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ANNAMALAI              UNIVERSITY
405 - M.Sc. BOTANY 
Programme Structure and Scheme of Examination (under CBCS)

(Applicable to the candidates admitted in Affiliated Colleges for the academic year 2022 -2023 ONLY)
	Course Code


	Study Components & Course Title
	Hours /  Week
	Credit
	Maximum Marks

	
	
	
	
	CIA
	ESE
	Total

	
	SEMESTER-I
	
	
	
	
	

	22PBOTC11
	Core Course - I : Phycology, Mycology and Bryology
	5
	4
	25
	75
	100

	22PBOTC12
	Core Course - II  : Microbiology and Plant Pathology
	5
	4
	25
	75
	100

	22PBOTC13
	Core Course - III  : Pteridology, Gymnosperms and Palaeobotany
	5
	4
	25
	75
	100

	22PBOTP14
	Core Practical  -   I : Core Practical-I (covering Papers  - I,II & III)
	10
	7
	40
	60
	100

	22PBOTE15
	Core Elective  -  I 
	3
	3
	25
	75
	100

	22PBOTO16
	Open Elective -  I
	2
	2
	25
	75
	100

	
	Total
	30
	24
	
	
	600

	
	SEMESTER-II
	
	
	
	
	

	22PBOTC21
	Core Course - IV : Anatomy and Embryology of Angiosperms
	5
	4
	25
	75
	100

	22PBOTC22
	Core Course - V : Cytogenetics, Plant Breeding and Evolution
	5
	4
	25
	75
	100

	22PBOTC23
	Core Course - VI : Plant Tissue culture
	5
	4
	25
	75
	100

	22PBOTP24
	Core Practical - II : Core Practical-I            (covering Papers - IV,V & VI)
	10
	7
	40
	60
	100

	22PBOTE25
	Core Elective - II :
	3
	3
	25
	75
	100

	22PHUMR27
	Compulsory Course : Human Rights
	2
	2
	25
	75
	100

	
	Total
	30
	24
	
	
	600


	
	SEMESTER-III
	
	
	
	
	

	22PBOTC31
	Core Course - VII :   Taxonomy of Angiosperms and Economic Botany
	5
	4
	25
	75
	100

	22PBOTC32
	Core Course - VIII :   Plant Biotechnology Genetic Engineering and Bioinformatics
	5
	4
	25
	75
	100

	22PBOTC33
	Core Course - IX :  Research Methodology
	5
	4
	25
	75
	100

	22PBOTP34
	Core Practical - III :  Core Practical-III (covering Papers -  VII , VIII& IX )
	10
	5
	40
	60
	100

	22PBOTE35
	Core Elective - III :  
	3
	3
	25
	75
	100

	22PBOTO36
	Open Elective - II :   
	2
	2
	25
	75
	100

	
	MOOC Course 

On-line Courses (SWAYAM, MOOC and NPTEL)
	
	
	
	
	

	
	Total
	30
	22
	
	
	600

	
	SEMESTER-IV
	
	
	
	
	

	22PBOTC41
	Core Course - X : Plant Physiology and Biochemistry
	5
	4
	25
	75
	100

	22PBOTC42
	Core Course - XI :  Ecology, Forestry and Phytogeography
	5
	4
	25
	75
	100

	22PBOTP43
	Core Practical - IV :  Core Practical-IV
(covering Papers -  X & XI)
	10
	5
	40
	60
	100

	22PBOTE45
	Core Elective -  IV :
	3
	3
	25
	75
	100

	22PBOTD46
	Core Project
	7
	4
	25
	75
	100

	
	Total
	30
	20
	
	
	500

	
	Grand Total
	120
	90
	
	
	2300


List of Core Elective (Choose 1 out of 3 in each Semester)
	Semester
	Course Code
	Course Title
	H / W
	C
	CIA
	ESE
	Total

	I
	22PBOTE15-1
	Mushroom Cultivation
	3
	3
	25
	75
	100

	
	22PBOTE15-2
	Silviculture and Seed Technology
	3
	3
	25
	75
	100

	
	22PBOTE15-3
	Industrial Microbiology
	3
	3
	25
	75
	100

	II
	22PBOTE25-1
	Marine Botany
	3
	3
	25
	75
	100

	
	22PBOTE25-2
	Techniques in Botany
	3
	3
	25
	75
	100

	
	22PBOTE25-3
	Pharmacognosy
	3
	3
	25
	75
	100

	III
	22PBOTE35-1
	Applied Botany
	3
	3
	25
	75
	100

	
	22PBOTE35-2
	Bioprospecting of Medicinal  and Aromatic Plants
	3
	3
	25
	75
	100

	
	22PBOTE35-3
	Herbarium Keeping
	3
	3
	25
	75
	100

	IV
	22PBOTE45-1
	Bioinformatics and Bionanotechnology
	3
	3
	25
	75
	100

	
	22PBOTE45-2
	Ethnobotany and Herbal Technology
	3
	3
	25
	75
	100

	
	22PBOTE45-3
	Intellectual Property Rights And Patenting
	3
	3
	25
	75
	100


List of Open Elective (Choose 1 out of 3 in each Semester)
	Semester
	Course Code
	Course Title
	H /W
	C
	CIA
	ESE
	Total

	I
	22PBOTO16-1
	Organic Farming and 
Bio-fertilizers
	3
	2
	25
	75
	100

	
	22PBOTO16-2
	Herbal Botany
	3
	2
	25
	75
	100

	
	22PBOTO16-3
	Mushroom Cultivation
	3
	2
	25
	75
	100

	III
	22PBOTO36-1
	Horticulture
	2
	3
	25
	75
	100

	
	22PBOTO36-2
	Plants for Human welfare
	2
	3
	25
	75
	100

	
	22PBOTO36-3
	Biological Invasions
	2
	3
	25
	75
	100


Credit Distribution 

	Study Components
	Papers
	Credits
	Total

Credits
	Marks
	Total Marks

	Core Theory
	11
	4
	44
	100
	1100

	Core Practical
	4
	6
	24
	100
	400

	Core Elective
	4
	3
	12
	100
	400

	Open Elective
	2
	2
	4
	100
	200

	Project
	1
	7
	7
	100
	100

	Common Compulsory paper
	1
	2
	2
	100
	100

	
	23
	
	93
	
	2300


	SEMESTER - I

CORE - I
	22PBOTC11: PHYCOLOGY, MYCOLOGY AND BRYOLOGY
	CREDITS: 4
HOURS: 5/W


Course Objectives

1. To understand the General Characters,Economic importance of  Algae

2. To understand the diversity, structure and Life cycle of Algae.
3. To understand the General features, diversity, reproduction and of Fungi

4. To acquire the knowledge of General Characters, diversity, reproduction and of Lichens.
5. To understand the General Characters, diversity, reproduction and of Bryophytes
Unit I: Phycology

Introduction-general character – Classification of algae (Fritsch, 1945) life cycle patterns in algae. Algae as biofuel, bioremediation, aquaculture, bioactive compounds in algae and algal culturing techniques-algal blooms-algae in soil fertility-algae as pollution indicators -fossil algae and Economic importance of algae.
Unit II: Phycology

 General features-range of  vegetative structure-reproduction-life cycle and evolutionary trends in Cyanophyceae (Microcystis, Oscillatoria Anabaena,Scytonema and Stigonema Chlorophyceae (Chlamydomonas, Hydrodictyon, Ulva, Cladophora, Chaetophora, Halimeda and Chara) Xanthophyceae(Botrydium and Vaucheria) Bacillariophyceae(Navicula and Pinnularia) Phaaeophyceae (Ectocarpus, Dictyota, Padina, and Sargassum) Rhodophyceae  (Polysiphonia and Gracilaria )
Unit III:  Mycology

General Characters -Classification of fungi (Alexopoulos and Mims 1979) - Cell wall composition, mode of nutrition, vegetative  structure, reproduction, and life cycle of Myxomycetes (Physarum, Stemonites) Zygomycetes (Mucor,Rhizopus, Pilobolus) Oomycetes (Cystopus, Phytophthora, Pythium). Ascomycetes (Aspergillus, Xylaria ,Morchella ,Taphrinia) Basidiomycetes (Lycoperdon, Auricularia, Polyporus, Pleurotus) and Deuteromycetes (Alternaria, Colletotrichum,Fusarium). Heterothallism, Ecology of fungi. Parasexuality in fungi. Mycorrhiza, ectorophic, endophytic and VAM fungi. Economic importance of fungi.
Unit IV: Lichenology



General character and Classification of Lichens (Hale, 1969) – Origin and Evolution of Lichens. Occurrence and Inter-relationship of Phycobionts and Mycobionts - Structure and Reproduction in Ascolichens, Basidiolichens and Deuterolichens – Lichens as pollution indicator Economic importance and ecological significance of lichens. 
Unit V : Bryology


Introduction, general characters, classification (Rothmaler,1951), origin and evolution of bryophytes.Alternation of generation in bryophytes .Comparative morphological account of sporophytes and gametophytes and life cycle of Hepaticapsida  (Marchantia, Lunularia, Reboulia, Dumortiera,Targionia, Pallavicinia,Porella). Anthocerotopsida (Anthoceros) Bryopsida (Sphagnum and Bryum). Evolution of gametophytes and sporophytes. Fossil bryophytes,Methods to conserve bryophytesat national level. Economic importance of bryophytes.  
COURSE OUTCOMES 
On the completion of this paper, students will able to

1. Learn about Thallus organization, Reproduction, and Lifecycles in Algae.
2. Knowing cultivation of important seaweeds, mass culture of microalgae and their use in waste land reclamation, Bio-fouling and Bio-remediation.
3. Learn about detailed study about some fungal forms belong to different classes of     fungi

4. Acquiring general characters, Morphology, reproduction and Life history of Lichens

5. Understanding general character of Bryophytes and Conduction in bryophyte.
Text Books
1. Kumar, H.D. 1985. Introductory Phycology East West Press, New Delhi.
2. Sharma, O.P. 2011. Diversity of microbes & Cryptogams – Algae, Tata McGraw Hill Education Private Limited, New Delhi.
3. Alexopoulus, C.J. Mims, CW. 1979. Introductory Mycology, Wiley Eastern Ltd., New Delhi

4. Dube, H.C 1983. Introduction of Modern Mycology. Blackwell Science Publication. Oxford

5. Dube, H.C. 1990. An Introduction of Fungi. Vikas Publication House Ltd, New Delhi.
6. Chopra.R.N. 1998.Biology of Bryophytes. New Age International Pvt. Ltd., New Delhi. 
7. Gangulee, H.C. and Kar. A.K.1989. College Botany. Vol. II. New Central Book Agencies Ltd., Kolkata. 
8. Reddy, S.M. 1996. University Botany. I: Algae, Bryophyta and Pteridophyta. New Age International Publishers, New Delhi.
9. Singh, S.K. 2006. Text Book of Bryophyta, Campus Books, New Delhi.
10. Vashishta, B.R., Sinha, A.K. and Kumar, A. 2005. Botany for degree Students, Bryophyta. S.Chand and Co. Ltd, New Delhi. 
11. Alain Vanderpoorten and Bernard Griffin, 2009. Introduction to Bryophytes. Cambridge University Press. London. 
12. Foster, A.S. and Gifford, E.M. 1973. Comparative Morphology of Vascular Plants. W.H. Freeman and Co.
13. Frank Cavers. 1981. The Inter Relationship of the Bryophyta. S.R.Technico Book house. 
14. Tuba, Z. Nancy, G. Slack and Lloyd, R. Stark. 2011. Cambridge University Press. New York. 
Supplementary Readings
1. Chapman, V.J and Chapman. 1973. The algae – ELBS & MacMillan, London.
2. Fritsch, F.E. 1935.The Structure & Reproduction of The Algae (Vol1&2) Cambridge University press, England.
3. Lee, R. E. 2008. Phycology IV Edition, Cambridge University Press, New Delhi.
4. Bessey, E.A 1979. Morphology and Taxonomy of fungi, Vikas publishing House Pvt. Ltd, New Delhi.
5. Mehrotra, R. S. and Aneja K.R. 1990. An Introduction to Mycology, New Age International Pub, New Delhi.
6. Dharani DharAwasthi. 2000. A Handbook of Lichens. Vedams eBooks (P) Ltd. New Delhi.
7. Hale, M.E. 1983. The Biology of Lichens. Edward Arnold, London.
OUTCOME MAPPING
	CO/PO
	PO1
	PO2
	PO3
	PO4
	PO5

	CO1
	3
	2
	
	
	

	CO2
	3
	
	3
	3
	2

	CO3
	3
	
	3
	3
	3

	CO4
	3
	2
	2
	2
	3

	CO5
	3
	3
	3
	3
	3


	SEMESTER - I

CORE - II
	22PBOTC12: MICROBIOLOGY AND PLANT PATHOLOGY
	CREDITS: 4
HOURS: 5/W


COURSE OBJECTIVES
1. To study the different types of microorganisms and their activities

2. This course is introduced to make the students understand and appreciate the fundamentalprinciples of basic and applied microbiology.
3. To understand and realize the classification, structure, reproduction and economic Importance of Bacteriology and Virology

4. To study the mechanism of infection and colonization of plant diseases

5. To study disease cycle and control measures of various plant diseases.
Unit I : General Microbiology





General classification of microorganisms: Five kingdom concept of Whittaker classification – General characters of Archaebacteria, Cyanobacteria, Eubacteria - Sterilization Methods: Physical and Chemical methods of microbial control – Culture media – types and culture techniques: – Maintenance of cultures

Unit II : Bacteriology






General Characters of bacteria – Classification by Bergey’s (1994) – Bacterial morphology – Ultra structure of bacterial cell – Bacterial growth: Growth curve, measurement of bacterial growth: Measurement of cell mass and cell number –Simple and Differential straining: Gram’s staining – Nutrition of bacteria – Reproduction of bacteria: Asexual and Para sexual methods - Economic importance of bacteria and its role in agriculture and industry.
Unit III: Virology






Viruses – History and development of virology - General features, Classification,Morphology and Structure of virus: Physical, chemical and structural Properties of viruses.  Replication of viruses - Bacteriophages – Classification –Lytic and lysogenic cycle. Viroid and Prions–SARS, EBOLA, Corona virus – properties, epidemiology, symptoms, diagnosis (RTPCR), treatment, prevention and control.
Unit IV: Plant Pathology





Koch’s postulates and Inoculum potential – Parasitic and Non-Parasitic causes of diseases – Disease symptoms: Necrotic,Hypoplastic and Hyperplastic – Plant-microbe interactions – mutualism,   Mycoparasitism,   Antagonism,   Commensalism –Entry and Invasion of the pathogen to the host plant and damage to host Tissues - Toxins in pathogenesis – Defense Mechanism in Plants – Mechanical and Chemical Mode.
Unit V : Plant Pathology





Epidemiology – The causes of epidemics, environment and pathogenic factors – Plant protection and protective methods - Integrated Pest Management (Physical, Chemical and Biological)–Detailed account on Diseases in Rice(Blast disease, Bacterial leaf blight, Tungro disease), Sugarcane (Red rot, Sugarcane Mosaic), Cotton(Wilt of cotton, Angular leaf spot), Banana (Panama disease andBunchy Top)& Groundnut (Tikka disease).
COURSE OUTCOMES
On the completion of this paper, students will able to

1. Understand the classification and culture techniques of microbes.
2. Students will also study the growth and control of microbes as well as different bacteriological techniques involved in microbiology.
3. Students will learn about the biomolecules by studying their structures and types.
4. Identify common plant diseases and their control measures.
5. Know about microbes and their life to draw inspirations to hire them in applications
Text Books
1. Dubey RC, Maheswari DK 2014. A text book of Microbiology, S.Chand & company, New Delhi.
2. Powar, C.B. and Dagniwala, H.F. 2008. General Microbiology. Himalaya Publishing House, Bombay

3. Sharma, P.D. 2012. Microbiology – Rastogi & Co, Meerut

4. Alexopoulous.  C.J.  Mims  C.H  and  Black  well,  M.,  2007.  IntroductoryMicrobiology. 4 th  edition John Wiley and Sons, New York.
5. Bilgrami, K.S. &H.C. Dube 2010A text book of Modern Plant Pathology – VikasPublishing House (P)Ltd., New Delhi

Supplementary Readings
1. Carpenter, P.L. 1977. Microbiology, W.B. Saunders Co., London.
2. Ketchum, Paul, A. 1988. Microbiology: Concepts and application, John Wiley andSons, New York

3. Mandahar, C.L. 1978. An Introduction to Plant Viruses. S. Chand & Co., New Delhi.
4. Mehrotra  R.S.  and  Ashoka  Agarwal.  2010.  Plant  Pathology.  TATA  McGraw

5. Pelezar,J.M., chan E.C.S and Kreig, R.N. 2008. Microbiology. 13 th  Tata Mc.Graw Hill Publishing Company Ltd, New Delhi.
6. Pandey, B.P. 1982. A Textbook of Plant pathology, Pathogen and Plant Diseases.Chand and Co. Ltd., New Delhi.
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 OUTCOME MAPPING
	SEMESTER - I

CORE - III
	22PBOTC13: PTERIDOLOGY, GYMNOSPERMS AND PALAEOBOTANY
	CREDITS: 4
HOURS: 4/W


COURSE OBJECTIVES
1. To understand the diversity, structural organization, reproduction and evolution of organsof Pteridophytes & Gymnosperms.
2. To understand the diversity, structural organization, reproduction and evolution of organsof Gymnosperms 

3. To acquire the knowledge of the paleobotany.
4. To understand the Geological time Scale

5. To develop the skill on  studying of fossil Specimens

Unit I: Pteridophytes

General characters and classification of Pteridophytes (Sporne), Telome and Enation theories, Stelar evolution. Monophyletic and polyphyletic origin of pteridophytes, pteridophytic life cycle with reference to alternation of generations, Eusporangiate and leptosporangiate development of sporangium.Soral evolution..Apomictic life cycle, apogamy, apospory, heterospory and seed habit. Spore structure, pattern of spore germination in ferns,Structure and reproduction in fossil forms - Rhynia, Asteroxylon,Lepidodendron, Lepidocarpon, Sphenophyllum and Calamites. 
Unit II: Pteridophytes

Structure and evolution of sporophytes of the forms Psilopsida (Psilotum), Lycopsida (Isoetes), Sphenopsida (Equisetum), Pteropsida (Osmunda, Angiopteris, Adiantum, Dicranopteris Marsilea, Salvinia)
Unit III: Gymnosperms

 General characters of Gymnosperms,Classification of gymnosperms (Sporne 1965). Morphology, structure and reproduction of Progymnosperms: Cycadofilicales (Lyginopteris, Medullosa, Heterangium and Lagenostoma), Glossopteridales (Glossopteris), Pentoxylales (Pentoxylan), Cordaitales(Cordaites), Cycadales-(Cycas and Zamia)
Unit IV: Gymnosperms

Coniferales-Cupressus, Podocarpus and Araucaria, Taxales-Taxus, Ginkgoales-Ginkgo, Ephedrales-Ephedra, Gnetales-Gnetum. Evolutionary tendencies in gymnosperm, organography and life cycle with particular reference to male and female sporophylls, cones, ovules and seeds, Pollination mechanisms,. Economic importance of Gymnosperms.
Unit V: Palaeobotany

Introduction, scope and objectives of Palaeobotany, Geological time scale.-Radiocarbon dating. Fossilization -method of fossilization; types of fossils.Techniques to study fossils - Ground thin section, Film or Peel technique, Maceration technique and Transfer technique. Fossil nomenclature. Contribution of Birbal Sahni to palaeobotany, Economic importance of fossils. 
COURSE OUTCOMES 
On the completion of this paper, students will able to

1. Understand the diversity, structural organization, reproduction and evolution of organsof Pteridophytes 
2. Knowledge about ferns
3. Understand the diversity, paleoclimate and early fossil members of Gymnosperms
4. Understand the diversity, structural organization, reproduction and   evolution of organsof Gymnosperms

5. Understand the Geological time Scale,Develop the skill on studying of fossil Specimens

Text Books
1. Bhatnagar, S.P., and Moitra, A. 1996.Gymnosperms. New age International, Private Limited.
2. Biswas, C., and Johri, B.M. 1997.Gymnosperms. Narosa Publishing House, New Delhi.
Supplementary Readings
1. Arnold, C.A. 1947.An Introduction to Palaeobotany. McGraw Hill Book Company, New York.
2. Brown, H.P. 1989.An Elementary Manual of Indian Tree Technology, Dehradun

3. Chamberlain C.J. 1935.Gymnosperms: Structure and Evolution CBS Publishers andDistributors, N. Delhi.
4. Coulter, J.M., and Chamberlain, C.J. 1917.Morphology of Gymnosperms (Reprinted)Central Book Dept. Allahabad.
5. James, W. 2015. The Gymnosperms Hand Book, Plant Gateway Ltd.
6. Sporne, K.R. 1965. The Morphology of Gymnosperms, Published by Hutchinson University Library.
7. Stewart M. 2007. Classification of Life, Published by Twenty First Century Books
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OUTCOME MAPPING
	SEMESTER - I

CORE PRACTICAL- I
	22PBOTP14:
(PHYCOLOGY, MYCOLOGY, BRYOLOGY, MICROBIOLOGY, PLANT PATHOLOGY, PTERIDOLOGY, GYMNOSPERMS AND PALAEOBOTANY)
	CREDITS: 7
HOURS: 10/W


Phycology

Morphological, reproductive and anatomical study of representative members of the bryophytes studied in theory using cleared whole mount preparation and sectioning (Oscillatoria, Anabaena, Ulva, Halimeda, Chara, Vaucheria, Dictyota, Padina, Sargassum, Gracilaria.
Mycology

1. Morphological, reproductive and anatomical study of representative members of the bryophytes studied in theory using cleared whole mount preparation and sectioning (Stemoites, Pilobolus, Phytopthora, Aspergillus, Morchella, Polyporous, Alternaria, Colletotrichum
2. Morphological, reproductive and anatomical study of representative members of the licehns Parmelia, Usnea
Bryology

Morphological, reproductive and anatomical study of representative members of the bryophytes studied in theory using cleared whole mount preparation and sectioning (Riccia, Reboulia, Targinonia, Lunularia, Marchantia, Porella, Pellia, Funaria, Sphagnum, Polytrichum.
Microbiology

1. Staining of microorganisms: Simple staining. 
2. Gram staining  spore and acid fast staining, 

3. Preparation of culture media – Synthetic and Non-synthetic. 
4. Growth of  microorganisms. 
5. Serial dilution technique. 
6. Hanging Drop method.
Plant Pathology
1. Verification of Koch’s postulates. 
2. Identification of plant diseases included in theorysyllabus.
Pteridology

Study of External morphology and reproductive structures and T.S. or L.S. of Leaf, Stem, Cone of the following species - Psilotum, Isoetes, Equisetum,  Osmunda, Angiopteris, Adiantum, Dicranopteris, Marsilea, and Salvinia 
Gymnosperms
Study of External morphology and reproductive structures and T.S. or L. S of Leaf, Stem, Cone ofthe following species - Cycas, Cupressus, Podocarpus, Araucaria, Ephedra andGnetum.
Palaeobotany

1. Study of fossils in Pteridophytes and Gymnosperms mentioned in the theory.
2. Compression, Impression, Petrified Fossils, Cast and mold, Amber and coal ball
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	SEMESTER - I

CORE ELECTIVE-I
	22PBOTE15-1: MUSHROOM CULTIVATION
	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES
1. To study the morphology and types of Mushrooms.
2. To Identify edible types in mushroom, Selection of appropriate cultivation sites

3. To  know the nutrient value of mushroom

4. To aware the identification of edible and poisonous Mushrooms.
5. Designing and construction of Mushroom Farm, Packaging, storing and grading of Mushrooms.
Unit I : Introduction
Mushroom – introduction, Life cycle of Mushrooms. Types and identification - edibleand poisonous Mushrooms - external factors for growth. Economic importance of Mushrooms as food.
Unit II : Mushroom Cultivation Methods

History and scope of mushroom cultivation-early cultivation- domesticated mushrooms today- other domesticated fungi. - selection - ‘starter’ - preparation of spawn - preparation of Compost (outdoor and indoor beds) - incubation - Harvesting and marketing

Unit III : Spawn preparation

Spawn production - grain, powder and granular spawn - mother spawn - planting spawn-spawn preparation-spawning techniques-environmental conditions for spawn runpreparation of culture (Tissue culture and spore culture), preservation and storage ofculture - various media (PDA, malt extract, Wheat extract, compost extract)
Unit IV : Different types of Mushrooms

Cultivation of white Button Mushrooms (Agaricusbisporus) and Oyster Mushrooms (Pleurotusspp) – materials – sterilization – spawning and fruiting – house design for Pleurotus– preservation, canning drying, Cultivation of paddy straw Mushrooms – Preparation, Spawn making – Methods of Cultivation.Mushrooms are different types in Tamil Nadu: a) Button Mushroom b) Oyster Mushroom c) Milky Mushroom and their main income source is agriculture. Primary data was collected through questionnaires and secondary data from online.
Unit V : Mushroom harvesting technology

Mushroom technology – nutritive value of edible MushroomsProtein, carbohydrate, fat, mineral, and vitamin - Medicinal value of Mushrooms, Advantages of Mushrooms Cultivation – Harvesting & Marketing (Local, National and International level).
COURSE OUTCOMES
On the completion of this paper, students will able to

1. Understanding of prospects of Mushroom cultivation
2. The students will gain the knowledge of cultivation of different types of edible Mushroom.
3. The students will gather concepts on the methods of harvesting of Mushroom and methods of grading, packing and storing of Mushroom
4. Students will be able produce spawn on their own. 
5. Learned the prospects and scope of mushroom cultivation in small scale industry.
Text Books
1. Shubhrata R.Mishra, 2014. Techniques of Mushroom Cultivation. Discovery
Publishing House Pvt. Ltd.New Delhi.
2. Kannaiyan.S and Ramasamy, K, 1980. A Handbook of Edible Mushroom. Today and Tomorrows. Printers and Publishers, New Delhi, 104 p.
3. Tewari,S.C.and Pankaj Kapoor,2018, Mushroom Cultivation Mittal Publication New Delhi.
Supplementary Readings
1. Pathak V.N, Nagendra Yadav and Maneesha Gaur. 1998.
2. Mushroom Production and Processing Technology. Agrobios(India) Jodhpur, 

3. Suman, B.C. and Sharma, V.P.2007, Mushroom cultivation in India. Daya
Publishing House New Delhi.
4. Chauhan,M., Gajre.K. andPrajapati.P.2013, Scientific Cultivation of Mushroom. Biotech Books New Delhi
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	SEMESTER - I

CORE 
ELECTIVE - I
	22PBOTE15-2:  SILVICULTURE AND SEED TECHNOLOGY


	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES 

1) Understanding of key ecological concepts related to forest stand development and the response of forest vegetation to silvicultural practices.
2) Students will demonstrate a familiarity with silvicultural terminology and be able to discuss practical application of regeneration techniques, intermediate treatments, and alternative silvicultural systems.
3) To develop the skill  of Silviculture Systems.
4) Students will be able to develop a silvicultural prescription to accomplish identified ownership objectives.
5) To understand the Germination, Viability and Storage of Seed.
Unit I : Fundamentals of Forestry 
Definition, history, classification and branches of forest and forestry. Status of forests in India and their role. Major forest types of India–forest composition and structure. Locality factors influencing forest growth and distribution in India. Plant succession, competition and tolerance. Methods of studying forest area-Aerial survey-Photographic method. Remote sensing and GIS in forestry. Forest floor–canopy-sholas and its importance. Forest mensuration. Use of wedge prism. 
Unit II : Regenerationand  Plantation  of  forests

Natural regeneration: Definition, advantages and disadvantages. Steps involved in artificial regeneration. Plantation of forests-Plantation establishment-site selection, site preparation and planting. Choice of species on ecological aspects-afforestation of dry land, wet land, other adverse sites. Intercultural operations. Plantation maintenance. Nursery techniques, silvicultural management of stands, Protection and utilization of some important conifer and broadleaved tree species of India.
Unit III : Silviculture Systems
Silviculture-Definition, objectives and scope. Relation of silviculture with forestry and its branches. Silviculture system: coppice, selection, clear felling, shelter wood, regular and irregular. silviculture of some of the economically important species: Tectonagrandis, Casuarina equisetifolia,Eucalyptus, Bamboosa species,, Santalum album. Barks–Nature and types. Forest conservation: objectives, scope and methods.
Unit IV: Type of seeds and Seed dormancy.
Classification of seeds, Recalcitrant seeds, Albuminous and Ex-Albuminous seeds. Seed reserves. External and internal structures of seed-their functional significance, Seed certification. Types of dormancy-Physical, Physiological, Morphological, Chemical and Mechanical. Primary and secondary dormancy, Photo and Skoto dormancy.  Methods to overcome dormancy. Artificial induction of dormancy and release. Dormancy breaking-principles and methods. Ecological significance of seed dormancy.
Unit V: Germination, Viability and Storage of Seed

Seed germination-types and phases of germination; imbibition-pattern and water kinetics-events of germination-physical, physiological, biochemical changes. Brief account of germination value, rate and percentage. Influence of light and temperature on germination and seedling development. Vigour and viability test (Tetrazolium test). Critical role of seed moisture content and environmental factors on viability. Methods of seed storage-modified atmospheric storage-ultra dry storage-vacuum storage-cryopreservation-germplasm storage. Static conservation of seeds. seed banks, Gene pool..
COURSE OUTCOMES
On the completion of this paper, students will able to

6) Understand the importance of forests

7) Acquire the knowledge of Regeneration and Plantation of Forests

8) Develop the skill of Silviculture Systems

9) Understand the process and principles of Seed technology

10) Understand the Germination, Viability and Storage of Seed
Text Books
11) Agarwal, R.L. (1997). Seed Technology, Scientific Publishers, Jodhpur.
12) Archana Sharma (2014), Seed Technology and Seed Pathology: Pointer Publishers.
13) Dwivedi A.P. (1993). A Text Book of Silviculture. International Book Distributors,       Dehradun.
14) Khanna L.S. (1996). Principle and Practice of Silviculture. International Book Distributors.
15) Negi, S.S. (1985). General Silviculture, Natraj Publication, Dehra Dun.
Supplementary Readings
16) Agarwal, P.K. and Dadlani, M. (1992). Techniques in seed science and technology, Scientific  Publisher, Jodhpur.
17) Champion , H.G  and  Griffith.  (1967).  Manual  of  General  silviculture  for  India,  3rd    edition, New Delhi.
18) Dwivedi, A.P. (1992). Agroforestry: Principles and Practices. Oxford and IBH.
19) Prakesh, R. and Khanna, L. S. 1979. Theory and Practice of Silvicultural Systems.International Book Distributor, Dehra Dun.
20) Sanjeev Kumar (2014). Principles of Seed Technology: Sonali Publications.
21) Shrivastava, M.B. (1998). Introduction to Forestry. South Asia Books; 1 edition, New Delhi.
22) Smith, D.M, Larson, B.C, Ketty, M.J. and Ashton, P.M.S. (1997). The Practices of Silviculture-5.Applied Forest Ecology. John Wiley & Sons.
23) Vinod  Kumar(1995). Nursery  and  Plantation  practices  in  Forestry,  Jodhpur.Scientific publishers.
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	SEMESTER - I

CORE 

ELECTIVE - I
	22PBOTE15-3:   INDUSTRIAL MICROBIOLOGY


	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES
1. To acquire the knowledge of scope of industrial microbiology
2. To understand the importance of microbes, basics of a sterilization, fermenter design and types.
3. To study the avenues of exploiting microbes in bioconversion technology.
4. To study the industrial production, product recovery and commercial application in fermentation.
5. To develop the skill on production of Microbial metabolites
Unit I : Industrial Biotechnology

Introduction - Historical account – development – scope of industrial microbiology, source and characters of industrially important microbes – Microorganisms in industry  Sterilization – preparation of media – isolation methods for microorganisms – culture andpreservation and stability. Principles of storage of microbes at low temperature in liquidnitrogen, Preparation of inoculum – Screening methods and methods for strain improvement.
Unit II : Industrial Fermentations Techniques
Types of fermentation – components of fermentation process – factors involved in fermenter design, differences between biochemical and chemical processes; biochemical reactions, operational consideration. Fermenter configuration and different types of fermentors; Principle of operation characteristics of fermentors, Methods used for down  stream processing and product recovery – filtration, centrifugation, cell disruption, extraction, dialysis, purification, drying, packing and labeling, Manufacturing practices and Fermentation economics.
Unit III : Methylotrophs
Methanogens and methylotrophs, Mechanism of methane production – Economic importance of methylotrophs. Hydrogen fuel, Microbial leaching. Sulphur utilizing, sulphate reduction pathway – use of nucleotides as nitrogen source for growth of certain microorganisms (pathway of nucleic acid breakdown). Immobilization of microbial cellsand enzymes methods and applications – Biofuel, ethanol, biogas, biodiesel and hydrogenproduction, Microbial polyesters, biosurfactants and recombinant products.
Unit IV : Microbial production of food
Microbes in food production and food poisoning, microbial single cell protein (SCP). Fermented dairy products, fermented meats, leavening of breads, microbiology and production of ethanol and alcoholic beverages – beer, manufacturing and production of distilled beverages, wines, vinegar, Baker’s yeast production – food and fodder yeast production, fermented vegetables, pickles, olives, soy source, mushroom, algae and cheese.
Unit V : Microbial production of Metabolites
Microbial production of primary and secondary metabolite, commercial production of antibiotics with special reference in penicillin, streptomycin and their derivatives. Vitamins and growth stimulants – Vitamin A, Vitamin B12; Organic acids – citric acid, fumaric acid, Bacterial gluconic acid and - Ketoglutaric acid. Amino acid – L – glutamic acid, Lysine. Enzymes – Amylase and proteases. Microbial transformation of steroids and alkaloids production. Large scale production of recombinant molecules interferon, human protein, insulin, somatostation, vaccines and anticancer agents.
COURSE OUTCOMES 
On the completion of this paper, students will able to

24) To acquire the knowledge of scope of industrial microbiology
25) Students will gain knowledge about the different cell organelles of microorganisms and their detailed functions.
26) Students will understand the importance of microbes, basics of a sterilization, fermenterdesign and types.
27) To study the avenues of exploiting microbes in bioconversion technology.
28) To study the industrial production, product recovery and commercial application in fermentation.
29) To develop the skill on production of Microbial metabolites.
Text Books
30) Ndukaokafor, 2007. Modern Industrial Microbiology and Biotechnology. Ist
Editions. Science Publishers.
31) Waiter, M.J., organ, N.I., Rockey., I.S and Higton, G., 2002. Industrial
Microbiology – An Introduction, Black well science Publisher.
32) Patel, A.H., 2010. Industrial Microbiology 4th edition. Macmillan Publisher, India.
33) Casida, JR L.E., 2009. Industrial Microbiology. New Age International (P) Ltd.,
Publishers, New Delhi.
34) Okafor, 2007. Modern industrial microbiology and Biotechnology. Scientific
publisher. Enfield, USA.
35) Demain, A.I, 2001. Industrial Microbiology and Biotechnology. 2nd Edition, ASSIPress, Washington.
36) Ndukaokafor, 2007. Modern Industrial Microbiology and Biotechnology. Ist
Editions. Science Publishers.
37) Waiter, M.J., organ, N.I., Rockey., I.S and Higton, G., 2002. Industrial
Microbiology – An Introduction, Black well science Publisher.
Supplementary Readings
38) Patel, A.H., 2010. Industrial Microbiology 4th edition. Macmillan Publisher, India.
39) Casida, JR L.E., 2009. Industrial Microbiology. New Age International (P) Ltd.,
Publishers, New Delhi.
40) Okafor, 2007. Modern industrial microbiology and Biotechnology. Scientific
publisher. Enfield, USA.
41) Demain, A.I, 2001. Industrial Microbiology and Biotechnology. 2nd Edition, ASSIPress, Washington.
42) DanialForciniti. 2008. Industrial Bioseparations– principles and practice, Wiley Black well.
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	SEMESTER - I

OPEN ELECTIVE -I
	22PBOTO16-1: ORGANIC FARMING AND BIOFERTILIZERS
	CREDITS: 2
HOURS: 3/W


COURSE OBJECTIVES 

43) Increase genetic diversity.
44) Promote more usage of natural pesticides.
45) To exploit the microbial diversity in various agro-ecologies for biofertilizer application in diversified systems.
46) To study the impact of soil management practices on microbial functions and soil health. 
47) To improve biofertilizer technology to ensure high quality and improved delivery.
Unit I : Importance of Organic Farming

Introduction: Farming, organic farming, concept and development of organic farming. Historical development of Organic Agriculture in India, Present status of Organic Agriculture. Types of organic farming, Benefits of organic farming. Conventional farming v/s organic farming, Scope and Present state of organic farming, national and international status.
Unit II : Organic manure

Organic Manure, advantages of organic manure, Farm Yard Manure /Rural compost, Citycompost, Oil cakes, Animal wastes, etc. Green Manure – Green Manure with Leguminous crops in crop rotation. In-situ incorporation of crop residues –Benefits.Preparation of Compost- Different Methods, Enrichment of compost and Nutrientcomposition. Preparation of vermin compost.
Unit III : Bio-fertilizer

Fertilizer, chemical fertilizer, Bio-fertilizers, types of Bio-fertilizer, advantages and disadvantages. Study of growth characteristics of various microbes used in biofertilizers production. Storage, shelf life, quality control and marketing. Types of biofertilizer– Bacteria (Azospirillum), Cyanobacteria (Nostoc), Fungi (Glomus) Nitrogenous Biofertilizers(Rhizobium) phosphate and Seaweed Liquid Fertilizer.
Unit IV : Bio-pesticides

Biological control, History and concept of biopesticides. Importance, scope and potentialofbiopesticide. Classification of biopesticides, botanical pesticides and biorationales.Mass production technology of bio-pesticides. Major classes-Properties and uses of Fungicides, Bacteriocide and Herbicides. Importance of Neem in organic Agriculture.
Unit V : Standards for organic products

Organic crop management, quality of organic foods and Human Health, Organic Standard, Organic Certification Process, Operational Structure of Organic Certification, Farm inspection and certification, Marketing of Organic Products. Conversion to organicfarming, Process, Income generation activities: Apiculture, Mushroom production, Terrace farming. Organic Farming and national Economy Socio Economic impacts.
COURSE OUTCOMES
On the completion of this paper, students will able to

48) Role of NGOs in producing organic products. 
49) Selection of crops and varieties for organic produce 
50) Certification of organic produce.
51) Students will be acquiring the technical knowledge in Bio fertilizer production technology 
52) Knowledge of different manure and fertilizers used in different crops according to soil condition
Text Books

53) Joshi, M., Setty, T.K.P. and Prabhakarasetty 2006. Sustainability through Organicfarming.1st Edition.Kalyani Publishers, Ludhiana, India.
54) Bavec, F. and Bavec, M. 2007. Organic Production and Use of AlternativeCrops.CRC Press, Boca Raton, FL.
55) SarathChandranUnni M.R Sabu Thomas, 2019. Organic Farming, 1st Edn. GlobalPerspectives and Methods, Elsevier.
56) Niir Board 2004. The Complete Technology Book On Bio-Fertilizer And Organic Farming, National Institute Of Industrial Re.
Supplementary Readings
57) Gaur, A C 2011. Handbook of Organic Farming and Biofertilizers

58) Shalini Suri. 2011. Biofertilizers and Biopesticides, Aph Publishing Corporation

59) Lakshman, H.C. and A. Channabasava 2o14 Vedams eBooks (P) Ltd (New Delhi,India)
60) NPCS Board of Consultants & Engineers2008, the Complete Book on Organic
Farming and Production of Organic Compost, Asia Pacific Business Press Inc.
61) hmadMehraban. 2013. The Basis of Organic Fertilizers, LAP LAMBERT
Academic Publishing.
62) Singh, M 2018. Organic Manure: Sources Preparation and Usage in Farming
Lands,Siya Publishing House.
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	SEMESTER - I

OPEN ELECTIVE -I
	22PBOTO16-2: HERBAL BOTANY
	CREDITS: 2
HOURS: 3/W


COURSE OBJECTIVES 
63) To study the importance of herbal medicine in India 
64) To identify the herbal medicine uses plant 

65) To cultivation medicinal plants 
66) To understand the morphological characters of medicinal plants
67) To learn the survey techniques for evaluating the values of medicinal plants

Unit I : Indian System of Medicines


Introduction to Herbal Botany – A   historical   perspective   of   medicinal   plants   in India – Importance   and   relevance   of   medicinal   drugs   in   India – Indian System Medicine – General Information: Ayurveda, Yogic Therapy, Unani, Siddha and Homeopathy (AYUSH) – Study    of Phytochemicals – reserve materials, secretory materials  and  excretory  materials.
Unit II : Pharmacognosy










General account on Pharmacognosy– Crude and Commercial drugs – Classification and Evaluation of Crude drugs – Substitution – Adulteration  of  crude  drugs  and  its  detection – methods  of  adulteration,  types  of adulteration.  Medicinal plants of export values.  Rejuvenating herbs—role of non-flowering plants in the field of medicine.
Unit III : Herbal Botany









Morphology of the useful parts, cultivation, collection, phyto-chemical constituents and therapeutic properties of the following medicinal plants; Leaves:Centellaasiatica; Flower:Crocus sativus; Fruits: Coriandrum sativum; Seeds: Terminalia chebula; Rhizome: Curcuma amada; Bark: Cinchona officinalis; Root: Rauwolfia serpentina ;  Whole plant: Phyllanthus amarus.
Unit IV : Herbal Botany










Allergens – pollen, skin allergens – Poisonous  plants  of  India – Types  of  Plant  poison -  active  plant  poison - treatment for plant poisons – Some important poisonous plants, their toxicity and action.- Remedial plants for the following Disorders – CNS, Cardiac, Cancer, Diabetics.
Unit V : Herbal Botany










Herbal medicine preparation:  Decoction, infusion, syrup, tincture and poultice.  Food: herbal salad, chutney, soup and Tea. – Exports  values  of  medicinal  plants -    Bark  - Cinchona officinalis; Leaves – Justicia adathoda; Flower – Syzygium aromaticum; Fruits and seed –Limonia acidissima, Papaver somniferum;  Underground  stem  -  Zingiber officinale– Unorganized  drugs: Gum – Acacia; Resin – Turpentine; Fixed oil - Castor oil.
COURSE OUTCOMES 

On the completion of this paper, students will able to

68) Understand the different types of medicine systems 
69) Know about the basics principles of pharmacognosy and techniques
70) Understand the uses and pharmacological aspects of medicinal plants 
71) Know about the remedial plants for various diseases
72) Gain knowledge on the preparation of herbal formulations and export values

Text Books 

73) Agarwal, O.P,1985. Chemistry of of organic – natural products.  Vol-II.
74) Chopra,R.N.,  Chopra,I.C  .,  Handa,  K.L.,and  Kapur,L.D.1994.Indigenous  drugs      of India. 
75) Tilgner, SharolMarie . 2018. Herbal ABC's: The Foundation of Herbal Medicine.  
76) Bhagwan Das—Fundamentals of Ayurveda. 
77) Kandasamy Pillai,1972. History of Siddha medicine. Govt. of Tamilnadu.
78) Roseline, A. 2011. Pharmacognosy, MJP Publications, Chennai.
Supplementary Readings
79) Krup,P.V. Handbook of medicinal plants Vol I &II, CCRIMH, NewDelhi. 
80) Nadkarni,K.M.,1976.Indian Materia Medica Vol I &II, Popular Prakashan Pvt. Ltd. 
81) Wallis,T.E.,1967. Text book of Pharmacognosy, J.A. Churchill Ltd. 
82) C.K. Kokale, C.K. Kokate& Purohit – Pharmacognosy, NiraliPrakasan, New Delhi.  
83) Edwin   Jerald  &Sheeja  Edwin   Jerald   –   Text   Book   of   Pharmacognosy       and Phytochemistry, CBS Publishers & Dist., NewDelhi.  
84) Pagare, P.K. 2007.  Medicinal Plants, APH Publishing Corporation, New Delhi.
85) RasheeduzZafer, 1994. Medicinal Plants of Inida, CBS Publishers & Distributors, Delhi.
86) Panda. H. Hand Book of Herbal Medicines, Asia Pacific Business Press, New Delhi.
87) Panda. H. Hers Cultivation and Medicinal Uses, National Institute of Industrial Research, Delhi.
88) Daniel, M. 2013.  Useful Herbs of Planet Earth, Scientific Publications, New Delhi
89) NIIR Board of Technologists, Hand Book of Herbal Products, Vol. I and II, National Institute of Industrial Research, Delhi.
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	SEMESTER - I

OPEN ELECTIVE -I
	22PBOTO16-3: MUSHROOM CULTIVATION
	CREDITS: 2
HOURS: 3/W


COURSE OBJECTIVES 

90) To study the morphology and types of Mushrooms. 
91) To know the spawn production technique. 
92) To aware the identification of edible and poisonous Mushrooms. 
93) To learn the prospects and scope of mushroom cultivation in small scale industry. 
94) To understand the Diseases. Post harvesting techniques of Mushrooms.
Unit I : Introduction
Mushroom – introduction, Life cycle of Mushrooms. Types and identification – edible and poisonous Mushrooms - external factors for growth. Economic importance of Mushrooms as food.
Unit II : Mushroom Cultivation Methods

History and scope of mushroom cultivation-early cultivation- domesticated mushroomstoday-other domesticated fungi.-selection-‘starter’-preparation of spawn- preparation of Compost (outdoor and indoor beds) - incubation - Harvesting and marketing

Unit III : Spawn preparation

Spawn production - grain, powder and granular spawn - mother spawn - planting spawn-spawn preparation-spawning techniques-environmental conditions for spawn runpreparation of culture (Tissue culture and spore culture), preservation and storage ofculture - various media (PDA, malt extract, Wheat extract, compost extract)
Unit IV : Different types of Mushrooms
Cultivation of white Button Mushrooms (Agaricusbisporus) and Oyster Mushrooms (Pleurotusspp) – materials – sterilization – spawning and fruiting – house design forPleurotus– preservation, canning drying, Cultivation of paddy straw Mushrooms – Preparation, Spawn making – Methods of Cultivation.Mushrooms are different types in Tamil Nadu: a) Button Mushroom b) Oyster Mushroom c) Milky Mushroom and their main income source is agriculture.Primary data was collected through questionnaires and secondary data from online.
Unit V : Mushroom Harvesting Technology

Mushroom technology – nutritive value of edible MushroomsProtein, carbohydrate, fat, mineral, and vitamin - Medicinal value of Mushrooms, Advantages of Mushrooms Cultivation – Harvesting & Marketing (Local, National and International level).
COURSE OUTCOMES
On the completion of this paper, students will able to
95) To enable the students to identify the edible and poisonous mushrooms. 
96) To provide hands-on training for the preparation of bed for mushroom cultivation and its harvesting, pests and diseases control and post harvesting management. 
97) To provide the students awareness about the marketing trends of Mushrooms. 
98) To give the students exposure to the experiences of experts in the field and to functioning mushroom farms. 
99) To help the students to learn a means of self-employment and income generation.
Text Books

100) Shubhrata R.Mishra,2014. Techniques of Mushroom Cultivation. Discovery
Publuishing House Pvt. Ltd.New Delhi.
101) Kannaiyan.S and Ramasamy, K, 1980. A Handbook of Edible Mushroom. TodayandTomorrows. Printers and Publishers, New Delhi, 104 p.
102) Eswari,S.C.and Pankaj Kapoor,2018, Mushroom Cultivation Mittal Publication, New Delhi.
Supplementary Readings

103) Pathak V.N, Nagendra Yadav and Maneesha Gaur. 1998.
104) Mushroom Production and Processing Technology. Agrobios(India) Jodhpur

105) Suman, B.C. and Sharma, V.P.2007, Mushroom cultivation in India. Daya
Publishing House New Delhi.
106) Chauhan,M., Gajre.K. andPrajapati.P.2013, Scientific Cultivation of Mushroom. Biotech Books New Delhi.
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	SEMESTER - II

CORE - IV
	22PBOTC21: ANATOMY AND EMBRYOLOGY OF ANGIOSPERMS
	CREDITS: 4
HOURS: 5/W


COURSE OBJECTIVES
1. To provide an insight into the internal structure andreproduction of the most evolved group of plants, the Angiosperms; 
2. To get an insight in to the histochemistry with special reference to various stains and staining procedures

3. To study and understand morphological, internal structure of diverse plant groups for the evolution of structure-functions and their application

4. To understand theorigin, structure, growth, development and reproduction of angiosperms.
5. To understand the development of Dicots and Monocots

Unit I : Anatomy- Tissue System

Introduction and Detailed study of Cell wall. Tissue system-dermal tissue, simple and permanent tissue systems. Primary and secondary structure of root and stem of dicots and monocots, structure of shoot and root apices.
Unit II : Anatomy- Meristems

Meristems origin,structure,types, theories.Vascular and cork cambium origin, structure and functions,dendrochronology and rhytidome.Periderm, lenticels,tylosis,wound healing and grafting. Secretory tissue. Wood poperties -porous and non- porous wood, heart wood and sap wood.
Unit III : Anatomy- Stem and leaf anatomy

Anomalous secondary thickening of dicot and monocot stem. Nodal anatomy- uni, tri and multilacunar nodes and their evolution. Leaf ontogeny and anatomy, stomata types, hydathodes, histogenesis of bifacial and unifacial leaf, Kranz anatomy. Vascular anatomy of flower and fruits.Application of anatomy in detecting food adulteration and contamination.
Unit IV : Embryology- Sporogenesis and fertilization

Introduction of Embryology,Microsporangium, microsporogenesis,male gametophyte- structure and development. Megasporangium, megasporogenesis, female gametophyte, (monosporic, bisporic and tetrasporic embryo sac).Structure and nutrition of embryo sac. Types of ovule. Pollination and its types. pollen-stigmainteraction and sexual incompatibility.Fertilization, and post fertilization changes.Dicot and monocot embryodevelopment.
Unit V: Embryology- Endosperm and Polyembryony
Endosperm, types- nuclear,cellular,helobial,ruminate, endosperm haustoria and its functions. Polyembryony, apomixis, apospory and apogamy, parthenogenesis and parthenocarpy and its applications.
COURSE OUTCOMES

 On successful completion of the course, the students will able to,

107) Acquire knowledge about the structure and functional development of cells and tissues
108) Are able to apply the concepts of Plant Anatomy to better understand the structural organization and functions of various tissue systems of plant body.
109) Understand the difference between normal and anomalous secondary growth in dicots and monocot plants
110) Learn the process of micro and megasporogenesis to embryo formation in seeds. 
111) Improving knowledge about parthenocarpy to indroduce new varieties in Horticulture.
Text Books
112) Pandey,B.P. 2016. Plant Anatomy. S.Chand & Co(P)Ltd. New Delhi.
113) Pandey,S.N & Chada,A. 2020. Plant Anatomy & Embryology. S.Chand & Co.Ltd New Delhi.
114) Bhojwani,S.S. & Bhatnagar,S.P. 2011. The Embryology of Angiosperms. Vikas Publ. House (P). Ltd., NewDelhi.
115) Agarwal,S.B. 1990. Embryology of Angiosperms- A fundamental Approach. Sahatiya Bhawan, Agra.
116) Dwivedi,J.N,1998.Embryology of Angiosperms.Rastogi & Co.Meerut.
Supplementary Readings
117) Fahn,A. 1989. Plant Anatomy. Maxwell Pvt. Ltd. Singapore.
118) Pandey,B.P. 2005. Plant Anatomy. S.Chand & Co.Ltd. New Delhi.
119) Katherine Esau,.2006. Anatomy of seed plants. John Willey & Sons, Newjersy.
120) Paula J.Rudall,2007. Anatomy of Flowering Plants.Cambride University Press.
121) Raghavan,V,1976. Experimental embryogenesis in vascular plants. Academic Press. London.
122) Maheswari,P. 2016. An Introduction to Embryology of Angiosperms.Scholar Select Publishers. New Delhi.
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	SEMESTER - II

CORE - V
	22PBOTC22: CYTOGENETICS, PLANT BREEDING AND EVOLUTION
	CREDITS: 4
HOURS: 5/W


COURSE OBJECTIVES
123) To understand the structure of prokaryotic and eukaryotic cell and Cell organelles.
124) To Understand the Principles of Mendelian Genetics.
125) To acquire knowledge about Mutation and Mutagens
126) To understand the Principle and significance of Plant Breeding
127) To understand the Process and theories of Evolution.
Unit I: Cell Biology
Structural variations of chromosomes – Deletions, duplications, inversionsand translocations, meiotic behavior in the above types, Karyotype analysis,Karyogram and Idiogram. Chromosomal abbrerations- Bridge, Laggard, Precision, Succession and Catanation. Numerical variation in chromosomes- euploidy and aneuploidy and its role in Horticulture.
Unit II: Mendelian Genetics

General account of genetics, Laws of inheritance, Mendalian Genetics.Quantitativegenetics: Polygenic inheritance (kernel colour in wheat, ear head length in maize. Self-incompatibility in Nicotiana. Populationgenetics;Hardy-Weinberg Equilibrium. Extra-chromosomal or Cytoplasmic inheritance: malesterility in plants. 
Unit III: Mutation
Nature of Mutations, types of mutations and mutagens, methods of detection of mutation: Ames test,CIB method and attached-X method, Molecular mechanism of spontaneousandinduced mutations, Mutagenic effects of food additives and drugs. Nucleic acid as genetic material-types of nucleic acids, Replication of DNA,DNA damage and repair. Homeotic mutants in Arabidopsis and Antirrhinum. Transposons and types. 
Unit IV: Plant Breeding

General account on plant breeding, Breedingmethods - sexual,asexual and apomitic reproduction. Selection-Mass selection, Pureline selection and Clonal selection, Hybridization: Objectives, Choice of parents, problems and causes of failure of hybridization, types and process of hybridization, Bulk method, pedigree and backcrossmethod of selection. Role of interspecific and intergeneric hybridization in plant improvement. Heterosis. And Hybrid vigor. Role of CSIR, CIMAP organizations for crop improvement. Modern methods of plant breeding.
Unit V: Evolution

Theories of   evolution- Lamarkism, Darwinism, Modern synthetic theory, Germplasm theory and De Vries theory. Variation within and between populations. Speciation and reproductive isolation. Sequencing techniques and meta-genomics, adaptive variation. Process of origin of life, Molecular evolution.
COURSE OUTCOMES

On the completion of this paper, students will able to

128) Understand the structure of prokaryotic and eukaryotic cell and Cell organelles.
129) Understand the Principles of Mendelian Genetics
130) Acquire knowledge about Mutation and Mutagens
131) Understand the Principle and significance of Plant Breeding

132) Understand the Process and theories of Evolution
Text Books
133) Shukla, RS and Chandel, PS. 1980. Cytogenetics and Evolution.Chand and company, New Delhi

134) Klug, WS and Cummings, MR. 2003. Concepts of Genetics. Peterson Edu.
Supplementary Readings
135) De Robertis and De Robertis 1998 Cell and Molecular Biology. B.I. Waverly Pvt Ltd. NewDelhi.
136) Strickberger, M. W. 1985. Genetics. Macmillan India, New Delhi.
137) Gerald Karp. 1984. Cell Biology. McGraw Hill, New Delhi.
138) Jurgen Schulz-Scaffer, 1985. Cytogenetics- Plants Animals and Humans. Springer Verlag,Berlin.
139) Cooper, G. M. 1997. The Cell –A Molecular approach. ASM Press, Washington.
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	SEMESTER - II

CORE - VI
	22PBOTC23: PLANT TISSUE CULTURE
	CREDITS: 4
HOURS: 5/W


COURSE OBJECTIVES
140) To understand and the production of exact copies of plants that produceparticularly good flowers, fruits, or have other desirable traits.
141) To quickly produce mature millions of plants.
142) To acquire knowledge on the production of multiples of plants in the absence of seeds or necessary pollinators to produce seeds.
143) To improve the state of health of the planted material and to increase the number of desirable germplasms available to the plant breeder.
144) To develop Skill on plantlet generation by using tissue culture techniques

Unit I : Basics of Tissue culture

Concepts of Totipotency – Conditions of aseptic culture – Laboratory equipment –Culture vessels and different types of culture - Sterilization methods: Physical andchemical – Sterilization of Tools, Water, Vessels, Nutrient Media, Working Area, Methods of the surface disinfections - Inoculation and initiation of tissue culture– Acclimatization

Unit II : Methods and media Preparations

Explant preparation, callus initiation, growth and maintenance, Multiplication andOrganogenesis – Media preparation: MS and Root media - Embryogenesis, Somaclonalvariation, Germiclonal variation establishment, growth andmaintenance of cellsuspension culture, Methods of sub culturing and transfer of regenerated plantsto thefield.
Unit III : Micro Propagation

Tissue and organ culture; Cellular differentiation and regulation of Morphogenesis- Somatic embryogenesis - Control of organogenesis and embryogenesis - Single cellculture - Establishment of suspension cultures - Meristem and Nodal culture – Syntheticseed technology.Micro propagation advantages and disadvantages- application of techniquesin crop improvement.
Unit IV : Haploids and variation in Tissue culture

Haploid production – Androgenesis: Anther and microspore culture - Gynogenesis: Embryo culture - Protoplast isolation: Culture – regeneration - Somatic hybrid-cybridsIn vitro selection of mutants – mutants for salts, disease, cold, drought, herbicide andnother stress conditions - Meristem culture and virus elimination - Shoot tip culture.
Unit V : Application of Tissue culture

Industrial application: Secondary metabolite production and singlecell proteins bycellculture – Bioreactors –Genetic transformation using Ti plasmid Manipulation of geneexpression in plants– Tissue culture as a tool for Biotechnology: Production of markerfree transgenic plants-Developing insect-resistance, disease-resistance, herbicideresistance; stress and senescence tolerance in plants – Rapid propagation of Banana, Roseand orchids.
COURSE OUTCOMES

On the successful completion of this course the students will able to
145) Understand the Concepts of plant tissue culture 
146) Acquire the knowledge on plant cells, tissues or organs under sterile conditions on anutrient culture medium of known composition.
147) Develop the skill on as micropropagation.
148) Improve the state of health of the planted material and to increase the number of desirable germplasms available to the plant breeder.
149) Develop Skill on planlet generation by using tissue culture techniques

Text Books
150) Bhojwani, SS. and MK Razdan. 1996. Plant tissue Culture: Theory and Practice (arevised edition). Elsevier science publishers, New York.
151) Satyanarayana, U 2008. Biotechnology, Books & Allied Ltd.
152) Razdan M K 2019 Introduction to Plant Tissue Culture 3rdEdn. Oxford & IBH
Publishing

153) Oberta Smith. 2012. Plant Tissue Culture - Techniques and Experiments,
Elsevier, 3rd Edn.
154) Timir Baran Jha and Biswajit Ghost. 2005. Plant tissue culture (Basic and
Applied). University Press, Hyderabad.
155) Thorpe, T.A. 1981. Plant tissue culture methods and application in agriculture, Elsevier.
Supplementary Readings
156) Reinert. J and Yeoman, M.M. 1983. Plant cell and Tissue culture - Laboratory
manual, Narosa publishing house, New Delhi.
157) Razdan.M.K. 2003. Introduction to Plant Tissue Culture. Oxford & IBH
Publishing C.Pvt.Ltd, New Delhi.
158) Kalyan Kumar D.E.1992. Plant tissue culture, Agrobios, New Delhi.
159) T. Pullaiah, 2009. Plant Tissue Culture: Theory and Practicals, Scientific
Publishers Journals Dept.
160) Timir Baran Jha and Biswajit Ghosh, 2016. Plant Tissue Culture:Basic and
Applied, Platinum Publishers; 2nd Edn.
161) Anis Mohammad and AhmadNaseem. 2016. Plant Tissue Culture:
Propagation, Conservation and Crop Improvement, Springer.
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	SEMESTER - II

CORE PRACTICAL- II
	22PBOTP24: COVERING ANATOMY AND EMBRYOLOGY OF ANGIOSPERMS,CYTOGENETICS, PLANT BREEDINGAND EVOLUTION,PLANT TISSUE CULTURE
	CREDITS: 7
HOURS: 10/W


Anatomy
162) Examination of root and shoot apices;

163) Maceration, clearing and peeling techniques;

164) Primary and secondary structure of dicot, monocot stem; 

165) Transverse sectioning and observation of Anomalous secondary thickening in Bougainvillaea, Boerhaavia, Nyctanthes, Bignonia, Aristolochia, Strychnos and Dracaena.
166) Nodal anatomy – different types of nodes. 
167) Peeling techniques and study of different types of stomata,

168) Wounding of young stem and study of the wound healing response
Embryology
169) Different stages of anther, embryo sac, endosperm and embryo development

170) Pollen germination and viability test

171) Ovule types

172) Endosperm types

173) Dissection of embryo – Tridax, Crotalaria and Cleome

174) Endosperm and endosperm haustoria – Cucurbitaceae members

Cytogenetics
175) Squash and smear techniques

176) Study of cell division – mitosis (Allium cepa, Rhoeo, Urgenia, Scilla)
177) Study of meiosis - (Allium cepa, Helianthus, Tredescantia flower buds)
178) Study of chromosomal aberrations and polyploidy

179) Karyotype analysis – Idiogram preparation

180) Study of special types of chromosomes

181) Genetics problems in Mendelian inheritance, gene interaction, quantitative inheritance, multiple alleles, sex linkage and genetic maps

Plant breeding
182) Methods of vegetative propagation – Layering, Budding and Grafting

183) Intergeneric hybrids.
184) Hybridization techniques including Emasculation, Bagging.
Evolution
185) Charts – Evidences of evolution, Lamarckism, Darwin and DeVries

Plant Tissue Culture
186) Preparation of stock solutions for tissue culture
187) Preparation of solid and liquid media for test tube cultures and petri plate culture
188) Preparation of plant tissue culture media
189) Induction of callus culture and suspension culture
190) Encapsulation of embryos using sodium alginate
191) Callus induction and maintenance in vitro
192) Micropropagation of plants using nodal explants and shoot apex
193) Culture of ovary and ovule in vitro.
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	SEMESTER - II

CORE ELECTIVE-II
	22PBOTE25-1: MARINE BOTANY
	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES
194) To study the Introduction, concepts and Significance of marine Biology

195) To understand Marine environment, Ecosystem and its Biodiversity. 
196) To acquire the knowledge about Microalgae,Macro algae, Sea grassesand Mangroves

197) To Understand the economic importance of Microalgae, Macroalgae, Sea grasses and Mangroves 

198) To apply the skill on Identifying the sources, impact and control of Marine Pollution.
Unit I : Marine Biology

Introduction to Marine Biology, Concepts and scope of Oceanography, physical and chemical properties of sea water, differences between freshwater and seawater. Marine resources.  
Unit II : Marine Environment

Marine environment – ecological factors– light, temperature, salinity, pressure.–Marine Ecosystem. Food Chain, food web, Ecological Pyramids.Current status of marine biodiversity – biodiversity conservation.
Unit III : Microalgae
Microalgae,Phytoplankton, Diatom, (Dinoflagellate, Silicofagellate), Cyanobacteria,General features, Classification, Distribution, Influence of Physico-Chemical properties of sea water on diversity and population of phytoplankton.   Economical andMedicinal values of Microalgae.
Unit IV : Macro algae,Seaweeds and Mangroves

Seaweeds – occurrence and distribution- economic importance. Interaction between reefs and seaweeds. Sea grasses –adaptations and their ecological role. Mangrove Plants-Salt Marshes-Distribution, types, adaptations-morphological, physiological- ecological role, Biomedical values of Seagrasses and Mangroves.
Unit V : Marine Pollution

Major pollutants – sources, transport path,sewage; industrial, agricultural and domestic discharges.  Heavy metal pollution –, Oil pollution – Thermal pollution, Radioactive pollution, - Plastics and litter- impact on marine environment.Control methods. 
COURSE OUTCOMES 

On the completion of this paper, students will able to

199) Understand the Introduction, concepts and Significance of marine Biology
200) Understand Marine environment, Ecosystem and its Biodiversity. 
201) Acquire the knowledge about Microalgae, Macroalgae,Seagrass and mangroves
202) Understand the economic importance of Microalgae, Macroalgae, Seagrass and Mangroves
203) Apply the skill on Identifying the sources, impact and control of Marine Pollution.
Text Books
204) Munn,C.B.2004. Microbial ecology: ecology and applications.BIOS Sci., Pub.,
US.,282pp.
205) Kirchman,D.L., 2008. Microbial ecology of the oceans John Wiley & sons US 593pp
206) Kui Hong, An-Hui Gao, Qing-Yi Xie, Hao Gao, Ling Zhuang, Hai-Peng Lin, Hai-PengLin, Hai-Ping Yu, Jia Li, Xin-Sheng Yao, Michael Goodfellow Michael Goodfellow,2009. Actinomycetes for Marine Drug Discovery Isolated from Mangrove Soils andPlants in China. Mar. Drugs. 7, 24-44 pp.
207) Sverdrup, H.U., M.W. Johnson and R.H. Flemming 1958. The Oceans – their Physics,
Chemistry and General Biology. Prentice – Hall Inc. New Jersey, 1087 pp.
208) Strickland, J.D.H. and T.R. Parsons, 1972. A Practical Handbook of Seawater Analysis.Fisheries Board of Canada, Ottawa, Bulletin, 167:311pp.
209) McCormick, J.M. and J.V. Thiruvathakal, 1976. Elements of Oceanography. 2nd edition,W.B. Saunders, Philadelphia, 346 pp.
210) Fergusson, J.E., 1990. The Heavy Elements: Chemistry, Environmental Impact and Health Effects. Pergamon Press,London 612 pp
211) Fernando, Olivia J, 1999. Sea Water Properties and Dynamics, Dhanesh Publications,Thanjavur
212) Stowe, K., 1996. Exploring Ocean Science. John Wiley Sons Inc, NewYork 426 pp.
213) Chapman, V.J., 1976. Mangrove Vegetation. J. Gramer, Berlin, 292 pp
214) Kathiresan, K and S.Z. Qasim, 2005. Biodiversity of Mangrove Ecosystems. HindustanLever Limited, India,251 pp
215) Jeffrey S.Levinton, 2008. Marine Biology: Function, Biodiversity, Ecology, 3rd  ed.., Oxford University Press ,USA 640pp
Supplementary Readings
216) Heike K. Lotze, Hunter S. Lenihan, Bruce J. Bourque, Roger H. Bradbury, Richard G.Cooke, Matthew C. Kay, Susan M. Kidwell, Michael X. Kirby, Charles H. Peterson,Jeremy B. C. Jackson, 2006. Depletion, Degradation, and Recovery Potential ofEstuaries and Coastal Seas. Science.1806-1809 pp.
217) Cara Wilson, Victoria J. Coles, 2005. Global climatological relationships between satellite biological and physical observations and upper ocean properties. Journal ofGeophysical Research.
218) Hurd, C.L., Et Al.,2014. Seaweed Ecology and Physiology (551 pp).
219) William M. Sackett, Walter R. Eckelmann, Michael L. Bender, Allan W. H. Be, 1965. Temperature Dependence of Carbon Isotope Composition in Marine Plankton and Sediments. Science. 235-237 pp.
220) Shing Yip Lee, Jurgene H. Primavera, FaridDahdouh‐Guebas, Karen McKee, Jared O.Bosire, Stefano Cannicci, Karen Diele, Francois Fromard, Nico Koedam, CyrilMarchand, Irving Mendelssohn, Nibedita Mukherjee and Sydne Record, 2014. Ecologicalrole and services of tropical mangrove ecosystems: a reassessment. A Journal ofMacroecology. 726-743 pp.
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	SEMESTER - II

CORE ELECTIVE-II
	22PBOTE25-2: TECHNIQUES IN BOTANY


	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES 
221) To understand working principle, and applications of  Microscopy

222) To provide knowledge about Micro and Spectroscopic techniques

223) To understand the working Principle of Spectroscopy

224) To understand the Molecular biology tools and techniques

225) To acquire the knowledge on Tissue culture techniques

Unit I : Microscopy

      Principle, structure, image formation and applications of Light, Dark field, Bright Field, Phase Contrast, Confocal, Fluorescence, Scanning and Transmission Electron microscopy. Material preparation for Electron microscopy. Microscopic  measurements: Micrometers– Ocular and Stage; Haemo-cytometer and Camera Lucida. 
Unit II : Micro-techniques

        Fixatives: Properties and composition of important fixatives. Dehydrating and clearing agents. Dehydration Methods: Tertiary-butyl alcohol  and  Alcohol-xylol method. Embedding: Paraffin embedding. Sectioning: Free hand sections–rotary and sledge microtome. Classification of stains. Staining-Single, Double and Triple. Whole mounting-TBA/Hygrobutol and Glycerine-xylol method. Techniques of Smear, squash and maceration. Common mounting media. Histochemical localization of starch, protein, lipid and lignin.
Unit III : Spectroscopic techniques

      Principle and applications of Colorimetry, UV-Visible and Atomic Absorption Spectrophotometry, IR, NMR and Mass Spectrophotometry and X-Ray Diffraction analysis. Flow Cytometry.
Unit IV : Molecular and separation Techniques

Blotting techniques- Southern, Northern and Western; ELISA, RIA and PCR (Real Time PCR). DNA finger printing; RFLP, RAPD and FISH techniques. Concentration of the purified protein- Lyophilisation and Crystallization. Electrophoresis–General principles–Agarose gel, SDS–PAGE. Gel Documentation. Chromatography–Principles and applications of Paper, Thin layer, Column, Ion exchange, HPLC and GC. Centrifugation: Principles and applications of clinical, refrigerated and ultra centrifuge.
Unit V : Tissue Culture techniques

Introduction - tissue culture techniques - laboratory organization – preparation of nutrient media(MS and B5 media). Methods of sterilization–Chemical and Physical methods. Preparation of explants–callus initiation, subculture and hardening. Concepts of totipotency and redifferentiation. Cell suspension culture – callus culture, Anther and pollen culture – haploids and their significances. Embryo culture - Meristem culture for virus-free clones. 
COURSE OUTCOMES 

On the completion of this paper, students will able to

226) Understand working principle, and applications of Microscopy

227) Acquire knowledge about Micro and Spectroscopic techniques

228) Understand the working Principle of Spectroscopy

229) Understand the Molecular biology tools and techniques

230) Understand thetechniquesinTissue culture 

Text Books
231) Ananta Swargiary (2017). Biological tools and Techniques. Kalyani Publishers, New Delhi.
232) Johannson, D.A. (1975). Plant Microtechnique. McGraw Hill.
233) Prasad and Prasad, (2000). Outlines of Micro technique. Emkaypubl, New Delhi.
234) Rana, S.V.S. (2005). Biotechniques Theory and Practice, Rastogi Publication. Meerut.
235) Sadasivam, S. and Manickam,A. (1992). Biochemical Methods for Agricultural Sciences. (Ist Ed).Wiley Eastern Limited, New Delhi.
Supplementary Readings
236) Berlyn, G.P. and Miksche, J.P. (1976). Botanical Microtechnique and Cytochemistry.(Ist Ed). The Iowa State University Press. Ames, U.S.A.
237) Keith Wilson and John Walker (2010). Principles and Techniques of Biochemistry and Molecular biology. Cambridge University Press, New York.
238) Palanichamy, S. and Shunmugavelu, M. (1997). Research methods in Biological Sciences. Palani Paramount Publications, Palani.
239) Sharma, R.K. and Sangha. S.P.S. (2009). Basic Techniques in Biochemistry andMolecular Biology. I.K. International Pvt. Ltd, New Delhi.
240) Susan carson, Heather B. Miller and Scott, D. (20120. Molecular biologytechniques, Elesiver.
241) Bajpai, P.K. (2006). Biological instrumentation and Methodology. S ChandPublishers, New Delhi.
242) Sabari Ghosal and Srivastava, A. K. (2009). Fundamentals of Biological Techniquesand Instrumentation. PHI Learning Private Ltd. New Delhi.
243) Yadav, P.R. and Rajiv tyagi (2006). Biological Techniques, Discovery PublishingHouse, New Delhi.
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	SEMESTER - II

CORE ELECTIVE-II
	22PBOTE25-3: PHARMACOGNOSY


	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES 

1. To acquire  the knowledge of Pharmacognosy

2. To understand the diversity, isolation, identification of plant phytochemicals

3. To acquire  the knowledge of Therapeutic Uses of Plants and Drugs

4. To understand the application of medicinal Plants
5. To acquire  the knowledge of Crude Plant Drugs
Unit I : Introduction
Definition. History and scope of Pharmacognosy. Indigenous system of medicine: Ayurveda, Homeopathy, Unani, traditional Chinese Medicine, Naturopathy, Yoga and Siddha. Classification of drug of natural origin. Adulteration/Substitution and drug evaluation. Significance of Pharmacopeial standards.
Unit II : Plant constituents
Plant Phytochemicals-Occurrence, distribution, classification, isolation, identification test and pharmaceutical applications: plant metabolites, carbohydrate lipids, protein and amino acids, nucleic acids, glycosides, terpenoids, flavonoid, Phenols, volatile oil / essential oil / resin and tannins.
Unit III :  Therapeutic Uses of Plants and Drugs

Occurrence, distribution, organoleptic evaluation, chemical constituents including tests wherever applicable and therapeutic efficacy of following categories of drugs. (a) Laxatives: Aloes. Rhuburb. Castor Oil. Ispaghula. (b)Cardiotonic- Digitalis Arjuna. (c)Carminatives and G.I. regulators. Umbelliferous fruits, Coriander, Cardamom, Ginger, Black pepper, Asafoetida, Nutmeg and Clove. (d) Astringents: Catechu (e) Drugs acting on nervous systems - Belladonna, Aconite, Withaniasomnifera, Ephedra and Opium.(f) Anti diabetics- Pterocarpus, Gymnemasylvestre.
Unit IV : Industrial uses of Medicinal Plants
Perfumes and flavorings agents- peppermint oil, Lemon oil, Orange oil, Lemon grass oil and Sandal wood. Pharmaceutical aids- honey. Arachis oil, Starch, Kaolin, Pectin, Olive oil, Lanolin, Bees wax, Acacia,Sodium alginate, Agar, Guargum and Gelatin. Miscellaneous- liquorice, Garlic, Picrorhiza, Dioscorea, Linseed, Shatavari, Shankhapushpi, Pyrethrum and Tobacco.
Unit V : Crude Plant Drugs
Collection and preparation of crude drug for the market as exemplified by ergot, Opium, Rauwolfia, Digitalis and senna.Gross anatomical studies of Senna, Datura, Cinnamon, Cinchona, Fennel, Clove, Ginger, Nuxvomica and Ipecacuanha.
COURSE OUTCOMES
On the completion of this paper, students will able to

1. Acquire the knowledge of Pharmacognosy

2. Understand the diversity, isolation, identification of plant phytochemicals

3. Acquire the knowledge of Therapeutic Uses of Plants and Drugs

4. Understand the application of medicinal Plants

5. Acquire the knowledge of Crude Plant Drugs
Text Books
1. Trease. G.E. and Evanes W.C. 2009. Pharmacognosy. 16th Edn. Elsevier

2. Wallis T. E. 2005. Textbook of Pharmacognosy, 5th Edn. CBS publishers

3. Gokhale. .S. B. 2008. Pharmacognosy, Pragati Books Pvt. Ltd.
4. Kokate, C. K.  2008. Pharmacognosy 53rd Edn. Nirali publisher.
5. Mohammed Ali. 2019. Textbook of Pharmacognosy 2Edn. CBS Publisher.
Supplementary Readings
1. Horborne. J.B. 1983. Phyto chemical methods. Chapman and Hall. London.
2. Biren Shah and A.k. Seth 2010. Textbook of pharamcognosy and Phytochemistry.
8th Edn. Reed Elsevier India Pvt. Ltd.
3. Pharmacopoeia of India. Govt. of India. Ministry of health 1955 and 1966
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	SEMESTER - II
COMPULSORY COURSE
	22PHUMR27: HUMAN RIGHTS
	CREDITS: 2
HOURS: 2/W


COURSE OBJECTIVES

244) To understand the Human Rights  and concern for its protection 

245) To acquire the knowledge about the role of UN in protecting and promoting awareness of Human Rights and  National legislations enforcement 

246) To trace the development of regional instruments drafted aiming at protection of Human Rights and its enforceability.
247) To understand the Indian perspective of protection of Human Rights vide its Legislations, the Constitution of India Fundamental rights, Duties and
Directive Principles of the State Policy 

248) To aware about Special legislations and the enforcement machineries of Human Rights in India. 
Unit- I: Human rights- Concepts & Nature

Human Rights: Meaning, Definition, Nature, Content- Legitimacy of Human Rights- Origin and Development of Human Rights- Theories – Principles of Magna Carta – Modern Movements of Human Rights – The Future of Human Rights.
Unit- II: Human Rights – The International Perspective

International human rights – Human Right concepts Prior and after World War II – UNO, UDHR, ICCPR, ICESCR.- Optional Protocols- Human Right Declarations – Role of United Nation Commissions – CEDAW, UNCAT, CRC or UNCRC- Conventions on the Protection of the Rights of Migrant Workers and Disabled.
Unit- III:  Regional Human Rights

European Human Rights System- African Human Rights System – International Human Rights – Enforceability before Domestic Courts.
Unit- IV: Human Rights in India

The Constitution of India – Fundamental Rights – Right to Life and Liberty – Directive Principles of State Policy – Fundamental Duties – Individual and Group Rights – Other facets of Human Rights – Measures for Protection of Human Rights in India.
UNIT-5: Human Right Violations and Redressal Mechanism

Human Rights – Infringement of Human Right by State Machinery and by Individual – Remedies for State action and inaction – Constitutional remedies – Public Interest Litigation (PIL) - Protection of Human Rights Act, 1993 – National Human Rights Commission–State Human Rights Commissions – Constitution of Human Right Courts.
COURSE OUTCOMES

On the successful completion of this course the students will able to

249) Know the nature of human rights its origin, the theories, the movements in the march of human rights and the facets of future of human rights.
250) Understand the international dimension of human rights, the role of UN and the global effort in formulating conventions and declarations.
251) Perceive the regional developments of human rights in Europe, Africa and Asia and the enforceable value of human rights in international arena.
252) Acquire the knowledge on the human rights perspectives in India, more developed by its constitution and special legislations.
253) Know the redressal mechanism made available in case of human rights violation confined to India.

Text Books
1. Lalit Parmar, 1998. Human Rights Anmol Publications Pvt. Limited.
2. David P. Forsythe, Human Rights in International Relations. Cambridge University Press(.
3. Alston, Philip, And Frederic Megret, 2014. The United Nations and Human Rights: A Critical Appraisal. Second Edition. Oxford University Press.
4. Kruckenberg, Lena J. 2012. The Unreal World of Human Rights: An Ethnography of the UN Committee on the Elimination of Racial Discrimination. Nomos Publishers.
5. Rebecce Wallace, M.M. 1982. International Human Rights.
6. A.H. Robertson & J.G. Merrils, 1993.. Human Rights in Europe: A Study of The European Convention On Human Rights, 386-413 (3d Ed.).(
7. Francisco Forrest Martin, 1997. (International Human Rights Law And Practice
8. Inha, R.K. S. 1997(. Human Rights of the World, African Commission On Human Rights And Peoples Rights.
9. Evelyn A Ankumah, 1996.( The Constitution of India( Human Rights Bharatiya Values, Mandagadde Rama Jois, Bharatiya Vidya Bhavan.
10. Bhargave, G S  and R. M. Pal, 1999. Human Rights of Dalit Societal Violation.
11. Geralden Van Bueren, 1995. International Law and The Rights of the Child. Martinus Nijhoff Publishers, London 
12. Tirpathi, P. C. 1999. Crime Against Working Women.  Ashish Publishers.
Supplementary Readings
1. Protection of Human Rights Act, 1993.(
2. Seervai H.M 2015. Constitutional Law of India (3 Volumes) The Human Rights Watch Global Report on Women’s Human Rights 2000 Oxford Publication.( 
3. Sharma, R.S..1988. Perspectives in Human Rights Development. Julies Stone Human Law and Human Justice 2000 Universal Publication. Research Handbook On International Human Rights Law, Edited By Sarah Joseph & Edited By Sarah Joseph, Edward Elgar Publishing Limited USA.
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	SEMESTER - III

CORE COURSE-VII
	22PBOTC31: TAXONOMY OF ANGIOSPERMS AND ECONOMIC BOTANY
	CREDITS: 4
HOURS: 5/W


COURSE OBJECTIVES 
1. To introduce the techniques of plant identification. 
2. Realize the origin of Angiosperms with respect to time, place, origin and probable ancestors

3. Understand various angiosperm families emphasizing their morphology, distinctive features and biology

4. To enable the students to have an understanding on how cultivated plants originated and how they are introduced across the world.
5. To provide an understanding of the economic aspects of various plants.
Unit I : Morphology of Angiosperms

Details illustrative morphology and terminology of Root, stem, leaves, Inflorescence, flower, Androecium, Gynoecium, fruit, and seed. Plant architecture. Use of modern geometric morphometrics (GMM) to study the form of leaves. Briefy study about Botanical websites- IPNI, the plant list, Topicos, GRIN taxonomy,EOL, BHL, ITIS,World Flora Online. 

Unit-II : Classificationand Nomenclature of Angiosperms
Outline Classification of angiosperms- Benthem and Hooker,Engler and Prantl,Takhtajan, Detailed account of APG IVsystem. Herbarium- specimen preparation,major herbaria in India and world,Kew Botanical Garden, BSI,role and use of herbarium in taxonomy, ICN - principles, typification,author citation,rejection and retention of  names, taxonomic problems. Construction of dichotomous key(intended and bracket). Taxonomic literatures.Efloras and Digital herbarium. DNA barcoding.
Unit III : Families
A detailed study of the following families with their interrelationship, phylogeny and economic importance of Core Eudicots: Nelumbonaceae Magnolids: Aristolochiaceae, Monocots: Araceae, Orchidaceae, Arecaceae,Commelinaceae, Cannaceae, Cyperaceae.

Unit IV : Families

A detailed study of the following families with their interrelationship,phylogeny and economic importance of Rosids: Vitaceae, Moraceae, Rhamnaceae, Casuarinaceae, Passifloraceae, Lythraceae, Meliaceae, Sapindaceae, Cleomaceae Superasterids: Nyctaginaceae, Portulacaceae Asterids: Rubiaceae, Boraginaceae, Acanthaceae, Bignoniaceae, Lamiaceae, Apiaceae
Unit V : Economic Botany

A brief account of botany, cultivation and utilization of cereals, pulses, nuts,
vegetables and fruits - spices and condiments- fats and oils-essential oils- commercial crops- fibres, timbers- tannins, resins, alkaloids- Drug yielding plants- Plants as a source of renewable energy. Seed bank, Gene pool..
COURSE OUTCOMES 

On successful completion of the course, the pupils will able to,

1. Acquire knowledge about the fundamental values of plant systematics,

2. Learn the correct method of identification and characterization of plants,

3. Understand the underlying mechanism of using floral and somatic traits as valid basis for classifying plants

4. Identify and name the plants and this would lead to documentation of floral wealth

5. To introduce the students to various uses of plants in day to day life

Text Books
1. Sadhana Singh,2014. Economic Botany. Black Prints,New Delhi.
2. Mondal, A.K,2015. Advanced Plant Taxonomy.New Central Publ (P) Ltd, New Delhi.
3. Gurucharan Singh,2016. Plant Systematics.CRC Press, A Science Publ.Book, New Delhi.
4. Pandey, B.P,2016. Taxonomy of Angiosperms. S.Chand & Co.Ltd. New Delhi.
5. Verma, B.K,2016. Introduction to Taxonomy of Angiosperms.PHI Learning Ltd.New Delhi.
6. Sharma,O.P. 2018.  Plant Taxonomy, Mc Graw Hill Publ.New Delhi.
7. Pandey, B.P,2019. Economic Botany. S.Chand & Co.Ltd. New Delhi.
Supplementary Readings
1. Lawerence, G.H.M,1964. Taxonomy of Vascular Plants. Oxford & IBH Publ. Co.(P) Ltd.  New Delhi. 
2. Pandey,B.P,1978. Economic Botany.S.Chand & Co.Ltd, Ram nagar, New Delhi.
3. Mathew,K.M,1996. Illustrations on the flora of the Palani hills, South India. The Rapinat Herbarium, St. Joseph’s College, Tiruchirapalli, India.
4. Sambamurty, A.V.S.S, 2005. Taxonomy of Angiosperms, I.K.International Pvt.Ltd.
5. Pandey,S.N and Ajanta Chada,2007. A Text Book of Botany. Vikas Publishing House (P)Ltd. New Delhi.
6. Pandey, B.P, 2009. Taxonomy of Angiosperms. S.Chand & Co.Ltd. New Delhi.
7. Subrahmanyam, N.S,2011. Modern Plant Taxonomy. Vikas Publishing House, New Delhi.
8. Singh,V and Jain,D.K,2012. Taxonomy of Angiosperms.Rastogi publications,Meerut.
9. Gamble,J.S, 2014. Flora of the Presidency of Madras. Vol. I,II and III.Neeraj Publ. House, Delhi.
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	SEMESTER - III

CORE COURSE-VIII
	22PBOTC32: PLANT BIOTECHNOLOGY GENETIC ENGINEERING AND 
BIOINFORMATICS
	CREDITS: 4
HOURS: 5/W


COURSE OBJECTIVES 
1. To understand the principles of Plant tissue culture

2. To develop the skill on Techniques in Biotechnology

3. To acquire the knowledge of Genome organization

4. To understand the principles and applications of r-DNA technology

5. To understand the scope and applications of Genetic engineering

Unit I : Plant tissue culture
Historical  Background- Principle- Organization  of  Plant  tissue  culture  laboratory  –Aseptic  techniques- Culture media –components – Steps of  tissue  culture – Leaf  culture –Meristem  culture  – Protoplast  isolation  and  culture  – somatic  hybridization  techniques  -anther and pollen culture – Haploids and their significance. Somaclonal variation.
Unit II : Techniques in Biotechnology

Cryopreservation technique- production of secondary metabolites through cell culture- Artificial seeds- Micropropagation of banana, sugarcane and eucalyptus. Plants as bioreactors:  Edible vaccines -Plant neutraceuticals:  Introduction, scope and applications.  Molecular farming. Transgenic crops – GM plants: Cotton and Brinjal –Ethical Issues on GM crops.
Unit III : Genome organization

Plant genome – Nuclear, Chloroplast and Mitochondrial: Structure, organizationand expression. Analysis and expression of cloned genes – DNA sequencing, DNA markersSouthern, Northern and Western Blotting: PCR – types and applications.
Unit IV : r -DNA technology

Basic principles: Restriction endonucleases– Methods of gene transfer - Particle Gun method – Electroporation- Microinjection – Liposome - Calcium phosphate Co-precipitator -Cloning  vectors  – plasmids  - phages  - cosmids  -viral  vectors. Control of transgene expression in plants.
Unit V : Genetic Engineering and Applications

Genetic engineering of plants for virus resistance, Pathogen resistance, salt and drought tolerance, antisense RNA technology; Golden rice, Plastic potato; Genetic engineering of nif genes in non leguminous plants – marker gene enzymes, vector, organization, transformation and integration. Transgenic plants – methods, selective marker genes  and  detection  of  gene  transformation.  High lysine corn.
COURSE OUTCOMES
On successful completion of the course, the pupils will able to,

1. To understand plant tissue culture techniques.
2. Identify the biotechnological tools.
3. Study about genome organization.
4. Understand the rDNA technology.
5. Know about the applications of genetic engineering.
Text Books
1. Dwivedi, P. 2004. Plant Tissue culture: Scientific publishers, New Delhi.
2. Chawla, H.S. 2000. Introduction to biotechnology: Oxford and IBH publishing Co., New Delhi.
3. Harry Levine. 2006. GeneticEngineering A Reference Hand book: ABC – CLIO, Inc, California.
4. Mishra, S.P, 2016. Plant Tissue Culture. Ane Books Pvt ltd. 
5. .Dubey, R. C. 2008. A Textbook of Biotechnology. S. Chand & Co. Ltd.,

6. New Delhi.
7. Durbin, R., Eddy, S., Krogh, A. and Mitchison, G. 1998. Biological sequence analysis. Cambridge University Press, United Kingdom.
8. Primrose, S. B., Twyman, R. M. and Old, R. W. 2001. Principles of Gene Manipulation. Blackwell Science, London.
9. Smith, J.E. 2009. Biotechnology (5th Edition). Cambridge University Press India Pvt. Ltd.,

Supplementary Readings
1. Verma P.S. and Agarwal V.K. (2009). Genetic Engineering: S.Chand & CompanyNew Delhi.
2. Renert J. and.Bajaj Y.P.S (1989). Plant Cell, Tissue and Organ Culture: NarosaPublishing House New Delhi.
3. Gupta P.K, (2004). Elements of Biotechnology: Rastogi Publication

4. Purohit S.S. (2006). A Laboratory Manual Plant Biotechnology: Agrobios (India),Jodhpur.
5. Giri C.C and Archana Giri (2007). Plant Biotechnology Practical Manual: I.K.International Publishing House Pvt. Ltd. New Delhi.
6. Singh, B.D. (1998). Biotechnology: Kalyani publishers, Ludhiana.
7. Smith, R.H. (2000). Plant tissue Culture – techniques and Experiments: Academic Press, New York.
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	SEMESTER - III

CORE COURSE- IX
	22PBOTC33: RESEARCH METHODOLOGY
	CREDITS: 4
HOURS: 5/W


COURSE OBJECTIVES 
1. To understand the importance research writing

2. To study the importance of instrumentation in Plant Science research

3. To understand the computer application in plant biology
4. To understand the basic biostatistics and research tools
5. To develop  the skill on operating Microscopes,Instruments and  Computers
Unit I : Research Design

Meaning and scope of research; Research design—Choice of the problem—Scientific writing – Characteristics, Logical format for writing thesis and papers. Abstracts preparation. Introduction – components. Review of literature – Primary and secondary references. Materials and methods –collection, selection and preparation. Result-Tables and graphs model, Discussions-Summary-Reference-types of styles –proof correction. Reporting the results in conference by oral and poster presentation—reports writing.
Unit II :  Preparation of research
Types of research, scientific research: hypothesis, experimentation, theory. Preparation of research articles: review article, research papers, online publications, thesis writing, editorial process and proof-reading symbols. Presentation of research papers in seminar, symposia and conferences. Research ethics.
Unit III : Thesis format
Data collection and documentation of observations. Maintaining of laboratory records, tabulation and generation of graphs. Imaging of tissue specimens and application of scale bars. The art of field photography. The art of scientific writing and its presentation: numbers, units, abbreviations and nomenclature used in scientific writing. Writing references. Power point presentation. Poster presentation. Scientific writing ethics. Introduction to copyright- academic misconduct/ plagiarism.
Unit IV : Statistical Methods

Collection of data: Steps, modes and precautions in the collection of data, primary and secondary data, editing of secondary data; sampling theories. Condensation of data: Measures of central tendency (Mean, Median and Mode)and measure of dispersion (range, mean deviation, standard deviation). Representation of data: graph and diagrams. Analysis of data: Correlation, regression, test of significance.
Unit V : Data format and graphic analysis
Computer in biological science, scope and prospects– Classification-Input and output devices. Operation system- function and components. MS windows – MS-Word-folders, files, MS Excel – Data storage – Data analysis – MS Power point – creating slides – templates – animation and transitions. Online publications: Electronic journals – Email, e-access. Biostatistics packages, Data base preparation, Graphic applications in biology.
COURSE OUTCOMES
On the completion of this paper, students will able to

1. Understand the concepts and Significance of Research Methodology

2. Understand Working Principles and importance of instrumentation in Plant Science field. 
3. Develop the working Skillwith computer using various Softwares.
4. Understand the basic biostatistics as a research tools in the research.
5. Apply the skill on operating Microscopes,Instruments and Computers.
Text Books
1. Jeyaraman, J. 1981. Laboratory Manual in Biochemistry. Wiley Eastern Ltd. Mumbai. 
2. Johansen, D.A. 1940. Plant Microtechnique. MC Graw Hill Co., New York.
3. Palanichamy, S. and M. Shunmugavelu. 1997. Research methods in Biological Sciences. Palani Paramount Publications, Palani.
4. Bajpai P.K. 2006. Biological instrumentation and Methodology. S Chand Publishers, New Delhi.
5. Ananta Swargiary. 2017. Biological tools and Techniques. Kalyani Publishers, New Delhi. 
6. Gurumani. N. 2006. Research Methodology for biological sciences. MJP Publishers, Chennai. 
7. Skoog, Holler and Crouch.2007. Instrumental Analysis. Cengage Learning Pvt.Ltd. New Delhi. 
8. Bernard Rosner. 2010. Fundamentals of Biostatistics. Brooks/cole, Boston, USA.
9. Sahu, P.K. 2013. Research Methodology: A Guide for Researchers in Agricultural Science, Social Science and other related fields. Springer, New Delhi.
Supplementary Readings: 
1. Balagurusamy, E. 1985. Programming in Basic. Tata Mac Graw Hill. Pub, Co, U.K.
2. Connor and Peter Woodford, 1979. Writing scientific paper in English. Pitman Publ. Co, U.K.
3. Deenadayalu, R. 987. Computer Science Vol I. Tata MacGraw Hill. Pub, Co, U.K.
4. Prasa, SW. 2007. Elements of Biostatistics. Rastogi publications, Meerut.
5. Rangasamy, R.A, 1995. A text book of Agricultural Statistics. New Age
International publications, Chennai,

6. Scholkopf, Isuda and Vent Kernel, 2005. Methods in Computational Biology. Ane Books, New Delhi.
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	SEMESTER - III

CORE PRACTICAL- III
	22PBOTP34: 
COVERING TAXONOMY OF ANGIOSPERMS, ECONOMIC BOTANY,PLANT BIOTECHNOLOGY, GENETICENGINEERING, BIOINFORMATICS, RESEARCH METHODOLOGY
	CREDITS: 5
HOURS: 10/W


Taxonomy of Angiosperms
1. Plant Morphology-Root,Stem, Leaf -Modifications

2. A detailed study of the families mentioned in the theory withtwo plants per family from the local area,

3. Familiarity of the binomial nomenclature of the available plants from the local area by using   the Gamble’s flora, 

4. Key preparation (intended and bracket) 
5. Herbarium preparation,submission of 25 identified specimen sheets along with field note book.
6. Solving given taxonomic problems by following the ICN article.
7. Botanical study tour for three /four days to various natural habitats and collection of plants
Economic Botany

1. Identification of family, genus, species and morphology of the useful parts of plantsmentioned in the theory.
Plant Biotechnology and GeneticEngineering
1. Isolation of single cell protein
2. PCR – Technique with known primers
3. Bio control of plant insects using Bacillus thuringiensis
4. Bio control of plant insects using PHV.
5. Preparation of explants
6. Establishment and maintenance of carrot callus
7. Initiation and establishment of cell suspension culture of carrot
8. Embryogenesis in cultured cells of carrot
9. Microspore culture- preparation of artificial seeds
Bioinformatics

1. Biological sequence (Nucleic acids and Protein) searching using appropriate
Software

Research Methodology
1. Instruments mentioned in the syllabus 

2. Parts of Computers
COURSE MAPPING
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	SEMESTER - III

CORE ELECTIVE-III
	22PBOTE35-1: APPLIED BOTANY


	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES
1. To understand the post-harvest technology of fruits

2. To develop the Skill on handling of storage,marketing and export the Fruits 

3. To acquire knowledge about the cultivation process of some Cut flowers.
4.  To acquire knowledge on seed certification

5. To understand the  Seed viability and certification
Unit I :  Fruits

Classification of fruits – Temperate and subtropical production – varieties, climate and soil requirements – propagation, planting density and cropping system- training andpruning – uses of growth regulators and nutrients to improve production.  Weed management- pests, disease and their control  harvesting, post harvesting handling and storage- Marketing and export of the following.
Citrus, Banana, Guava, Mango, Grapes, Papaya, Pineapple and Tamarind.
Unit II : Fruit Storage and Techniques

Introduction: production of fruits- quality losses of fruits, Determination of harvest maturity and handling methods - Factors affecting fruits during storage, package design,packaging types.
Unit III : Flowers

Rose, Jasmine, Crossandra, Marigold, Dhalia and Anthurium, Micropropagation  of orchids- Shadenet and greenhouse cultivation.
Unit IV : Seed Storage and Dormancy

Principles and methods of seed storage. Effect of storage environment on seed
longevity. Growth of seeds – seed maturation, Germination – Factors affecting germination-metabolism during germination – seed dormancy – types of dormancy.
Unit V : Seed Viability and Seed Certification

Seed production in self and cross pollinated crops. Classes of seed: Nucleus,
breeder, foundation and certified seeds - Seed harvesting, seed processing, seed
treatments, seed testing and seed sampling. Viability and vigour- Seed borne pathogens Seed certification, standard inspection, legislation and seed law-enforcement.


COURSE OUTCOMES 
On the successful completion of this course the students will be able to

1. Understand the Post-harvest technology of fruits.
2. Develop the Skill on handling of storage, marketing and export the Fruits. 
3. Acquire knowledge about the cultivation process of some Cut flowers
Acquire knowledge on seed certification.
4. understand the Seed viability and certification.
Text Books

1. Agarwal, P.K and M.Dadlani. 1992. Techniques in seed science and technology.

2. Kumar, N.1993. Introduction to Horticulture. Rajalakshmi publication, Nagercoil.
3. Hartme,H.T. and Kester, D.E.1986. Plant propagation principles and practices. Prentice Hall of India Ltd., New Delhi.
Supplementary Readings
1. Janick,J.W.H.1988. Horticultural Science. Freeman and Co., San Francisco.
2. Agarwal,R.L. 2008. Seed Technology. Oxford and IBH publishing. New Delhi..Khan.A.A.Ed.1977. 
3. Physiology and Biochemistry of seed dormancy and germination
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	SEMESTER - III

CORE ELECTIVE-III
	22PBOTE35-2: BIOPROSPECTING OF MEDICINAL AND AROMATIC PLANTS

	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES 
1. Develop critical understanding on the evolution of concept of organization of apex new crops/varieties, importance of germplasm diversity, issues related to access and ownership. 
2. Develop a basic knowledge of taxonomic diversity and important families of useful plants. 
3. Appreciate the diversity of plants and the plant products in human use. 
4. Exploring the potential medicinal and aromatic plants etc. 
5. Varoius phytochemical techniques, industrial process, pharmacognostic procedures, authentication of specimens, Preservation of plants and plants products

Unit I:  Medicinal Plants

Medicinal and Aromatic Plants – Importance and Scope – Classification of medicinal plants – based  on  morphology  of  useful  parts,  habit,  taxonomical ,  pharmacological, chemical and Ayurvedic formulations – Cultivation of medicinal and aromatic plants – History of  herbal  medicine- Contribution  of  the  Egyptians,  Chinese,  Greeks,  Arabs  and  Indians. Indian systems of medicine - AYUSH (Ayurveda, Unani, Siddha and Homeopathy).
Unit II :  Herbal techniques

Quality  control  for  medicinal  and  aromatic  plants- Microscopic  and Macroscopic examination – Visual examination and odour– Histochemical detection of cell walls and contents. Drug Evaluation: Methods of drug evaluation: Organoleptic, Microscopic,Physical, Chemical and Biological evaluation.  Chemical  nature  of  drugs:  Crude  drugs  – Preparation  and  preservation  - Chemical  nature  and  Methods  of  tests  for  Carbohydrates, Glycosides, Tannins, Volatile oils, Lipids, Resinous substances and Proteins.
Unit III :  Chemoporperties of Herbals

Secondary  Metabolites - Classification , General  characters,  Chemical  nature,  Extraction  and  Estimation  methods  for  Alkaloids, Flavonoids,  Terpenoids  and  Phenolic  compounds  -Separation,  Identification  and Bioactive  molecules – Antibacterial,  Antifungal,  Antiplasmodial, Larvicidal and Antiviral drugs – mode of its action. Antioxidant metabolism: Plant defense mechanism – Antioxidants – Reactive oxygen species – Enzymatic and non-enzymatic antioxidants.
Unit IV : Cultivation techniques of selected Herbals

Cultivation, collection and preparation of natural drugs -Terminalia chebula, Oleaeuropoea,Coriandrumsativum, Syzygiumaromaticum, Zingiberofficinale, Curcuma amada, Rauwolfiaserpentina, Cinchona officinalis, Ocimum sanctum, Aloe vera.

Unit V : Post-harvest technology

Post-harvest technology in medicinal plants:  scope  and  importance.  Processing  and utilization of herbal plants – Storage  of  crude  drugs,  Adulteration  with  reference  to  plant  drugs,  types  of adulterants and methods of adulteration, Identification  of adulterants - Importance of herbal marketing - Future prospects and constraints of the herbal drug industry - Regulatory status of herbal medicine in India. National Medicinal Plants Board of India.
Course Outcomes 

On the successful completion of this course the students will be able to

1. Know about the usage of history of medicinal plants.
2. Understand the techniques in medicinal plants for evaluation.
3. To know about phytocompounds from the medicinal plants.
4. To know about cultivation practices of herbals.
5. Find out the methods in post-harvest technology of medicinal plants

Text Books

1. Harbourne, J. B. 1998. Phytochemical methods: A Guide to Modern Techniques of Plant Analysis (3rd edition). Chapman and Hill Co., New York.
2. Jaibala, S. and Balakrishnan, G. 1975. A Hand book of common remedies based On Siddha system of Indian medicines. St. Louis Institute Press, Chennai.
3. Johnson,T 1999. CRC Ethnobotany desk Reference, CRC press, New York.
4. Natkarni, K.M. 1998. Indian MateriaMedica(Vol.I&III). Popular Prakasam, New Delhi.
5. Raychaudri, S.P. 1991. Recent advances in Medicinal, Aromatic and Spice crops (Vol.I). Today & Tomorrow publication, New Delhi.
6. Bharti Chaudhury.2018.A handbook of common medicinal plants used in Ayurveda.Kojo Press address, New Delhi

Supplementary Readings
1. Anonymous, 1999. Pharmacognosy of Indigenous Drugs (Vol.I&III)Central Council for Research in Ayurveda and Siddha, New Delhi.
2. Anonymous, 2004. Cultivation of Selected Medicinal Plants. National Medicinal Plants Board, Govt. of India, New Delhi.
3. Bhattacharjee, S.K. 2004. Hand Book of Medicinal plants. Pointer Publishers,Jaipur.
4. Biswas, P.K. 2006. Encyclopedia of Medicinal plants (Vol. I&VII). Dominant Publishers, New Delhi.
5. Chaudhuri, A.B. 2007. Endangered Medicinal Plants. Daya Publishing House, New Delhi.
6. Chopra, R.N. 1980. Glossary of Indian Medicinal plants. CSIR, New Delhi.
7. Handa, S. S. and V. K. Kapoor, (1993). Pharmacognosy. VallabhPrakashan. NewDelhi.
8. .Sheik Usman, Nagdev, Budhrani.2020. Text book of medicinal plant Biotechnology.PU books, Pune, Maharsatra.
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	SEMESTER - III

CORE ELECTIVE-III
	22PBOTE35- 3: HERBARIUM KEEPING
	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES

1. To acquire knowledge and skills in herbarium keeping 

2. To understand the principles of herbarium management 

3. To understand thehandling and identification of Specimen

4. To develop the skill on E-Herbarium

5. To expertise the Methods of effective herbarium keeping 

Unit I : Herbarium-Specimen Collection

Herbarium and Specimen Collection Herbarium- Different types, functions. Collection of specimens, types, specialized collections, need, sample collections. Ancillary collections (spirit, carpological, seed and wood). Preparation of field note book and tags. Laws and ethics of collecting samples. Important herbarium centres in the world.
 Unit II : Methods of Specimen Preparation

Drying, Mounting, Preserving and Labelling of Specimens Pressing -standard and special pressing methods. Drying and drying methods of specimens. Mounting-equipment, procedure and special preservation and storage methods.for algae, fungi, lichen, bryophytes, succulents and aquatic plants. Labelling-arranging and attaching specimens, annotation slips.
 Unit III : Handling and Identification of Specimen

Physical and Scientific Curation Storing specimens, guidelines for handling specimens, labelling specimens, filling specimens, Quick guide. Scientific curation- Taxonomy and nomenclature, identifying specimens, library and literature. Collectors, itineraries, maps and gazetteers. Centralized accessioning, recording and dispatch procedures. Preventing from insect damage. Special curation (eg: succulents, palms). 
Unit IV : E-Herbarium

Computerization, E-herbarium and arrangement Computerization of specimens, removing samples from specimens, removing and repairing specimens, duplicates. Collections of illustrations and photographic records. Family arrangement of specimen collections. Rearranging the collection according to a new publication. Photography of herbarium sheets and plants in the field. E-herbarium making. Efloras in India.
Unit V: Herbarium Keeping

Starting a new Herbarium and Record keeping Starting a new Herbarium-purpose, determining basic needs, registering of Index herbarium, infrastructure and functional areas. Equipment and suppliers. Handling specimens and helping visitors. Herbarium services, Herbarium management. All records and correspondence concerning exchanges, loans and agreement, gifts, and accessions. Annual report.
COURSE OUTCOMES

On the successful completion of this course the students will be able to

1. Understand the herbarium and its types 

2. Appreciate the process of Herbarium specimen preparation 

3. Comprehend the physical and scientific curing of herbarium specimen 

4. Gain adequate knowledge on E-herbarium 

5. Understand the process involved in herbarium keeping

Text Books

1. Singh, H.B and B. Subramaniam, 2008. Field Manual on Herbarium techniques. National Institute of Science Communication and Information Resources, New Delhi 

2. Sivarajan, V.V.,1989. Introduction to principles of plant Taxonomy. Oxford and IBH, New Delhi. 
3. Bhattacharyya, B., 2005. Systematic Botany. Narosa Publishing House, New Delhi. 
Supplementary Readings
1. Greuter, W. et al. 1989. International Code of Botanical Nomenclature. International Association of Plant Taxonomy, Leiden.
2. Michael,G. Simpson. Plant Systematics. 2006. Elsevier Academic Press, Burlington, MA.
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	SEMESTER - I

OPEN ELECTIVE -II
	22PBOTO36-1: HORTICULTURE

	CREDITS: 3

HOURS: 2/W


COURSE OBJECTIVES 
1. To understand the main principles and importance of horticulture.
2. To develop skill in horticulture techniques.
3. To develop potential for self-employment.
4. To acquire, integrate and apply knowledge of plant science to horticultural systems

5. To apply professionalism and proficiency in skills that relate to horticulture.
Unit I : General Horticulture

Scope and importance of horticulture – Divisions of horticulture – Outdoor Garden and its components: Arches, shrub, climbers, trees, flower beds, hedges and edges, rockery, water garden and topiary – Indoor garden:  potted plants,  cut flowers, hangingbaskets,and hydroponics – Bonsai and Lawn making and maintenance  – Garden plants: Annuals, Biennials and perennials.
Unit II : Gardening Design







Gardening – Types: Formal style and Informal style of garden – Planning,Creating a design and Establishment -Layout of kitchen garden.Plant propagation methods – sexual and vegetative propagation: cutting, layeringand grafting.




Unit III : Horticulture Practices







Irrigation – Factors determining irrigation – Systems of irrigation: Surface irrigation and its types, sub-surface and overhead irrigation – Manuring: Organic and chemical fertilizers – time and method of application – Applications and use of plant growth regulators in horticulture – Garden tools:  Spade, Sprayer, Pruning scissors, Digging fork and Pick axe – Training and Pruning – Principles and methods.
Unit IV : Cultivation Practices







Cultivation of vegetables: Brinjal and Tomato– Fruits: Citrus and Mango – Flower:  Jasmine and Roses – Medicinal Plants: Turmericand Pepper – Terrace gardens, Bottle Garden and Dish Garden – Green houses: Simple and Commercial green houses.
Unit V : Applications of Horticulture






Preservation of fruits and vegetables – preservation methods: drying, freezing, heat, sugar, salt, addition of chemical preservatives and fermentation – Preparation of Jam, Squash, Syrup and Pickles – Flower Decoration – Types of flower arrangement – Componentsofflowerarrangement, Ikebana, Dry flower decoration, Cut flowers and Bouquets.
COURSE OUTCOMES
On the completion of this paper, students will be made aware 

1. Understand the basics of horticulture

2. Understand the principles of garden and maintenance

3. Demonstrate interdisciplinary knowledge and competency in managing horticultural systems.
4. Appreciate and communicate the diverse impacts of horticulture on people.
5. Create interest in self employment

Text Books  

1. Bose T.K. 1990. Fruits of India. Tropical and subtropical, Naya Prakash, Calcutta.  
2. A.K.  Tiwari.,  2012.  Fundamentals  of  Ornamentals  Horticulture  and  Landscape

3. Gardening.   Publisher:   Nipa   2012.ISBN-10:   9381450072;   ISBN-13:   978-
9381450079.  
4. Bose  .T.K.  Som.  M.G.  and  Katrir.  J.  1993.  Vegetable  Crops,  Naya  Prakash, Calcutta.  
5. Bose .T.K. and D.Mukherjee. 1987. Gardening in India, Naya Prakash, Calcutta.  
6. Bose .T.K.. and C.P. Yadav. 1989. Commercial flowers, Naya Prakash, Calcutta.  
7. Rao, K.M. 2000. Textbook of Horticulture. Macmillan India Ltd., New Delhi.
Supplementary Readings 

1. Edman, J.B. T.L. Senn, F.S. Andrews and R.G. Halfacre, 1988. Fundamentals of Horticulture, Tata MacGraw Hill Publishing house company, New Delhi.  
2. Nambisan.K.M.P. 1992. Design Elements of Landscape Gardening- Oxford and IBH  Publications.  
3. Prasad,S and U.Kumar, 1999. Principles of Horticulture. Agrobotanica, bikaner 

4. Shanmugavelu  K.G.  1989.  Production  Technology  of  vegetable  Crops.  Oxford India. Publication, New Delhi.
5. Manibushan Rao, K. 1991. Textbook of Horticulture. Macmillan Publishing Co., New York.
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	SEMESTER - I

OPEN ELECTIVE - II
	22PBOTO36-2: PLANTS FOR HUMAN WELFARE
	CREDITS: 3

HOURS: 2/W


COURSE OBJECTIVES  
1. To enlighten the students on the sources and role of plants in meeting the basic demands of the human
2. To study the economic aspects of selected crops.
3. To study the utilization of plants as food and wealth for human.
4. To reveal the range of products and their novel usage in human life
5. To enhancement of food production also became the component of biology and human welfare.
Unit I












Scope and Importance of plants and plant products - Distribution, method of cultivation, improved varieties and nutritive values of the following Cereals: Rice, Wheat, Maize, Rye, Oats and Barley.
Unit II











Distribution, method of cultivation, improved varieties and nutritive values of the following Millets: Pearl millet, Sorghum, Finger millet, Koda millet and Fox tail millet - Pulses: Red gram, Black gram, Peas, Bengal gram and Soya bean – Oil crops:  Sunflower and Olives.
Unit III

Distribution, method of cultivation, improved varieties and nutritive values of the following – Fiber plants: Cotton and Jute – Sugar crops: Sugar cane and Sugar beet - Medicinal plants: Stevia rebaudiana - Bioactive compounds in Neem, Tulsi, Turmeric, Ginger, Periwinkle, Garlic.
Unit IV










Distribution, method of cultivation, improved varieties and economic values of the following Tropical  and  subtropical  fruits  (Banana,  Mango,  Citrus,  Guava,  Papaya,  Sapota),  Arid  and  semi-arid  species  (Date-palm, Custard apple, Fig, Amla, Jujube) Temperate fruits (Apple, Apricot, Cherry, Peach, Pear, Plum). 
Unit V












Native trees : Teak, Sal, Sandal, Red sanders - Exotic  trees:  Rose  wood,  Acacia, Eucalyptus  and  Casuarina;  - Condiments  and  Spices:  Cardamom,  Pepper,  Ginger,  Turmeric,  Clove,  Cinnamon -  Aromatic  plants  Lemon  grass,  Citronella, Mint,  Geranium,  Patchouli,  Vetiver,  Jasmine -  Gums  and  Resins: Gum  Arabic,  Oleoresins - Natural Dyes – Indigo and Turmeric. 
COURSE OUTCOME

On the completion of this paper, students will able to

1. The  inseparable  interaction  between  human and plants and the related ecology as a whole 

2. This will create a respect for plants among the community

3. Understand the role plants in human welfare.
4. Gain knowledge about various plants of economic use.
5. Understand the chemical contents of the plant products.
Text Books

1. Pandey B.P. 2000. Economic Botany, Revised edition, S. Chand Publishers, New Delhi.
2. Gupta, S.K. and Kaushik, M.P. 1973. An Introduction to Economic Botany. K. Nath&Co.,   Meerut.  
3. Verma  V.  2009.  Textbook  of  Economic  Botany,  First  edition,  Ane  Books  Pvt. Ltd., New Delhi 
4. Sambamurthy,  A.V.V.S.  andSubrahmanyan,  N.S.  1989.  A Text Book of Economic Botany. Wiley Eastern Ltd., Madras. 
Supplementary Readings 
1. Ashok  Bendre  and  Ashok  Kumar  (1998-99).  Economic Botany.  Rastogi Publications, Meerut.  
2. Sen, S. 1992. Economic Botany.New Central Book Agency, Calcutta

3. GovindaPraksh and Sharma, S.K. (1975).Introductory Economic Botany. Jai PrakashNath,Meerut. 
4. Hill, A.W. 1952. Economic Botany. Tata McGraw–Hill Publishing Co., New Delhi. 
5. Patrick  GL.  2017.  Introduction  to  Medicinal  Chemistry,  Sixth  edition,  OxfordUniversity Press, UK.
6. Saroya  AS.  2011.  Herbalism,  Phytochemistry  and  Ethnopharmacology,  CRCPress, UK.
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	SEMESTER - II
OPEN ELECTIVE -II
	22PBOTO36-3: BIOLOGICAL INVASIONS


	CREDITS: 3
HOURS: 2/W


COURSE OBJECTIVES 
1. To understand the invasion biology provides a foundation for the principles and practices of biosecurity.
2. To evaluate the biological and ecological factors that influence the impact of invasive species

3. To consider  ecological theory that applies to biological invasions, including colonisation and propagule pressure, population growth, predator-prey and pathogen host interaction

4. To evaluate the potential threats posed by non-indigenous organisms that attack or compete with plants.
5. To apply ecological theory to explain the entry, establishment, spread and impact of populations, particularly non-indigenous organisms that threaten plant health.
Unit I : Biological Invasions

Biological invasions: Introduction- attributes of invasive plant species, Reproductive capacity allelopathy effects – Phenotypic plasticity- plant fitness to the new environment.Hypotheses related to invasive species – natural enemy and empty niche hypotheses.World’s worst 100 invasive species- Databases for biological invasions.
Unit II : Terrestrial Ecosystem

Plant invasion in terrestrial ecosystem – Examples and case studies of invasive plant species – biology, ecology of the following species and impact of invasion on native biodiversity – Lantana camara, Parthenium hysterophorus, Chromolaena odorata and Mikania micrantha.
Unit III : Freshwater Environment

Freshwater environment water hyacinth invasion – biology and ecology of
Echhorniacrassipes its invasiveness and impact on freshwater biodiversity and problemson environment and wiser management. Marine bio invasions: Introduction- Natural andclimate change mediatedinvasions-vectors of marine invasions- Biofouling- Ballest water management – establishment of marine invasive species examples and case study ofthesea weed Kappaphycus alvarezii na coastal marine ecosystem.
Unit IV : Management of Invasion

Management of Invasions: Impacts of exotics on plant productivity; Biological control of invasive plant species- Mechanical, chemical and biological control measures- Positiveresource use - Quarantine and EIA assessments.
Unit V : Global Climate Changes and Bioinvasions

Global climate change and bio-invasions – Economic loss caused by invasive species;Case study of one terrestrial and aquatic invasive plant species from the local environment and preparation of report for submission with a review of literature on thesetwo selected species.
COURSE OUTCOME

On the completion of this paper, students will able to

1. Understand the history, biology, and management of biological invasions.
2. Acquire the knowledge  about the geography and scale of invasions, ecological effects, impacts to humans, and the evolution of introduced and native species

3. To get awareness regarding Differences between “introduced” and “invasive” species will receive particular attention and will inform discussions about prevention, regulation, detection, management, and eradication.
4. To apply the knowledge in a variety of scenarios (e.g., research, management, policy making, regulatory compliance) and fields (i.e., education, conservation, resource management, agriculture, law, real estate development, urban planning). 

5. To understand the controversies surrounding biological invasions and prospects for the future of invasions,
Text Books

1. Singh, J.S., Singh, S.P & Gupta, S.R. 2017. Ecology, Environmental Science and Conservation. S. Chand (G/L) & Company Ltd.
2. Kohli, R. K., Batish, D. R., Singh, J. S., Singh, H. P., Bhatt, J. R. 2012. Invasive alien plants: an ecological appraisal for the Indian subcontinent. CAB

Supplementary Readings
1. GISP – Global Invasive Species Programmehttps://www.gisp.org/
2. E., Russel, L., Zern, J., Aquino, T. and Tsomondo, T. 2001. Economic and
environmental threats of alien plants, animal, and microbe invasions. Agriculture Ecosystems and Environment, 84: 1-20.
3. Rilov, G. and Crooks. (2009). Biological invasions in marine ecosystemecological, Management and Geographic Perspectives. Springer-Verlag, BerlinHeideberg.
4. Singh, S.P., Biological Suppression of Weeds. Biological Control Centre,
Bangalore, 1989.
5. Williamson, M. 1996. Biological Invasion, Chapman & Hall, London.
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	SEMESTER - IV
CORE COURSE- X
	22PBOTC41: PLANT PHYSIOLOGY AND BIOCHEMISTRY

	CREDITS: 4
HOURS: 5/W


COURSE OBJECTIVES 

1. To understand the Mechanism of water absorption by the plants

2. To understand the anabolism and catabolism of plants
3. To acquire the knowledge about structure and function of the biomolecules.
4. To understand the function of enzymes in plant metabolism

5. To understand the metabolism of secondary metabolites

Unit I : Mechanism of water absorption, Transpiration and Mineral Nutrition  

 Water and Plant Relations: Physical and chemical properties of water – Imbibition, diffusion, osmosis, components of water potential – Osmotic potential – Pressure potential – SPAC concept - plasmolysis – Mechanism of  Water and Mineral absorption (active and passive) –Ascent of sap - Mechanism of ascent of sap – Transpiration and evapotranspiration – Antitranspirants - Guttation - stomatal structure and function – mechanism of stomatal opening and closing – mineral nutrition – essential nutrients – macro and micro nutrients – deficiencies and plant disorders – absorption of solutes – translocation of solutes – pathways and mechanisms.
Unit II : Synthesis and Degradation of Carbohydrates in plants

Photosynthesis-Structure  and function of Chloroplast–Absorption Spectrum – Action Spectrum – Fluorescence – Phosphorescence –Red drop and Emerson’s effect - Mechanism of Photosynthesis - Light reaction – Photo system I & II - Electron transport chain -Photophosphorylation (cyclic and non-cyclic) – Carbon Metabolism -C3, C4 and CAM pathways and their distinguishing features Mechanism of respiration – Gylcolysis – Kreb’s cycle –Mitochondrial electron transport chain and its role -Oxidative Phosphorylation – Pentos Phosphate Pathway - photorespiration and its significance. Nitrogen metabolism- sources of nitrogen – mechanism of biological nitrogen fixation (symbiotic and non –symbiotic). 
Unit III : Plant Growth and Development, Growth Regulators and Stress Physiology   

Growth and development – phases of plant growth – Growth substances-auxin, gibberellins, cytokinins, abscissic acid and ethylene - biosynthesis, physiological effect and mechanism of action in agricultural and horticultural crops. Photoperiodism –mechanism of flowering – Phytochrome and their action on flowering – Vernalization - mechanism and its practical application – Dormancy of seeds, causes and methods of breaking dormancy – Senescence and its types – Abscission - Plant response to environmental stress: Biotic and abiotic stress – water,  temperature, light and salinity- adaptive mechanism  to various stresses (avoidance, escape, tolerance).
Unit IV : Bioenergetics, Enzymes structure and Properties

Bioenergetics- free energy redoxpotentiol- free energy changes in oxidation and reduction coupling –energy rich bond- structure of atoms-molecules-PH and buffer. Enzymes- Classification and nomenclature- chemical nature of enzymes – factors affecting enzyme action – Michaelis–Menten constant, MM equation, – enzyme inhibition, co enzymes- mechanism of enzyme action- Isoenzymes.
Unit V : Metabolism of Carbohydrates, Lipids, Proteins,Aminoacids and Some Secondary Metabolites

Carbohydrates: Classification- Structure and types –Aminoacids structure and function- Classification of Protein (Primary, secondary, tertiary and quaternary) -Ramachandran plot, Classification of Lipids: Structure and properties of fatty acids, phospholipids, glycolipids, lipoproteins, cholesterol - structure and functions. Secondary metabolites: structure and properties of alkaloids, steroids, terpenoids, flavonoids. - their chemical nature and role.  
COURSE OUTCOMES 
On the completion of this paper, students will able to
1. Understand the Mechanism of water absorption by the plants
2. Understand the anabolism and catabolism of plants
3. Acquire the knowledge about structure and function of the biomolecules.
4. Understand the function of enzymes in plant metabolism
5. Understand the metabolism of secondary metabolites

Text books

1. Jain, V.K. 2017. Fundamentals of Plant Physiology, S.Chand & Company Ltd., New Delhi
2. Devlin, R.M. 1996.  Plant Physiology, PWS publisher, Boston.
3. William G. Hopkins, 1999.  Introduction to Plant Physiology,John Wiley and sons, INC, New York.

4. Jain, J.L,2001. Fundamentles of Biochemistry , S.Chand &co.Ltd New Delhi
5. Taiz L and Zeiger E.2010. Plant Physiology (5th edition)). Sinauer Associates Inc. U.S.A
6. Narayanan L.M., Meyyan R.P., Nallasingam K., Prasanna kumar S.,Arumugam N. And Fatima D.2014. Biochemistry .Saras Publication. Nagarcoil, Tamilnadu.
7. Verma.V. 2008..Text Book of  Plant Physiology,Anes Student Edition , New Delhi.
8. Jain V.K.2003.Fundamentals of Plant Physiology, S.Chand & Company LTD, Ramnagar, New Delhi.
Supplementary Readings
1. Moore, T.C.1989.Biochemistry and Physiology of Plant Hormones (2nd Edition). Springerverlag, New York, USA.
2. Lincoln Taiz and Eduardo Zeiger, 2006.  Plant Physiology. Sinauver Associates Inc. Publishers, Sunderland, Massachusetts

3. Salisbury, F.B and Cleon Ross, 2007. Plant Physiology, Wadsworth Publishing Company, Belimont.
4. Nelson,D.L &M.M.cox.2017.Lehninger’s principles of Biochemistry ,Printice hall, N.J, 7th Edition                     

5. Rastogi,S.C.(2003). Outlines of Biochemistry, CBS  Publisher Distributors, New Delhi. 
6. Bob B. Buchnan, whilhelm Gruissem and Russel L. jones. 2015    Biochemistry and Molecular Biology of Plants.I.K. International pvt. Ltd. New Delhi.
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	SEMESTER - IV
CORE COURSE- XI
	22PBOTC42 : ECOLOGY, FORESTRY AND PHYTOGEOGRAPHY
	CREDITS: 4
HOURS: 5/W


COURSE OBJECTIVES 
1. To introduce the concepts and principles of ecology, biological diversity, conservation, to solve environmental problems. 

2. To understand the Envronmental Impact Assesment (EIA), Energy resourses,  various types’ environmental pollution, water pollution and conservation stratagies with suistainable management.
3. To appreciate the values and the need for conservation and management of Ecosystem, forest resources 

4. To interpret forest conservation, and resource management conflicts 

5. To integrate the social and natural sciences 
Unit I : Ecology: Environment

The Environment-Physical environment biotic environment biotic and abiotic interactions, Autecology and Synecology. Ecological life cycle. Population ecology, population characteristics, population dynamics. Ecosystem ecology, ecosystem structure and function. Ecological succession types. Remote sensing – study of vegetation using remote sensing.
Unit II: Ecology: Environmental population

Environmental pollution causes, effects and control of air, water, soil, noise, marine thermal and radioactive pollution. Green house effect, Ozone layer, depletion and acid rain. Biomagnification Eutrophication. Disaster management- earthquake, volcanoes, Landslides and Tsunami.
Unit III : Biodiversity

Biodiversity concepts, types, measures and distribution of diversity, Major biomes of the world. Biogeographical regions, Vegetation types, forest types and. Grasslands of India.Socio-Economic values of Biodiversity, Loss of Biodiversity, Endemism and Brief account of Endemic plants of India. Hotspots, Biosphere reserves, Red Data Book, IUCN Categories.
Unit IV : Forestry: Forest types and resources

Sylviculture – scope, concept, clear felling, uniform shelter, wood selection, Coppice method. In vitro and In vivo methods of conservation of forests. Social and Agroforestry. Multipurpose plants - food, fodder, and fuel and avenue. Afforestation, Deforestation. Wood preservation, wood seasoning and wood preservatives. Forest utilization, major and minor forest products- Forest conservation act, 1980.
Unit V : Phytogeography

Phytogeography – concepts and types..Origin of Cultivated plants. Continental drift.,Age and area hypothesis, theory of Island biogeography, Distribution patterns:  Cosmopolitan, pantropical, continuous, discontinuous, endemic. Migration and barriers. Plant indicators, Phytogeographical regions of India
COURSE OUTCOMES

On the completion of this paper, students will able to

1. The various environmental factors governing these ecosystems are also clearly understood.
2. They will be understand the cosept, types, development and functions of various ecosystems and their communication.
3. This knowledge can help to form stratagies for conservation and suistainable management under the given legislative measures.
4. Students will be able to exhibit forest mensuration skills, techniques for ecological measurements, and other quantitative and analytical skills for data collection, analysis, and interpretation of forest ecology and management.
5. Understand thevarious phytogeographical regions of India.
Text Books

1. Kumar, H.D. 2007. Modern concepts of Ecology: 8th Edition, UBS Publisher’s &Distributors Pvt. Ltd. New Delhi.
2. Agarwal A.K. and P.P. Deo, 2006. Plant Ecology: Agrobios (India), New Delhi.
3. Sharma, P.D. (2009). Ecology and Environment: 10th Edition, Rastogi Publications,New Delhi.
4. Thiman, A.K. 2003. Sacred plants and their medicinal uses. Daya publishing house,New Delhi.
5. Kocchar, S.L. 2009. Economic botany in the tropics, Macmillan publishers, Chennai

6. Jain ,S.K. Mudgal V. 1999. A Handbook of Ethnobotany. BSMPS, Dehradun.
7. Avery, T.E. 1967. Forest Measurements. Mc Grand Hill Book Company, Newyork.
8. Ramprakash, 1986. Forest management. IBD Publishers, Debra Dun.
9. Chundawat, B.S. and Gautham, S.K. 1996. Text book of Agroforestry. Oxford andIBH publisher, New Delhi

10. Sharma, P.D.2019. Plant ecology and Phytogeography. Rastogi Publications, Meerut

Supplementary Readings
1. Tyler Miller,G.  J.R. 2010. Environmental Science: Cengage Learning India Pvt.Ltd. New Delhi.
2. Clifford, B. Knight, 1971. Basic Concepts of Ecology: The Macmillan CompanyCollier – Macmillan Ltd. London.
3. Ambasht R.S. and N. K. Ambasht, 2011. A text book of Plant Ecology: CBSPublishers and Distributers Pvt. Ltd., New Delhi.
4. Verma, R.S. and V.K. Agarwal, 1998. Concepts of Ecology: S. Chand and Company Ltd. New Delhi.
5. Surendran,C,.  .Parthiban,K.T., Vanangamudi K. and S. Balaji, 2000. Vegetative Propagation of Trees Principles and Practices), TNAU, Coimbatore.
6. Shukla,R.S. and Chandel, P.S. 2007. A text book of Plant Ecology: 11th Edition. C.Chand and Company Ltd. New Delhi.
7. Sharma,P.D., 1994..Environmental Biology: Rastogi and Company, Meerut.
8. Kumaresan,V. and N.Arumugam.2016. Plant Ecology and Phytogeography, Saras publication

9. Swapnil Yadav,.2021.Ecology and Phytogeography with practical, Mahveer Publications.
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	SEMESTER - IV
CORE PRACTICAL- IV
	22PBOTP43: 
ECOLOGY, FORESTRY, PHYTOGEOGRAPHY, PLANT PHYSIOLOGY, BIOCHEMISTRY
	CREDITS: 5
HOURS: 10/W


Ecology

1. Constrution of a meter quadrat

2. Determination of the  number of species by list quadrat method

3. Determination of minimum size of the quadrat by the species area method

4. Determination of number of Individuals by the count quadrat method

5. Determination of abundance, frequency, and relative frequency by count quadrat method

6. Ranunkiaer’s normal frequeny method

7. Determination of density and relative density by count quadrat method

8. Determination of basal area and relative dominance by count quadrat method

9. Determination of Important value index and polygraph charting

10. Effect of industrial effluents on seed germination

11. Estimation of dust pollution on plants.
12. Ecological Instruments- Thermohygrograph, Lux meter, Maximum and Minimum thermometer, anemometer, altimeter
13. Ecological adaptation of plants.
14. Estimation of EC,pH, turbidity and TDS.
15. Estimation of sulphate and nitrate
16. Analysis of Na, K, Ca and Cl in pond water
17. Estimation of EC,pH
18. Soil moisture content
19. Soil N,P,K, Ca, Mg
Forestry

1. Mapping of forest types of India

Phytogeography

1. Mapping of Phytogeographical regions of India

Plant physiology

1. Determination of osmotic potential by plasmolytic method.
2. Determination of water potential using gravimetric method.
3. Determination of water potential using dye method (Chardakov’s method).
4. Effect of Monochromatic light on apparent photosynthesis.
5. Effect of CO2 concentration on apparent photosynthesis.
6. Effect of temperature on protoplasmic membrane.
7. Separation of chloroplast pigments using paper chromatographic technique.
8. Estimation of chlorophyll content using Arnon’s method.
9. Rice coleoptile growth test for Indole Acetic Acid.
10. Effect of Auxin on root initiation
11. Experiments to show the heribicidal action of Auxin (2-4D).
12. Effect of synthetic cytokinin on the destruction of chlorophyll.
13. Estimation of Proline content
14. Estimation of Glycinebetaine content
15. Estimation of Ascorbic Acid
Biochemistry
1. Estimation of starch content

2. Estimation of total phenols

3. Estimation of aminoacids by ninhydrin method

4. Estimation of protein

5. Extraction and estimation of lipids

6. Assay of the enzyme catalase

7. Assay of the enzyme peroxidase

8. Extraction and separation of known and unknown amino acids by using paperchromatography method.

COURSE MAPPING
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	SEMESTER - IV

CORE ELECTIVE-IV
	22PBOTE45-1: BIOINFORMATICS AND BIONANOTECHNOLOGY
	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES 
1. Apply reasoning about core biological concepts with emphases on the cellular and molecular scale of biology 
2. Design, implement and evaluate computer-based systems, processes, components or programs in relation to the contexts of molecular and cellular biology and genomics research. 
3. To know the basics of computer and networking
4. To learn the basics of bioinformatics tools 
5. To study the basics of bionanotechnology and characterization of nanoparticles 

Unit I : Multimedia








Introduction to Computer – Evolution of Computer – Classification of Computer – Organization of Computer: Input and Output devices – Internet and Intranet – Multimedia and Virtual reality – Computer networking: LAN, MAN and WAN, MODEM, Fiber optics network.  Software’s in Bioinformatics: General software features and trends of C and C++, PERL.
Unit II :  Bioinformatics










Introduction and scope of Bioinformatics – History of events in Bioinformatics – Biological Databases: Database Management System (DBMS):PUBMED and ENTREZ – Introduction to MSDN (Microbial strain Data Network) – Nucleic acid databases: Gen bank and DNA Data Bank of Japan, NCBI – Protein database:  Protein Data bank (PDB) SWISSPROT, SCOP – BLAST and FASTA.
Unit III :  Application of Bioinformatics







Application of Bioinformatics: Molecular medicine, personalized medicine, Preventive medicine, Gene therapy, Drug development, Microbial Genome applications – Antibiotic resistance, Crop improvement – Emerging areas of Bioinformatics: Pharmocogenomics – Chemoinformatics– QSAR – Human Genome Project.
Unit IV : Bionanotechnology









Bionanotechnology- Introduction – Definition, concept and history of bionanotechnology– Type of nanomaterials: Nano rods, Nanowires, Nanoparticles, Nanocapsules– Nanostructures in nature, Carbon Nanostructures – Methods of preparation of nanomaterial: Topdown and Bottom up approaches – Green synthesis of Nanoparticles – Characterization of nanoparticles.
Unit V : Application of Bionanotechnology

Application of Nanotechnology: Biomedical Applications – DNA based Nanomaterials as biosensors – Nanomaterials for drug delivery (Liposome, Fluorocarbons) – Nanomaterials in Agriculture, Fertilizers, Nanopesticides, Food, Fabric industries and Nanomaterial for environment: Nano clays, Nano adsorbents, Zeolites.

COURSE OUTCOMES
On the completion of this paper, students will be made aware and

1. Gain knowledge on basics of computer and networking

2. Know about the bioinformatic concepts

3. Learn the bioinformatics tools in solving biological problems
4. Understand the basics of bionanotechnology, synthesis and characterization of nanostructures and applications of nanotechnology
5. Knowledge and awareness of the basic principles and concepts of biology, computer science and mathematics.
Text Books

1. Bourne, P.E., and Gu,J. 2008, Structural Bioinformatics, Hoboken, NJ;Wiley-Liss.
2. Christof, M, Niemeyer and Chad A.Mirkin(2004). Nanobiotechnology concepts, applications and perspectives, Wiley Publishers
3. Madan L, Verma 2020.  Nanobioechnology for Sustainable Bioenergy and Biofuel Production, 1st Edition, ISSN-13; 978 -0367085872.
4. Pevsner, J 2015. Bioinformatics and functional genomics. Hoboken, NJ:Wiley-Blackwell
5. Teresa, K, Attwood, David, J, Parry – Smith and SamironPhukan, (2011). Introduction of Bioinformatics, Dorling Kindersley Pvt. Ltd., India

Supplementary Readings
1. Shah, M.A. and Toker Ahmad, (2010). Principles of nanoscience and nanotechnology. Narosa Publishing house.
2. SubbiahBalaji 2010. Nanobiotechnology. MJP Publisher.
3. Shanmugam, S. 2011. Nanotechnology. MJP Publisher.
4. Richard Booker and Earl Boysen, 2005. Nanotechnology. Wiley India Pvt., Ltd.
5. Charles P. Poole Jr., and Frank J. Owens., (2006). Introduction to nanotechnology. John Wiley & Sons Asia). Pte. Ltd.
6. Prakash S. Lohar, 2009. Bioinformatics. MJP Publisher.
7. Zhumur Ghosh and BibekanandMallick 2005. Bioinformatics: Principle and applications, Oxford University press.
8. Curran, B.G., R.J. Walker and S.C. Bhatia, 2010. Bioinformatics. CBS Publishers & Distributors Pvt. Ltd. New Delhi.
9. Ignacimuthu, S., (2006). Basics of Bioinformatics. Narosa Publishing house, New Delhi.
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	SEMESTER - IV

CORE ELECTIVE-IV
	22PBOTE45-2: ETHNOBOTANY AND HERBAL TECHNOLOGY
	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES
1. To impart the scope and importance of ethnobotany
2. To understand the various systems of medicines.
3. To enable the students in identifying medicinal taxa.
4. To know the preliminary phytochemistry of plant parts.
5. To understand the therapeutic properties of some common medicinal herbs.
Unit I : Ethnobotany

Ethnobotany  –  definition  –  traditional  and  folklore  medicines  –  nativemedicine  –  major ethinic tribes  of  South  India  and  their  ethnobotanical  and ethnobiological    heritage    –    ethnobotany    and conservation  of  plants  with  special  reference  to  India –  mythology  and conservation  of  ecosystems  –  conservation  of  selected  plant  species: sacred groves, forestry and unique ecosystems and their ethno biological values Contributions of FRLHT in ethnobiology.
Unit II : Ethnobotany
Ethnobotany – interdisciplinary approaches – Methods of ethno botanical studies – Plants of Ethnobotanical importance – Tribal food, medicinal and Narcotic Plants, plant drugs – Important of medicinal plants discovered through Ethno botanical studies,plants    and    animals    in    art,    tradition    and    ethnography. People Biodiversity Register(PBR).
Unit III : Herbalmedicine and Preparation

Indian System Medicine – General Information: Ayurveda, Yogic Therapy, Unani, Siddha and Homeopathy (AYUSH) – Remedial plants for Cancer, CNS, Cardiac, Respiratory disorders, Diabetics, Urogenital disorders and wound healing - Preparation of herbal formulation – Infusion, Decoction, Herbal syrups, Herbal oil, Tincture and Insect repellants.
Unit IV : Herbal Technology

General account on Pharmacognosy– Crude and Commercial drugs – Classification and Evaluation of Crude drugs – Substitution – Adulteration  of  crude  drugs  and  its  detection – methods  of  adulteration,  types  of adulteration.  Medicinal plants of export values.  Rejuvenating herbs—role of non-flowering plants in the field of medicine.
Unit V : Herbal Technology

Systematic position, morphology, Cultivation, Collection, phytochemical constituents and Therapeutic uses of the following herbal drugs, 
Leaves -Justiciaadhatoda; Flower -Syzygiumaromaticum; Fruits - Piper nigrum; Seeds: Sesamumindicum; Rhizome -Zingiberofficinale; Bark -Cinnamomzeylanicum; Root-Gloriosasuperba; Whole plant -Achyranthusaspera
COURSE OUTCOMES

On the completion of this paper, students will be made aware 

1. Understand the scope and importance of ethanobotany

2. Gain awareness about interdisciplinary approaches and methods of ethno botanical studies

3. Understand the various systems of medicines and know about the basics principles of pharmacognosy and techniques

4. Know about the remedial plants for various diseases and gain knowledge on the preparation of herbal formulations

5. Understand the uses and pharmacological aspects of medicinal plants

Text Books

1. John Jothiprakash, E. 2003. Medicinal Botany and Pharmacognosy. JPR Publication,   Vallioor, Tirunelveli. 
2. Kokate,    C.K.    Gokhale,    S.B.,    and    Purohit,    A.P.    2003.    Pharmacognosy. Niraliprakashan, Pune. 
3. Kumar, N.C. 1993. an Introduction to Medical Botany and Pharmacognosy. 
4. Kumaresan,  V.  and  Annie  Regland,  2004.  Taxonomy  of  Angiosperms  Systematic Botany, Economic Botany, Botany & Ethnobotany. 
5. Prajapathi,   Purohit,   Sharma   and   Kumar,   2003.   A   Hand   Book   of   Medicinal Plants.Agrobios Publications, Jodhpur. 
6. Ashwinidutt, 2008.  An Introduction to Medicinal Plants, Adbyayan Publishers and Distributors, New Delhi.
Supplementary Readings
1. Anonymous,    2004.     Cultivation    of     selected     medicinal    plants.     National Medicinalplants board, Govt. of India, new delhi. 
2. Bhattacharjee, s.k., 2004. Hand book of medicinal plants. Pointer publishers, jaipur. 
3. Biswas,  p.k.  2006.  Encyclopedia  of  medicinal  plants  (vol.  I-vii).  Dominant 
Publishers, new delhi. 
4. Chaudhuri,  a.b.  2007.  Endangered  medicinal  plants.  Daya  publishing  house,  new delhi. 
5. Chopra, r.n. 1980. Glossary of indian medicinal plants. Csir, new delhi. 
6. Daniel, M. 2013.  Useful Herbs of Planet Earth, Scientific Publications, New Delhi

7. Handa, S. S. and V. K. Kapoor, 1993. Pharmacognosy. Vallabhprakashan. New delhi.
8. Pagare, P.K. 2007.  Medicinal Plants, APH Publishing Corporation, New Delhi.
9. Panda. H. Hand Book of Herbal Medicines, Asia Pacific Business Press, New Delhi.
10. Panda. H. Hers Cultivation and Medicinal Uses, National Institute of Industrial Research, Delhi.
11. Rajiv K. Sinha, Shweta Sinha, 2005.  Ethnobotany, Surabhi Publications, Delhi.
12. De. Pal & S.K. Jain, 1998.  Tribal Medicines, NayaProkash, Calcutta.
13. RaveendraRetnam& P. Martin, 2006.  Ethnomedicinal Plants, Agrobios(India), Jodhpur.
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	SEMESTER - IV

CORE ELECTIVE-IV
	22PBOTE45-3: INTELLECTUAL PROPERTY RIGHTS AND PATENTING
	CREDITS: 3
HOURS: 3/W


COURSE OBJECTIVES

1. To recognize the importance of IP and to educate the pupils on basic concepts of Intellectual Property Rights. 
2. To identify the significance of practice and procedure of Patents. 
3. To make the students to understand the statutory provisions of different forms of IPRs in simple forms.
4. To learn the procedure of obtaining Patents, Copyrights, Trade Marks &Industrial Design 

5. To enable the students to keep their IP rights alive.
Unit I : IPR

Intellectual Property Rights – Introduction, Concept and Theories, Kinds of Intellectual Property Rights, Need for intellectual property right, Advantages and Disadvantages of IPR.International Regime Relating to IPR – TRIPS, WIPO, WTO, GATTS. IPR in India genesisand development.
Unit II : Patenting

Patent – introduction, Patent acts and its amendments. Patentable and Non patentable inventions. Process and product parent, double patent, patent of addition. Patent applicationprocess - Searching a patent, Drafting of a patent, filling of a patent, Types of patentapplications-national, regional and international, patent document: specification and claims.Infringement.
Unit III : Copyright

Copy right – concepts and principles. Historical background and development of copyright law– Copy right act, Berne Convention, Universal Copyright Convention, WIPO Phonograms andPerformances treaty. Conditions for grant of copyright. Copyright in Literary, Dramatic andmusical works, sound recording, cinematograph films and computer programme. Right ofBroadcasting and performers. Copyright Board - Power and functioning.
Unit IV :  Trademark

Trademark – introduction, examples of well-known trademark. Historical development of theconcept of trademark and trademark law-National and International. Kinds of trademarks.Procedure for registration of trademark. Infringement of trademark.
Unit V : GR

Geographical Indication – introduction, types. GI laws. Indian GI act. Traditional knowledgeand IPR. Public health and Intellectual Property Rights – case study. New plant varietiesprotection laws – need and benefits. Patenting of microorganism. IPR and Climate change.Patents and Biotechnology.
COURSE OUTCOMES 

On the completion of this paper, students will be made aware to
1. Understand the concept and procedure of IPR
2. Know the status of IPR in India.
3. Evaluate the difference between patent, copy right and trademark.
4. Analyse the benefits of patent, copy right and trademark.
5. Prepare applications for patent, copy right and GI.
Text Books

1. Venkataraman M. 2015. An introduction to Intellectual property rights. Create spaceIndependent Pub.North Charleston, USA.
Supplementary Readings
1. Gopalakrishnan N.S. & T.G. Agitha, (2009), Principles of Intellectual Property, Eastern BookCompany, Lucknow.
2. Ramakrishna B and Anil Kumar, HS. 2017. Fundamentals of Intellectual Property Rights:For Students, Industrialist and Patent Lawyers, Notion Press, Chennai.
3.  James Boyle, Jennifer Jenkins, 2018. Intellectual Property: Law & the Information Society—Cases and Materials, Create space Independent Pub. North Charleston, USA.
4. Damodar Reddy S.V. 2019. Intellectual Property Rights -- Law and Practice, Asia LawHouse, Hyderabad.
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