Applications. Oscar Publ. Patel

AN & Surender Singh 2004. Remote Sensing: Principles and
Applications. Scientific Publ.

AGM 509 APPLIED AGRICULTURAL CLIMATOLOGY 142

Objective
To impart the theoretical and practical knowledge of computation of
different bio-parameters and their applications in the agriculture.

Theory
UNIT |
Climatic statistics: measures of central tendency and variability, skewness,
kurtosis, homogeneity, correlation, regression and moving averages;
probability analysis using normal, binomial, Markov-chain and incomplete
gamma distribution; parametric and non parametric tests; assessment of
frequency of disastrous events.
UNIT 1
Hydrological cycle: precipitation intensity, evaporation, infiltration, runoff,
soil storage and hydrological balance.
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UNIT I11
Climatic water budget: potential and actual evapotranspiration and their
computation; measurement of precipitation, calculation of water surplus
and deficit; computation of daily and monthly water budget and their
applications; assessment of dry and wet spells, available soil moisture,
moisture adequacy index and their applications.
UNIT IV
Thermal indices and phenology: cardinal temperatures; heat unit and
growing degree day concepts for crop phenology, crop growth and
development; insect-pest development; crop weather calendars;
agroclimatic requirement of crops.
UNIT V
Bioclimatic concepts: evaluation of human comfort, comfort indices
(temperature, humidity index and wind chill) and clothing insulation;
climate, housing and site orientation; climatic normals for animal
production.
Practical
« Use of statistical approaches in data analysis
= Preparation of climatic water budget
= Estimation of agro-meteorological variables using historical records
= Degree day concept and phenology forecasting and preparation of crop
calendar
- Evaluation of radiation, wind and shading effects in site selection and
orientation
« Study of weather-pest and disease interactions, calculation of
continentality factors; calculation of comfort indices and preparation of
climograph.
Suggested Readings
Anonymous 1980. ICRISAT Climatic Classification — A Consultation
Meeting. ICRISAT.
Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.
Lal DS. 1989. Climatology. Chaitanya Publ. House.
Mather JR. 1977. Work Book in Applied Climatology. Univ. of Delware,
New Jersey.
Mavi HS & Tupper Graeme J. 2004. Agrometeorology: Principles and
Applications of Climate Studies in Agriculture. The Haworth Press.
Raj Singh, Diwan Singh & Rao VUM. 2006. Manual on Applied
Agricultural Climatology. Dept of Agril Meteorology, CCS HAU
Hisar, India.
Subramaniam VP. 1977. Incidence and Spread of Continental Drought.
WMO/IMD Report No. 2, WMO, Geneva, Switzerland.
Thompson R. 1997. Applied Climatology: Principles and Practice.
Routledge.
Walter J Saucier 2003. Principles of Meteorological Analysis. Dover
Phoenix Eds.
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AGM 601

CLIMATE CHANGE AND SUSTAINABLE DEVELOPMENT 2+1

Objective

To impart the theoretical and practical knowledge of climate change and
their sources.

Theory

UNIT |

Climate change and global warming: definitions of terms; causes of climate
change and global warming; greenhouse gases, ozone depletion; past
records, present trends, extreme weather events and future projections;
astronomical predictions: lunar cycle, sunspot cycle, soil-lunar tides,
Chandlers compensation, blocking highs.

UNIT 1

Impacts of climate change on various systems: impacts resulting from
projected changes on agriculture and food security; hydrology and water
resources; terrestrial and freshwater ecosystems; coastal zones and marine
ecosystems; human health; human settlements, energy, and industry;
insurance and other financial services; climate change and crop
diversification, loss of biodiversity, microbes and pest dynamics; climate
change and storage, climate change and weed management.

UNIT I11

Sensitivity, adaptation and wvulnerability: system’s sensitivity, adaptive
capacity and vulnerability to climate change and extreme weather events;
regional scenarios of climate change and variability.

UNIT IV

Mitigation strategies for sustainable development: international policies,
protocols, treaties for reduction in greenhouse gases and carbon emissions;
carbon sequestration; carbon credit; clean development mechanism (CDM)
and land use, land use change and forestry mechanism, alternate energy
sources etc.

UNIT V

Agricultural food security: reduction in carbon and GHG emission; fuel
conservation and reduction in energy use, conservation tillage, biofuels for
fossil fuels, reduction in machinery use etc; increasing carbon sinks;
resource conservation technologies, mixed rotations of cover and green
manure crops, minimization of summer fallow and no ground cover periods
etc.

Practical

Case studies on various climatic projections and consequences thereof in
relation to agriculture
Advance methodology of assessing the impact of climate change on crops

Suggested Readings

Anonymous. Clean Development Mechanism: Building International
Public-Private Partnership under Kyoto Protocol. UNEP, UNDP
Publ.

Anonymous. IPCC Assessment Reports on Climate Change (2001, 2007).
WMO, UNEP Publ.

Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.

Jepma CJ & Munasinghe M. 1998. Climate Change Policy: Facts, Issues
and Analysis. Cambridge Univ. Press.
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Mintzer IM. 1992. Confronting Climate Change: Risks, Implications and
Responses. Cambridge Univ. Press.

Pretty J & Ball A. 2001. Agricultural Influence on Carbon Emission and
Sequestration: A Review of Evidence and the Emerging Trading
Options. Univ. of Essex.

Pretty JN. 1995. Regenerating Agriculture: Policies and Practices for
Sustainable and Self Reliance. Earthscan.

Salinger J, Sivkumar MVK & Motha RP. 2005. Increasing Climate
Variability of Agriculture and Forestry. Springer.

Sinha SK. 1998. Dictionary of Global Climate Change. Commonwealth
Publ.

AGM 602 WEATHER FORECASTING 2+1

Objective
To impart theoretical and practical knowledge of forecasting techniques
used for weather prediction and preparation of agro-advisories.

Theory
UNIT |
Weather forecasting system: definition, scope and importance; types of
forecasting: short, medium and long-range; study of synoptic charts with
special reference to location of highs and lows, jet streams, synoptic
features and weather anomalies and zones of thermal advection and
interpretation of satellite pictures of clouds in visible and infra-red range;
weather forecasting network.
UNIT Il
Approaches for weather forecasts: methods of weather forecasts - synoptic,
numerical prediction, statistical, analogue, persistence and climatological
approach, nano-technological approach, Indigenous Technical Knowledge
(ITK) base- signals from flora, fauna, insects, birds, animals behavior;
various methods of verification of location-specific weather forecast.
UNIT 11
Weather based advisories: interpretation of weather forecasts for soil
moisture, farm operations, pest and disease development and epidemics,
crops and livestock production; preparation of weather-based advisories
and dissemination.
UNIT IV
Special forecasts: special forecasts for natural calamities such as drought,
floods, high winds, cold (frost) and heat waves, hail storms, cyclones and
protection measures against such hazards.
UNIT V
Modification of weather hazards: weather modification for agriculture;
scientific advances in artificial rain making, hail suppression, dissipation of
fog and stratus clouds, modification of severe storms and electric behavior
of clouds.

Practical

- Exercise on weather forecasting for various applications
= Preparation of weather-based agro-advisories based on weather forecast

using various approaches and synoptic charts.

Suggested Readings
Alan Watts 2005. Instant Weather Forecasting. Water Craft Books.
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Ram Sastry AA. 1984. Weather and Weather Forecasting. Publication
Division, GOI, New Delhi.

Singh SV, Rathore LS & Trivedi HKN. 1999. A Guide for
Agrometeorological Advisory Services. Department of Science &
Technology, NCMRWF, New Delhi.

Wegman & Depriest 1980. Statistical Analysis of Weather Modification
Experiments. Amazon Book Co.

AGM 603 AIR POLLUTION METEOROLOGY 2+1
Objective
To impart the theoretical and practical knowledge of air pollutants.
Theory
UNIT |
Introduction to air pollution- history, definition: clean air definition; natural
versus polluted atmosphere; atmosphere before the industrial revolution.
UNIT Il
Sources of air pollution; classification and properties of air pollutants;
emission sources, importance of anthropogenic sources; behaviour and fate
of air pollutants; photochemical smog; pollutants and trace gases.
UNIT 111
Meteorological factors in the dispersion of air pollutants; topographical,
geographical and large scale meteorological factors attached air pollution;
meteorological conditions and typical plume forms; air pollution
forecasting — Gaussian diffusion models, Numerical dispersion models.
UNIT IV
Air quality standards; effect of air pollution on biological organisms; ozone
layer depletion; air pollution control technologies; management of air
pollution; principles of diffusion of particulate matter in the atmosphere; air
pollution laws and standards.
UNIT V
Air pollution sampling and measurement: types of pollutant sampling and
measurement, ambient air sampling, collection of gaseous air pollutants,
collection of particulate pollutants, stock sampling; analysis of air
pollutants - sulfur dioxide, nitrogen dioxide, carbon monoxide, oxidants
and ozone, hydrocarbons, particulate matter.
UNIT VI
Scales of air pollution: local, urban, regional, continental and global.
Practical
< Measurement of different air pollutants
« Measurement of different air pollution gases
» Measurement of visibility
» Measurement of ozone and aerosol optical thickness (AOT)
« To study the temperature profile at different heights
» To study the stability of the atmosphere
< To determine height of partial flume through chimani
< To study the effect of temperature on vegetables, orchards and agricultural
crops
Suggested Readings
Arya SP. 1998. Air Pollution Meteorology and Dispersion. Oxford Univ.
Press.
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Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.

Chhatwa GR. 1989. Environmental Air Pollution and its Control. Anmol
Publ.

Mishra PC. 1990. Fundamentals of Air and Water Pollution. Ashish Publ.

Mudd J Brian & Kozlowski TT. (Ed.). 1975. Responses of Plants to Air
Pollution. Academic Press.

Pickett EE. 1987. Atmopheric Pollution. Hemisphere Publ. Corp.

Sharma SH & Khan TI. 2004. Ozone Depletion and Environmental
Impacts. Pointer Publ.

Weber E. 1982. Air Pollution Assessment Methodology and Modeling.
Plenum Press.

Yunus M & Igbal M. (Eds.). 1996. Plant Response to Air Pollution. John
Wiley & Sons.

AGM 604 WEATHER, CLIMATE AND LIVESTOCK 2+1
Objective
To impart the theoretical and practical knowledge of weather, climate for
livestock management.
Theory
UNIT |
Thermal balance in animals; energy exchange processes at the skin of the
animals and the need for the maintenance of thermal balance in the animals.
UNIT Il
Effects of weather on animal production, loss of water from the body,
growth rate and body weight, reproduction, grazing habit, food intake, milk
production, sun burns and photosensitive disorders.
UNIT I11
Meteorological conditions prevailing in glass-house, green house, animal
shed, poultry house and grain storage barns; heating, cooling and
ventilation of these structures as governed by meteorological factors.
UNIT IV
Weather and animal diseases and parasites; diseases of poultry and its
relation with weather and thermal comfort.
UNIT V
Management of livestock to reduce greenhouse gas emission.
Practical
« Measurement of temperature, humidity, net radiation
« Calculation of animal comfort zone index
< Radiation of animal farm house and body
» Estimation of enegy fluxes on body
« Measurements of CO, and methane in animal farm house
Suggested Readings
Kaiser HM & Drennen TE. (Eds). 1993. Agricultural Dimensions of Global
Climate Change. St. Lucie Press, Florida.
Monteith L & Unsworth M. 2007. Principles of Environmental Physics. 2"
Ed. Academic Press.
Takahashi J, Young BA, Soliva CR & Kreuzer M. 2002. Greenhouse
Gases and Animal Agriculture. Proc. 1st International Conference
on Greenhouse Gases and Animal Agriculture.
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Tromp SW. 1980. Biometeorology. The Impact of the Weather and Climate
on Humans & their Environment. (Animals & Plants). Heyden &

Son Ltd.
AGM 605 ANALYTICAL TOOLS AND METHODS FOR 2+1
AGRO-METEOROLOGY

Objective
To impart the theoretical and practical knowledge of new tools for analysis
of agro-climatic features.

Theory
UNIT |
Review of agro-climatic methods; characterization of agroclimatic
elements; sampling of atmosphere; temporal and spatial considerations;
micro-meso-macro climates.
UNIT Il
Network spacing; spatial and temporal methods; GIS fundamentals and
applications; numerical characterization of climatic features; crop response
to climate, time lags, time and distance constants, hysteresis effects.
UNIT I11
Influence of climate on stress-response relations; thermal time approach in
agroclimatology- heat and radiation use efficiency in crop plants;
applications to insect-pest development and prediction; comfort indices for
human and animals; impact of natural and induced variability and change
of climate on crop production.
UNIT IV
Instrumentation and sampling problems; design of agro-meteorological
experiments.
UNIT V
Basic knowledge of application of computers in agriculture; theories of
computer language BASIC, FORTRAN, C, C++ and Visual basic.
UNIT VI
Empirical and statistical crop weather models and their application with
examples; incorporating weather, soil, plants and other environment-
related parameters as subroutine and remote sensing inputs in models;
growth and yield prediction models; crop simulation models; forecasting
models for insects and diseases.

Practical

Calculation of continentality factors.

Climatic indices and climogram.

Agrometeorological indices: Degree-days, photothermal units, heliothermal
units, phenothermal index.

Heat and radiation use efficiency and other indices of crops.

Crop growth rates.

Analysis of thermogram, hygrogram, hyetogram, sunshine cards etc. stream
lines and wind roses and statistical analysis of climatic data.

Working with statistical models: crop yield forecasting, crop weather
relationship and insect & disease forecasting models.

Working with crop simulation models

Small programme writing in computer languages like BASIC, FORTRAN,
C, C++ and Visual basic.
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Geographical Information System.

Suggested Readings

Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book

Co.
Cooper M. 2006. The Spirit of C. An Introduction to Modern Programming.
Jaico Publ.
Malczewski J. 1999. GIS & Multicriteria Decision Analysis. John Wiley &
Sons.
AGM 606 STRATEGIC USE OF CLIMATIC INFORMATION 2+1
Objective
To impart the theoretical and practical knowledge of climatic hazards and
their mitigations.
Theory

UNIT |

Increasing awareness on potential climate hazards and mitigations: history
of climate-related disasters (hazards and vulnerabilities) suffered in the
concerned continent/region/country/sub-region  and their documented or
remembered impacts; hazards and their relation to agricultural production
risks (intra- and inter-annual); efforts made in mitigating impacts of
(future) disasters (prevention); trends discernable in occurrence and
character of disasters, if any.

UNIT Il

Selection of appropriate land use and cropping patterns: types and drivers
of agricultural land use and cropping patterns; history of present land use
and cropping patterns in the continent/region/country/sub-region concerned
as related to environmental issues; successes and difficulties experienced
by farmers with present land use and cropping patterns; outlook for present
land use and cropping patterns and possible alternatives from an
environmental point of view.

UNIT 11

Recent trends in land use and cropping patterns; adoption of preparedness
strategies - priority settings for preparedness strategies in agricultural
production; preparedness for meteorological disasters in development
planning; permanent adaptation strategies that reduce the vulnerabilities to
hazards; preparedness as a coping strategy.

UNIT IV

Making more efficient use of agricultural inputs: agro-meteorological
aspects of agricultural production inputs and their history; determination of
input efficiencies; other factors determining inputs and input efficiency;
actual use of inputs in main land use and cropping patterns of the region.
UNIT V

Selection of livestock management: history of livestock management
patterns in the continent/region/country/sub-region concerned as related to
environmental issues; successes and difficulties experienced by farmers
with present livestock management strategies; outlook for present livestock
management strategies and possible alternatives from an environmental
point of view; recent trends in livestock management strategies.
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UNIT VI
Adoption of microclimate modification techniques: review of microclimate
management and manipulation methods; history of microclimate
modification techniques practised in the continent/country/sub-region
concerned; possible improvements in adoption of microclimate
modification techniques, given increasing climate variability and climate
change; local trends in adoption of such techniques.
UNIT VII
Protection measures against extreme climate: history of protection
measures against extreme climate in the continent/region/country/sub-
region concerned; successes and difficulties experienced by farmers with
present protection measures; outlook for present protection measures and
possible alternatives; trends in protection methods against extreme climate.
Practical
= Outlook for present land use and cropping patterns and possible alternatives
from environmental point of view
< Recent trends in land use and cropping patterns
= Agro-meteorological services to increase farmers design abilities of land
use and cropping patterns
- Systematic and standardized data collection on protection measures against
extreme climate
Suggested Readings
Anonymous. Clean Development Mechanism: Building International
Public-Private Partnership under Kyoto Protocol. UNEP, UNDP
Publ.
Anonymous. IPCC Assesment Reports on Climate Change Policy: Facts,
Issues and Anlysis. Cambridge Univ. Press.
Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.
Pretty J & Ball A. 2001. Agricultural Influence on Carbon Emission and
Sequestration: A Review of Evidence and the Emerging Trading
Options. Univ. of Essex.
Pretty JN. 1995. Regenerating Agriculture: Policies and Practices for
Sustainable and Self Reliance. Earthscan.
Sinha SK. 1998. Dictionary of Global Climate Change. Commonwealth

Publ.
AGM 607 MATHEMATICS IN AGRICULTURE AND BIOLOGY  2+1
Objective
To impart the theoretical and practical knowledge of mathematical concept
in bioscience.
Theory
UNIT |

Functions: function of a single real variable; single-valued and many-
valued functions; linear functions; power functions; polynomial functions;
trigonometric, exponential and logarithmic functions; functions of several
real variables.
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UNIT Il
Differentiation: derivative of the function of a single variable; derivatives
of the functions of several variables-partial derivatives; maxima and
minima; applications.
UNIT I11
Integration: integrals of functions with respect to their independent
variables; indefinite, definite and infinite integrals, applications.
UNIT IV
Ordinary differential equations: classification; solution of linear differential
equations; applications; partial differential equations - classification,
applications.
UNIT V
Vectors: rules of the game with the vectors; applications; matrices and
determinants: characterization; rules of the game with matrices and
determinants; systems of linear algebraic equations and their solutions;
characteristic roots of matrices; applications.
UNIT VI
Methods of analysis: averaging and scaling methods, numerical analysis;
finite element method, Monte Carlo analysis, spatial variability, stochastic
methods, Fourier Analysis, perturbation; iterative and optimal techniques;
applications.
UNIT VII
Probability: probability and probability distributions; applications.
Practical
« Use of simple log and semi-log graph papers
< Use of logarithms and logarithmic tables
= Plotting linear and log graph
< Trigonometric functions and relations
- Data representation as pie, bar and histograms
- Statistical data analysis-averages, standard deviations, simple correlation
coefficient
Suggested Readings
Arya JC & Lardner RW.1979. Mathematics for Biological Sciences. Prentice
Hall.
Bishnoi OP. 2007. Principles of Agricultural Meteorology. Oxford Book
Co.
Crank J, Martin HG & Melluish DM. 1980. Mathematics for Biological
Sciences, Oxford Univ. Press.
Eason G, Coles C, Wand Gettinby G. 1980. Mathematics and Statistics for
Biosciences, Ellis Harwood Ltd.
Francis 1983. Theory and Problems of Numerical Analysis. McGraw Hill.
Hann CT. 1995. Statistical Methods in Hydrology. East-West Press.
Panse VG & Sukhatme PV. 1983. Statistical Methods for Agricultural
Workers. ICAR.
Ramachery SKVS, Bhujanga Rao M & Bhandari S. 2000. Engineering
Mathematics. 1BS Publ.
Ray M & Sharma HS. 1970. Mathematical Statistics. Ram Prasad & Sons.
Vashistha AR. 1991. Modern Algebra. Krishna Prakashan Mandir.
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AGM 608 DATABASE MANAGEMENT AND 142
COMMERCIALIZATION OF AGROMETEOROLOGICAL
DATA INE-SERVICES
Objective
To impart knowledge on management of agromet data and train the
students in commercialization of agrometeorological data through e-
services.
Theory
UNIT |
Data and information; types of data; climate, soil and crop data; Importance
of database management; data requirements; data collection and recording
(Automatic and manual).
UNIT Il
Data structure/format; quality control of data; techniques of climatic data
generation; missing data; introduction to different software for database
management.
UNIT I11
Processing and analysis of data and data products; value addition of data
and data products; data users, public, commercial, academic or research.
UNIT IV
Availability, accessibility and security of data; evaluating the cost of data;
e-management of data.
Practical
< Types of instruments and data recording
- AWS data retrieval, storage and transfer
< Exposure to different software for Agromet data analysis; exposure to
Statistical software
- Temporal and spatial analysis of data; exposure to GIS
< Value addition to data
< Introduction to internet protocols
< Uploading and downloading data, password and security of data
< E-management of data
Suggested Readings
Ghadekar R. 2002. Practical Meteorology — Data Acquisition Techniques,
Instruments and Methods. 4" Ed. Agromet Publ.
IMD/ WHO. 1988. Users Requirements for Agrometeorological Services.
IMD.
Miles MB & Huberman AM. 1994. Qualitative Data Analysis. Sage Publ.
Panse VG & Sukhatme PV. 1983. Statistical Methods for Agricultural
Workers, ICAR.
Potter GB. 1994. Data Processing: An Introduction. Business Publ.
Ramakrishnan R. & Gehrke J. 2003. Database Management System.
McGraw-Hill.
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AGRICULTURAL METEOROLOGY
List of Journals

Agricultural and Forest Meteorology
Agricultural Systems

Agricultural Systems and Information Technology Newsletter
Agronomy Journal

Atmospheric Research

Canadian Water Resource Journal, Ottawa
Climate Dynamics

Climate Research

Climatic Change

Computers and Electronics in Agriculture
Crop Science

Ecological Modelling

Environmental Monitoring and Assessment
GIS India

Hydrology Journal

Indian Journal of Environmental Protection
International Journal of Climatology
International Journal of Remote Sensing
Italian Journal of Agrometeorology

Journal of Agricultural Meteorology
Journal of Agrometeorology

Journal of Applied Meteorology

Journal of Applied Hydrology

Journal of Applied Meteorology and Climatology
Journal of Earth Systems Science

Journal of Hydrologic Engineering

Journal of Hydrometeorology

Journal of Weather Modification Association
Mausam

Monthly Climatological Data for the World
Photonirwachak

Pollution Research

Remote Sensing of Environment
Vatavaran

Vayu Mandal

Water Resource Research

Weather

Weather and Forecasting

WMO Bulletin
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Suggested Broad Topics for Master’s and Doctoral Research

Microclimatic studies in crops and control climate

Crop-weather interaction studies in field, vegetable and horticultural crops
Crop-weather-pest interaction studies

GIS approach in agro-ecological zoning and crop environment characterization
Testing and validation of various existing crop simulation models to determine the
production potentials in different regions of the state for major crops

Climate change and sustainability —regional scenarios

Weather modification studies

Development of weather based model for major crops of the state

The crop acreage and yield estimates for state using remote sensing approach
Studies involving the ground-based spectral signatures for stress detection and
yield modeling of important crops in the state

Weather-based agro advisories, impact assessment and related issues

Impact assessment studies in livestock and other agricultural production systems
Evapo-transpiration studies using different approaches

Extreme weather events, their impact on agriculture and their alleviation
Agro-climatic resource characterization with reference to crops

Crop-weather relationship for major crops

Crop-growth simulation modeling

Development of weather-based forewarning models for pest and disease

Impact of climate change on agriculture

Application model based agro-advisories to farmers

Application of remote sensing in large scale crop condition assessment and yield
prediction
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Sr.
No.
1.
2.

3.

10.
11.
12.
13.

14.
15.

16.
17.
18.
19.
20.
21.
22.
23.

24,
25.
26.
27.

Course No.

AGRON 501*
AGRON 502*

AGRON 503*

AGRON 504*

AGRON 505

AGRON 506
AGRON 507

AGRON 508

AGRON 509
AGRON 510
AGRON 511
AGRON 512
AGRON 513

AGRON 591
AGRON 599

AGRON 601
AGRON 602
AGRON 603
AGRON 604
AGRON 605
AGRON 606
AGRON 607
AGRON 608

AGRON 609
AGRON 691
AGRON 692
AGRON 699

AGRONOMY
Course Structure — at a Glance
Title of course

MODERN CONCEPTS IN CROP PRODUCTION
PRINCIPLES AND PRACTICES OF SOIL FERTILITY
AND NUTRIENT MANAGEMENT

PRINCIPLES  AND PRACTICES OF  WEED
MANAGEMENT
PRINCIPLES AND PRACTICES OF WATER
MANAGEMENT
AGROMETEOROLOGY AND CROP WEATHER

FORECASTING

AGRONOMY OF MAJOR CEREALS AND PULSES
AGRONOMY OF OILSEED, FIBRE AND SUGAR
CROPS

AGRONOMY OF MEDICINAL, AROMATIC AND
UNDER UTILIZED CROPS

AGRONOMY OF FODDER AND FORAGE CROPS
AGROSTOLOGY AND AGROFORESTRY

CROPPING SYSTEMS

DRY LAND FARMING

PRINCIPLES AND PRACTICES OF ORGANIC
FARMING
MASTER’S SEMINAR
MASTER’S RESEARCH
Sub total

CURRENT TRENDS IN AGRONOMY

CROP ECOLOGY

CROP PRODUCTION AND SYSTEM MODELING
ADVANCES IN CROP GROWTH AND PRODUCTIVITY
IRRIGATION MANAGEMENT

ADVANCES IN WEED MANAGEMENT

INTEGRATED FARMING SYSTEMS

SOIL CONSERVATION AND WATERSHED
MANAGEMENT
STRESS CROP PRODUCTION
DOCTORAL SEMINAR |
DOCTORAL SEMINAR I
DOCTORAL RESEARCH
Sub total
Grand total

*Compulsory for Master’s programme

Credit

3+0
2+1

2+1
2+1
2+1

2+1
2+1

2+1

2+1
2+1
2+0
2+1
2+1

1+0
20
28+11+20
3+0
2+0
2+1
2+1
2+1
2+0
2+0
2+1

2+1
1+0
1+0
45
21+5+45
49+16
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AGRON 501
(3+0)

AGRONOMY

Course Contents
MODERN CONCEPTS IN CROP PRODUCTION

Objective

Theory

To teach the basic concepts of soil management and crop production.

UNIT I

Crop growth analysis in relation to environment; agro-ecological zones of
India and Gujarat.

UNIT 1l

Quantitative agro-biological principles and inverse vyield nitrogen law;
Mitscherlich yield equation, its interpretation and applicability; Baule unit.
UNIT 1

Effect of lodging in cereals; physiology of grain yield in cereals; optimization
of plant population and planting geometry in relation to different resources,
concept of ideal plant type and crop modeling for desired crop yield.

UNIT IV

Scientific principles of crop production; crop response production functions;
concept of soil plant relations; yield and environmental stress.

UNIT V

Integrated farming systems, organic farming, and resource conservation
technology including modern concept of tillage; dry farming; determining the
nutrient needs for yield potentiality of crop plants, concept of balance nutrition
and integrated nutrient management; precision agriculture.

Suggested Readings

Balasubramaniyan P & Palaniappan SP. 2001. Principles and Practices of
Agronomy. Agrobios.

Fageria NK. 1992. Maximizing Crop Yields. Marcel Dekker.

Havlin JL, Beaton JD, Tisdale SL & Nelson WL. 2006. Soil Fertility and
Fertilizers. 7th Ed. Prentice Hall.

Paroda R.S. 2003. Sustaining our Food Security. Konark Publ.

Reddy SR. 2000. Principles of Crop Production. Kalyani Publ.

Sankaran S & Mudaliar TVS. 1997. Principles of Agronomy. The Bangalore
Printing & Publ.

Singh SS. 2006. Principles and Practices of Agronomy. Kalyani.

AGRON 502 SOIL FERTILITY AND NUTRIENT MANAGEMENT  (2+1)
Objective
To impart knowledge of fertilizers and manures as sources of plant nutrients
and apprise about the integrated approach of plant nutrition and sustainability
of soil fertility.
Theory

UNIT I
Soil fertility and productivity - factors affecting; features of good soil
management; problems of supply and availability of nutrients; relation between
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nutrient supply and crop growth; organic farming - basic concepts and
definitions.

UNIT 1l

Criteria of essentiality of nutrients; Essential plant nutrients - their functions,
nutrient deficiency symptoms; transformation and dynamics of major plant
nutrients.

UNIT 1

Preparation and use of farmyard manure, compost, green manures,
vermicompost, biofertilizers and other organic concentrates their composition,
availability and crop responses; recycling of organic wastes and residue
management.

UNIT IV

Commercial fertilizers; composition, relative fertilizer value and cost; crop
response to different nutrients, residual effects and fertilizer use efficiency,
fertilizer mixtures and grades; agronomic, chemical and physiological methods
of increasing fertilizer use efficiency; nutrient interactions.

UNIT V

Time and methods of manures and fertilizers application; foliar application and
its concept; relative performance of organic and inorganic manures; economics
of fertilizer use; integrated nutrient management; use of vermicompost and
residue wastes in crops.

Practical
* Determination of soil pH, ECe, organic C, total N, available N, P, K and S in
soils
* Determination of N, P, K and S content in plants.
* Interpretation of interaction effects and computation of economic and yield
optima.

Suggested Readings

Brady NC & Weil R.R 2002. The Nature and Properties of Soils. 13th Ed.
Pearson Edu.

Fageria NK, Baligar VC & Jones CA. 1991. Growth and Mineral Nutrition of
Field Crops Marcel Dekker.

Havlin JL, Beaton JD, Tisdale SL & Nelson WL. 2006. Soil Fertility and
Fertilizers. 7th Ed. Prentice Hall.

Prasad R & Power JF. 1997. Soil Fertility Management for Sustainable
Agriculture. CRC Press.

Yawalkar KS, Agrawal JP & Bokde S. 2000. Manures and Fertilizers. Agri-

Horti Publ.
AGRON 503 PRINCIPLES AND PRACTICES OF WEED MANAGEMENT  (2+1)
Objective
To familiarize the students about the weeds, herbicides and methods of weed
control.
Theory
UNIT I

Weed biology and ecology, crop-weed competition including allelopathy;
principles and methods of weed control and classification.
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UNIT Il

Herbicides introduction and history of their development; classification based
on chemical, physiological application and selectivity; mode and mechanism
of action of herbicides.

UNIT I

Herbicide structure - activity relationship; factors affecting the efficiency of
herbicides; herbicide formulations, herbicide mixtures; herbicide resistance
and management; weed control through bio-herbicides, myco-herbicides and
allelochemicals; Degradation of herbicides in soil and plants; herbicide
resistance in weeds and crops; herbicide rotation.

UNIT IV

Weed management in major crops and cropping systems; parasitic weeds;
weed shifts in cropping systems; aquatic and perennial weed control.

UNIT V

Integrated weed management; cost: benefit analysis of weed management.

Practical
* Identification of important weeds of different crops
* Preparation of a weed herbarium
» Weed survey in crops and cropping systems
* Crop-weed competition studies
* Preparation of spray solutions of herbicides for high and low-volume sprayers
» Use of various types of spray pumps and nozzles and calculation of swath
width
* Economics of weed control
* Calculation of weed indices
* Bioassay of herbicide
* Calculation of herbicidal requirement

Suggested Readings

Aldrich RJ & Kramer RJ. 1997. Principles in Weed Management. Panima
Publ.

Ashton FM & Crafts AS. 1981. Mode of Action of Herbicides. 2nd Ed. Wiley Inter-
Science.
Gupta OP. 2007. Weed Management — Principles and Practices. Agrobios.

Mandal RC. 1990. Weed, Weedicides and Weed Control - Principles and Practices.
Agro-Botanical Publ.
Rao VS. 2000. Principles of Weed Science. Oxford & IBH. Subramanian S, Ali
AM & Kumar RJ. 1997. All About Weed Control. Kalyani.
Zimdahl RL. 1999. Fundamentals of Weed Science. 2nd Ed. Academic Press.

AGRON 504 PRINCIPLES AND PRACTICES OF WATER MANAGEMENT (2+1)

Objective
To teach the principles of water management and practices to enhance the
water productivity.

Theory
UNIT |
Water and its role in plants; water resources of India, major irrigation projects,
extent of area and crops irrigated in India and different states.
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UNIT 1l

Soil water movement in soil and plants; transpiration; soil-water-plant
relationships; water absorption by plants; plant response to water stress, crop
plant adaptation to moisture stress condition.

UNIT 1

Soil, plant and meteorological factors determining water needs of crops;
scheduling, depth and methods of irrigation; microirrigation system;
fertigation; management of water in controlled environments and polyhouses.
UNIT IV

Water management of the crops and cropping systems; quality of irrigation
water and management of saline water for irrigation; water use efficiency.
UNIT V

Excess of soil water and plant growth; water management in problem soils;
drainage requirement of crops and methods of field drainage, their layout and
spacing.

Practical
* Measurement of soil water potential by using tensiometer, and pressure plate
and membrane apparatus
+ Soil-moisture characteristics curves
» Water flow measurements using different devices
* Determination of irrigation requirements
* Calculation of irrigation efficiency
* Determination of infiltration rate
* Determination of saturated/unsaturated hydraulic conductivity

Suggested Readings

Lenka D. 1999. Irrigation and Drainage. Kalyani

Michael AM. 1978. Irrigation: Theory and Practice. Vikas Publ.

Paliwal KV. 1972. Irrigation with Saline Water. IARI Monograph, New Delhi.

Panda SC. 2003. Principles and Practices of Water Management. Agrobios.

Prihar SS & Sandhu BS. 1987. Irrigation of Food Crops - Principles and
Practices. ICAR.

Misra RD and Ahmed, M. 1990 A Practical Manual on irrigation. Oxford &
IBH Publishing co. Pvt. Ltd., New delhi.

Reddy SR. 2000. Principles of Crop Production. Kalyani.

Reddi GHS and Reddy TY 2002. Efficient use of irrigation water. Kalyani.

Singh Pratap & Maliwal PL. 2005. Technologies for Food Security and
Sustainable Agriculture. Agrotech Publ.

AGRON 505 AGROMETEOROLOGY AND CROP WEATHER FORECASTING (2+1)
Objective
To impart knowledge about agro-meteorology and crop weather forecasting to
meet the challenges of aberrant weather conditions.

Theory
UNIT |
Agro meteorology - aim, scope and development in relation to crop
environment; composition of atmosphere, distribution of atmospheric pressure
and wind.
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UNIT 1l

Characteristics of solar radiation; energy balance of atmosphere system;
radiation distribution in plant canopies, radiation utilization by field crops;
photosynthesis and efficiency of radiation utilization by field crops; energy
budget of plant canopies; environmental temperature: soil, air and canopy
temperature.

UNIT 1

Temperature profile in air, soil, crop canopies; soil and air temperature effects
on plant processes; environmental moisture and evaporation: measures of
atmospheric temperature and relative humidity vapor pressure and their
relationships; evapo-transpiration and meteorological factors determining
evapotranspiration.

UNIT IV

Modification of plant environment: artificial rain making, heat transfer,
controlling heat load, heat trapping and shading; protection from cold, sensible
and latent heat flux, controlling soil moisture; monsoon and their origin,
characteristics of monsoon; onset, progress and withdrawal of monsoon;
weather hazards, drought monitoring and planning for mitigation.

UNIT V

Weather forecasting in India — short, medium and long range; aerospace
science and weather forecasting; benefits of weather services to agriculture,
remote sensing; application in agriculture and its present status in India;
atmospheric pollution and its effect on climate and crop production; climate
change and its impact on agriculture.

Practical

* Visit to agro-meteorological observatory and to record sun-shine hours, wind
velocity, wind direction, relative humidity, soil and air temperature,
evaporation, precipitation and atmospheric pressure
* Measurement of solar radiation outside and within plant canopy
* Measurement/estimation of evapo-transpiration by various methods
» Measurement/estimation of soil water balance
* Rainfall variability analysis
* Determination of heat-unit requirement for different crops
* Measurement of crop canopy temperature
* Measurement of soil temperatures at different depths
* Remote sensing and familiarization with agro-advisory service bulletins

* Study of synoptic charts and weather reports, working principle of automatic
weather station
* Visit to solar observatory

Suggested Readings

Chang Jan Hu 1968. Climate and Agriculture on Ecological Survey. Aldine
Publ.

Critchfield HJ.1995. General Climatology. Prentice Hall of India.

Das PK.1968. The Monsoons. National Book Trust Publ.

Lal DS.1998. Climatology. Sharda Pustak Bhawan.

Lenka D.1998. Climate, Weather and Crops in India. Kalyani.

Mavi H.S.1994. Introduction to Agro-meteorology. Oxford & IBH.

Mavi HS & Tupper GJ. 2004. Agrometeorology: Principles and Application of
Climate Studies in Agriculture. Haworth Press.
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Menon PA.1991. Our Weather. National Book Trust Publ.

Sahu DD. Agrometeorology and Remote Sensing: Principles and Practices.
Agrobios.

Variraju R & Krishnamurty 1995. Practical Manual on Agricultural
Meteorology. Kalyani.

Varshneya MC & Balakrishana Pillai P. 2003. Textbook of Agricultural
Meteorology. ICAR.

AGRON 506 AGRONOMY OF MAJOR CEREALS AND PULSES  (2+1)
Objective
To teach the crop husbandry of cereals and pulse crops.

Theory
Origin and history, botanical description, area and production, classification,
improved varieties, adaptability, climate, soil, water and cultural requirements,
nutrition, quality components, handling and processing of the produce for
maximum production of
UNIT I
Rabi cereals: Wheat
UNIT 1l
Kharif cereals: Rice, Sorghum, Maize and Pearmillet
UNIT 1
Rabi pulses: Chickpea, Pea and Indian bean
UNIT IV
Kharif pulses: Pigeon pea, Green gram, Black gram, Cowpea and Kidney bean.

Practical

* Phenological observation at different growth stages of crop
* Estimation of crop yield on the basis of yield attributes

» Working out growth indices (LAI, CGR, RGR, NAR, LAD), aggressiveness,
relative crowding coefficient, monetary yield advantage and ATER of
prominent intercropping systems of different crops
* Estimation of protein content in pulses
* Judging of physiological maturity in different crops
* Determination of cost of cultivation of different crops
» Working out harvest index of various crops
* Study of seed production techniques in various crops

» Visit of field experiments on cultural, fertilizer, weed control and water
management aspects
* Visit to nearby villages for identification of constraints in crop production

Suggested Readings

Das NR. 2007. Introduction to Crops of India. Scientific Publ.

Hunsigi G & Krishna KR. 1998. Science of Field Crop Production. Oxford &
IBH.

Jeswani LM & Baldev B. 1997. Advances in Pulse Production Technology.
ICAR.

Khare D & Bhale MS. 2000. Seed Technology. Scientific Publ.

Kumar Ranjeet & Singh NP. 2003. Maize Production in India: Golden Grain
in Transition. IARI, New Delhi.
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Pal M, Deka J & Rai RK. 1996. Fundamentals of Cereal Crop Production.
Tata McGraw Hill.

Panda, SC. 2006. Crop management and integrated farming. Agrobios (India)

Prasad, Rajendra. 2002. Text Book of Field Crop Production. ICAR.

Singh C, Singh P & Singh R. 2003. Modern Techniques of Raising Field
Crops. Oxford & IBH.

Singh, SS. 1998. Crop Management. Kalyani.

Yadav DS. 1992. Pulse Crops. Kalyani.

AGRON 507 AGRONOMY OF OILSEED, FIBRE AND SUGAR CROPS  (2+1)
Objective
To teach the crop husbandry of oilseed, fiber and sugar crops.
Theory
Origin and history, botanical description, area and production, classification,
improved varieties, adaptability, climate, soil, water and cultural requirements,
nutrition, quality component, handling and processing of the produce for
maximum production of :
UNIT I
Rabi oilseeds — Rapeseed and mustard, linseed, niger and safflower
UNIT 1l
Kharif oilseeds - Groundnut, sesame, castor, sunflower and soybean
UNIT 1
Fiber crops - Cotton, Jute and Sunhemp
UNIT IV
Sugar crops — Sugar-beet and sugarcane.

Practical

» Phenological observation at different growth stages of crops

» Methods of sowing, tying and propping of sugarcane

»  Seed treatment to various crops.

*  Working out growth indices (LAI, CGR, RGR, NAR, LAD) aggressivity,
relative crowding coefficient, monetary yield advantage and ATER of
prominent intercropping systems

* Judging of physiological maturity in different crops and working out
harvest index

» Working out cost of cultivation of different crops

« Estimation of crop yield on the basis of yield attributes

» Determination of oil content in oilseeds and computation of oil yield

« Estimation of quality of fibre of different fibre crops

» Study of seed production techniques in various crops

» Visit of field experiments on cultural, fertilizer, weed control and water
management aspects

+ Visit to nearby villages for identification of constraints in crop production

Suggested Readings
Das NR. 2007. Introduction to Crops of India. Scientific Publ.
Das PC. 1997. Oilseed Crops of India. Kalyani.
Lakshmikantam N. 1983. Technology in Sugarcane Growing. 2nd Ed. Oxford
& IBH.
Prasad, Rajendra. 2002. Text Book of Field Crop Production. ICAR.
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Singh C, Singh P & Singh R. 2003. Modern Techniques of Raising Field
Crops. Oxford & IBH.
Singh SS. 1998. Crop Management. Kalyani.

AGRON 508 AGRONOMY OF MEDICINAL, AROMATIC AND (2+1)

UNDER-UTILIZED CROPS

Objective
To acquaint students about different medicinal, aromatic and underutilized
field crops, their package of practices and processing.

Theory
UNIT I
Importance of medicinal and aromatic plants in human health, national
economy and related industries, classification of medicinal and aromatic plants
according to botanical characteristics and uses.
UNIT 1l
Climate and soil requirements; cultural practices; yield and important
constituents of medicinal plants (Isabgol, Rauwolfia, Poppy, Aloe vera,
Satavar, Stevia, Safed Musli, Kalmegh, Asaphoetida, Nux vomica, Rosadle ,
Senna, Guggal, Aswagandha, Shankhpuspi, Cress and Dodi).
UNIT 1
Climate and soil requirements; cultural practices; yield and important
constituents of aromatic plants (Citronella, Palmarosa, Mentha, Basil, Lemon
grass, Rose, Patchouli, Geranium and Khush grass).
UNIT IV
Climate and soil requirements; cultural practices; yield of under-utilized crops
(Rice bean, Lathyrus, Sesbania, French bean, Fenugreek, Grain Amaranth,
Karingdo and Tobacco).

Practical
* Identification of crops based on morphological and seed characteristics
* Quality characters in medicinal and aromatic plants
* Methods of analysis of essential oil and other chemicals of importance in
medicinal and aromatic plants

Suggested Readings

Chadha KL & Gupta R. 1995. Advances in Horticulture. Vol. Il. Medicinal
and Aromatic Plants. Malhotra Publ.

Das NR. 2007. Introduction to Crops of India. Scientific Publ.

Handa SS. 1984. Cultivation and Utilization of Medicinal Plants. RRL, CSIR,
Jammu.

Hussain A. 1984. Essential Oil Plants and their Cultivation. CIMAP,
Lucknow.

Hussain A. 1993. Medicinal Plants and their Cultivation. CIMAP, Lucknow.

ICAR 2006. Hand Book of Agriculture. ICAR, New Delhi.

Kumar N, Khader Md. Abdul, Rangaswami JBM & Irulappan 1997.
Introduction to Spices, Plantation Crops, Medicinal and Aromatic Plants.
Oxford & IBH.

Prajapati ND, Purohit SS, Sharma AK & Kumar T. 2003. A Hand Book of
Medicinal Plants: A Complete Source Book. Agrobios.

Sharma R. 2004. Agro-Techniques of Medicinal Plants. Daya Publ. House.
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AGRON 509 AGRONOMY OF FODDER AND FORAGE CROPS  (2+1)
Objective
To teach the crop husbandry of different forage and fodder crops along with
their processing.

Theory
UNIT I
Adaptation, distribution, varietal improvement, agro-techniques and quality
aspects including anti-quality factors of important fodder crops like maize,
sorghum, bajra, guar, cowpea, oats, berseem, chicory, Rajka bajri, lucerne and
sunflower
UNIT 1l
Adaptation, distribution, varietal improvement, agro-techniques and quality
aspects including anti-quality factors of important forage crops/grasses like,
napier grass, Panicum, Cenchrus and marvel grass.
UNIT 1
Year-round fodder production and management, preservation and utilization of
forage and pasture crops.
UNIT IV
Principles and methods of hay and silage making; chemical and biochemical
changes, nutrient losses and factors affecting quality of hay and silage; use of
physical and chemical enrichments and biological methods for improving
nutrition; value addition of poor quality fodder.
UNIT V
Grazing and grassland management
UNIT VI
Economics of forage crops and seed production techniques.

Practical
* Practical training of farm operations in raising fodder crops;

» Canopy measurement, yield and quality estimation, viz. dry matter, crude
protein, crude fibre, NDF, ADF and cellulose of various fodder and forage
crops
 Anti-quality components like HCN in sorghum and such factors in other
crops
+ Hay and silage making and economics of their preparation

Suggested Readings

Chatterjee BN. 1989. Forage Crop Production - Principles and Practices.
Oxford & IBH.

Das NR. 2007. Introduction to Crops of India. Scientific Publ.

Narayanan TR & Dabadghao PM. 1972. Forage Crops of India. ICAR.

Singh P & Srivastava AK. 1990. Forage Production Technology. IGFRI,
Jhansi.

Singh C, Singh P & Singh R. 2003. Modern Techniques of Raising Field
Crops. Oxford & IBH.

Tejwani KG. 1994. Agroforestry in India. Oxford & IBH.
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AGRON 510 AGROSTOLOGY AND AGRO-FORESTRY

(2+1)

Objective
To teach crop husbandry of different forage, fodder and agro forestry
crops/trees along with their processing.

Theory
UNIT I
Agrostology: definition and importance; principles of grassland ecology:
grassland ecology, community, climax, dominant species, succession, biotype,
ecological status of grasslands in India, grass cover of India; problems and
management of grasslands.
UNIT Il
Importance, classification, scope, status and research needs of pastures; pasture
establishment, their improvement and renovation-natural pastures, cultivated
pastures; common pasture grasses.
UNIT I
Agroforestry:  definition and  importance;  agroforestory  systems,
agrisilviculture, silvipasture, agrisilvipasture, agrihorticulture, aquasilviculture,
alley cropping and energy plantation.
UNIT IV
Crop production technology in agro-forestry and agrostology system;
silvipastoral system: meaning and importance for wasteland development;
selection of species, planting methods and problems of seed germination in
agro-forestry systems; irrigation and manuring in agro-forestry systems,
associative influence in relation to above ground and underground
interferences; lopping and coppicing in agro-forestry systems; social
acceptability and economic viability, nutritive value of trees; tender operation;
desirable tree characteristics.

Practical
* Identification of seeds and plants of common grasses, legumes and trees of
economic
importance with reference to agro-forestry
» Seed treatment for better germination
* Methods of propagation/planting of grasses and trees in silvipastoral system
* Fertilizer application in strip and silvipastroal systems
* After-care of plantation
* Estimation of protein content in loppings of important fodder trees
* Estimation of calorie value of wood of important fuel trees
* Estimation of total biomass and fuel wood
* Economics of agro-forestry
* Visit to important agro-forestry/grass land research stations

Suggested Readings

Chatterjee BN & Das PK. 1989. Forage Crop Production. Principles and
Practices.Oxford & IBH.

Dabadghao PM & Shankaranarayan KA. 1973. The Grass Cover in India.
ICAR.

Dwivedi AP. 1992. Agroforestry- Principles and Practices. Oxford & IBH.

Indian Society of Agronomy. 1989. Agroforestry System in India. Research
and Development, New Delhi.
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Narayan TR & Dabadghao PM. 1972. Forage Crop of India. ICAR, New
Delhi.

Pathak PS & Roy MM. 1994. Agroforestry System for Degraded Lands.
Oxford & IBH.

Sen NL, Dadheech RC, Dashora LK & Rawat TS. 2004. Manual of
Agroforestry and Social Forestry. Agrotech Publ.

Shah SA.1988. Forestry for People. ICAR.

Singh Panjab, Pathak PS & Roy MM.1994. Agroforestry System
forSustainable Use. Oxford & IBH.

Singh SP. 1994. Handbook of Agroforestry. Agrotech Publ.

Solanki KR. 2000. Multipurpose Tree Species: Research, Retrospect and
Prospects. Agrobios.

Tejwani KG.1994. Agroforestry in India. Oxford & IBH.

AGRON 511 CROPPING SYSTEMS AND SUSTAINABLE AGRICULTURE (2+0)

Objective
To acquaint the students about prevailing cropping systems in the country and
practices to improve their productivity.

Theory
UNIT I
Cropping systems: definition, indices and its importance; physical resources,
soil and water management in cropping systems; assessment of land use.
UNIT Il
Concept of sustainability in cropping systems and farming systems, scope and
objectives; production potential under monoculture cropping, multiple
cropping, alley cropping, sequential cropping and intercropping, mechanism of
yield advantage in intercropping systems.
UNIT Il
Above and below ground interactions and allelopathic effects; competition
relations; multi-storied cropping and yield stability in intercropping, role of
non-monetary inputs and low cost technologies; research need on sustainable
agriculture.
UNIT IV
Crop diversification for sustainability; role of organic matter in maintenance of
soil fertility; crop residue management; fertilizer use efficiency and concept of
fertilizer use in intensive cropping system.
UNIT V
Plant ideotypes for drylands; plant growth regulators and their role in
sustainability.

Suggested Readings

Palaniappan SP & Sivaraman K. 1996. Cropping Systems in the Tropics;
Principles and Management. New Age.

Panda SC. 2003. Cropping and Farming Systems. Agrobios.

Reddy SR. 2000. Principles of Crop Production. Kalyani.

Sankaran S & Mudaliar TVS. 1997. Principles of Agronomy. The Bangalore
Printing & Publ. Co.

Singh SS. 2006. Principles and Practices of Agronomy. Kalyani.

Tisdale SL, Nelson WL, Beaton JD & Havlin JL. 1997. Soil Fertility and
Fertilizers. Prentice Hall.
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AGRON 512 DRYLAND AGRICULTURE AND WATERSHED MANAGEMENT (2+1)
Objective
To teach the basic concepts and practices of dry land farming and soil moisture
conservation.
Theory

UNIT I
Definition, concept and characteristics of dry land agriculture;significance and
dimensions of dry land agriculture in India.
UNIT 1l
Soil and climatic parameters with special emphasis on rainfall characteristics;
constraints limiting crop production in dry land areas; types of drought,
characterization of environment for water availability; crop planning for erratic
and aberrant weather conditions.
UNIT 1
Stress physiology and resistance to drought, adaptation of crop plants to
drought, drought management strategies; preparation of appropriate crop plans
for dry land areas; mid contingent plan for aberrant weather conditions.
UNIT IV
Tillage, tilth, frequency and depth of cultivation, compaction in soil tillage;
concept of conservation tillage; tillage in relation to weed control and moisture
conservation; techniques and practices of soil moisture conservation (use of
mulches, kinds, effectiveness and economics); antitranspirants; soil and crop
management techniques, seeding and efficient fertilizer use.
UNIT V
Concept of watershed resource management, objectives, problems, approach
and components.

Practical
* Seed treatment, seed germination and crop establishment in relation to soil
moisture contents
* Estimation of moisture index and aridity index
« Spray of anti-transpirants and their effect on crops
* Collection and interpretation of data for water balance equations
» Water use efficiency
* Visit to dryland research stations and watershed projects

Suggested Readings

Das NR. 2007. Tillage and Crop Production. Scientific Publishers.

Dhopte AM. 2002. Agrotechnology for Dryland Farming. Scientific Publ.

Dhruv Narayan VV. 2002. Soil and Water Conservation Research in India.
ICAR.

Gupta US. (Ed.). 1995. Production and Improvements of Crops for Drylands.
Oxford & IBH.

Katyal JC & Farrington J. 1995. Research for Rainfed Farming. CRIDA.

Rao SC & Ryan J. 2007. Challenges and Strategies of Dryland Agriculture.
Scientific Publishers.

Singh P & Maliwal PL. 2005. Technologies for Food Security and Sustainable
Agriculture. Agrotech Publishing Company.

Singh RP. 1988. Improved Agronomic Practices for Dryland Crops. CRIDA.
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Singh RP. 2005. Sustainable Development of Dryland Agriculture in India.
Scientific Publ.

Singh SD. 1998. Arid Land Irrigation and Ecological Management. Scientific
Publishers.

Venkateshwarlu J. 2004. Rainfed Agriculture in India. Research and
Development Scenario. ICAR.

AGRON 513 PRINCIPLES AND PRACTICES OF ORGANIC FARMING (2+1)
Objective
To study the principles and practices of organic farming for sustainable crop
production.
Theory
UNIT I
Organic farming - concept and definition, its relevance to India and global
agriculture and future prospects; land and water management - land use,
minimum tillage; shelter zones, hedges, pasture management, agro-forestry.
UNIT 1l
Organic farming and water use efficiency; soil fertility, nutrient recycling,
organic residues, organic manures, composting, soil biota and decomposition
of organic residues, earthworms and vermicompost, green manures,
biofertilizers, biodynamic and integrated bio nutrient management.
UNIT I
Farming systems, crop rotations, multiple and relay cropping systems,
intercropping in relation to maintenance of soil productivity.
UNIT IV
Control of weeds, diseases and insect pest management, biological agents and
pheromones, biopesticides.
UNIT V
Socio-economic impacts; marketing and export potential: inspection,
certification, labeling and accreditation procedures.
Practical
* Aerobic and anaerobic methods of making compost
* Making of vermicompost and vermiwash
« Identification and nursery raising of important agro-forestry tress and tress for
shelter belts
» Efficient use of biofertilizers, technique of treating legume seeds with
Rhizobium cultures, use of Azotobacter, Azospirillum, and PSB cultures in field
* Visit to an organic farm
* Quality standards, inspection, certification and labeling and accreditation
procedures for farm produce from organic farms

Suggested Readings

Ananthakrishnan TN. (Ed.). 1992. Emerging Trends in Biological Controlof
Phytophagous Insects. Oxford & IBH.

Gaur AC. 1982. A Manual of Rural Composting, FAO/UNDP Regional Project
Document, FAO.

Lampin N. 1990. Organic Farming. Press Books, Ipswitch, UK.

Palaniappan SP & Anandurai K. 1999. Organic Farming — Theory and
Practice. Scientific Publ.
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Rao BV Venkata. 1995. Small Farmer Focused Integrated RuralDevelopment:
Socio-economic  Environment and Legal Perspective:  Publ.3,
Parisaraprajna Parishtana, Bangalore.

Reddy MV. (Ed.). 1995. Soil Organisms and Litter Decomposition in
theTropics. Oxford & IBH.

Sharma A. 2002. Hand Book of Organic Farming. Agrobios.

Singh SP. (Ed.) 1994. Technology for Production of Natural Enemies.PDBC,
Bangalore.

Subba Rao NS. 2002. Soil Microbiology. Oxford & IBH.

Trivedi RN.1993. A Text Book of Environmental Sciences, Anmol Publ.

Veeresh GK, Shivashankar K & Suiglachar MA. 1997. Organic Farmingand
Sustainable Agriculture. Association for Promotion of Organic
Farming, Bangalore.

WHO. 1990. Public Health Impact of Pesticides Used in Agriculture. WHO.

Woolmer PL & Swift MJ. 1994. The Biological Management of Tropical Soil
Fertility. TSBF & Wiley.

AGRON 601 CURRENT TRENDS IN AGRONOMY (3+0)
Objective
To acquaint the students about recent advances in agricultural production.
Theory
UNIT I

Agro-physiological basis of variation in yield, recent advances in soil plant-
water relationship.

UNIT 1l

Globalization of agriculture and WTO, precision agriculture, contract farming,
organic farming, marketing and export potential of organic products,
certification, labeling and accreditation procedures.

UNIT Il

Crop residue management in multiple cropping systems; latest developments in
plant management, weed management, cropping systems, grassland
management, agro-forestry, allelopathy.

UNIT IV

GIS, GPS and remote sensing for crop management, global warming, GM
crops, seed production technology; seed certification, seed multiplication and
hybrid seed production

UNIT V

Concepts of system agriculture; holistic approach of farming systems, dry land
agriculture, sustainable agriculture and research methodology in Agronomy.
UNIT VI

LEISA (low external input sustainable agriculture) and HEISA (high external
input sustainable agriculture)

Suggested Readings
Agarwal RL. 1995. Seed Technology. Oxford & IBH.
Dahiya BS & Rai KN. 1997. Seed Technology. Kalyani.
Govardhan V. 2000. Remote Sensing and Water Management in Command
Areas: Agro ecological Prospectives. IBDC.
ICAR. 2006. Hand Book of Agriculture. ICAR.
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Narasaiah ML. 2004. World Trade Organization and Agriculture. Sonali Publ.

Palaniappan SP & Annadurai K. 2006. Organic Farming - Theory and
Practice. Scientific Publ.

Sen S & Ghosh N. 1999. Seed Science and Technology. Kalyani.

Tarafdar JC, Tripathi KP & Mahesh Kumar 2007. Organic Agriculture.
Scientific Publ.

AGRON 602 CROP ECOLOGY (2+0)
Objective
To acquaint the students about the agricultural systems, agro-ecological
regions, and adaptation of crops to different agro-climatic conditions.

Theory
UNIT I
Concept of crop ecology, agricultural systems, ecology of cropping systems,
principles of plant distribution and adaptation, crop and world food supply.
UNIT 1l
Ecosystem characteristics, types and functions, terrestrial ecology, flow of
energy in ecosystem, ecosystem productivity, biomass, succession and climax
concept.
UNIT 1
Physiological response of crop plants to light, temperature, CO,, moisture and
solar radiation; influence of climate on photosynthesis and productivity of
crops; effect of global climate change on crop production.
UNIT IV
Exploitation of solar energy in crops; vertical distribution of temperature;
efficiency in crop production.
UNIT V
Competition in crop plants; environmental pollution, ecological basis of
environmental management and environment manipulation through agronomic
practices; improvement of unproductive lands through crop selection and
management.

Suggested Readings

Ambasht RS. 1986. A Text Book of Plant Ecology. 9th Ed. Students’ Friends &
Co.

Chadha KL & Swaminathan MS. 2006. Environment and Agriculture.
Malhotra Publ. House.

Dwivedi P, Dwivedi SK & Kalita MC. 2007. Biodiversity and Environmental
Biotechnology. Scientific Publ.

Hemantarajan A. 2007. Environmental Physiology. Scientific Publ.

Kumar HD. 1992. Modern Concepts of Ecology. 7th Ed. Vikas.Publ.

Lenka D. 1998. Climate, Weather and Crops in India. Kalyani.

Misra KC. 1989. Manual of Plant Ecology. 3rd Ed. Oxford & IBH.

Pandey SN & Sinha BK. 1995. Plant Physiology. Vikas Publ.

Sharma PD. 1998. Ecology and Environment. Rastogi Publ.

Singh J & Dhillon SS. 1984. Agricultural Geography. Tata McGraw Hill.

Taiz L & Zeiger E. 1992. Plant Physiology. Benjamin/Cummings Publ.
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AGRON 603 CROP PRODUCTION AND SYSTEM MODELING (2+1)
Objective
To familiarize the students about systems approach and to simulate yields and
growth of several crops under varied soil and weather conditions with different
management practices and their optimization.

Theory
UNIT I
Systems classification; flow charts, modeling techniques and methods of
integration, feedbacks and relational diagrams.
UNIT 1l
Elementary models for crop growth based on basic methods of classical growth
analysis.
UNIT 1
Crop modeling methods for crop-weather interaction, climate change and
variability components.
UNIT IV
Potential production: leaf and canopy CO, assimilation, respiration, dry matter
accumulation, crop phenology and dry matter distribution and development in
different crops.
UNIT V
Production by moisture availability, potential evapotranspiration, water
balance of the soil, and production with nutrient and moisture limitations.

Practical
* Simulation of elementary models for crop growth
* Simulation of potential production
* Simulation with limitations of water and nutrient management options
» Sensitivity analysis using different climatic years and crop management
practices

Suggested Readings

Gordan G. 1992. System Simulation. 2nd Ed. Prentice Hall. Kropff MJ & Vann
Laar HH. (Ed.). 1993. Modeling Crop Weed Interactions. ISBN.

Mathews RB, Kropff MJ, Bachelet D & Vaan Laar HH. (Eds.). 1993.
Modeling the Impact of Climate Change on Rice Production in Asia.
CABI.

Penning de Vries FWT & Van Laar HH. (Eds.). 1982. Simulation of Plant
Growth and Crop Production. Wageningen Centre for Agricultural

Publications and Documentation, Netherlands.

Ritchie JT & Hanks J. 1991. Modelling Plant and Soil Systems. American
Society of Agronomy, Madison.

Zeigler BP. 1976. Theory of Modeling and Simulation. John Wiley & Sons.

AGRON 604 ADVANCES IN CROP GROWTH AND PRODUCTIVITY (2+1)
Objective
To study the physiology of vegetative and reproductive growth in relation to
productivity of different crops in various environments.
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Theory

UNIT I

Plant density and crop productivity; plant and environmental factors, yield,
plant distribution, strategies for maximizing solar energy utilization; leaf area;
interception of solar radiation and crop growth; photosynthesis: the
photosynthetic apparatus, factors essential for photosynthesis; difference in
photosynthetic rates among and within species; physiological limitations to
crop yield; solar radiation concept and agro-techniques for harvesting solar
radiation.

UNIT 1l

Growth analysis: concept, CGR, RGR, NAR, LAI, LAD, LAR; validity and
Limitations in interpreting crop growth and development; growth curves:
sigmoid, polynomial and asymptotic; root systems; root-shoot relationship;
principles involved in inter and mixed cropping systems under rain fed and
irrigated conditions; concept and differentiation of inter and mixed cropping;
criteria in assessing the yield advantages.

UNIT 1

Competitive relationship and competition functions; biological and agronomic
basis of yield advantage under intercropping; physiological principles of dry
land crop production, constraints and remedial measures; heat unit concept of
crop maturity: concept and types of heat units.

UNIT IV

Concept of plant ideotypes: crop physiological and new ideotypes;
characteristics of ideotypes for wheat, rice, maize, etc.; concept and types of
growth hormones; their role in field crop production; efficient use of resources.

Practical

» Field measurement of root-shoot relationship in crops at different growth
stages

» Estimation of growth evaluating parameters like CGR, RGR, NAR, LAI
etc., at different stages of crop growth

«  Computation of harvest index of various crops

« Assessment of crop yield on the basis of yield attributing characters

» Construction of crop growth curves based on growth analysis data

+ Computation of competition functions, viz. LER, IER aggressively
competition index etc inintercropping

+ Senescence and abscission indices

» Analysis of productivity trend in un-irrigated areas

» Analysis of productivity trend in irrigated areas

Suggested Readings

Chopra VL & Paroda RS. 1984. Approaches for Incorporation of Drought and
Salinity Resistance in Crop Plants. Oxford and IBH.

Delvin RM & Vitham FH. 1986. Plant Physiology. CBS Publ.

Evans LT. 1975. Crop Physiology. Cambridge Univ. Press.

Evans LT. 1996. Crop Evolution, Adaptation and Yield. Cambridge Univ.
Press.

Gupta US. (Ed.). 1995. Production and Improvement of Crops for Drylands.
Oxford & IBH.

Gupta US. 1988. Progress in Crop Physiology. Oxford and IBH.
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AGRON 605
(2+1)

Kramer PJ & Boyer JS. 1995. Water Relations of Plant and Soils.Academic
Press.

Mukherjee S & Ghosh AK. 1996. Plant Physiology. Tata McGraw Hill.

Narwal SS, Politycka B & Goswami CL. 2007. Plant Physiology: Research
Methods. Scientific Publishers.

IRRIGATION MANAGEMENT

Objective

To teach students about optimization of irrigation in different crops under
variable agro climatic conditions.

Theory

UNIT I

Water resources of India, irrigation projects; irrigation needs, atmospheric,
soil, agronomic, plant and water factors affecting irrigation need; water deficits
and crop growth.

UNIT 1l

Soil-plant-water  relationships,  transpiration and evapotranspiration,
significance of transpiration, energy utilization in transpiration, physiological
processes and crop productivity.

UNIT 1

Infiltration; water movement under saturated and unsaturated conditions;
management practices for improving water use efficiency of crops.

UNIT IV

Application of irrigation water, conveyance and distribution system, irrigation
efficiency; agronomic considerations in the design and operation of irrigation
projects; characteristics of irrigation and farming systems affecting irrigation
management.

UNIT V

Strategies of using limited water supply; factors affecting ET, control of ET by
mulching and use of anti-Tran spirants; fertilizer use in relation to irrigation;
optimizing the use of given irrigation supplies.

UNIT VI

Land suitability for irrigation, land irrigability classification; integrated water
management in command areas, institution of water management in
commands, farmer’s participation in command areas; irrigation legislation.

Practical

* Determination of water infiltration characteristics and water holding capacity of
soil profiles
» Moisture extraction pattern of crops

» Consumptive use, water requirement of a given cropping pattern for
optimum/variable productivity
* Crop planning at the farm and project level
» Agronomic evaluation of irrigation projects, case studies

Suggested Readings

FAO. 1984. Irrigation Practice and Water Management. Oxford & IBH.
Michael AM. 1978. Irrigation: Theory and Practice. Vikas Publ.
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Mishra RR & Ahmad M. 1987. Manual on Irrigation and Agronomy. Oxford
& IBH.

Panda SC. 2003. Principles and Practices of Water Management. Agrobios.

Reddy SR. 2000. Principles of Crop Production. Kalyani.

Sankara Reddy GH & Yellamananda Reddy 1995. Efficient Use of Irrigation
Water. In: Gupta US. (Ed.). Production and Improvement of Crops for
Drylands. Oxford & IBH.

Singh SS. 2006. Principles and Practices of Agronomy. In: Gupta US. (Ed.).
Production and Improvement of Crops for Drylands. Oxford & IBH.

AGRON 606 ADVANCES IN WEED MANAGEMENT
(2+0)
Objective
To teach about the changing weed flora, new herbicides, their resistance,
toxicity, antidotes and residue management under different cropping systems.
Theory
UNIT I
Crop-weed competition in different cropping situations; changes in weed flora,
various causes and affects.
UNIT 1l
Physiological and biological aspects of herbicides, their absorption,
translocation, metabolism and mode of action; selectivity of herbicides and
factors affecting them.
UNIT 1
Climatic factors and phytotoxicity of herbicides; fate of herbicides in soil and
factors affecting them, residue management of herbicides, adjuvants.
UNIT IV
Advances in herbicide application techniques; herbicide resistance; antidotes
and crop protection compatibility of herbicides of different groups;
compatibility of herbicides with other pesticides.
UNIT V
Development of transgenic herbicide resistant crops; herbicide development,
registration procedures.
UNIT VI
Relationship of herbicides with tillage, fertilizer and irrigation; bio herbicides,
allelochemical herbicide bioassays.
Suggested Readings
Aldrich RJ & Kramer R.J. 1997. Principles in Weed Management. Panama
Publ.
Ashton FM & Crafts AS. 1981. Mode of Action of Herbicides. 2nd Ed. Wiley-
Inter Science.
Gupta OP. 2000. Weed Management — Principles and Practices. Agrobios.
Mandal RC. 1990. Weed, Weedicides and Weed Control - Principles and
Practices. Agro-Botanical Publ.
Rao VS. 2007. Principles of Weed Science. Oxford & IBH.
Ross MA & Carola Lembi A. 1999. Applied Weed Science. 2nd Ed. Prentice
Hall.
Subramanian SAM & Kumar R.J. 1997. All About Weed Control. Kalyani.
Zimdahl RL. 1999. Fundamentals of Weed Science. 2nd Ed. Academic Press.
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AGRON 607 INTEGRATED FARMING SYSTEMS FOR
(2+0)
SUSTAINABLE AGRICULTURE

Objective
To apprise about different enterprises suitable for different agro climatic
conditions for sustainable agriculture.
Theory
UNIT I
Farming systems: definition and importance; classification of farming systems
according to type of rotation, intensity of rotation, degree of
commercialization, water supply, enterprises.
UNIT 1l
Concept of sustainability in farming systems; efficient farming systems;
natural resources - identification and management.
UNIT 1
Production potential of different components of farming systems; interaction
and mechanism of different production factors; stability in different systems
through research; eco-physiological approaches to intercropping.
UNIT IV
Simulation models for intercropping; soil nutrient in intercropping; preparation
of different farming system models; evaluation of different farming systems.
UNIT V
New concepts and approaches of farming systems and cropping systems and
organic farming; case studies on different farming systems.
Suggested Readings
Ananthakrishnan TN. (Ed.) 1992. Emerging Trends in Biological Control of
Phytophagous Insects. Oxford & IBH.
Balasubramanian P & Palaniappan SP 2006. Principles and Practices of
Agronomy. Agrobios.
Joshi M & Parbhakarasetty TK. 2005. Sustainability through Organic
Farming. Kalyani.
Lampin N. 1990. Organic Farming. Farming Press Books.
Palaniappan SP & Anandurai K. 1999. Organic Farming - Theory
andPractice. Scientific Publ.
Panda SC. 2004. Cropping systems and Farming Systems. Agribios.
Reddy MV. (Ed.). 1995. Soil Organisms and Litter Decomposition in
theTropics. Oxford & IBH.
Sharma AK. 2001. A Hand Book of Organic Farming. Agrobios.
Singh SP. (Ed) 1994. Technology for Production of Natural Enemies. PDBC,
Bangalore.
Trivedi RN. 1993. A Text Book of Environmental Sciences. Anmol Publ.
Veeresh GK, Shivashankar K & Suiglachar MA. 1997. Organic Farmingand
Sustainable Agriculture. Association for Promotion of Organic
Farming, Bangalore.
Venkata Rao BV. 1995. Small Farmer Focused Integrated Rural
Development: Socio-economic Environment and Legal Perspective. Publ.
3. Parisaraprajna Parishtana, Bangalore.
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AGRON 608 SOIL CONSERVATION AND WATERSHED MANAGEMENT  (2+1)
Objective
To teach about different soil moisture conservation technologies for enhancing
the agricultural productivity through holistic approach watershed management.
Theory
UNIT I
Soil erosion: definition, nature and extent of erosion; types of erosion, factors
affecting erosion.
UNIT 1l
Soil conservation: definition, methods of soil conservation; agronomic
measures - contour cultivation, strip cropping, cover crops; vegetative barriers;
improved dry farming practices; mechanical measures - bunding, gully control,
bench terracing; role of grasses and pastures in soil conservation; wind breaks
and shelter belts.
UNIT 1
Watershed management: definition, objectives, principles, concepts, approach,
components, steps in implementation of watershed; development of cropping
systems for watershed areas.
UNIT IV
Land use capability classification, alternate land use systems; agro-forestry; lay
farming; jhum and taungya cultivation - basic concepts, socio-ethnic aspects,
its layout.
UNIT V
Drainage considerations and agronomic management; rehabilitation of
abandoned jhum lands and measures to prevent soil erosion.
Practical
* Study of different types of erosion
* Field studies of different soil conservation measures
* Run-off and soil loss measurements
* Laying out run-off plot and deciding treatments
* Identification of different grasses and trees for soil conservation
* Visit to a soil conservation research centre, demonstration and training centre
Suggested Readings
Arakeri HR & Roy D. 1984. Principles of Soil Conservation and Water
Management. Oxford & IBH.
Dhruvanarayana VV. 1993. Soil and Water Conservation Research in India.
ICAR.
FAO. 2004. Soil and Water Conservation in Semi-Arid Areas. Soils Bull.,
Paper 57.
Frederick RT, Hobbs J, Arthur D & Roy L. 1999. Soil and Water
Conservation: Productivity and Environment Protection. 3rd Ed. Prentice

Hall.
Gurmel Singh, Venkataraman CG, Sastry B & Joshi P. 1990. Manual of Soil
and Water Conservation Practices. Oxford & IBH.

Murthy VVN. 1995. Land and Water Management Engineering. Kalyani.

Tripathi RP & Singh HP. 1993. Soil Erosion and Conservation. Wiley Eastern.

Yellamanda Reddy T & Sankara Reddy GH. 1992. Principles of Agronomy.
Kalyani.
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AGRON 609 STRESS CROP PRODUCTION (2+1)

Objective
To study various types of stresses in crop production and strategies to
overcome them.

Thery
UNIT I
Stress and strain terminology; nature and stress injury and resistance; causes of
stress.
UNIT 1l
Low temperature stress: freezing injury and resistance in plants, measurement
of freezing tolerance, chilling injury and resistance in plants, practical ways to
overcome the effect of low temperature stress through, soil and crop
manipulations.
UNIT 1
High temperature or heat stress: meaning of heat stress, heat injury and
resistance in plants, practical ways to overcome the effect of heat stress
through soil and crop manipulations.
UNIT IV
Water deficit stress: meaning of plant water deficient stress and its effect on
growth and development, water deficit injury and resistance, practical ways to
overcome effect of water deficit stress through soil and crop, manipulations.
UNIT V
Excess water or flooding stress: meaning of excess water stress, its kinds and
effects on crop plants, excess water stress injury and resistance, practical ways
to overcome excess water stress through soil and crop manipulations.
UNIT VI
Salt stress: meaning of salt stress and its effect on crop growth, salt stress
injury and resistance in plants, practical ways to overcome the effect of salt
stress through soil and crop manipulations.
UNIT VII
Mechanical impedance of soil and its impact on plant growth; measures to
overcome soil mechanical impedance.
UNIT VIII
Environmental pollution: air, soil and water pollution, and their effect on crop
growth and quality of produce; ways and means to prevent environmental
pollution.

Practical

* Determination of electrical conductivity of plant cell sap

* Determination of osmotic potential and tissue water potential

* Measurement of transpiration rate

* Measurement of stomatal frequency

Growing of plants in sand culture under salt stress for biochemical and
physiological studies

* Studies on effect of osmotic and ionic stress on seed germination and
seedling growth

* Measurement of low temperature injury under field conditions

Suggested Readings

Baker FWG.1989. Drought Resistance in Cereals. Oxon, UK.
Gupta U.S. (Ed.). 1988. Physiological Aspects of Dryland Farming. Oxford &
IBH.
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Kramer PJ.1983. Water Relations of Plants. Academic Press.
Levitt J. 1980. Response of Plants to Environmental Stresses. Vols. I, Il.

Academic Press.

Mavi HS.1978. Introduction to Agro-meteorology. Oxford & IBH.
Michael AM & Ojha TP.1981. Principles of Agricultural Engineering. Vol II.

Jain Bros.

Nilsen ET & Orcut DM. 1996. Physiology of Plants under Stress - Abiotic
Factors. John Wiley & Sons.

Singh K. 2000. Plant Productivity under Environmental Stress. Agribios.

Singh KN & Singh RP. 1990. Agronomic Research Towards Sustainable
Agriculture. Indian Society of Agronomy, New Delhi.

Somani LL & Totawat KL. 1992. Management of Salt-affected Soils and

Waters. Agrotech Publ.

Virmani SM, Katyal JC, Eswaran H & Abrol 1P.1994. Stressed Ecosystem and
Sustainable Agriculture. Oxford & IBH.

Scientific Journal related to agronomy

Sr.
No.
1.
2.

Nook~w

10.

11.
12.
13.
14.
15.
16.
17.
18.

Name of the Journal

Advances in Agronomy
Agriculture, Ecosystems
Environment

Agricultural Systems

Agricultural Water Management
Agronomy Journal

Annual Review of Plant Physiology
Applied Ecology and Environment
Research

and

Australian  Journal of  Agricultural
Research
Australian Journal of Experimental
Agriculture

Crop Protection

Environment and Ecology

European Journal of Agronomy
Fertilizer Research

Field Crops Research

Indian Journal of Agricultural Sciences
Indian Journal of Agronomy

Indian Journal of Ecology

Indian Journal of Weed Science

Sr.
No.
19.
20.

21.
22.
23.
24,
25.

26.

27.

28.

29.
30.
31.
32.
33.
34.
35.
36.

Name of the Journal

Irrigation Science
Japanese Journal of Crop Science

Journal of Agronomy

Journal of Applied Ecology

Journal of Experimental Botany
Journal of Farming Systems Research
Journal of Range Management
Journal  of Science
Cambridge

Journal of Sustainable Agriculture

Agricultural

Netherlands Journal
Sciences

Nutrient Cycling in Agroecosystems
Pesticide Biochemistry and Physiology
Plant and Soil

Plant Production Science

Soil and Tillage Research

Swedish Journal of Agricultural Research
Tropical Agriculture

Weed Research

of Agricultural
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Suggested Broad Topics for Master’s and Doctoral Research
* Crop diversification under different agricultural situations
* Development of farming systems for marginal, small and other farmers
* Agricultural information at door step/click of mouse
 Farm-specific nutrient management
* Weed management in different cropping/farming systems
* Nutrient studies in different cropping/farming systems
* Biodiversity of farming systems for conservation
* Organic farming systems for different regions
* Modeling for different crop situations
* Conservation agriculture for yield sustainability
* Role of edaphic factors on weeds proliferation and management
* Implications of global warming on weed growth and herbicide behaviors
* Ecological implications of using thresholds for weed management
* Effect of cultivation practices and herbicides on weed flora shift
* GM crops and weed management strategies
* Weed management under reduced moisture regime in major summer/kharif
crops
* Avoidance of herbicide resistance using IWM
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CODE
SOILS 501*
SOILS 502*
SOILS 503*
SOILS 504*

SOILS 505
SOILS 506*
SOILS 507
SOILS 508
SOILS 509
SOILS 510

SOILS 511

SOILS 512
SOILS 513
SOILS 514
SOILS 515
SOILS 591
SOILS 599
SOILS 601
SOILS 602
SOILS 603
SOILS 604
SOILS 605
SOILS 606

SOILS 691
SOILS 692
SOILS 699

SOIL SCIENCE
Course Structure — at a Glance
COURSE TITLE

SOIL PHYSICS
SOIL FERTILITY AND FERTILIZER USE
SOIL CHEMISTRY
SOIL MINERALOGY, GENESIS, CLASSIFICATION AND
SURVEY
SOIL EROSION AND CONSERVATION
SOIL BIOLOGY AND BIOCHEMISTRY
GEOMORPHOLOGY AND GEOCHEMISTRY
RADIOISOTOPES IN SOIL AND PLANT STUDIES
SOIL, WATER AND AIR POLLUTION
REMOTE SENSING AND GIS TECHNIQUES FOR SOIL
AND CROP STUDIES
ANALYTICAL TECHNIQUES AND INSTRUMENTAL
METHODS IN SOIL AND PLANT ANALYSIS
SYSTEM APPROACHES IN SOIL AND CROP STUDIES
MANAGEMENT OF PROBLEMATIC SOILS AND WATERS
FERTILIZER TECHNOLOGY
LAND DEGRADATION AND RESTORATION
MASTER’S SEMINAR
MASTER’S RESEARCH
ADVANCES IN SOIL PHYSICS
ADVANCES IN SOIL FERTILITY
PHYSICAL CHEMISTRY OF SOILS
SOIL GENESIS AND MICROPEDOLOGY
BIOCHEMISTRY OF SOIL ORGANIC MATTER
LAND USE PLANNING AND WATERSHED
MANAGEMENT
DOCTORAL SEMINAR 1
DOCTORAL SEMINAR 11
DOCTORAL RESEARCH

*Compulsory for Master’s programme

PRE-REQUISITE COURSES FOR BASIC SCIENCE STUDENTS
1. Ag.chem.1.1: Introduction to Soil Science (2+1)
2. Ag.Chem.2.2: Soil Chemistry, Soil Fertility and Nutrient Management (2+1)

CREDIT
2+1
3+1
2+1
2+1

2+1
2+1
2+0
1+1
2+1
2+1

0+2

2+1
2+1
1+0
1+0
1+0
20
2+0
2+0
2+0
2+0
2+0
2+0

1+0

1+0
45
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SOIL SCIENCE AND AGRICULTURAL CHEMISTRY

SOILS 501

SOIL PHYSICS (2+1)

Objective

Theory

To impart basic knowledge about soil physical properties and processes in
relation to plant growth.

Scope of soil physics and its relation with other branches of soil science; soil
as a three phase system. Soil texture, textural classes, mechanical analysis,
specific surface. Soil consistence; dispersion and workability of soils; soil
compaction and consolidation; soil strength; swelling and shrinkage - basic
concepts. Soil structure - genesis, types, characterization and management soil
structure; soil aggregation, aggregate stability; soil tilth, characteristics of good
soil tilth; soil crusting - mechanism, factors affecting and evaluation; soil
conditioners; puddling, its effect on soil physical properties; clod formation.
Soil water: content and potential, soil water retention, soil-water constants,
measurement of soil water content, energy state of soil water, soil water
potential, soil-moisture characteristic curve; hysteresis, measurement of soil-
moisture potential. Water flow in saturated and unsaturated soils, Poiseuille’s
law, Darcy’s law; hydraulic conductivity, permeability and fluidity, hydraulic
diffusivity; measurement of hydraulic conductivity in saturated and
unsaturated soils. Infiltration; internal drainage and redistribution; evaporation;
hydrologic cycle, field water balance; soil-plant-atmosphere continuum.
Composition of soil air; renewal of soil air - convective flow and diffusion;
measurement of soil aeration; aeration requirement for plant growth; soil air
management. Modes of energy transfer in soils; energy balance; thermal
properties of soil; measurement of soil temperature; soil temperature in relation
to plant growth; soil temperature management.

Practical

» Mechanical analysis by pipette and international methods

+ Aggregate analysis - dry and wet

»  Measurement of soil-water content by different methods

+ Measurement of soil-water potential by using tensiometer and gypsum
blocks

» Determination of soil-moisture characteristics curve and computation of
pore-size distribution

» Determination of hydraulic conductivity under saturated and unsaturated
conditions

» Determination of infiltration rate of soil

» Determination of aeration porosity

» Soil temperature measurements by different methods

» Estimation of water balance components in bare and cropped fields

Suggested Readings

Baver LD, Gardner WH & Gardner WR. 1972. Soil Physics. John Wiley &
Sons.

Ghildyal BP & Tripathi RP. 2001. Soil Physics. New Age International.

Hanks JR & Ashcroft GL. 1980. Applied Soil Physics. Springer Verlag.

Hillel D. 1972. Optimizing the Soil Physical Environment toward Greater
Crop Yields. Academic Press.

Hillel D. 1980. Applications of Soil Physics. Academic Press.

Hillel D. 1980. Fundamentals of Soil Physics. Academic Press.
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Hillel D. 1998. Environmental Soil Physics. Academic Press.

Hillel D. 2003. Introduction to Environmental Soil Physics. Academic Press.

Indian Society of Soil Science. 2002. Fundamentals of Soil Science. ISSS,
New Delhi.

Kirkham D & Powers WL. 1972. Advanced Soil Physics. Wiley- Interscience.

Kohnke H. 1968. Soil Physics. McGraw Hill.

Lal R & Shukla MK. 2004. Principles of Soil Physics. Marcel Dekker.

Oswal MC. 1994. Soil Physics. Oxford & IBH.

Saha AK. 2004. Text Book of Soil Physics. Kalyani.

Savalia.S.G., Golakiya, B.A. and Patel, S.V. (2009) Soil Physics, Theory and
Practices. Kalyani Publishers, Ludhiana.

SOILS 502 SOIL FERTILITY AND FERTILIZER USE (3+1)
Objective
To impart knowledge about soil fertility and its control, and to understand the
role of fertilizers and manures in supplying nutrients to plants so as to achieve
high fertilizer use efficiency.

Theory

Soil fertility and soil productivity; nutrient sources — fertilizers and manures;
essential plant nutrients - functions and deficiency symptoms. Bulky and
concentrated organic  manures, their composition, characteristics,
transformation in soil and their effect on soil productivity Role of manures in
sustainable agriculture, Enriched compost preparation, Effect of manures on
soil properties, Long term effect of FYM, vermin compost and rural as well as
urban compost, Bulky and concentrated manures and their effect on soil
properties. Soil and fertilizer nitrogen — sources, forms, immobilization and
mineralization, nitrification, denitrification; biological nitrogen fixation -
types, mechanism, microorganisms and factors affecting; nitrogenous
fertilizers and their fate in soils; management of fertilizer nitrogen in lowland
and upland conditions for high fertilizer use efficiency. Soil and fertilizer
phosphorus - forms, immobilization, mineralization, reactions in acid and
alkali soils; factors affecting phosphorus availability in soils; phosphatic
fertilizers - behavior in soils and management under field conditions.
Potassium - forms, equilibrium in soils and its agricultural significance;
mechanism of potassium fixation; management of potassium fertilizers under
field conditions. Sulphur - source, forms, fertilizers and their behavior in soils;
calcium and magnesium— factors affecting their availability in soils;
management of sulphur, calcium and magnesium fertilizers. Micronutrients —
critical limits in soils and plants; factors affecting their availability and
correction of their deficiencies in plants; role of chelates in nutrient
availability. Common soil test methods for fertilizer recommendations;
quantity— intensity relationships; soil test crop response correlations and
response  functions.  Fertilizer use efficiency; blanket fertilizer
recommendations — usefulness and limitations; site-specific nutrient
management; plant need based nutrient management; integrated nutrient
management. Soil fertility evaluation - biological methods, soil, plant and
tissue tests; soil quality in relation to sustainable agriculture.
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Practical

» Principles of colorimetry

* Flame-photometry and atomic absorption spectroscopy

* Chemical analysis of soil for total and available nutrients
* Analysis of plants for essential elements

Suggested Readings

SOILS 503

Brady NC & Weil RR. 2002. The Nature and Properties of Soils. 13th Ed.
Pearson Edu.

Kabata-Pendias A & Pendias H. 1992. Trace Elements in Soils and Plants.
CRC Press.

Kannaiyan S, Kumar K & Govindarajan K. 2004. Biofertilizers Technology.
Scientific Publ.

Leigh JG. 2002. Nitrogen Fixation at the Millennium. Elsevier.

Mengel K & Kirkby EA. 1982. Principles of Plant Nutrition. International
Potash Institute, Switzerland.

Mortvedt JJ, Shuman LM, Cox FR & Welch RM. 1991. Micronutrients in
Agriculture. 2nd Ed. SSSA, Madison.

Pierzinsky GM, Sims TJ & Vance JF. 2002. Soils and Environmental Quality.
2nd Ed. CRC Press.

Stevenson FJ & Cole MA. 1999. Cycles of Soil: Carbon, Nitrogen,
Phosphorus, Sulphur, Micronutrients. John Wiley & Sons.

Tisdale SL, Nelson SL, Beaton JD & Havlin JL. 1999. Soil Fertility and
Fertilizers. 5th Ed. Prentice Hall of India.

Troeh FR & Thompson LM. 2005. Soils and Soil Fertility. Blackwell.

SOIL CHEMISTRY
(2+1)

Objective

To introduce the classical concepts of soil chemistry and to familiarize students
with modern developments in chemistry of soils in relation to using soils as a
medium for plant growth.

Theory

Chemical (elemental) composition of the earth’s crust and soils. Soil colloids:
inorganic and organic colloids - origin of charge, concept of point of zero-
charge (PZC) and its dependence on variable-charge soil components, surface
charge characteristics of soils; diffuse double layer theories of soil colloids,
zeta potential, stability, coagulation/flocculation and peptization of soil
colloids; electrometric properties of soil colloids; sorption properties of soil
colloids; soil organic matter - fractionation of soil organic matter and different
fractions, clay-organic interactions. lon exchange processes in soil; cation
exchange- theories based on law of mass action (Kerr-Vanselow, Gapon
equations, hysteresis, Jenny’s concept), Silicate clay mineral, types of silicate
clay minerals, characteristics and classification and important in agriculture.
AEC, CEC; experimental methods to study ion exchange phenomena and
practical implications in plant nutrition. Potassium, phosphate and ammonium
fixation in soils covering specific and non-specific sorption; precipitation-
dissolution equilibria; step and constant-rate K; management aspects.
Chemistry of acid soils; active and potential acidity; lime potential, chemistry
of acid soils; sub-soil acidity. Chemistry of salt-affected soils and amendments;
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soil pH, ECe, ESP, SAR and important relations; soil management and
amendments. Chemistry and electrochemistry of submerged soils.

Practical
* Determination of CEC and AEC of soils
* Analysis of equilibrium soil solution for pH, EC, Eh by the use of Eh-pH
meter and conductivity meter
* Determination of point of zero-charge and associated surface charge
characteristics by the serial potentiometric titration method

+ « Determination of titratable acidity of an acid soil by BaCI2-TEA method

* Determination of lime requirement of an acid soil by buffer method

* Determination of gypsum requirement of an alkali soil

Suggested Readings

Bear RE. 1964. Chemistry of the Soil. Oxford and IBH.

Bolt GH & Bruggenwert MGM. 1978. Soil Chemistry. Elsevier.

Greenland DJ & Hayes MHB. 1981. Chemistry of Soil Processes. John Wiley
& Sons.

Greenland DJ & Hayes MHB. Chemistry of Soil Constituents. John Wiley &
Sons.

McBride MB. 1994. Environmental Chemistry of Soils. Oxford Univ. Press.

Sposito G. 1981. The Thermodynamics of Soil Solutions. Oxford Univ. Press.

Sposito G. 1984. The Surface Chemistry of Soils. Oxford Univ. Press.

Sposito G. 1989. The Chemistry of Soils. Oxford Univ. Press.

Stevenson FJ. 1994. Humus Chemistry. 2nd Ed. John Wiley & Sons.

Van Olphan H. 1977. Introduction to Clay Colloid Chemistry. John Wiley &
Sons.

SOILS 504 SOIL MINERALOGY, GENESIS, CLASSIFICATION (2+1)
AND SURVEY
Objective
To acquaint students with basic structure of alumino-silicate minerals and
genesis of clay minerals; soil genesis in terms of factors and processes of soil
formation, and to enable students conduct soil survey and interpret soil survey
reports in terms of land use planning.
Theory

Classification, structure, chemical composition and properties of clay minerals;
genesis and transformation of crystalline and non-crystalline clay minerals;
identification techniques; amorphous soil constituents and other non-crystalline
silicate minerals and their identification; clay minerals in Indian soils. Factors
of soil formation, soil formation models; soil forming processes; weathering of
rocks and mineral transformations; soil profile; weathering sequences of
minerals with special reference to Indian soils. Concept of soil individual; soil
classification systems — historical developments and modern systems of soil
classification with special emphasis on soil taxonomy; soil classification, soil
mineralogy and soil maps — usefulness. Soil survey and its types; soil survey
techniques - conventional and modern; soil series — characterization and
procedure for establishing soil series; benchmark soils and soil correlations;
soil survey interpretations; soil mapping, thematic soil maps, cartography,
mapping units, techniques for generation of soil maps. Landform — soil
relationship; major soil groups of India with special reference to respective
states; land capability classification and land irrigability classification; land
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evaluation and land use type (LUT) — concept and application; approaches for
managing soils and landscapes in the framework of agro-ecosystem.
Practical

* Identification of rocks and minerals

* Morphological properties of soil profile in different landforms

» Classification of soils using soil taxonomy

» Calculation of weathering indices and its application in soil formation

* Grouping soils using available data base in terms of soil quality

* Aerial photo and satellite data interpretation for soil and land use

* Cartographic techniques for preparation of base maps and thematic maps,
processing of field sheets, compilation and obstruction of maps in different
scales

* Land use planning exercises using conventional and RS tools

Suggested Readings

Brady NC & Weil RR. 2002. The Nature and Properties of Soils. 13th Ed.
Pearson Edu.

Buol EW, Hole ED, MacCracken RJ & Southard RJ. 1997. Soil Genesis and
Classification. 4th Ed. Panima Publ.

Dixon JB & Weed SB. 1989. Minerals in Soil Environments. 2nd Ed. Soil
Science Society of America, Madison.

Grim RE. 1968. Clay Mineralogy. McGraw Hill.

Indian Society of Soil Science 2002. Fundamentals of Soil Science. ISSS, New
Delhi.

Sehgal J. 2002. Introductory Pedology: Concepts and Applications. New Delhi

Sehgal J. 2002. Pedology - Concepts and Applications. Kalyani.

USDA. 1999. Soil Taxonomy. Hand Book No. 436. 2nd Ed. USDA NRCS,
Washington.

Wade FA & Mattox RB. 1960. Elements of Crystallography and Mineralogy.
Oxford & IBH.

Wilding LP & Smeck NE. 1983. Pedogenesis and Soil Taxonomy: Il. The Soil
Orders. Elsevier.

Wilding NE & Holl GF. (Eds.). 1983. Pedogenesis and Soil Taxonomy. I.
Concept and Interaction. Elsevier.

SOILS 505 SOIL EROSION AND CONSERVATION
(2+1)
Objective
To enable students to understand various types of soil erosion and measures to
be taken for controlling soil erosion to conserve soil and water.

Theory
History, distribution, identification and description of soil erosion problems in
India. Forms of soil erosion; effects of soil erosion and factors affecting soil
erosion; types and mechanisms of water erosion; raindrops and soil erosion;
rainfall erosivity - estimation as EI30 index and kinetic energy; factors
affecting water erosion; empirical and quantitative estimation of water erosion;
methods of measurement and prediction of runoff; soil losses in relation to soil
properties and precipitation. Wind erosion- types, mechanism and factors
affecting wind erosion; extent of problem in the country. Principles of erosion
control; erosion control measures — agronomical and engineering; erosion
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control structures - their design and layout. Soil conservation planning; land
capability classification; soil conservation in special problem areas such as
hilly, arid and semi-arid regions, waterlogged and wet lands. Watershed
management - concept, objectives and approach; water harvesting and
recycling; flood control in watershed management; socioeconomic aspects of
watershed management; case studies in respect to monitoring and evaluation of
watersheds; use of remote sensing in assessment and planning of watersheds.

Practical
* Determination of different soil erodibility indices - suspension percentage,
dispersion ratio, erosion ratio, clay ratio, clay/moisture equivalent ratio,
percolation ratio, raindrop erodibility index
» Computation of kinetic energy of falling rain drops
» Computation of rainfall erosivity index (EI30) using rain gauge data
* Visits to a watersheds

Suggested Readings

Biswas TD & Narayanasamy G. (Eds.) 1996. Soil Management in Relation to
Land Degradation and Environment. Bull. Indian Society of Soil Science
No. 17.

Doran JW & Jones AJ. 1996. Methods of Assessing Soil Quality. Soil Science
Society of America, Spl Publ. No. 49, Madison, USA.

Gurmal Singh, Venkataramanan C, Sastry G & Joshi BP. 1990. Manual of Soil
and Water Conservation Practices. Oxford & IBH.

Hudson N. 1995. Soil Conservation. lowa State Univ. Press.

Indian Society of Soil Science 2002. Fundamentals of Soil Science. ISSS, New
Delhi.

Oswal MC. 1994. Soil Physics. Oxford & IBH.

SOILS 506 SOIL BIOLOGY AND BIOCHEMISTRY
(2+1)
Objective
To teach students the basics of soil biology and biochemistry, including
biogeochemical cycles, plant growth promoting rhizobacteria, microbial
interactions in soil and other soil activities.
Theory

Soil biota, soil microbial ecology, types of organisms in different soils; soil
microbial biomass; microbial interactions; un-culturable soil biota.
Microbiology and biochemistry of root-soil interface; phyllosphere; soil
enzymes, origin, activities and importance; soil characteristics influencing
growth and activity of microflora. Microbial transformations of nitrogen,
phosphorus, sulphur, iron and manganese in soil; biochemical composition and
biodegradation of soil organic matter and crop residues, humus formation;
cycles of important organic nutrients. Biodegradation of pesticides, organic
wastes and their use for production of biogas and manures; biotic factors in soil
development; microbial toxins in the soil. Preparation and preservation of
farmyard manure, animal manures, rural and urban composts and
vermicompost. Biofertilizers — definition, scope, classification, specifications,
method of production and role in crop production. Constraint in application of
biofertilizers.

221



Practical

» Determination of soil microbial population

+  Soil microbial biomass

« Elemental composition, fractionation of organic matter and functional
groups

»  Decomposition of organic matter in soil

+ Soil enzymes

* Measurement of important soil microbial processes such as
ammonification, nitrification, N2 fixation, S oxidation, P solubilization and
mineralization of other micro nutrients

+  Study of rhizosphere effect

Suggested Readings

Alexander M. 1977. Introduction to Soil Microbiology. John Wiley & Sons.

Burges A & Raw F. 1967. Soil Biology. Academic Press.

McLaren AD & Peterson GH. 1967. Soil Biochemistry. Vol. XI. Marcel
Dekker.

Metting FB. 1993. Soil Microbial Ecology — Applications in Agricultural and
Environmental Management. Marcel Dekker.

Paul EA & Ladd JN. 1981. Soil Biochemistry. Marcel Dekker.

Reddy MV. (Ed.). Soil Organisms and Litter in the Tropics. Oxford & IBH.

Russel RS. 1977. Plant Root System: Their Functions and Interaction with the
Soil. ELBS & McGraw Hill.

Stotzky G & Bollag JM. 1993. Soil Biochemistry. Vol. VIII. Marcel Dekker.

Sylvia DN. 2005. Principles and Applications of Soil Microbiology. Pearson

Edu.
Wild A. 1993. Soil and the Environment - An Introduction. Cambridge Univ.
Press.
SOILS 507 GEOMORPHOLOGY AND GEOCHEMISTRY
(2+0)

Objective
To impart knowledge about the landforms, physiography and morphologyof
the earth surface, and distribution and weathering elements in the earth crust.

Theory
General introduction to geology and geochemistry, major and minor
morphogenic and genetic landforms, study of schematic landforms and their
elements with special reference to India. Methodology of geomorphology, its
agencies, erosion and weathering; soil and physiography relationships; erosion
surface of soil landscape. Geochemical classification of elements; geo-
chemical aspects of weathering and migration of elements; geochemistry of
major and micronutrients and trace elements.

Suggested Readings
Brikland PW. 1999. Soils and Geomorophology. 3rd Ed. Oxford Univ. Press.
Likens GE & Bormann FH. 1995. Geochemistry. 2nd Ed. Springer Verlag.
Mortvedt JJ, Shuman LM, Cox FR & Welch RM. 1991. Micronutrients in

Agriculture. 2nd Ed. SSSA, Madison.
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SOILS 508 RADIOISOTOPES IN SOIL AND PLANT STUDIES
(1+1)

Objective
To train students in the use of radioisotopes in soil and plant research

Theory
Atomic structure, radioactivity and units; radioisotopes - properties and decay
principles; nature and properties of nuclear radiations; interaction of nuclear
radiations with matter. Principles and use of radiation monitoring instruments -
proportional, Geiger Muller counter, solid and liquid scintillation counters;
neutron moisture meter, mass spectrometry, auto radiography. Isotopic dilution
techniques used in soil and plant research; use of stable isotopes; application of
isotopes in studies on organic matter, nutrient transformations, ion transport,
rooting pattern and fertilizer use efficiency; carbon dating. Doses of radiation
exposure, radiation safety aspects regulatory aspects, collection, storage and
disposal of radioactive wastes
Practical (Theorotical)
» Storage and handling of radioactive materials
* Determination of half life and decay constant
* Preparation of soil and plant samples for radioactive measurements
» Setting up of experiment on fertilizer use efficiency and cation exchange
equilibria using radioisotopes
* Determination of A, E and L values of soil using 32P/ 65Zn
* Use of neutron probe for moisture determination
» Sample preparation and measurement of 15N enrichment by mass
spectrophotometery/ emission spectrometry
Suggested Readings
Comer CL. 1955. Radioisotopes in Biology and Agriculture: Principles and
Practice. Tata McGraw Hill.
Glasstone S. 1967. Source Book on Atomic Energy. East West Press.
Michael FL & Annunziata. 2003. Handbook of Radioactivity Analysis. Academic
Press.
Golakiya, B.A., Sakarvadia H.L., Poonam, | Jetpara, Parmar, K.B., Patel, S.V.
(2008) Radiotracer techniques for agriculturist and Biologists. New Publishing
Agency, New Delhi.

SOILS 509 SOIL, WATER AND AIR POLLUTION (2+1)

Objective
To make the students aware of the problems of soil, water and air pollution
associated with use of soils for crop production.

Theory
Soil, water and air pollution problems associated with agriculture, nature and
extent. Nature and sources of pollutants — agricultural, industrial, urban wastes,
fertilizers and pesticides, acid rains, oil spills etc.; air, water and soil pollutants
- their CPC standards and effect on plants, animals and human beings. Sewage
and industrial effluents — their composition and effect on soil properties/health,
and plant growth and human beings; soil as sink for waste disposal. Pesticides
— their classification, behavior in soil and effect on soil microorganisms. Toxic
elements — their sources, behavior in soils, effect on nutrients availability,

223



effect on plant and human health. Pollution of water resources due to leaching
of nutrients and pesticides from soil; emission of greenhouse gases — carbon
dioxide, methane and nitrous oxide. Remediation/amelioration of contaminated
soil and water; remote sensing applications in monitoring and management of
soil and water pollution.
Practical

» Sampling of sewage waters, sewage sludge, solid/liquid industrial wastes,
polluted soils and plants

» Estimation of dissolved and suspended solids, chemical oxygen demand
(COD), biological demand (BOD), nitrate and ammoniacal nitrogen and
phosphorus, heavy metal content in effluents.

» Heavy metals in contaminated soils and plants

Determination of free CO, from the effluent water

» Management of contaminants in soil and plants to safeguard food safety

* Air sampling and determination of particulate matter and oxides of sulphur

* Visit to various industrial sites to study the impact of pollutants on soil and
plants

Suggested Readings

Lal R, Kimble J, Levine E & Stewart BA. 1995. Soil Management and
Greenhouse Effect. CRC Press.

Middlebrooks EJ. 1979. Industrial Pollution Control. Vol. I. Agro- Industries.
John Wiley Interscience.

Ross SM. Toxic Metals in Soil Plant Systems. John Wiley & Sons.

Vesilund PA & Pierce 1983. Environmental Pollution and Control. Ann Arbor
Science Publ.

Mishra, P.C. (1985) Soil Pollution and Soil Organisms

SOILS 510 REMOTE SENSING AND GIS TECHNIQUES FOR (2+1)
SOIL, WATER AND CROP STUDIES

Objective
To impart knowledge about the basic concepts of remote sensing, aerial
photographs and imageries, and their interpretation; application of remote
sensing in general and with special reference to soil, plants and yield
forecasting; to impart knowledge about geo-statistical techniques with special
reference to krigging, and GIS and applications in agriculture.

Theory

Introduction and history of remote sensing; sources, propagation of radiations
in atmosphere; interactions with matter. Sensor systems - camera, microwave
radiometers and scanners; fundamentals of aerial photographs and image
processing and interpretations. Application of remote sensing techniques - land
use soil surveys, crop stress and yield forecasting, prioritization in watershed
and drought management, wasteland identification and management.
Significance and sources of the spatial and temporal variability in soils;
variability in relation to size of sampling; classical and geo-statistical
techniques of evaluation of soil variability. Introduction to GIS and its
application for spatial and non-spatial soil and land attributes.
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Practical

* Familiarization with different remote sensing equipments and data products

* Interpretation of aerial photographs and satellite data for mapping of land
resources

* Analysis of variability of different soil properties with classical and
geostatistical techniques

* Creation of data files in a database programme

* Use of GIS for soil spatial simulation and analysis

* To enable the students to conduct soil survey and interpret soil survey reports in
terms of land use planning

Suggested Readings
Brady NC & Weil RR. 2002. The Nature and Properties of Soils. 13th Ed.
Pearson Edu.
Elangovan K. 2006. GIS Fundamentals, Applications and Implementations.
New India Publ. Agency.
Lillesand TM & Kiefer RW. 1994. Remote Sensing and Image Interpretation.

3rd Ed. Wiley.
Nielsen DR & Wendroth O. 2003. Spatial and Temporal Statistics. Catena
Verloggmbh.
Star J & Esles J. 1990. Geographic Information System: An Introduction.
Prentice Hall.
SOILS 511 ANALYTICAL TECHNIQUES AND INSTRUMENTAL (0+2)

METHODS IN SOIL AND PLANT ANALYSIS

Objective
To familiarize the students with commonly used instruments — their working,
preparations of common analytical reagents for qualitative and quantitative
analysis of both soil as well as plant samples.

Practical

Preparation of solutions for standard curves, analytical reagents, qualitative
reagents, indicators and standard solutions for acid-base, oxidation reduction
and complexometric titration; soil, water and plant sampling techniques, their
processing and handling. Determination of nutrient potentials and potential
buffering capacities of soils for phosphorus and potassium; estimation of
phosphorus, ammonium and potassium fixation capacities of soils. Principles
of visible, ultraviolet and infrared spectrophotometery, atomic absorption,
flame-photometry, inductively coupled plasma spectrometry; chromatographic
techniques, mass spectrometry and X-ray defractrometery; identification of
minerals by X-ray by different methods. determination of cation and anion
exchange capacities of soils; estimation of exchangeable cations (Na, Ca, Mg,
K); estimation of root cation exchange capacity. Analysis of soil and plant
samples for N, P, K, Ca, Mg, S, Zn, Cu, Fe, Mn, B and Mo; analysis of plant
materials by digesting plant materials by wet and dry ashing and soil by wet
digestion methods. Determination of lime and gypsum requirement of soil.
Analysis of soil extracts and irrigation waters for their soluble cations and
anions and interpretation of results.
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Suggested Readings

Hesse P. 971. Textbook of Soil Chemical Analysis. William Clowes & Sons.

Jackson ML. 1967. Soil Chemical Analysis. Prentice Hall of India.

Keith A Smith 1991. Soil Analysis; Modern Instrumental Techniques. Marcel
Dekker.

Kenneth Helrich 1990. Official Methods of Analysis. Association of Official
Analytical Chemists.

Page AL, Miller RH & Keeney DR. 1982. Methods of Soil Analysis. Part II.
SSSA, Madison.

Piper CE. Soil and Plant Analysis. Hans Publ.

Singh D, Chhonkar PK & Pandey RN. 1999. Soil Plant Water Analysis — A
Methods Manual. IARI, New Delhi.

Tan KH. 2003. Soil Sampling, Preparation and Analysis. CRC Press/Taylor &
Francis.

Tandon HLS. 1993. Methods of Analysis of Soils, Fertilizers and Waters.
FDCO, New Delhi.

Vogel A.L. 1979. A Textbook of Quantitative Inorganic Analysis. ELBS
Longman.

SOILS 512 SYSTEM APPROACHES IN SOIL AND CROP STUDIES  (2+1)

Objective
To train the students in concepts, methodology, technology and use of systems
simulation in soil and crops studies.
Theory
Systems concepts - definitions, general characteristics; general systems theory;
systems thinking, systems dynamics, systems behavior and systems study.
Model: definition and types; mathematical models and their types; modeling:
concepts, objectives, processes, abstraction techniques; simulation models,
their verification and validation, calibration; representation of continuous
systems simulation models - procedural and declarative. Simulation - meaning
and threats; simulation experiment, its design and analysis. Application of
simulation models in understanding system behavior, optimizing system
performance, evaluation of policy options under different soil, water, nutrient,
climatic and cultural conditions; decision support system, use of simulation
models in decision support system.
Practical
* Use of flow chart or pseudo-code in the program writing
» Writing a small example simulation model program - declarative (in Vensim
PLE, Stella or Simile) and procedural (in Java, Fortran, QBasic or V Basic)
» Conducting simulation experiments in DSSAT, WOFOST or EPIC with
requirement of report and conclusion

Suggested Readings

Benbi DK & Nieder R. (Eds.). 2003. Handbook of Processes and Modelling in
the Soil - Plant System. Haworth Press.

Hanks J & Ritchie JT. (Eds.). 1991. Modelling Plant and Soil System.
Agronomy. Bull. No 31. Soil Sci. Society of America, Madison.

Rajaraman V. 2004. Computer Programming in Fortran 90 and 95. PHI.

Tsuji GY, Gerrit H & Philip T. 1998. Understanding Options for Agricultural
Production. Kluwer.
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von Bertalanffy Ludwig 1969. General Systems Theory: Foundation
Development and Application. Revised Ed. George Braziller Reprint 1998.
Web sites
o Documentation of the respective models. (http://www.simulistics.com/
for Simile; http://www.iseesystems.com for Stella; and
http://www.vensim.com/software.html for vensim PLE)
http://www.icasa.net/dssat/index.html for DSSAT,;
http://www.brc.tamus.edu/epic/ for EPIC
http://www.nrel.colostate.edu/projects/century/ for Century
http://www.alterra.wur.nl/NL/for WOFOST
http://www.apsru.gov.au/ apsru/Default.htm for APSIM
http://eco.wiz.uni-kassel.de/ecobas.html online Register of ecological models
Plentinger MC Penning de Vries FWT, Editors (1996) CAMASE Register of
Agro-ecosystems Models. DLO-Research Institute for Agrobiology and Soil
Fertility (AB-DLO)
e Agricultural Systems — Elsevier at
http://www.elsevier.com/wps/product/cws_home /405851
e Ecological Modeling — Elsevier at
http://www.elsevier.com/locate/ecolmodel

SOILS 513 MANAGEMENT OF PROBLEM SOILS AND WATERS (2+1)

Objective
To educate students about basic concepts of problem soils and brackish water,
and their management. Attention will be on management of problem soils and
safe use of brackish water in relation to crop production.

Theory
Area and distribution of problem soils — acidic, saline, sodic and physically
degraded soils; origin and basic concept of problematic soils, and factors
responsible. Morphological features of saline, sodic and saline-sodic soils;
characterization of salt-affected soils - soluble salts, ESP, pH; physical,
chemical and microbiological properties. Management of salt-affected soils;
salt tolerance of crops - mechanism and ratings; monitoring of soil salinity in
the field; management principles for sandy, clayey, red lateritic, calcareous and
dry land soils. Acid soils - nature of soil acidity, sources of soil acidity; effect
on plant growth, lime requirement of acid soils; management of acid soils;
biological sickness of soils and its management. Quality of irrigation water;
management of brackish water for irrigation; salt balance under irrigation;
characterization of brackish waters, area and extent; relationship in water use
and quality. Agronomic practices in relation to problematic soils; cropping
pattern for utilizing poor quality ground waters.

Practical
« Characterization of acid, acid sulfate, salt-affected and calcareous soils
* Determination of cations (Na+, K+, Ca++ and Mg++) in ground water and
soil samples
* Determination of anions (Cl-, SO4,, CO;™ and HCOy) in ground waters and
soil samples
* Lime and gypsum requirements of acid and sodic soils
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Suggested Readings

SOILS 514

Bear FE. 1964. Chemistry of the Soil. Oxford & IBH.

Jurinak JJ. 1978. Salt-affected Soils. Department of Soil Science &
Biometeorology. Utah State Univ.

USDA Handbook No. 60. 1954. Diagnosis and improvement of Saline and
Alkali Soils. Oxford & IBH.

FERTILIZER TECHNOLOGY (1+0)

Objective

Theory

To impart knowledge about how different fertilizers are manufactured using
different kinds of raw materials and handling of fertilizers and manures.

Fertilizers — production, consumption and future projections with regard to
nutrient use in the country and respective states; fertilizer control order.
Manufacturing processes for different fertilizers using various raw materials,
characteristics and nutrient contents. Recent developments in secondary and
micronutrient fertilizers and their quality control as per fertilizer control order.
New and emerging issues in fertilizer technology — production and use of slow
and controlled release fertilizers, super granules fertilizers and fertilizers for
specific crops/situations.

Suggested Readings

Brady NC & Weil RR. 2002. The Nature and Properties of Soils. Pearson Edu.

Fertilizer (Control) Order, 1985 and the Essential Commodities Act. FAI New
Delhi.

Kanwar JS. (Ed.). 1976. Soil Fertility: Theory and Practice. ICAR.

Olson RA, Army TS, Hanway JJ & Kilmer VJ. 1971. Fertilizer Technology
and Use. 2nd Ed. Soil Sci. Soc. Am. Madison.

Prasad R & Power JF. Soil Fertility Management for Sustainable Agriculture.
CRC Press.

Tisdale SL, Nelson SL, Beaton JD & Havlin JL. 1999. Soil Fertility and
Fertilizers. McMillan Publ.

Vogel Al. 1979. Textbook of Quantitative Inorganic Analysis. ELBS.

SOILS 515 LAND DEGRADATION AND RESTORATION (1+0)
Objective
To impart knowledge related to various factors and processes of land
degradation and their restoration techniques.
Theory

Type, factors and processes of soil/land degradation and its impact on soil
productivity, including soil fauna, biodegradation and environment. Land
restoration and conservation techniques - erosion control, reclamation of salt-
affected soils; mine land reclamation, afforestation, organic products. Extent,
diagnosis and mapping of land degradation by conventional and modern RS-
GIS tools; monitoring land degradation by fast assessment, modern tools, land
use policy, incentives and participatory approach for reversing land
degradation; global issues for twenty first century.
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Suggested Readings

Biswas TD & Narayanasamy G. (Eds.). 1996. Soil Management in Relation to
Land Degradation and Environment. Bull. Indian Soc. Soil Sci. 17, New
Delhi.

Doran JW & Jones AJ. 1996. Methods of Assessing Soil Quality. Soil Science
Society of America, Madison.

Greenland DJ & Szabolcs 1. 1994. Soil Resilience and Sustainable Land Use.
CABI.

Lal R, Blum WEH, Vailentine C & Stewart BA. 1997. Methods for Assessment
of Soil Degradation. CRC Press.

Sehgal J & Abrol IP. 1994. Soil Degradation in India - Status and Impact.
Oxford & IBH.

SOILS 601 ADVANCES IN SOIL PHYSICS 2+0
Objective
To provide knowledge of modern concepts in soil physics.

Theory
Soil-water interactions, soil water potential, free energy and thermodynamic
basis of potential concept, chemical potential of soil water and entropy of the
system. Fundamentals of fluid flow, Poiseuilles law, Laplace’s equation,
Darcy’s law in saturated and unsaturated flows; development of differential
equations in saturated and unsaturated water flow, capillary conductivity and
diffusivity; limitations of Darcy’s law; numerical solution for one dimensional
water flow. Theories of horizontal and vertical infiltration under different
boundary conditions. Movement of salts in soils, models for miscible-
immiscible displacement, diffusion, mass flow and dispersion of solutes and
their solutions through differential equations; break-through curves. Soil air
and aeration, mass flow and diffusion processes; thermal properties of soil,
heat transfer in soils, differential equation of heat flow, measurement of
thermal conductivity of soil. Soil crust and clod formation; structural
management of puddled rice soils; soil conditioning- concept, soils
conditioners - types, characteristics, working principles, significance in
agriculture. Solar and terrestrial radiation measurement, dissipation and
distribution in soil-crop systems; prediction of evapotranspiration using
aerodynamic and canopy temperature-based models; canopy temperature and
leaf diffusion resistance in relation to plant water deficit; evaluation of soil and
plant water status using infra-red thermometer.

Suggested Readings
Baver LD, Gardner WH & Gardner WR. 1972. Soil Physics. John Wiley &

Sons.
Hanks and Ascheroft. 1980. Applied Soil Physics. Springer Verlag.
Hillel D. 1980. Applications of Soil Physics. Academic Press.
Hillel D. 1980. Environmental Soil Physics. Academic Press.
Indian Society of Soil Science 2002. Fundamentals of Soil Science. ISSS, New
Delhi.

Kirkham D & Powers WL. 1972. Advanced Soil Physics. Wileylnter science.
Lal R & Shukla MK. 2004. Principles of Soil Physics. Marcel Dekker.
Oswal MC.1994. Soil Physics. Oxford & IBH. 101
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SOILS 602 ADVANCES IN SOIL FERTILITY (2+0)

Objective
To provide knowledge of modern concepts of soil fertility and nutrient use in
crop production.
Theory
Modern concepts of nutrient availability; soil solution and plant growth;
nutrient response functions and availability indices. Nutrient movement in
soils; nutrient absorption by plants; mechanistic approach to nutrient supply
and uptake by plants; models for transformation and movement of major
micronutrients in soils. Chemical equilibria (including solid-solution equilbria)
involving nutrient ions in soils, particularly in submerged soils. Modern
concepts of fertilizer evaluation, nutrient use efficiency and nutrient budgeting.
Modern concepts in fertilizer application; soil fertility evaluation techniques;
role of soil tests in fertilizer use recommendations; site-specific nutrient
management for precision agriculture. Monitoring physical, chemical and
biological changes in soils; permanent manurial trials and long-term fertilizer
experiments; soil productivity under long-term intensive cropping; direct,
residual and cumulative effect of fertilizer use.
Suggested Readings
Barber SA. 1995. Soil Nutrient Bioavailability. John Wiley & Sons.
Barker V Allen & Pilbeam David J. 2007. Handbook of Plant Nutrition. CRC /
Taylor & Francis.
Brady NC & Weil RR. 2002. The Nature and Properties of Soils. 13th Ed.
Pearson Educ.
Cooke GW. 1979. The Control of Soil Fertility. Crossby Lockwood & Sons.
Epstein E. 1987. Mineral Nutrition of Plants - Principles and Perspectives.
International Potash Institute, Switzerland.
Kabata- Pendias Alina 2001. Trace Elements in Soils and Plants. CRC / Taylor
& Francis.
Kannaiyan S, Kumar K & Govindarajan K. 2004. Biofertilizers Technology.
Scientific Publ.
Mortvedt JJ, Shuman LM, Cox FR & Welch RM. (Eds.). 1991. Micronutrients
in Agriculture. 2nd Ed. Soil Science Society of America, Madison.
Prasad R & Power JF. 1997. Soil Fertility Management for Sustainable
Agriculture. CRC Press.
Stevenson FJ & Cole MA. 1999. Cycles of Soil: Carbon, Nitrogen,
Phosphorus, Sulphur, Micronutrients. John Wiley & Sons.
Stevenson FJ. (Ed.). 1982. Nitrogen in Agricultural Soils. Soil Science Society
of America, Madison. 102
Tisdale SL, Nelson WL, Beaton JD & Havlin JL. 1990. Soil Fertility and
Fertilizers. 5th Ed. Macmillan Publ.
Wild A. (Ed.). 1988. Russell’s Soil Conditions and Plant Growth. 11th Ed.
Longman.

SOILS 603 PHYSICAL CHEMISTRY OF SOILS (2+0)

Objective
To impart knowledge about modern concepts of physical chemistry of soils
and clays, with emphasis on understanding the processes involved with
practical significance.
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Theory

Colloidal chemistry of inorganic and organic components of soils — their

formation, clay organic interaction. Predictive approaches for cation exchange

equilibria - thermodynamics, empirical and diffuse double layer theory (DDL)

- relationships among different selectivity coefficients; structure and properties

of diffuse double layer. Thermodynamics of nutrient transformations in soils;

cationic and anionic exchange and their models, molecular interaction.

Adsorption/desorption isotherms - Langmuir adsorption isotherm, Freundlich

adsorption isotherm, normalized exchange isotherm, BET equation; selective

and non-selective adsorption of ions on inorganic surfaces and organic surfaces

of soil materials (citation of utility in agricultural system). Common solubility

equilibria - carbonates, iron oxide and hydroxides, aluminum silicate,

aluminum phosphate; electrochemical properties of clays (citation of examples

from agricultural use).

Suggested Readings

Bear RE. 1964. Chemistry of the Soil. Oxford & IBH.

Bolt GH & Bruggenwert MGM. 1978. Soil Chemistry. Elsevier.

Fried M & Broeshart H. 1967. Soil Plant System in Relation to Inorganic
Nutrition. Academic Press.

Greenland DJ & Hayes MHB. 1981. Chemistry of Soil Processes. John Wiley
& Sons.

Greenland DJ & Hayes MHB. 1978. Chemistry of Soil Constituents. John
Wiley & Sons.

Jurinak JJ. 1978. Chemistry of Aquatic Systems. Dept. of Soil Science &
Biometeorology, Utah State Univ.

McBride MB. 1994. Environmental Chemistry of Soils. Oxford Univ. Press.

Sparks DL. 1999. Soil Physical Chemistry. 2nd Ed. CRC Press.

Sposito G. 1981. The Thermodynamics of Soil Solutions. Oxford Univ. Press.

Sposito G. 1984. The Surface Chemistry of Soils. Oxford Univ. Press.

Sposito G. 1989. The Chemistry of Soils. Oxford Univ. Press.

Stevenson FJ. 1994. Humus Chemistry. 2nd Ed. John Wiley. 103

Van Olphan H. 1977. Introduction to Clay Colloid Chemistry. John Wiley &
Sons.

SOILS 604 SOIL GENESIS AND MICROPEDOLOGY (2+0)

Objective
To impart knowledge about the pedogenic processes in soils and to acquaint
with the micro-pedological study of soil profile.

Theory
Pedogenic evolution of soils; soil composition and characterization.
Weathering and soil formation — factors and pedogenic processes; stability and
weathering sequences of minerals. Assessment of soil profile development by
mineralogical and chemical analysis. Micro-pedological features of soils —
their structure, fabric analysis, role in genesis and classification.

Suggested Readings
Boul SW, Hole ED, MacCraken RJ & Southard RJ. 1997. Soil Genesis and

Classification. 4th Ed. Panima Publ.

Brewer R. 1976. Fabric and Mineral Analysis of Soils. John Wiley & Sons.
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SOILS 605 BIOCHEMISTRY OF SOIL ORGANIC MATTER (2+0)
Objective
To impart knowledge related to chemistry and reactions of organic substances
and their significance in soils.
Theory

Organic matter pools in soil; composition and distribution of organic matter in
soil and its functions; environmental significance of humic substances;
decomposition of organic residues in soil in relation to organic matter pools.
Biochemistry of the humus formation; different pathways for humus synthesis
in soil; soil carbohydrates and lipids. Nutrient transformation-N, P, S; trace
metal interaction with humic substances, significance of chelation reactions in
soils. Reactive functional groups of humic substances, adsorption of organic
compounds by clay and role of organic substances in pedogenic soil
aggregation processes; clay-organic matter complexes. Humus - pesticide
interactions in soil, mechanisms.

Suggested Readings

SOILS 606

Beck AJ, Jones KC, Hayes MHB & Mingelgrin U. 1993. Organic Substances
in Soil and Water: Natural Constituents and their Influences on
Contaminant Behavior. Royal Society of Chemistry, London.

Gieseking JE. 1975. Soil Components. Vol. 1. Organic Components. Springer-
Verlag.

Kristiansen P, Taji A & Reganold J. 2006. Organic Agriculture: A Global
Perspective. CSIRO Publ.

Magdoff F & Weil RR 2004. Soil Organic Matter in Sustainable Agriculture.
CRC Press.

Mercky R & Mulongoy K. 1991. Soil Organic Matter Dynamics and
Sustainability of Tropical Agriculture. John Wiley & Sons.

Paul EA. 1996. Soil Microbiology and Biochemistry. Academic Press.

Stevenson FJ. 1994. Humus Chemistry — Genesis, Composition and Reactions.
John Wiley & Sons.

LAND USE PLANNING AND WATERSHED (2+0)
MANAGEMENT

Objective

Theory

To teach the better utilization of land for agricultural purposes, and better
management of run-off or surplus/excessive rain-water in the catchment area
for agricultural purposes in a watershed.

Concept and techniques of land use planning; factors governing present land
use. Land evaluation methods and soil-site suitability evaluation for different
crops; land capability classification and constraints in application. Agro-
ecological regions/sub-regions of India and their characteristics in relation to
crop production. Water harvesting - concept, significance, types, methodology;
use of harvested water in agriculture to increase water productivity. Watershed
development/management - concept, objectives, characterization, planning,
execution, community participation and evaluation; rehabilitation of
watershed; PRA,; developing economically and ecologically sustainable agro-
forestry systems for watershed; case studies.
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Suggested Readings

All India Soil and Land Use Survey Organisation 1970. Soil Survey Manual.
IARI, New Delhi.

FAO. 1976. A Framework for Land Evaluation, Handbook 32. FAO.

Sehgal JL, Mandal DK, Mandal C & Vadivelu S. 1990. Agro-Ecological
Regions of India. NBSS & LUP, Nagpur.

Soil Survey Staff 1998. Keys to Soil Taxonomy. 8th Ed. USDA & NRCS,
Washington, DC.

USDA 1974. A Manual on Conservation of Soil and Water Handbook of
Professional Agricultural Workers. Oxford & IBH.

SOIL SCIENCE
List of Journals
* Advances in Agronomy
* Annals of Arid Zone
* Australian Journal of Agricultural Research
* Australian Journal of Soil Research
* Biology and Fertility of Soils
» Communications in Soil Science and Plant Analysis
* Clays and Clay minerals
* European Journal of Soil Science
* Geoderma
* Indian Journal of Agricultural Sciences
* Journal of Plant Nutrition and Soil Science
* Journal of the Indian Society of Soil Science
* Nutrient Cycling in Agroecosystems
* Plant and Soil
* Soil and Tillage Research
* Soil Biology and Biochemistry
* Soil Science
* Soil Science Society of America Journal
* Soil Use and Management
» Water, Air and Soil Pollution
» Water Resources Research
Suggested Broad Topics for Master’s and Doctoral Research
* Degradation and restoration of soil as natural resource
* Biochemistry of processes at the soil-root interface
* Impact of current agricultural practices and agrochemicals on soil
quality/biodiversity
* Integrated nutrient management for sustainable agriculture
* Fertilizer use efficiency in different soil conditions/cropping systems
* Use of remote sensing and GIS as diagnostic tool for natural resource
management
* Role of biological agents in soil productivity
* Modelling solute (salt, fertilizer, pesticides) transport in soil
* Use of poor quality waters in Agriculture
* Soil testing and crop response
« Site-specific nutrient management and precision agriculture
* Nutrient dynamics in soil-plant system and modelling nutrient uptake
» Tillage and crop residue management in crop production
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« Utilization of urban and industrial wastes/effluents in Agriculture

* Management of problematic soils

* Impact of climate change on soil processes

* Micronutrients in soil, plant and human health

» Water management strategies in different cropping systems

« Simulation models for growth and production of different crops

* Varietals response to soil salinity/ sodicity/ nutrients/ pollutants, etc
* Soil and water pollution - monitoring and control

 Genesis, formation and classification of soils

* Soil conservation, preservation and management for sustainable agriculture
* Remediation of polluted and contaminated soils

234



-~

NEW AND RESTRUCTURED

PLANT PROTECTION

Entomology
Nematolog

~

POST-GRADUATE CURRICULA & SYLLABI
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EXECUTIVE SUMMARY

The new and restructured post-graduate academic programme for plant protection
sciences includes many new aspects/features, some of them are as follows.

Entomology

Nematology

A detailed treatise on post-harvest losses due to insects, mites, rodents, birds
and microorganisms in stored grains and methods of their control

Role of soil arthropods in detritus feeding, litter breakdown and humus
formation

Acarology: Economic importance of mites to different crops, poly-houses,
stored products and honey bees

Commercial Entomology: Apiculture; sericulture; lac insects; insect pests of
public health importance, cattle, poultry and pet animals; termite proofing of
buildings; rodent control; organic methods of domestic pest management

Agricultural Ornithology: Pestiferous and beneficial birds associated with
different crops

Immature stages of insects: Their identification and significance for pest
management

DNA-based diagnostic and DNA finger-printing for taxonomy and
phylogeny

Marker-aided selection in resistance breeding

Resistance management strategies in transgenic crops

Scope of genetically engineered microbes and parasitoids in biological
control

Dynamism of IPM under changing cropping systems and climate

IPM under protected cultivation

Entomopathogenic nematodes: Mass  multiplication techniques,
formulations, field application and efficacy

Nematodes as biological model systems

Nematodes as indicators of pollution and their role in organic matter
recycling

Development of computer-based identification programmes

Nematode management options for organic farming and precision farming
Application of GIS and GPS technology for surveillance and management
Resistance genes and RNAI technology

Plant Pathology

Integrated approach in controlling post harvest diseases and improving shelf-
life of produce; knowledge of Codex Alimentarious for each product and
commodity
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General

Plant Bio-security and Bio-safety: Invasive alien species, Bio-warfare,
National Regulatory Mechanism and International Agreements/Conventions;
issues related to GM crops; strategies for combating risks and costs
associated with agro-terrorism

Seed Health Technology: Sanitary and Phyto-sanitary issues under WTO
Mushroom Production Technology: Complete package for entrepreneurial
skills

Principles and Procedures of Certification: Role of international agencies in
certification and quality control, fixing tolerance limits for diseases and
insect pests in certification, accreditation of seed testing laboratories, role of
seed/planting material health certification in national and international trade

Introduction of compulsory non-credit courses on:
o Library and Information Services
o Technical Writing and Communication Skills
o Intellectual Property and its Management in Agriculture
o Basic Concepts in Laboratory Techniques
(@]

Agricultural Research, Research Ethics and Rural Development
Programmes
o Disaster Management

Provision of budgetary estimates to the extent of Rs 50 crores for
implementation of revised curriculum in Plant Protection recommended.
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ENTOMOLOGY
Course Structure — at a Glance

CODE COURSE TITLE CREDITS
ENT 501* INSECT MORPHOLOGY (1+1)
ENT 502* INSECT  ANATOMY,  PHYSIOLOGY  AND (2+1)
NUTRITION
ENT 503/ NEMA 5025  PRINCIPLES OF TAXONOMY (2+0)
ENT 504* CLASSIFICATION OF INSECTS (2+1)
ENT 505* INSECT ECOLOGY (1+1)
ENT 506 INSECT PATHOLOGY (1+1)
ENT 507* BIOLOGICAL CONTROL OF CROP PESTS AND (1+1)
WEEDS
ENT 508* TOXICOLOGY OF INSECTICIDES (2+1)
ENT 509 PLANT RESISTANCE TO INSECTS (1+1)
ENT 510 / NEMA PRINCIPLES OF INTEGRATED PEST (1+1)
5125 MANAGEMENT
ENT 511*# PESTS OF FIELD CROPS (1+1)
ENT 512*# PESTS OF HORTICULTURAL AND PLANTATION (1+1)
CROPS
ENT 513 STORAGE ENTOMOLOGY (1+1)
ENT 514 / PLPATH INSECT VECTORS OF PLANT VIRUSES AND (1+1)
514s OTHER PATHOGENS
ENT 515 GENERAL ACAROLOGY (1+1)
ENT 516 SOIL ARTHROPODS AND THEIR MANAGEMENT (1+1)
ENT 517 TECHNIQUES IN PLANT PROTECTION (0+1)
ENT 519 COMMERCIAL ENTOMOLOGY (1+1)
ENT 520/ NEMA 514/ PLANT QUARANTINE (2+0)
PL.PATH 520s
ENT 591 MASTER’S SEMINAR (1+0)
ENT 599 MASTER’S RESEARCH (20)
ENT 601 ADVANCED INSECT SYSTEMATICS (1+2)
ENT 602 IMMATURE STAGES OF INSECTS (1+1)
ENT 603 ADVANCED INSECT PHYSIOLOGY (2+0)
ENT 604 ADVANCED INSECT ECOLOGY (1+1)
ENT 605 INSECT BEHAVIOUR (1+1)
ENT 606 RECENT TRENDS IN BIOLOGICAL CONTROL (1+1)
ENT 607 ADVANCED INSECTICIDE TOXICOLOGY (2+1)
ENT 608 ADVANCED HOST PLANT RESISTANCE (1+1)
ENT 609 ADVANCED ACAROLOGY (1+1)
ENT 610 AGRICULTURAL ORNITHOLOGY (1+1)
ENT 611%* MOLECULAR APPROACHES IN ENTOMOLOGICAL (1+1)
RESEARCH
ENT 612%* ADVANCED INTEGRATED PEST MANAGEMENT (2+0)
ENT 613 / PL PATH PLANT BIOSECURITY AND BIOSAFETY (2+0)
606$
ENT 691 DOCTORAL SEMINAR -I (1+0)
ENT 692 DOCTORAL SEMINAR- 11 (1+0)
ENT 699 DOCTORAL RESEARCH (45)

*Compulsory for Master’s programme; ** Compulsory for Ph.D. programme
#One out of 511 or 512 is compulsory; $ Cross-listed with Plant Pathology
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ENTOMOLOGY

Course Contents
ENT 501 INSECT MORPHOLOGY 1+1
Objective
To acquaint the students with external morphology of the insect’s body i.e.;head,
thorax and abdomen, their appendages and functions.
Theory
UNIT I
Principles, utility and relevance: insect body wall structure, cuticular outgrowths,
colouration and special integumentary structures in insects, body tagmata,
sclerites and segmentation.
UNIT Il
Head- Origin, structure and modification; tentorium and neck sclerites.
UNIT 1
Thorax- Areas and sutures of tergum, sternum and pleuron, pterothorax; Wings:
Structure and modifications, venation, and mechanism of flight; Legs: structure
Hexapod locomotion
UNIT IV
Abdomen- Segmentation and appendages; Genitalia and their modifications;
Embryonic and post-embryonic development; Types of metamorphosis. Insect
sense organs (mechano-, photo- and chemoreceptors).

Practical
Study of insect segmentation, various tagmata and their appendages; preparation
of permanent mounts of different body parts and their appendages of taxonomic
importance including male and female genitalia. Sense organs.

Suggested Readings

Chapman RF. 1998. The Insects: Structure and Function. Cambridge Univ.
Press, Cambridge.

David BV & Ananthkrishnan TN. 2004. General and Applied Entomology. Tata-
McGraw  Hill, New Delhi.

Duntson PA. 2004. The Insects: Structure, Function and Biodiversity. Kalyani
Publ., New Delhi.

Evans JW. 2004. Outlines of Agricultural Entomology. Asiatic Publ., New Delhi.

Richards OW & Davies RG. 1977. Imm’s General Text Book of Entomology. 10th
Ed. Chapman & Hall, London.

Saxena RC & Srivastava RC. 2007. Entomology: At a Glance. Agrotech Publ.
Academy, Jodhpur.

Snodgross RE. 1993. Principles of Insect Morphology. Cornell Univ. Press,
Ithaca.

ENT 502 INSECTANATOMY, PHYSIOLOGY AND NUTRITION 2+1

Objective
To impart knowledge to the students on basic aspects of anatomy of different
systems, elementary physiology, nutritional physiology and their application in
entomology.

Theory
UNIT |
Scope and importance of insect anatomy and physiology.
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UNIT 1l
Structure, modification and physiology of different systems- digestive,
circulatory, respiratory, excretory, nervous, sensory, reproductive, musculature,
endocrine and exocrine glands [More weightage on physiology].
UNIT 1
Thermodynamics; physiology of integument, moulting; growth, metamorphosis
and diapause.
UNIT IV
Insect nutrition- role of vitamins, proteins, amino acids, carbohydrates, lipids,
minerals and other food constituents; extra and intra-cellular microorganisms and
their role in physiology; artificial diets.

Practical
Dissection of different insects to study comparative anatomical details of
different systems; preparation of permanent mounts of internal systems;
chromatographic analysis of free amino acids of haemolymph; determination of
chitin in insect cuticle; examination of insect haemocytes; determination of
respiratory quotient; preparation and evaluation of  various diets; consumption,
utilization and digestion of natural and artificial diets.

Suggested Readings

Chapman RF.1998. Insects: Structure and Function. ELBS Ed., London.
Duntson PA. 2004. The Insects: Structure, Function and Biodiversity.
Kalyani Publ., New Delhi.

Kerkut GA & Gilbert LI. 1985. Comprehensive Insect Physiology,Biochemistry
and Pharmacology. Vols. I-XI1I1. Pergamon Press, New York.

Patnaik BD. 2002. Physiology of Insects. Dominant, New Delhi.

Richards OW & Davies RG. 1977. Imm’s General Text Book of Entomology.
10th Ed. Vol. 1. Structure, Physiology and Development. Chapman & Hall,
New York.

Saxena RC & Srivastava RC. 2007. Entomology at a Glance. Agrotech Publ.
Academy, Jodhpur.

Wigglesworth VB.1984. Insect Physiology. 8th Ed. Chapman & Hall, New York.

ENT 503/ NEMA 502 PRINCIPLES OF TAXONOMY 2+0

Objective
To sensitize the students on the theory and practice of classifying organisms and
the rules governing the same.

Theory
UNIT I
Introduction to history and principles of systematics and importance. Levels and
functions of systematics. ldentification, purpose, methods, character matrix,
taxonomic keys. Descriptions- subjects of descriptions, characters, nature of
characters, analogy vs homology, parallel vs convergent evolution, intraspecific
variation in characters, polythetic and polymorphic taxa, sexual dimorphism.
UNIT 11
Classification of animals: Schools of classification- Phenetics, Cladistics and
Evolutionary classification. Components of Biological Classification: Hierarchy,
Rank, Category and Taxon. Species concepts, cryptic, sibling and etho-species,
infra-specific categories. Introduction to numerical, biological and
cytogenetical taxonomy.
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UNIT 1

Nomenclature: Common vs Scientific names. International Code of Zoological

Nomenclature, criteria for availability of names, validity of names. Categories of

names under consideration of ICZN. Taxonomic publications, Principles of

priority,and  homonymy, synonymy, type concept in zoological

nomenclature. Speciation, anagenesis vs cladogenesis, allopatric, sympatric

and parapatric processes.

Suggested Readings

Blackwelder RE. 1967. Taxonomy - A Text and Reference Book. John Wiley &
Sons, New York.

Kapoor VC. 1983. Theory and Practice in Animal Taxonomy. Oxford & IBH,
New Delhi.

Mayr E. 1971. Principles of Systematic Zoology. Tata McGraw-Hill, New Delhi.

Quicke DLJ. 1993. Principles and Technigues of Contemporary Taxonomy.
Blackie,  London.

ENT 504 CLASSIFICATION OF INSECTS 2+1

Objective
To introduce the students to the classification of insects up to the level of families
with hands-on experience in identifying the families of insects.

Theory
UNIT I
Brief evolutionary history of Insects- introduction to phylogeny of insects and
Major Classification of Superclass Hexapoda — Classes — Ellipura (Collembola,
Protura), Diplura and Insecta- Orders contained.
UNIT 1l
Distinguishing characters, general biology, habits and habitats of Insect orders
and economically important families contained in them. Collembola, Protura,
Diplura. Class Insecta: Subclass Apterygota — Archaeognatha, Thysanura.
Subclass: Pterygota, Division Palaeoptera — Odonata and Ephemeroptera.
Division: Neoptera: Subdivision: Orthopteroid and Blattoid Orders
(=Oligoneoptera: Plecoptera, Blattodea, Isoptera, Mantodea, Grylloblattodea,
Dermaptera, Orthoptera, Phasmatodea, Mantophasmatodea, Embioptera,
Zoraptera), Subdivision: Hemipteroid Orders (=Paraneoptera): Psocoptera,
Phthiraptera, Thysanoptera and Hemiptera.
UNIT Il
Distinguishing characters, general biology, habits and habitats of Insect orders
and economically important families contained in them (Continued). Division
Neoptera — Subdivision Endopterygota, Section Neuropteroid- Coleopteroid
Orders: Strepsiptera, Megaloptera, Raphidioptera, Neuroptera and Coleoptera,
Section Panorpoid Orders Mecoptera, Siphonaptera, Diptera, Trichoptera,
Lepidoptera, and Section Hymenopteroid Orders: Hymenoptera.

Practical
Study of Orders of insects and their identification using taxonomic keys. Keying
out families of insects of different major Orders: Odonata, Orthoptera, Blattodea,
Mantodea, Isoptera, Hemiptera, Thysanoptera, Phthiraptera, Neuroptera,
Coleoptera, Diptera, Lepidoptera and Hymenoptera. Field visits to collect insects
of different orders.
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Suggested Readings

CSIRO 1990. The Insects of Australia: A Text Book for Students and
Researchers. 2nd Vols. | & Il, CSIRO. Cornell Univ. Press, Ithaca.

Freeman S & Herron JC. 1998. Evolutionary Analysis. Prentice Hall, New Delhi.

Richards OW & Davies RG. 1977. Imm’s General Text Book of Entomology. 10th
Ed. Chapman & Hall, London.

Ross HH.1974. Biological Systematics. Addison Wesley Publ. Co. Triplehorn
CA & ohnson NF. 1998. Borror and DeLong’s Introduction to the Study of
Insects. 7th Ed. Thomson/ Brooks/ Cole, USA/Australia.

ENT 505 INSECT ECOLOGY 1+1

Objective
To teach the students the concepts of ecology, basic principles of distribution and
abundance of organisms and their causes. Study life tables, organization of
communities, diversity indicies. Train students in sampling methodology,
calculation of diversity indicies, constructing life tables, relating insect
population fluctuations to biotic and/or abiotic causes.

Theory
UNIT I
History and Definition. Basic Concepts. Organisation of the Biological world.
Plato’s Natural Balance vs Ecological Dynamics as the modern view. Abundance
and diversity of insects, Estimates and Causal factors. Study of abundance and
distribution and relation between the two. Basic principles of abiotic factors and
their generalised action on insects. Implications for abundance and distribution of
organisms including insects-Law of the Minimum, Law of Tolerance, and
biocoenosis, Systems approach to ecology.
UNIT 1l
Basic concepts of abundance- Model vs Real world. Population growthbasic
models — Exponential vs Logistic models. Discrete vs Continuous growth
models. Concepts of Carrying capacity, Environmental Resistance and Optimal
yield. Vital Statistics- Life Tables and their application to insect biology.
Survivorship  curves. Case studies of insect life  tables Population dynamics-
Factors affecting abundance- Environmental factors, dispersal and
migration, Seasonality in insects. Classification and mechanisms of achieving
different seasonality- Diapause (Quiescence) - aestivation, hibernation.
UNIT Il
Biotic factors- Food as a limiting factor for distribution and abundance,
Nutritional Ecology. Food chain- web and ecological succession. Interspecific
interactions- Basic factors governing the interspecific interactions- Classification
of interspecific interactions - The argument  of  cost-benefit  ratios.
Competition- Lotka-Volterra model, Concept of nicheecological homologues,
competitive exclusion. Prey-predator interactions-Basic model- Lotka-Volterra
Model, Volterra’s principle. Functional and numerical response. Defense
mechanisms against predators/parasitoids- Evolution of mimicry, colouration,
concept of predator satiation; evolution of life history strategies.
UNIT IV
Community ecology- Concept of guild, Organisation of communities-
Hutchinson Ratio, May’s d/w, Relation between the two and their association
with Dyar’s Law and Przibram's law. Relative distribution of organisms, Concept
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of diversity- the Wallacian view. Assessment of diversity. Diversity- stability
debate, relevance to pest management. Pest management as applied ecology.
Practical

Types of distributions of organisms. Methods of sampling insects, estimation of

densities of insects and understanding the distribution parameters- Measures of

central tendencies, Poisson Distribution, Negative Binomial Distribution.

Determination of optimal sample size. Learning to fit basic population growth

models and testing the goodness of fit. Fitting Holling’s Disc equation,

Assessment of prey-predator densities from natural systems and understanding

the correlation between the two. Assessing and describing niche of some insects

of a single guild. Calculation of niche breadth, activity breadth and diagrammatic

representation of niches of organisms. Calculation of some diversityindices-

Shannon’s, Simpson’s and Avalanche Index and understanding their associations

and parameters that affect their values. Problem solving in ecology. Field visits to

understand different ecosystems and to study insect occurrence in these systems.
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ENT 506 INSECT PATHOLOGY 1+1

Objective
To teach the students about various microbes that are pathogenic to insects,
factors that affect their virulence; provide hands-on training in identification,
isolation, culturing various pathogens and assessing pathogenicity.

Theory
UNIT I
History of insect pathology, infection of insects by bacteria, fungi, viruses,
prot