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MINUTES OF MEETING OF THE BOARD OF STUDIES IN
BOTANY HELD IN OFFLINE MODE ON 16th SEPTEMBER, 2025
Vide Chowgule College notice F.133(C)/668 a meeting of this BOS was convened on 16™ September, 2025

at 10:30 am through offline mode in AV room, Parvatibai Chowgule College of Arts & Science, Margao —

Goa.» Since the number of members present represented the Quorum, the BOS began its proceedings.

Members present:

Dr. Uma Masur

Dr. Annie Gomes

Prof. (Dr.) Maria Fonseca

Dr. Siddhi Kashinath Jalmi

Mr. Vishal Jamuni

Prof. (Dr.) Sangeeta Sankhalkar
Ms. Sonali Gaonkar

Ms. Ansifa M. Simoes

Mrs. Amisha Shirodkar Pednekar

P RIS Ao e

Members absent:

1. Dr. Sneha Bhagwat

Proceedings
The Chairperson welcomed the members of the Board of Studies (BOS). The Chairperson

introduced and explained the agenda for the meeting and read out the minutes of the previous

B.O.S meet. The meet continued taking up the following agenda.
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Agenda Items:

Approval of Courses for Semester VII.

1.
2. Course Learning Outcome (CLO) Revision and Outcome-Based Education (OBE) Mapping.
3. Approval of VOC Course: Plant Pathology.

4. Any Other Business (AOB)

i

Sem IIT — Revision of Approved course Systematics of Flowering Plants and Phylogeny for Sem III
level.

PART A: The BOS passed the resolutions as follows:

1. Approval of Courses for Semester VII
The Courses for Semester VII and the Course structure was approved.

BoS passed a Resolution: The Course structure with the courses of Semester VII was

approved.

2. Course Learning Outcome (CLO) Revision and Outcome-Based Education (OBE) Mapping. -
The changes in the CLOs of necessary courses of Semester VII, were discussed and approved with

suggestions by members of BoS. An Outcome-Based Education (OBE) Mapping, were discussed and
approved.

BoS passed a Resolution: The changes in the CLOs of necessary courses of Semester VII and an Outcome-
Based Education (OBE) Mapping, were discussed and approved.

3. Approval of VOC Course: Plant Pathology.
The VOC course i.e. Plant Pathology of Semester VI, were discussed and approved.
BoS passed a Resolution: The VOC course of Semester VI, were discussed and approved.

4. Any Other Business (AOB)

1) Sem III — Revision of Approved course Systematics of Flowering Plants and Phylogeny for Sem III
level was discussed.

BoS passed a Resolution: Revision of Approved course Systematics of Flowering Plants and

Phylogeny for Sem III level course was discussed and approved by all members.

PART B: Important Points/ recommendations of BOS that require consideration /

approval of Academic Council:

To seek approval of the following;:

1. Approval of Syllabi of Semester VII.

2. Approval of VOC Course: Plant Pathology.

3. To seek approval for Revision of Systematics of Flowering Plants and Phylogeny for
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Sem III level.

The following members of the Board of Studies in Sociology were present for the meeting.

1. Dr. Uma Masur

Dr. Annie Gomes

Prof. (Dr.) Maria Fonseca

Dr. Siddhi Kashinath Jalmi

Mr. Vishal Jamuni

Prof. (Dr.) Sangeeta Sankhalkar
Ms. Sonali Gaonkar

Ms. Ansifa M. Simoes

¥ X N N A LN

Mrs. Amisha Shirodkar Pednekar

Members absent:

1. Dr. Sneha Bhagwat

(Db

Member Secretary
Board of Studies

Dated: 03\ \0 \‘L(
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PART C: The remarks of the Dean of the Faculty:-
The minutes are in order.
b. The minutes may be placed before the academic Council with remark, if any.
c. Important points of the minutes which need clear policy decision of the Academic Council to be

recorded.

Date:ogl[o’ﬁ)’

st

(Faculty of Science) Dr. Sameena S Fernandes e Falleiro

Signature of the Dean:

PART D: The remarks of the Members Secretafy of the Academic Council:

a, The minutes are in order.
b. The minutes may be placed before the Academic Council with remark, if any.
c. Important points of the minutes which need clear policy decision of the Academic Council to be

recorded.

Date: ©3% l(O lﬂ/bf

Signature of the Member Secretary @ﬁ}/

Academic Council Dr. Meghana Devli
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Annexure A

Course Structure

Department of Botany
SEMESTER MAJORS 1 MINIOR/VOCATIONAL MDC SEC
(4 credit course) (4 credit course) (3 credit course) (3 credit course)
I
UG-BOT-101 UG-BOT-101 UG-BOT-MDC 1 UG-BOT-SEC 1
Diversity of Lower forms Diversity of Lower forms Economic Botany Basics in Horticulture
(Microbes, (Microbes,
Algae, Fungi) Algae, Fungi)
il
UG-BOT-102 UG-BOT-102 UG-BOT-MDC 2 UG-BOT-SEC2
Diversity of Lower Plants Diversity of Lower Plants Kitchen Gardening Algal Biotechnology
(Bryophytes, (Bryophytes,
Pteridophytes, Gymnosperm) Pteridophytes, Gymnosperm
it
UG-BOT-201 UG-BOT-202 UG-BOT-MDC 3 UG-BOT-SEC3
Cell Biology and Systematics of Flowering Basics in Horticulture Basics in
Biomolecules Plants and Microbiology
UG-BOT-202 Phylogeny
Systematics of Flowering
Plants and Phylogeny
v
UG-BOT-203 UG-BOT-VOC1
Plant Anatomy and Herbal Cosmetology
Embryology
UG-BOT-205
Plant Breeding and
Biostatistics
UG-BOT-204
Cytogenetics
UG-BOT-206
Enzymes and Metabolic
pathways
v
UG-BOT-301 UG-BOT-VOC2
Plant Physiology Plant pathology
UG-BOT-302

Ecology and conservation
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UG-BOT-303
Techniques and

Instrumentation

UG-BOT-304

Plant Genetic Engineering

UG-BOT-306

Plant Tissue Culture

UG-BOT-305
Plant Molecular Biology

UG-BOT-PRJ

Project

UG-BOT-VOC3
Applied Mycology/ Plant

propagation

vil

UG-BOT-401
Pharmacognosy and
Phytochemistry

UG-BOT-402

Bioinformatics

UG-BOT-403
Enzymes and
Metabolic pathways

UG-BOT-404
Organic Farming

UG-BOT-405
Ethno-botanical
Concept

VIII

UG-BOT-406
Plant Biotechnology

UG-BOT-407
Plant Embryology
UG-BOT-408
Plant Biochemistry

UG-BOT-409
Industrial Botany

UG-BOT-410
Bioresource
Management
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Annexure A

Syllabus (Semester VII)
(To be implemented w.e.f. Acad. Year 2026 - 2027)

COURSE TITLE: PHARMACOGNOSY AND PHYTOCHEMISTRY
COURSE CODE: UG-BOT-401

CREDITS : 4 (3 Theory +1 Practical)
MARKS : 100 (75 Theory +25 Practical)
COURSE DURATION: 45 Hours (T)

PRE-REQUISITE: Biology at XII preferred.

COURSE OBJECTIVES:
To enable the students to learn and understand the fundamental knowledge, techniques & skills
in plant drug industry, drug discovery and development.

COURSE OUTCOMES:

Upon successful completion of the course, students will be able to:

CLO1: Discuss and classify medicinal plants and plant drugs biosynthetic pathways

CLO2: Explain cultivation, collection and bioactive constituents of the given plants

CLO3: Describe and explain methods of extraction, characterization and analysis of
phytochemicals and working of instruments.

CLO4: Perform extraction, tests, bioassays and anatomical techniques and skills in plant drugs
techniques and Pharmacognosy.

MODULE I: INTRODUCTION TO PHARMACOGNOSY AND PHYTOCHEMISTRY
(15 Hours)

Introduction to Pharmacognosy and Phytochemistry

Classification of drugs: morphological, chemical and pharmacological.

Biosynthesis of secondary metabolites, Metabolic pathways of selected plants (from Ocimum
sanctum and Rauwolfia). of plant drugs. Role of plants drugs in modern medicine.

MODULE II: CULTIVATION, COLLECTION AND CONSTITUENTS (15 Hours)
Roots / Rhizomes: Rauwolfia, Curcuma.

Leaves: Adathoda, Ocimum.

Seeds: Fenugreek, Nutmeg.

Fruits: Coriander, Senna pod.

Flowers: Clove, Rose.

Good Agricultural and Collection Practices (GACP).

Post-harvest processing and storage of plant drugs.

MODULE III: PHYTOCHEMICALS (EXTRACTION AND ANALYSIS) (15 Hours)
Principles of phytochemical extraction.

Traditional techniques: maceration, percolation, Soxhlet, steam distillation.

Modern techniques: Microwave-assisted extraction, Supercritical fluid extraction,
Ultrasonication.

Characterization: UV-Vis, IR, NMR, MS, GC-MS, LC-MS.

Qualitative and Quantitative analysis of pigments, phenolics, flavonoids and alkaloids.
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COURSE TITLE: PHARMACOGNOSY AND PHYTOCHEMISTRY (PRACTICAL)
COURSE CODE: UG-BOT-401

CREDITS: 1

MARKS: 25

COURSE DURATION: 15 SESSIONS (inclusive of 3 PA)

[a—

w N

W

SR. No. MODULE IV- TOPICS PRACTICALSESSION
Isolation of alkaloids (e.g., Adathoda vascica leaf). 2
. Tests for secondary metabolites (Any two). 2

Anatomical study of crude drugs: Nux vomica seeds, Ginger rhizome,

Citronella leaf, Senna leaf. 2
Disc diffusion antimicrobial assay (bacteria and fungi). 2
MIC (Minimum Inhibitory Concentration) determination for selected extracts. 2
Mini Project (Compulsory- Any one) — Group project (3—4 students) involving: 4
Adulteration analysis of crude drugs (microscopy, TLC, solubility).

Comparative phytochemical screening of market vs. lab-prepared extracts through
spectrophotometry.

Simple bioassay-guided screening for antimicrobial / antioxidant activity.
Preparation of herbal formulations (e.g., herbal ointment, decoction, nutraceutical)
Visit to Ayurvedic centre / AYUSH/ Pharmaceutical industry 1

Total 15

Mandatory references:

1. McCreath, S. B., & Delgoda, R. (2017). Pharmacognosy: Fundamentals,
Applications and Strategies. Amsterdam: Mica Haley.

2. Kumar, G. S., & Jayaveera, K. N. (2014). A Textbook of Pharmacognosy and
Phytochemistry New Delhi: S. Chand & Company Pvt. Ltd.

3. Qadry, J.S. (2014). A Textbook of Pharmacognosy, Theory and Practicals.
New Delhi: CBS Publishers& Distributors.

4. Harborne, J. B.(2010). Phytochemical Methods. New Delhi: Springer International
edition.

5. Shah, B., & Seth, A. (2010). Textbook of Pharmacognosy and Phytochemistry. New
Delhi: Elsevier Health Sciences.

Supplementary Reading

6. Gokhale, S.B.& Kokate, C.K. (2009). Pharmacognosy. Maharashtra: Nirali
Prakashan.

7. Kokate, C. K. (2008). Pharmacognosy. Maharashtra: Nirali Prakashan.

8. Khandelwal, K. R. (2008). Practical Pharmacognosy. Maharashtra: Nirali Prakashan

9. Clinical and Laboratory Standards Institute (CLSI). Methods for Antimicrobial
Susceptibility Testing. (for disc diffusion & MIC).

10. Leland, J. C. (2006). Natural Products from Plants. New York: Taylor and Francis.

11. Wallis, T. E. (2005). Textbook of Pharmacognosy. New Delhi: CBS Publishers &
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Distributors.

12. Trease, G.E. & Evans, W.C., (2002). Pharmacognosy. USA: Elsevier Science
Publishers.

13. Mammen, D. (1991). Methods in Plant Chemistry and Economic Botany. New Delhi:
Kalyani publishers.

Web references:

www.britannica.com
www.pharmacyguideline.com
https://www.springer.com
https://www.biologydiscussion.com
amrita.edu/course/herbal-drug-technology-theory
pharmacyinfoline.com/herbal-drug-technology

SANNANE S e

COURSE TITLE: BIOINFORMATICS (THEORY)
COURSE CODE: UG-BOT-402

CREDITS : 4 (3Theory +1 Practical)

MARKS : 100 (75 Theory +25 Practical)
DURATION : 45 Hours (T)

PRE-REQUISITE: Biology at XII preferred.

COURSE OBJECTIVES:
The course will help the students to understand the fundamentals of bioinformatics

and familiarize them to biological databases.

COURSE OUTCOMES:

Upon successful completion of the course, students will be able to:

CLO1: Explain terminology and concepts in bioinformatics.

CLO2: Differentiate among biological databases and apply sequence alignment
techniques to nucleotide and protein sequences.

CLO3: Analyze protein and genome information resources to annotate sequences,
predict functional elements, and evaluate comparative genomic data.

CLO4: Perform bioinformatics tasks such as database searching, sequence
Alignment and visualization of molecular data using freely available computational

tools.

MODULE I: INTRODUCTION TO BIOINFORMATICS TERMINOLOGY (15 Hours)
Introduction to Bioinformatics: Scope, significance, and applications in modern biology and
medicine, Data types: Sequence data (DNA, RNA, protein), Structural data, Functional data.
Concepts of in silico analysis. Genome, Transcriptome, Proteome, Metabolome. Gene
structure, Levels of protein structure (primary — quaternary), motif, domain. Protein folding:
Ramachandran plot, chaperones. Introduction to Genome projects (Human Genome Project,
ENCODE, 1000 Genomes).

MODULE 2: BIOLOGICAL DATABASES AND SEQUENCE ALIGNMENT

METHODS (15 Hours)
Types of databases: primary, secondary, composite, and specialized. Major sequence
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databases: GenBank, EMBL, DDBJ, UniProt/SwissProt, PDB, OMIM, Enzyme databases.
Protein motif and domain databases: PROSITE, Pfam, InterPro. Gene expression and variation
databases: GEO, dbSNP, ClinVar. Homology concepts: Homology, analogy, orthology,
paralogy, pairwise and multiple sequence alignment, pairwise sequence alignment: Global
(Needleman—Wunsch) and Local (Smith—Waterman) algorithms. Multiple sequence
alignment: Clustal Omega, MUSCLE, MAFFT. Hybrid and advanced methods of sequence
analysis.

MODULE 3: PROTEIN VISUALIZATION AND GENOME INFORMATION
RESOURCES (15 Hours)

Protein information resources: Primary (UniProt), Composite (NR, PIR), Secondary
(PROSITE, Pfam), Structural databases (PDB). Genome information resources: DNA
sequence repositories. TIGR Genome Resources. Gene annotation tools, Genome comparison
and phylogenomic tools.

COURSE TITLE: BIOINFORMATICS (PRACTICAL)
COURSE CODE: UG-BOT-402

CREDITS: 1

MARKS: 25

DURATION: 15 Hours (inclusive of 3 PA)

SR.NO Module IV- TOPICS PRACTICAL
SESSIONS

1. Biological databases and exploring various websites- NCBI, 3
PUBMED and GenBank databases

2. Exploring and querying UniProt KB 1

3. Exploring EBI server and searching EMBL 1

4. Pairwise sequence alignment using BLAST (nucleotide & 1
protein)

5. Downloading DNA and protein sequences (FASTA format) 1

6. Performing multiple sequence alignment using Clustal Omega / 2
MUSCLE

7. Construction of phylogenetic trees/cladogram (comparison 1
between different organisms)

8. Visualization of protein structures using online tools (e.g., 2
PyMOL / Mol* viewer)

9. Construction of Ramachandran Plot 1

10. Mini Project 2

Virtual screening or Docking

Mandatory References

1. Ghosh, Z., & Mallick, B. (2022). Bioinformatics: Principles and applications (2nd ed.).
Oxford University Press.

2. Mount, D. W. (2021). Bioinformatics: Sequence and genome analysis (3rd ed.). Cold
Spring Harbor Laboratory Press.

3. Baxevanis, A. D., & Ouellette, B. F. F. (2020). Bioinformatics: A practical guide to the
analysis of genes and proteins (4th ed.). Wiley-Blackwell.
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4. Lesk, A. M. (2019). Introduction to bioinformatics (5th ed.). Oxford University Press.
5. Pevsner, J. (2015). Bioinformatics and functional genomics (3rd ed.). Wiley-Blackwell.

Supplementary Reading

6. Xiong, J. (2017). Essential bioinformatics (2nd ed.). Cambridge University Press.
7. Rashidi, H., & Buehler, L. K. (2016). Bioinformatics basics: Applications in biological
science and medicine (3rd ed.). CRC Press.

Web References:

. http://genes.mit.edu/GENSCAN.html

. http://vmoc.museophile.org Computer History
. http://www.clcbio.com/index

. http://www.genome.jp

. http://www.genome.jp/dbget/LinkDB

. http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml
. http://www.softberry.com/berry

. http://www.studentworkzone.com/

. www.ebi.ac.uk

10. www.fgcu.edu/support/office2000

11. www.learnthenet.com WebPrimer

12. www.clustawomega.org

13. www.embl.org Research

O 00 1N DN K~ W~

Article:

1. Surabhi et al, Computer aided drug designs: An overview, Journal of Drug Delivery
and Therapeutics, 2018; 8(5); pp504-509. Available at http://jddtonline.info

2. Antre R.V et al., Computer aided Drug Design: An Innovative Tool for Modeling,
Open Journal of Medicinal Chemistry, 2012,2, pp139- 148

COURSE TITLE: ENZYMES AND METABOLIC PATHWAYS (THEORY)
COURSE CODE: UG-BOT-403

CREDITS : 4 (3Theory +1 Practical)

MARKS : 100 (75 Theory +25 Practical)

COURSE DURATION: 45 hours (T)

PRE-REQUISITE: Biology at XII preferred.

COURSE OBJECTIVES:

The objective of this course is to understand the importance and mechanisms of enzyme action.
The course also discusses about enzymatic regulation & metabolic control of biochemical
reactions.

COURSE OUTCOMES: Upon successful completion, the students will be able to

CLOL1: Classify the different enzymes based on its structure and function.
CLO2: Analyze enzyme activity and kinetics properties
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CLO3 Identify the role of enzymes in various biological processes.
CLO4: Apply and evaluate enzyme technologies in biosensors, diagnostics, molecular
biology, environmental solutions, and industrial processes.

MODULE I: INTRODUCTION TO ENZYMES AND CATALYSIS (15 Hours)

Classifications & nomenclature (IUB system). Biological role of enzymes; Concept of
holoenzymes, apoenzymes, prosthetic group, iso-enzymes, allosteric enzymes and Active sites.
Enzyme substrate interaction (Lock and Key, Induced fit). Chemical nature of enzymes,
Characteristics of enzymes (Physico-chemical and biological properties), Enzyme activity.
Role of co-factors (NAD, NADP+, FMN/FAD, Co-enzyme A, Pyridoxyl phosphate and metal
ions).

MODULE II: ENZYME KINETICS AND METABOLIC ROLES (15 Hours)
Factors affecting enzyme activity (concentration, substrate, pH, temperature, inhibitors).
Michaelis-Menten equation and its significance. Arrhenius plot. Enzyme action (competitive,
noncompetitive and reversible) Glycolysis, Fate of pyruvate (Lactic acid & alcohol
fermentation). Citric acid cycle, Respiratory substrate, Mitochondrial Electron transport,
Cytochrome, Alternate oxidase pathway, Glycogen cycle. Biosynthesis and degradation of
triglycerides, Pathway for amino acid catabolism, Role of enzymes in nitrogen, lipid and
carbohydrate metabolism.

MODULE III: APPLICATIONS OF ENZYMES (15 Hours)
Enzymes in Research: Restriction enzymes, DNA ligases and polymerases. Environmental
Applications: Bioremediation (laccases, peroxidases) and waste treatment. Industrial
Applications: food processing (amylases, proteases, lipases), textile (cellulases), leather
/tannery (proteases), detergent industry, paper and pulp (xylanases, ligninases). Diagnostic
Applications: Biosensors (glucose oxidase, urease, lactate oxidase).

SR.NO MODULE IV - TOPICS PRACTICAL
SESSIONS
1 Qualitative and quantitative determination for amylase enzyme in the 3

given plant samples.

2 Effect of enzyme concentration, temperature, substrate, inhibitors and 5
pH on the activity of a-amylases

3 To extract and determine the activity of catalase, lipase and peroxidase 3
enzymes.
4. a. Mini project on role of Nitrogen in plants 4

b. Application of enzymes in industries (dairy/ pharmaceuticals/
sugar/ waste management/ food/ wine)
c. Anaerobic respiration in germinating seeds.

TOTAL 15
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Mandatory References

1.
2.

Satyanarayana, U. & Chakrapani, U. (2020). Biochemistry (5 ed.). Chennai: Elsevier.

Berg, J. M., Tymoczko, J. L., Gatto Jr., G. J., & Stryer, L. (2019). Biochemistry
(9 ed.). New York: WH Freeman.

Rodwell, V., Bender, D., Botham, K., Kennelly, P. & Weil, P. A. (2018). Harper's
illustrated biochemistry. USA: McGraw Hill Education

Jain, J. L., Jain, S. & Jain, N. (2016). Fundamentals of biochemistry. New Delhi: S.
Chand Pvt. Ltd.

Voet, D., & Voet, J. (2010). Biochemistry (4 ed.). New Jersey: John Wiley & Sons, Inc.

Supplementary Reading

Devasena, T. (2010). Enzymology. England: Oxford University Press.

Palmer, T., & Bonner, P. L. (2007). Enzymes Biochemistry, Biotechnology, Clinical
Chemistry (2 ed.). Cambridge: Woodhead Publishing.

8. Breaker, Ronald R. (2000). Making Catalytic DNAs. Science 290: 2095-2096.

9. Price C. N, Lewis S. (1999). Fundamentals of Enzymology. UK: Oxford University
Press.

10.Campbell, N. A., Jane B. R., and Mitchell L. G. (1999). Biology,
5th ed. Menlo Park, CA: Benjamin/Cummings.

11.Madigan, M. R., and Marrs B. L. (1997). Extremophiles. Scientific American 276: 82—
87.

12.Deeth, R. J. (1997). Chemical Choreography. New Scientist 155: 24-27.

13.Koshland, D. E. (1973). Protein Shape and Biological Control. Scientific American 229:
52-64.

14.Holum, J. (1968). Elements of General and Biological Chemistry, (2nd ed.) 377. New
York: Wiley.

15.Bennett, T. P. and Frieden E. (1969). Modern Topics in Biochemistry. pg. 43-45.
London: Macmillan.

16.Harrow, B. and Mazur, A. (1958). Textbook of Biochemistry. 109, Philadelphia:
Saunders

17. Pfeiffer, J. (1954). Enzymes, the Physics and Chemistry of Life. pg 171-173.
New York: Simon and Schuster.

Web Links:

1. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4692135/

2. https://www.imedpub.com/insights-in-enzyme-research/

3. https://iopscience.iop.org/book/978-0-7503-1302-5/chapter/bk978-0-7503-1302-5ch1
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COURSE TITLE: ORGANIC FARMING (THEORY)
COURSE CODE: UG- BOT- 404

CREDITS : 4 (3 Theory +1 Practical)
MARKS : 100 (75 Theory +25 Practical)
HOURS 145 (T)

PRE-REQUISITE: Biology at XII preferred.

COURSE OBJECTIVES:
The course provides knowledge of principles and practices of organic agriculture and its role
in sustainable crop production.

COURSE OUTCOMES:

Upon successful completion of the course, students will be able to:

CLOL1: Explain the concept, principles, and approaches of organic farming, and differentiate
composting methods, manures, and bio-fertilizers for sustainable farm management

CLO2: A4nalyze soil types, fertility factors, and fertilizer use efficiency, and apply soil and
water management techniques to improve productivity.

CLO3: Evaluate cultural, mechanical, and biological methods of plant protection, and justify
the use of biopesticides, biocontrol, and allelopathic practices in organic farming.

CLO4: Demonstrate practical skills and interpret experimental data to assess the effectiveness
of organic farming practices.

MODULE I: CONCEPT OF ORGANIC FARMING, COMPOST,

MANURES AND ITS APPLICATION. (15 Hours)

Introduction: Farming, organic farming, concept and development of organic farming.
Principles of organic farming and approches, Types of organic farming. Needs and
benefits of organic farming. Agencies and institutions related to organic agriculture.
Farm components for an organic farm. Manure application: Composted vs. un
composted manure Composting- principles, stages, types and factors Composting
methods, (Short and Long methods, compost for mushroom cultivation).
Vermicomposting. Farm implements and machinery (F.1.M) Bio-fertilizers, Neem
cake, Mulching, Alley farming, Bio inoculation. Livestock Management in Organic
Farming.

MODULE II: SOILS, SOIL FERTILITY MANAGEMENT AND
FERTILIZERS (15 Hours)
Soil types and Soil tillage, Land preparation for farming. Factors affecting soil fertility
and productivity. Cropping systems. Water management for good soil, Drainage
systems. Commercial fertilizers, composition, Residual effects and fertilizer use
efficiency, Foliar application and its concept.

MODULE III: ORGANIC PLANT PROTECTION, SEED

CERTIFICATION AND ENTREPRENEURSHIP DEVELOPMENT (15 Hours)
Plant protection- cultural and mechanical. Biopesticide and biocontrol agents.
Allelopathic methods of weed control. Certification of organically produces seeds.
Government Scheme(s) to support Organic Farming. Entrepreneurship — Concept,
characteristics, approaches, need for entrepreneurship in Organic farming.
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Popularization of organic farming. Marketing of organic produce. Quality
Management and Organic Trademark SWOT analysis of organic farming. National
and international scenario of organic farming.

COURSE TITLE: ORGANIC FARMING (PRACTICAL)
COURSE CODE: UG- BOT- 404

CREDITS: 1
MARKS: 25
COURSE DURATION: 15 SESSIONS (inclusive of 3 PA)
SR.NO MODULE IV-TOPICS PRACTICAL
SESSIONS
1. Comparative analysis of pH, EC, organic C, total N, 1
available N, P, K and S from organic and inorganic data
(obtained data).
2. Study of bio-inoculants (Rhizobium, Azotobacter, 1

Azospirillum, PSB) under the microscope and preparation of
carrier-based inoculants. (4ny 2)

3. Demonstrate mulching methods and compare soil nutrient 1
availability between organic and chemically fertilized plots.
4. Preparation of plant- based biopesticides (Neem/ garlic/ 1
chilies) (Any 2)
5. Demonstrate the Allelopathic effect of plant leaf leachates 1
(Chromolena sp. / Lantana sp.) on seed germination.
6. Study GIS tools to visualize soil types, fertility status, and 1
land-use impacts.
7. Visit to an organic farm. 2
8. Mini project: 7
1) Preparation of Compost/ vermicompost
1) Effect of various manures on plant growth.

1i1) Study of recycling of farm waste.
1v) Effect of AM inoculant on plant growth.

TOTAL 15
Mandatory Reading

1. Israelsen, O.W. and Hansen, V.E. (2015). Irrigation Principles and Practices. John Wiley
& Sons Inc.

2. Reddy, T.Y. and Sankar Reddi, G. H. (2015). Principles of Agronomy. Kalyani Publishers.

3. Sadhu, A.N. and Singh, A. (2014). Fundamentals of Agricultural Economics. Himalaya
Publishing House.

4. Tisdale, S.L., Nelson, W.L., Beaton, J.D. and Havlin, J. L. (2013). Soil fertility and
fertilizers. Pearson Publishers.

5. Deshmukh, S.N. (2012). Organic Farming: Principles, Prospects and Problems, India:
Agrobios Publishers.
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Supplementary Reading

6. Introduction to Organic Farming. (n.d.). Retrieved February 13 2020, from
http://agritech.tnau.ac.in/:

7. Reddy, J. (2017, February 19). Organic Agriculture Information Guide. Retrieved February

13, 2020, from AgriFarming: https://www.agrifarming.in/organic-agriculture

Gupta, O.P. (2010). Modern weed management. Agrobios Publishers.

9. Palaniappan, S.P. and Annadurai, K.A. (2010). Organic Farming: Theory and Practice.
Indian Council of Agricultural Research, Scientific Publishers Journals Dept.

10. Gehlot, D. (2010). Organic Farming: Components and Management, India: Agrobios
Publishers

11. Singh, B. D. (2006). Plant Breeding Principles and Methods. Kalyani Publishers.

12. Saraswat, V.N., Bhan, V. M. and Yaduraju, N.T. (2003). Weed management -
(ICAR), Indian Council of Agricultural Research Publication.

13. Sharma, A.K. (2002). A hand book of Organic Farming. Agrobios Publishers.

14. Rao, V.S. (2000). Principles of Weed science. Taylor & Francis Publishers.

15. Chakraverty, A. (1991). Post-harvest technology of cereal, pulses and oil seeds. Oxford:
IBH Publishing Co. Pvt Ltd.

16. Kanwar, J.S. (1978). Soil Fertility, Theory and Practice. Indian Council of Agricultural
Research Publication.

17. Yawalkar, K. S., Agrawal, J.P. and Bokde, S. (1962). Manures and Fertilizers. Agri-
Horticulture Publishing House.

*®

Web References:

1. http://agritech.tnau.ac.in

2. https://www.agrifarming.in

3. https://www.springer.com

4. https://www.biologydiscussion.com
5. www.vedantu.com

COURSE TITLE: INTRODUCTION TO ETHNOBOTANY (THEORY)
COURSE CODE: UG-BOT- 405

CREDITS : 4 (3 Theory + 1Practical)
MARKS : 100 (75 Theory +25 Practical)
HOURS : 45 (T)

PRE-REQUISITE: Biology at XII preferred.

COURSE OBJECTIVES: This course will deal with the origin, utilization, cultivation and
uses of plants known in traditional herbal medicine; endangered and rare useful plants, it also
deals with the various methods of ethnobotanical studies and roles of ethnobotany in
biodiversity conservation and socio-economic development.

COURSE LEARNING OUTCOMES

CLOL1: Discuss the concept, scope and objectives of ethnobotany with reference to tribal lifestyle.
CLO2: Evaluate the role of various plants in traditional medicine.

CLO3: Analyze ethnobotanical data sources, and apply legal frameworks and government
initiatives to evaluate and protect traditional and ethnic knowledge.
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CLO4: Apply the resources and knowledge of ethnobotany.

MODULE I: INTRODUCTION TO ETHNOBOTANY (15 Hours)

Introduction, concept, scope and objectives. Ethnobotany as an interdisciplinary science.
Socio-ethnobotany. Major and minor ethnic groups or Tribals of India, and their life styles.
Plants used by the tribals: Food plants, intoxicants and beverages, Resins and oils and
miscellaneous uses. Sacred grooves of India and Goa.

MODULE II: ROLE OF ETHNOBOTANY IN MEDICINE (15 HOURS)
Medico-ethnobotanical sources in Goa, India. Plants used for diabetic and cancer.
Significance of the following plants in ethnobotanical practices (along with their habitat and
morphology): Azadiractha indica (neem), Ocimum sanctum (Tulsi), Vitex negundo
(horseshoe vitex, or nisinda), Gloriosa superba (Tiger's claw), Pongamia pinnata (Indian
beech/ Karanj), Cymbopogon citratus.(lemongrass). Role of ethnobotany in modern
medicine with special example: Rauvolfia sepentina (Sarpagandha/ Indian snake root),
Curcuma longa (Turmeric), Garcinia indica (Kokum tree), Syzygium cumini (Jamun tree).
Role of ethnic groups in conservation of plant genetic resources.

MODULE III: SOURCES OF ETHNOBOTANICAL DATA AND LEGAL
ASPECTS (15 Hours)

Archaeological sources; paleo- ethnobotany, Literary sources (obsolete literature and
travelogues), Herbariums and museum, Field resources (forest department reports).
Ethnobotany as a tool to protect interests of ethnic groups. Programs of Government (TKDL,
NMPB, NAM, BSI). Intellectual Property Rights and Traditional Knowledge. (GI tagging),
Quarantine laws, Biopiracy.

COURSE TITLE : INTRODUCTION TO ETHNOBOTANY (PRACTICAL)
COURSE CODE : UG-BOT- 405

CREDITS 11
MARKS :25
HOURS : 30
Sr.No. Module-IV: TOPICS PRACTICAL
SESSIONS
1 Preservation of ethnobotanical plants through Herbarium 2
preparation (5 plants)
2 Identification of the plant parts used in ethnobotanical 2
medicine
3 Preparation of vinegar using toddy/ kokum syrup 1
4 Preparation of decoction for common ailments 2
5 Testing for Adulterants 1
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6 Mini project: 5
i.  Collection/ survey of ethnobotanical plants. (College
campus or defined localities)
ii.  Plants of Socio-cultural importance; Some trees in
Indian Mythology (Ashoka, Peepal, Banyan, Neem,
coconut)
iii.  Preparations of traditional recipes.

7 Visit to temples/ sacred grooves/ ethnobotanical site of Goa 2
and understanding the culture, ecology and report
submission.

Total 15

Mandatory References

1. Krishnamurthy, K. V., Pullaiah, T., & Bir Bahadur (Eds.). (2016). Ethnobotany of India,
Volume 2: Western Ghats and West Coast of Peninsular India. CRC Press.

2. Colton C.M. 1997. Ethnobotany — Principles and applications. John Wiley and sons-
Chichester.

3. Rama Rao, N and A.N. Henry (1996). The Ethnobotany of Eastern Ghats in Andhra
Pradesh, India. Botanical Survey of India. Howrah.

4. Rajiv K. Sinha (1996)— Ethnobotany the Renaissance of Traditional Herbal Medicine —
INA —SHREE Publishers, Jaipur

5. S.K.Jain, (1995) Manual of Ethnobotany, Scientific Publishers, Jodhpur.

Supplementary Reading

6. S.K. Jain, (1990) Contributions of Indian ethnobotany. Scientific publishers, Jodhpur

7. S.K. Jain (ed.) 1989. Methods and approaches in ethnobotany. Society of ethnobotanists,
Lucknow, India.

8.S.K. Jain (1981) Glimpses of Indian. Ethnobotany, Oxford and I B H, New Delhi, Palaco
Ethnobotany.
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Annexure B

Summary of the changes incorporated in CLOs/PSOs/syllabus

Semester | CLOs/PSOs/ Existing Changes suggested Reason
Course
11 Systematics of | CLO1: Define plant | CLO1: Identify, As suggested by
Flowering classification, Classify and naming | members of BoS,
Plants documentation and | of Plants. in accordance
UG-BOT- 202 | nomenclature. with the bloom’s

CLO4: Identify and
classify plants using
floras, keys, and
herbarium
techniques.

Module I: Plant
Classification and
Nomenclature (15
Hours)

Plant classification
and biosystematics.
Field inventory;
Functions of
herbarium,;
Important herbaria
and botanical
gardens

(India & World),
virtual herbarium, e-
flora.
Documentation:
Flora, Monographs,
Journals.
Taxonomic keys:
Single access and
Multi-access.
Principles and rules
of ICBN: Ranks and
names, Typification,
Author citation,
Valid publication,
Rejection of names,
Principle of priority
and limitations,

CLO4: Identify and
classify plants using
floras, keys, and
herbaria.

Module I: Plant
Classification and
Nomenclature (15
Hours)

Plant systematics-
Plant Identification,
Classification and
Nomenclature.
Principles and rules
of ICBN: Ranks and
names, Names of
hybrids.
Documentation:
Flora, Monographs,
Journals.
Taxonomic keys:
Single access and
Multi-access.
Preparation and
Functions of
herbarium; Important
herbaria and
botanical gardens
(India & World),
virtual herbarium, e-
flora.

Names of hybrids.
Module III: Module III:
Systems of Systems of

taxonomy

As suggested by
members of BoS
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Classification and
Diagnostic Features
of Families (15
Hours)

Historical systems:
Contributions of
Linnaeus, Bentham
& Hooker, Engler &
Prantl. Angiosperm
Phylogeny Group
(APG III)
classification (brief
reference).
Diagnostic features
of selected families:
Dicots- Annonaceae,
Capparaceae,
Brassicaceae,
Malvaceae,
Rutaceae,
Myrtaceae,
Rubiaceae,
Apocynaceae,
Solanaceae,
Monocots:
Zingiberaceae,
Poaceae.

Practical
Identification of 5
families (Bentham
& Hooker’s system)
with locally
available specimens
and floral diagrams

References
Mandatory
References 1.
Mondal, A K.
(2009). Advanced
Plant Taxonomy.
New Delhi: New
Central Book
Agency Ltd. 2.
Pandey, S.N. (2008).
Taxonomy of
Angiosperms. New
Delhi: ASE Books
India. 3. Singh, G.

Classification and
Diagnostic Features
of Families (15
Hours)

Historical systems:
Contributions of
Bentham & Hooker,
Angiosperm
Phylogeny Group
(APG III)
classification (brief
reference).
Diagnostic features
of selected families:
Dicots- Annonaceae,
Brassicaceae,
Fabaceae, Rutaceae,
Myrtaceae,
Rubiaceae,
Apocynaceae,
Solanaceae,
Monocots:
Orchidaceae,
Poaceae.

Practical
Identification of 5
families (Bentham &
Hooker’s system)
with locally
available specimens
and floral formula.

References
Mandatory
References
1.Mondal, A K.
(2009). Advanced
Plant Taxonomy.
New Delhi: New
Central Book
Agency Ltd. Pandey,
S.N. (2008).
Taxonomy of
Angiosperms. New
Delhi: ASE Books
India

As suggested by
members of BoS
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(1999). Plant
Systematics: Theory
and Practice. New
Delhi: Oxford &
IBH Pvt. Ltd. 4.
Subrahmanyam,
N.S. (1995). Modern
Plant Taxonomy.
Vikas Publishing
House Pvt. Ltd. 5.
Rao, R.S. (1985).
Flora of Goa, Diu,
Daman, Dadra and
Nagar Haveli.
Suggested
References 1.
Chopra, G.L.
(1985). Angiosperm
(Systematics & Life
cycles). Pradeep
Publications. 2.
Pandey, B.P. (1969).
Taxonomy of
Angiosperms. New
Delhi: S. Chand &
Co. Ltd. 3. Naik,
V.N. (1984).
Taxonomy of
Angiosperms. New
Delhi: Tata McGraw
Hill. 4. Radford,
A.E. (1986).
Fundamentals of
Plant Systematics.
Harper and Row. 5.
Davis, P.H. &
Heywood, V.H.
(1963). Principles of
Angiosperm
Taxonomy. Oliver
and Boyd. 6.
Heywood, V.H. &
Moore, D.M.
(1984). Current
Concepts in Plant
Taxonomy.
Academic Press.

Yadav, S.R., &
Sardesai, M. M.
(2002). Flora of
Kolhapur District
(XII + 679 pp.).
Shivaji University,
Kolhapur.

Singh, G. (1999).
Plant Systematics:
Theory and Practice.
New Delhi: Oxford
& IBH Pvt. Ltd.
Sharma, B. D.,
Karthikeyan, S., &
Lakshmi
Narasimhan, P.
(Eds.). (1996). Flora
of Maharashtra
State: Dicotyledons,
Vol. 1 (Flora of India
Series 2). Botanical
Survey of India.

Supplementary
References
Almeida, M. R.
(1996). Flora of
Maharashtra,
Volume 1. Thomas
Paul Almeida for
Blatter Herbarium,
St. Xavier’s College.
Subrahmanyam, N.S.
(1995). Modern
Plant Taxonomy.
Vikas Publishing
House Pvt. Ltd.

Rao, R.S. (1985).
Flora of Goa, Diu,
Daman, Dadra and
Nagar Haveli.
Chopra, G.L. (1985).
Angiosperm
(Systematics & Life
cycles). Pradeep
Publications.
Pandey, B.P. (1969).
Taxonomy of
Angiosperms. New
Delhi: S. Chand &
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Co. Ltd.

Naik, V.N. (1984).
Taxonomy of
Angiosperms. New
Delhi: Tata McGraw
Hill.

Radford, A.E.
(1986).
Fundamentals of
Plant Systematics.
Harper and Row.
Davis, P.H. &
Heywood, V.H.
(1963). Principles of
Angiosperm
Taxonomy. Oliver
and Boyd.
Heywood, V.H. &
Moore, D.M. (1984).
Current Concepts in
Plant Taxonomy.
Academic Press.
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Annexure B
Revised Syllabus
(To be implemented w.e.f. Acad. Year 2025-2026)

VOC COURSE SEM VI- PLANT PATHOLOGY

COURSE TITLE : PLANT PATHOLOGY (THEORY)

COURSE COD : UG-BOT-VOC 3

MARKS : 100 (75 Theory + 25 Practical)
CREDITS : 4 (3 Theory + 1 Practical)
DURATION : 45 Hours

PRE-REQUISITE: Biology at XII preferred.

COURSE OBJECTIVES:
To make the students aware of various plant pathogens and their control.

COURSE OUTCOME:

Upon successful completion of the course, students will be able to:

CLO1: Identify various diseases and its causal agents of economically important plants.
CLO2: Explain plant pathogen interaction.

CLO3: Analyze control measures to deal with pathogens.

CLO4: Isolate, observe and culture plant disease causing pathogens.

MODULE I: AN INTRODUCTION AND EPIDEMOLOGY OF PLANTS DISEASE
(15 Hours)

History, Definitions and Importance of plant pathology. Concepts and types of diseases in
plants. Infectious agents (nematodes, protozoans, bacteria, fungi & viruses). Growth,
reproduction, survival, multiplication and dispersal of important plant pathogens (Puccinia).
Disease triangle.

MODULE II: PLANT DISEASE DEVELOPMENT (PATHOGENESIS) AND
MANAGEMENT (15 Hours)

Parasitism and pathogenicity. Symptomatology. Host parasite interaction (recognition and
infection). Role of enzymes, toxins & growth regulators in pathogenesis. Quantitative
resistance (Physical, Biological & cultural methods). Biochemical defense mechanism
(oxidative burst; Phenolics, Phytoalexins, PR proteins, antimicrobial substances and
plantibodies). Quarantine measures.

MODULE III: GENETICS OF PLANT DISEASE AND STUDY OF PLANT DISEASES
IN INDIA (15 Hours)

Altered plant metabolism due to pathogens attack. Genetics of resistance (‘R’ & avr genes,
elicitors responses). Signaling and programmed cell death. Study of Diseases (Name of disease,
pathogen, symptoms and control measures need to be studied). Important diseases (Any 2 of
each) of Paddy, Arecanut, Wheat, Banana, Coconut, Sugarcane, Mango, Amaranth and Radish.
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COURSE TITLE: PLANT PATHOLOGY (PRACTICAL)
COURSE CODE : UG-BOT-VOC 3

CREDITS - 01

MARKS 25

DURATION : 30 hours

SR. MODULE 1V - TOPICS PRACTICAL

NO SESSIONS

1 Isolation and culture of fungal and bacterial pathogens. 02

2 Demonstration of Koch’s postulates 01

3. Assay for cellulase /pectinase enzyme from diseased plant 02

4 Study of plant diseases with reference to pathogen & 05
symptomology (Viral, Bacterial & Fungal) (any 10 as per theory)

5 Anatomical observations of fungal infected plants (rust, blight, 03
rots)

6 Study of antagonistic behavior of bacterial pathogens 01

7. Mini project: Collection and identification of plant diseases (Any 01
five)
Total 15

Mandatory References

1. Singh, R. S. (2019). Introduction to Principles of Plant Pathology. USA: Medtech.

2. Sharma, P.D. (2018). Plant Pathology. New Delhi: Rastogi Publishers.

3. Mehrotra, R.S. & Agarwal, A. (2017). Plant Pathology: Bangalore: MaGraw Hill
Education.

4. Ownley, B. H. & Trigiano, R. N. (2017). Plant Pathology, Concepts and Laboratory
Exercises. Florida: CRC Press.

5. Aneja, K.R. (2009). Experiments in Microbiology Plant Pathology & Biotechnology. 4™ ed.
NewDelhi: New Age International (P) Limited.

Supplementary Reading

6. Agrios, G.N. (2005). Plant Pathology (5th ed.). London: Academic Press.

7. Bilgrami, K.H. & Dube, H.C. (1976). 4 textbook of Modern Plant Pathology. Lucknow:
International Book Distributing Co.

8. Mehrotra, R.S. (1980). Plant Pathology. New Delhi: TMH

9. Pandey, B.P. (1999). Plant Pathology, Pathogen and Plant diseases. New Delhi: S. Chand
& Co.

10. Rangaswami, G. (1999). Disease of Crop plants of India. New Delhi: Prentice Hall
of India Pvt. Ltd.

11. Gunasekaran, P. (2005). Laboratory manual in Microbiology. New Delhi: New Age
International (P) Limited.
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WEBLINKS:

1. https://www.springer.com/journal/42161
2. https://bsppjournals.onlinelibrary.wiley.com/journal/13653059
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SEMESTER III

COURSE TITLE : SYSTEMATICS OF FLOWERING PLANTS (THEORY)
COURSE CODE : UG-BOT- 202

CREDITS : 4 (3 Theory + 1 Practical)

MARKS : 100 (75 Theory + 25 Practical)

DURATION : 45 hours

COURSE OBJECTIVES

To study the morphology, classification, and systematics of flowering plants. To understand
the principles of plant nomenclature and taxonomic documentation. To develop practical skills
in plant identification, use of floras, keys, and herbarium preparation.

COURSE OUTCOMES

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

CLO1: Identify, Classify and naming of Plants.

CLO2: Explain and evaluate taxonomic concepts and evidences.

CLO3: Interpret systems of classification and diagnostic features of angiosperm families.
CLO4: Identify and classify plants using floras, keys, and herbaria.

MODULE I: PLANT IDENTIFICATION, CLASSIFICATION AND
NOMENCLATURE (15 HOURS)

Plant systematics- Plant Identification, Classification and Nomenclature. Principles and rules
of ICBN: Ranks and names, Names of hybrids. Documentation: Flora, Monographs, Journals.
Taxonomic keys: Single access and Multi-access. Preparation and Functions of herbarium;
Important herbaria and botanical gardens (India & World), virtual herbarium, e-flora.

MODULE II: TAXONOMIC CONCEPTS AND EVIDENCES (15 HOURS)

Concept of taxa (family, genus, species); Taxonomic hierarchy. Species concepts: Taxonomic,
biological, evolutionary. Sources of taxonomic evidence: Morphology, palynology, cytology,
phytochemistry, molecular data. Taxonomic characters, variations, OTUs, cluster analysis.
Phenograms and cladograms — definitions and differences (methodological introduction only).

MODULE III: SYSTEMS OF CLASSIFICATION AND DIAGNOSTIC FEATURES OF
FAMILIES (15 HOURS)

Historical systems: Contributions of Bentham & Hooker, Angiosperm Phylogeny Group (APG
IIT) classification (brief reference). Diagnostic features of selected families: Dicots-
Annonaceae, Brassicaceae, Fabaceae, Rutaceae, Myrtaceae, Rubiaceae, Apocynaceae,
Solanaceae, Monocots: Orchidaceae, Poaceae.

COURSE TITLE : SYSTEMATICS OF FLOWERING PLANTS (Practical)
COURSE CODE : UG-BOT- 202

CREDITS |

MARKS . 25

DURATION : 30 hours
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SR.
NO.

1

\S)

N L B~ W

MODULE IV- TOPICS PRACTICAL

SESSIONS

Plant identification using floras and online databases 1
Identification of 5 families (Bentham & Hooker’s system) with
locally available specimens and floral formula. 7
Use of taxonomic keys and construction of dichotomous keys 1
Taxonomic interpretation using pollen of related species 1
Construction of phenogram and cladogram using software 2
Mini Project: i. Preparation of herbarium,; ii. Field visit 3

Total 15

Mandatory References

1.

Mondal, A.K. (2009). Advanced Plant Taxonomy. New Delhi: New Central Book
Agency Ltd.

Pandey, S.N. (2008). Taxonomy of Angiosperms. New Delhi: ASE Books India
Yadav, S. R., & Sardesai, M. M. (2002). Flora of Kolhapur District (XII1 + 679 pp.).
Shivaji University, Kolhapur.

Singh, G. (1999). Plant Systematics: Theory and Practice. New Delhi: Oxford & IBH
Pvt. Ltd.

Sharma, B. D., Karthikeyan, S., & Lakshmi Narasimhan, P. (Eds.). (1996). Flora of
Maharashtra State: Dicotyledons, Vol. I (Flora of India Series 2). Botanical Survey of
India.

Supplementary References

1.

PN R

Almeida, M. R. (1996). Flora of Maharashtra, Volume 1. Thomas Paul Almeida for
Blatter Herbarium, St. Xavier’s College.

Subrahmanyam, N.S. (1995). Modern Plant Taxonomy. Vikas Publishing House Pvt.
Ltd.

Rao, R.S. (1985). Flora of Goa, Diu, Daman, Dadra and Nagar Haveli.

Chopra, G.L. (1985). Angiosperm (Systematics & Life cycles). Pradeep Publications.
Pandey, B.P. (1969). Taxonomy of Angiosperms. New Delhi: S. Chand & Co. Ltd.
Naik, V.N. (1984). Taxonomy of Angiosperms. New Delhi: Tata McGraw Hill.
Radford, A.E. (1986). Fundamentals of Plant Systematics. Harper and Row.

Davis, P.H. & Heywood, V.H. (1963). Principles of Angiosperm Taxonomy. Oliver and
Boyd.

Heywood, V.H. & Moore, D.M. (1984). Current Concepts in Plant Taxonomy.
Academic Press.

Web References

http://www.nrce.niepa.ac.in » Life Science

http://exa.unne.edu.ar » Biologia » Fisiologia Vegetal

https://www.springer.com > Journal

https://www.ncbi.nlm.nih.gov » PMC > Journals
https://www.biologydiscussion.com/plant-physiology-2/notes-plant-physiology/34597
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