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PAPER – I  FUNDAMENTALS OF BOTANY 

Term – I: Plant Diversity (36 Lectures) 

1. Introduction: General outline of plant kingdom, Introduction to plant diversity 

with reference to following groups:-       

Cryptogams: Thallophyta (Algae, Fungi, Lichens, And Bacteria), Bryophyta 

and    Pteridophyta, Phanerogams: Gymnosperms and Angiosperms.   3L 

2. Algae: General characters, Outline classification according to G.M. Smith 

(1955) up to classes with reasons. Life cycle of Spirogyra.    6L 

3. Fungi: General characters, Outline classification according to G.M. Smith 

(1955) up to classes with reasons. Life cycle of Cystopus (Albugo).   5L 

4. Lichens: General characters, Nature of Association, Types of Lichens on the 

basis of thallus morphology, Economic importance of lichens.   3L 

5. Bryophytes: General characters, Outline classification according to G.M. 

Smith (1955) up to classes with reasons. Life cycle of Riccia.    5L 

6. Pteridophytes: General characters, Outline classification according to G.M. 

Smith (1955) up to classes with reasons. Life cycle of Nephrolepis.   6L 

7. Gymnosperms: General characters, Outline classification according to 

Chamberlain (1934) up to classes with reasons. Life cycle of Cycas.   5L 

8. Angiosperms: General characters, Causes of evolutionary success of 

Angiosperms, comparative account of monocotyledons and dicotyledons. 3L 

(Note: Development of sex organs not expected, for all the above mentioned life cycles) 

 
REFERENCES:- 
1. Brodie J. and Lewis J. (2007). (Ed.) Unravelling the algae: the past, present and 

future of algal systematics. CRC press, New York, pp 335. 
2. Bellinger E.G. and Sigee D.C. (2010). Freshwater algae: Identification and use as 

bioindicators, Willey-Blackwell, UK, pp. 271. 
3. Cole K.M. and Sheath R.G. (1990). Biology of the red algae. Cambridge 

University Press.USA. pp. 503. 
4. Desikachary T.V. (1959). Cyanophyta. ICAR, New Delhi. 
5. Graham L.E. and Wilcox L.W. (2000). Algae. Penticce-Hall,Inc, pp. 640 
6. Krishnamurthy V. (2000). Algae of India and neighboring countries I. 

Chlorophycota, Oxford & IBH, New Delhi.  
7. Lee R.E. (2008). Phycology. Cambridge University Press, pp.547. 
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8. Misra J.N. (1996). Phaeophyceae in India. ICAR, New Delhi. 
9. Prescott G.W. (1969). The algae. 
10. Smith G.M. (1950). The fresh water algae of the United States, Mc-graw Hill New 

York. 
11. Srinivasan K.S. (1969). Phycologia India. Vol. I & II, BSI, Calcutta.  
12. Das Dutta and Gangulee. College Botany Vol I, Central Book Depot. 
13. Vashista B.R, Sinha A.K and Singh V.P. (2005). Botany for degree students – 

Algae, S.Chand’s Publication. 
14. Ainsworth, Sussman and Sparrow (1973). The fungi. Vol IV A & IV B. Academic 

Press. 
15. Alexopolous C.J., Minms C.W. and Blackwell M. (1999). (4th edn) Introductory 

Mycology. Willey, New York, Alford R.A. 
16. Deacon J.W. (2006). Fungal Biology (4th Ed.) Blackwell Publishing, ISBN. 

1405130660. 
17. Kendrick B. (1994). The fifth kingdom (paperback), North America, New York 

Publisher: 3rd edn, ISBN- 10: 1585100226.  
18. Kirk et al. (2001). Dictionary of fungi, 9th edn, Wallingford: CABI, ISBN: 

085199377X.  
19. Mehrotra R.S. and Aneja K.R. (1990). An introduction to mycology. New Age 

Publishers, ISBN 8122400892. 
20. Miguel U., Richard H., and Samuel A. (2000). Illustrated dictionary of the 

Mycology. Elvira Aguirre Acosta, Publisher: St. Paul, Minn: APS press, ISBN 
0890542570. 

21. Webster J. and Rpland W. (2007). Introduction to fungi (3rd Edn) Cambridge 
University Press, 978-0-521-80739-5. 

22. Dube H.C. (2004). An Introduction to fungi. Vikas Publishers. 
23. Sharma O.P. (2010). A text book of fungi. S.Chand’s Publication. 
24. Vashista B.R and Sinha A.K (2008). Botany for degree students – Fungi, 

S.Chand’s Publication. 
25. Cavers F. (1976). The interrelationships of the Bryophytes. S.R. Technic, Ashok 

Rajpath, Patana.  
26. Chopra R.N. and Kumar P.K. (1988). Biology of Bryophytes. John Wiley & Sons, 

New York, NY. 
27. Kashyap S.R. (1929). Liverworts of the Western Himalayas and the Punjab Plain. 

Part 1, Chronica Botanica, New Delhi. 
28. Kashyap S.R. (1932). Liverworts of the Western Himalayas and the Punjab Plain 

(illustrated): Part 2. Chronica Botanica, New Delhi. 
29. Parihar N.S. (1980). Bryophytes: An Introduction to Embryophyta. Vol I. Central 

Book Depot, Allahabad. 
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30. Prem Puri (1981). Bryophytes: Morphology, Growth and Differentiation. Atma 
Ram and Sons, New Delhi. 

31. Udar R. (1975). Bryology in India. Chronica Botanica, New Delhi. 
32. Udar R. (1970). Introduction to Bryophytes. Shashidhar Malaviya Prakashan. 

Lucknow.  
33. Watson E.V. (1971). Structure and Life of Bryophytes. 3rd Edn. Hutchinson 

University Library, London. 
34. Vashista B.R., Sinha A.K., Kumar A.  (2008). Botany for degree students – 

Bryophyta, S.Chands Publication.  
35. Agashe S.N. (1995). Paleobotany. Oxford and IBH Publishing Co. Pvt. Ltd. New 

Delhi.  
36. Arnold A.C. (2005). An Introduction to Paleobotany. Agrobios (India). Jodhpur. 
37. Eames E.J. (1983). Morphology of Vascular Plants. Standard University Press.  
38. Rashid A. (1999). An Introduction to Pteridophyta. Vikas Publishing House Pvt. 

Ltd. New Delhi. 
39. Sharma O.P. (1990). Textbook of Pteridophyta. MacMillan India Ltd. Dehi. 
40. Smith G.M. (1955). Cryptogamic Botany Vol II. McGraw Hill. 
41. Sporne K.R. (1986). The morphology of Pteridophytes. Hutchinson University 

Library, London. 
42. Stewart W.N. and Rothwell G.W. (2005). Paleobotany and the Evolution of Plants. 

2nd Edn. Cambridge University Press. 
43. Vashista B.R., Sinha A.K., Kumar A.  (2008). Botany for degree students – 

Pteridophyta, S.Chands Publication.  
44. Gangulee and Kar (2006). College Botany. New Central Book Agency.  
45. Sundar Rajan S. (1999). Introduction to Pteridophyta. New Age International 

Publishers, New Delhi. 
46. Surange K.R. (1966). Indian Fossil Pteridophytes. CSIR., New Delhi. 
47. Parihar N.S. (1976). Biology and Morphology of Pteridophytes. Central Book 

Depot.       
-------------------------------------------------------------------------------------------------------- 

PAPER – I   FUNDAMENTALS OF BOTANY 

Term – II: Morphology and Anatomy (36 Lectures) 

1. Morphology:           4L 

1.1: Introduction, Definition and Scope. 

1.2: Descriptive and Interpretative. 

1.3: Importance in identification, nomenclature, classification, phylogeny and 

Plant breeding. 
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2.  Morphology of Vegetative Parts:        8L 

2.1: Root: Types of roots, Modifications of roots: Epiphytic, Respiratory 

(Pneumatophores), Parasitic and Storage roots (conical, fusiform and napiform) 

with examples; functions of root. 

   2.2: Stem: Modifications of Stem: Phylloclade, Runner, Stolon, Suckers, 

Offsets, Rhizome, Corm, Tuber and Bulb with examples. Functions of stem. 

2.3: Leaf: Parts of typical leaf: petiole, lamina; leaf margins and apices. Types 

of leaves: simple, compound, venation, phyllotaxy. Modifications: tendrils, 

spines, scale leaves, phyllode, reproductive and trap leaves (mechanism of 

trapping in Nepenthes only) with examples. Functions of leaf. 

3. Morphology of Reproductive Parts:                10L 

3.1: Inflorescence: Types of inflorescence: Racemose (raceme, spike, corymb, 

umbel, catkin, spadix and capitulum), Cymose (solitary, monochasial, 

dichasial, polychasial), Special types (Verticillaster, Cyathium, and 

Hypanthodium) Significance. 

3.2: Flower: Parts of typical flower, Types of flower (complete, incomplete), 

symmetry of flower and insertion of floral whorls.  Floral whorls: Calyx, 

corolla, perianth, aestivation, modifications of calyx (pappus, petalloid, 

spurred), And forms of corolla: polypetalous (cruciform and papilionaceous) 

gamopetalous (infundibuliform, bilabiate), Androecium: structure of stamen, 

fixation of anthers, cohesion and adhesion; Gynoecium: structure of carpel. 

Types of placentations. 

3.3: Fruit: Types of fruits: Simple and dry: Achene, Cypsela, Legume, Follicle 

and Capsule, Fleshy: Drupe, berry, Hespiridium and pepo. Aggregate: Etaerio 

of berries and Etaerio of follicles. Multiple fruits: Syconus and Sorosis. 

3.4:  Seed: Parts, types, structural modifications for seed dispersal. 

4. Anatomy:            2L 

 Introduction, Definition, Importance in taxonomy, physiology, ecological 

 interpretations, pharmacognosy and wood identification.  
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5. Types of tissues: Outline with brief description.      6L 

5.1: Meristmatic tissues: - Meristem, characters and types based on origin, 

position and plane of division, functions. 

5.2: Vascular tissues: - Components of xylem and phloem, types of vascular 

bundles, functions.  

  5.3: Epidermal tissues: - Epidermis, structure of typical stomata, trichomes,    

motor cells; functions.   

5.4: Mechanical tissues: - Collenchyma, sclerenchyma and xylem with 

functions.  

6. Internal Organization of Primary Plant Body:      6L  

6.1: Internal structure of dicotyledon and monocotyledon root.      

6.2: Internal structure of dicotyledon and monocotyledon stem.    

6.3: Internal structure of dicotyledon and monocotyledon leaf.  

 
REFERENCES:  
1. College Botany, 2006, Gangulee and Kar. New Central Book Agency (P) Ltd. 

Kolkata 

2. Taxonomy of Angiosperms, 1994, V. N. Naik, Tata Mc Graw Hill Publishing 

Comp., New Delhi 

3. Systematic Botany, 1988, S. C. Dutta, Wiley Eastern Ltd., New Delhi 

4. College Botany, Vol. I. 2002, Gangulee, Das and Datta, New Central Book 

Agency, Kolkata. 

5. Taxonomy of Angiosperms, 2010, V. Singh and D. K. Jain , Rastogy Publications, 

Meerut. 

6. Plant Anatomy 2007, B. P. Pandey, S. Chand and Comp. Ltd. New Delhi. 

7. A Text Book of Botany- Angiosperms, 2009, B. P. Pandey, S. Chand and Comp. 

Ltd. New Delhi 

8. An introduction to plant anatomy, 1994, J. Eames, L.H & Mc. Daniels ,Tata Mc 

Graw Hills Publ. Comp. New Delhi. 

9. Plant anatomy, 1974, Fahn, A, Pergamon Press Oxford. 

10. Anatomy of seed plants, 2006, Esau K., John Wiley & Sons, New York. 
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11. Taxonomy of vascular plant, 2012, Lawrence GHM, Scientific Publishers, (India) 

Jodhpur. 

12. Plant Anatomy, 1993, Esau K., Wiley Eastern Ltd. New Delhi. 

13. Morphology of the angiosperms, 1961, Eames A.J., Mc. Graw Hill, New York. 

14. A Text Book of Practical Botany II, 1993, Ashok Bendre & Ashok Kumar. Rastogi 

Publ., Meerut. 

15. Plant Anatomy, 2006, Pijush Roy. New Central Book Agency (P) Ltd. Kolkata.  

16. Plant Anatomy, 1989, Chandurkar, P. J., Oxford and IBH Publishing Co. Pvt. Ltd., 

New Delhi.  

17. Botany for Degree Students, 2003, A. C. Dutta.  Oxford University Press, New 

Delhi. 

18. A text book of Botany: Angiosperms, 2011. V. Singh, P. C. Pande & D. K. Jain. 

Rastogi publications. 
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PAPER- II  ----  Term I – INDUSTRIAL BOTANY (36 Lectures)  

1. Introduction to Industrial Botany        2L 

1.1 Concept of Industrial Botany. 

1.2 Plant resources and industries: Food, fodder, fibers, medicines, timber, 

dyes, gum, tannins. (Two examples of each resource and the relevant industries 

with which they are associated). 

2. Floriculture Industry                     8L 

2.1 Introduction to floriculture. 

2.2Important floricultural crops, open cultivation practices, harvesting and 

marketing of Tuberose. 

2.3 Greenhouse technology: Concept, advantages and limitations. 

2.4 Cultivation practices (greenhouse technology), harvesting and marketing of 

Rose and Gerbera. 

3. Plant Nursery Industry                  8L 

3.1 Concept and types of nurseries: ornamental plant nursery, fruit plant 

nursery, medicinal plant nursery, vegetable plant nursery, orchid nursery, forest 

nursery (with reference to infrastructure required, outputs, commercial 

applications and profitability). 

3.2 Propagation methods: Seed propagation, natural vegetative propagation 

and artificial vegetative propagation (Cutting: Stem, Layering: Air layering, 

Grafting: Stone grafting and Approach grafting, Budding: T- budding). 

4 Plant Tissue Culture Industry                  6L 

4.1  Concept of tissue culture. 

4.2  Culture techniques: Types of explants, preparation of media, methods 

of sterilization, inoculation techniques, incubation and hardening. 

4.3  Commercial significance  

5 Agri industries:          8L 

5.1 Organic Farming: Concept, need of organic farming, types of organic fertilizers,  

advantages and limitations. 
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5.2  Seed industries: Importance of seed industries, seed production, seed 

processing and seed marketing with reference to cotton. Major seed industries 

and corporations of India. 

6 Mushroom Industries:          4L 

Mushroom cultivation: Plant resources, cultivation practices of Oyster 

mushroom, uses of mushrooms, value added products, commercial 

significance. 

 
REFERENCES: 

1. Textbook of Economic Botany, Verma V., Ane Books Pvt Ltd. 
2. Economic Botany in the Tropics, Kochhar, Macmillan Publisher. 
3. Economic Botany: Principles and Practices, Gerald E. Wickens, Springer 

Publication. 
4. Floriculture in India, Gurcharan Singh Randhawa and Amitabha 

Mukhopadhyay, Allied Publishers. 
5. Floriculture Marketing in India, Debashish Sengupta and Raj Kamal, Excel 

Books. 
6. Floriculture Hand Book, Eiri, Engineers India Research In Publication. 
7. Nursery Management, John Mason, Landlinks Press Publisher. 
8. Plant Nursery Management: How to Start and Operate a Plant Nursery, Ray, 

P.K., Scientific Publishers. 
9. Introduction to Plant Tissue Culture (2/e), M. K. Razdan, Science Publishers. 
10. Plant Cell and Tissue Culture, Indra K. Vasil, ( Eds - Indra K. Vasil, Trevor A. 

Thorpe), Springer Publication. 
11. The Complete Book on Organic Farming and Production of Organic Compost, 

NPCS Board of Consultants & Engineers, Asia Pacific Business Press Inc. 
12. The Organic Farming Manual: A Comprehensive Guide to Starting and 

Running a Certified Organic Farm, Ann Larkin Hansen, Storey Publications. 
13. Hand Book Of Mushroom Cultivation, Processing And Packaging, Engineers 

India Research In Publishers 
14. Growing Gourmet and Medicinal Mushrooms, Paul Stamets, Ten Speed Press 

Publishers 
15. Handbook Of Seed Science And Technology: Seed biology, Production, and 

Technology, Amarjit S. Basra, Food Products Press publishers. 
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PAPER- II   Term- II: INDUSTRIAL BOTANY    (36 Lectures) 

1. Bio-fuel Industry          6L 

1.1 Introduction and advantages. 

1.2 Concept of biofuel and its need. 

1.3 Plants used for biofuel production. 

1.4 Biodiesel production from Caster. 

1.5 Commercial significance. 

2   Bio-pesticide Industry         6L 

2.1 Concept of bio-control; Integrated Pest Management (IPM). 

2.2 Importance of bio pesticides. 

2.3 Types of bio pesticides: Indiara, Azadiractin. 

2.4 Commercial significance. 

3. Industrial Mycology         6L 

3.1 Introduction.  

3.2 Important genera of fungi used in various industries and their products. 

3.3 Products and applications of Trichoderma, Penicillium, Aspergillus and 

yeast. 

3.4 Commercial significance. 

4.  Bio-Fertilizer Industry         6L 

4.1 Bio fertilizers : concept and need 

4.2  Types of bio-fertilizers: Nitrogen fixing bio fertilizer: Rhizobium, Blue 

green algae. Anabaena associated with Azolla. Phosphate solubilizing bio-

fertilizer: Bacteria and Fungi. 

4.3 Commercial significance. 

5 Fruit Processing  Industry                6L 

5.1 Fruit processing: concept and need 

5.2 Cold storage. 

5.3 Types of fruit processing (canned fruits, dried fruit chips, fruit pulp, squash, 

jam, jelly, pickle and ketchups). 

5.4 Commercial significance. 
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6 Plant Pharmaceutical  Industry                  6L 

6.1 Concept and advantages. 

6.2 Types of pharmaceutical products: Churna, Asava and Arishta. 

6.3 Drug plants with reference to botanical source, active principles and 

medicinal uses of Adathoda zeylanica, Tinospora cordifolia and Asperagus 

racemosus. 

6.4 Manufacture of Churna (Triphala churna), Arishta (Ashokarishta) and 

Asava (Kumariasava). 

6.5 Concept of nutraceuticals and cosmeceuticals.  

6.6 Commercial significance of Amla and Aloe. 

 

REFERENCES: 

1. The Complete Book on Organic Farming and Production of Organic Compost, 

NPCS Board of Consultants & Engineers, Asia Pacific Business Press Inc. 

2. The Organic Farming Manual: A Comprehensive Guide to Starting and 

Running a Certified Organic Farm, Ann Larkin Hansen, Storey Publications. 

3. Deore and Laware (2011).Liquid Organic Fertilizer: An Approach towards 

Organic Vegetable Production. LAP LAMBERT Academic Publishing (2011) 

4. A Pharmacognosy and Pharmacobiotechnology. New Age international (P) 

Limited, Publishers (formerly Wiley Eastern Limited) 

5. Kokate C.K. Practical Pharmacognosy, Vallabh Prakashan, New Delhi, 

6. Kokate C.K. Purohit A.P. and Gokhale S.B. Pharmacognosy, Nirali Prakashan 

Pune 

7. Trease G.E. and Evans. W.C. Pharmacognosy ELBS Twelfth Edition 

8. Tyler V.E Brady L,R and Robbers J.E. Pharmacognosy Lea and Febiger. 

Philadelphia.8th edition KM Varghese and Co.Mumbai, 

9. Vaidya S.S. and Dole.V.A. Bhaishyajakalpana, Anmol Prakashan, pune 

10. Wallis,T.E. Text books of pharmacognosy CBS publishers and distributors 

New Delhi (Latest Edition ) 

11. Pathak, Khatri, Pathak, 2003, Fundamentals of plant pathology, Agrbios 

12. Mehrotra, R.S. 1991, Plant Pathology, Tata Mc Graw Hill Co.Delhi 
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13.  Chattergee, P.B., 1997,Plant Protection Techniques, Bharati Bhawan, Publ. 

Patana 

14. Agrios, G.N. 2006-Plant Pathology, Elsevier Academic Press. 

15. Pandey, B.P.2009, Plant Pathology, S.Chand Co. 

16. Gupta, G.P.,2004, Text book of plant diseases, Discovery Publ.House ,New, 

Delhi 

17. Singh, R.S.2004, Plant Diseases, Oxford & IBH Publishing Co. Pvt. Ltd., 

Delhi. 

18. Zhiqiang A. N. (2004) Handbook of Industrial Mycology. CRC Press 

19. Gary Leatham (1993) Frontiers In Industrial Mycology. Springer 

20. Sueli Rodrigues; Fabiano Andre Narciso Fernandes (2012). Advances in Fruit 

Processing Technologies. CRC Press 

21. Hui. Y. H. (3008) Handbook of Fruits and Fruit Processing John Wiley & 

Sons, 04-Aug-2008. 

22. A.C. Gaur (Biofertilizers in Sustainable Agriculture. IARI, New dalhi 

23. The Complete Technology Book on Biofertilizer and Organic Farming. NIIR 

PROJECT CONSULTANCY SERVICES. 
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F.Y.B.Sc. BOTANY PRACTICAL PAPER – III 

Based on Theory Paper I and Paper II 

1. Modifications of root and stem.       1P 

2. Study of leaf (parts of leaf, types: simple and compound; sessile and petiolate; 

venation: parallel and reticulate) (Glossary of terminologies be given with the 

protocol).           1P 

3. Study of Inflorescence.         1P 

a) Racemose: Raceme, Spike, Spadix, Catkin, Umbel and Capitulum. 

b) Cymose: Solitary cyme, Uniparous cyme: helicoid and scorpiod, Biparous 

cyme and Multiparous cyme. 

c) Special type: Verticillaster, Hypanthodium and Cyathium. 

4. Study of flower with respect to Calyx, Corolla and Perianth: (Glossary of 

terminologies is given with the protocol).      1P 

5. Study of flower with respect to Androecium and Gynoecium.   1P 

6. Study of fruits and seed with suitable examples.     1P 

Simple fruit: fleshy – Berry and Drupe; Dry: Achene, Cypsella and Legume 

Agrregate fruit: Etaerio of follicles and Etaerio of Berries. 

Multiple fruit: Syconus and Sorosis. 

Seed: parts of seed and types of seed (monocotyledonous dicotyledonous, 

albuminous, exalbuminous) 

7. Study of internal primary structure of dicotyledonous root, stem and leaf.  

e.g. Sunflower.         1P 

8. Study of internal primary structure of monocotyledonous root, stem and leaf.  

e.g. Maize.          1P 

9. Study of Spirogyra.         1P 

10. Study of Cystopus ( Albugo )         1P 

11. Study of Riccia.          1P 

12. Study of Nephorlepis.         1P 

13. Study of Cycas          1P 

14. Study of plant resources in industries: food, fodder, fiber, medicine, timber and 

gum (one example of each)        1P 
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15. Study of artificial plant propagation:      1P 

Stem cutting (demonstration of three subtypes) 

Air Layering, Approach grafting, and T- budding.  

16. Study of plant tissue culture techniques: Demonstration of various stages. 1P 

17. Cultivation of Oyster mushroom and demonstration of value added mushroom 

products.          1P 

18. Study of plant resources used in biopesticides.     1P 

(Indiara, Azadiractin) 

19.  Study of industrially important fungi and their products.   1P 

Ganoderma: Ganoderma tablets, Aspergillus: citric acid; Yeast: Bakery 

products; Penicillium: Penicillin and Trichoderma. 

20. Study of types of Biofertilizers: Rhizobium, Azatobacter, BGA, Azolla.  

Phosphate Solubilizing Bacteria. Green manure (preferably Crotolaria/ 

Gliricidia/locally available material).      1P 

21. Preparation of Jam and Squash.        1P  

22. A) Visit to one of the following industries. (Study/project report is 

compulsory). 

1) Floriculture unit 2) Greenhouse 3) Pharmaceutical industry 4) Nursery and            

5) Mushroom cultivation unit. 

B) One botanical excursion to study plant diversity. 

 

(Note: Visits mentioned in the practical No.22 (A & B) are compulsory. They 

carry 10 marks at the time of annual practical examination. 
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Practical -1 

MODIFICATION OF ROOT AND STEM 

 

A) STUDY OF ROOT: 

Definition: The root is non-green, underground, cylindrical, descending axis of the plant 

body i.e. positively geotropic. It develops from the radical produces endogenous lateral 

braches and does not possess nodes, internodes, leaves and buds. 

Functions of root: The root normally performs the following functions: 

1) To fix or anchor the plant to the soil 

2) To absorb water and minerals from the soil. 

Root System: 

There are two types of root systems present in plants: 

1) Tap root systems and 

2) Adventitious root system 

1) Tap Root System: A root that develops from the radical of an embryo during seed 

germination is called a true or tap root. The tap root continues to grow and bear 

branches on it. The main root is called primary root. Its branches of first order are 

called secondary roots, and branches of second order are tertiary root and so on. The 

main root along with its branches, form a tap root system. The branches are at the 

produced in acropetal succession, that is, oldest branches are at the base and youngest 

toward the tip. The tap root system is usually present in dicotyledonous plant.  

e.g. Sunflower, Mango etc. 

2) Adventitious Root System: The roots which develop from any plant part other than 

radical are called adventitious roots and adventitious root along with their branches 

together constitutes adventitious root system. This root system does not develop from 

radical because during seed germination radical grows into primary root for a while 

and dies and then the root system develops from base of the stem. They are slender 

and Fibre-like and hence the adventitious root system is also known as Fibrous root 

system. Adventitious root system is seen in Monocotyledonous plant.  

e.g. Maize, Rice, Grasses etc. 
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Modifications of Root: 

When the root or any other organ of a plant is doing some other functions than the normal 

one, it gets changed in form. Such changed forms are called modifications. Some of the 

modifications of root are described below: 

A) Modifications of the tap root: 

(I) For Food storage:  

In some plants, underground primary tap storage of food. The secondary roots remain 

thin. In these cases, the stem is very much reduced to form a disc and leaves arising 

from this reduced stem, are called radical leaves. The swollen tap root acquires some 

typical shape and is accordingly classified the following three types. 

1) Fusiform Root: The storage root which is swollen in the middle part and tapers 

towards base and apex is called fusiform root.  

e.g. Radish. 

2) Conical: The storage root which is borne at the base and gradually tapers towards 

apex is called conical root.  

e.g. Carrot. 

3) Napiform: The storage root which is much swollen, almost spherical and abruptly 

tapers into narrow apex. Is called napiform root.  

e.g. Beet. 

(II) For Respiration: Pneumatophores or Respiratory  Roots: 

These are aerial roots found in mangrove plants i.e. plants growing in swamp or 

marshy places near the sea shores where the oxygen is lacking. To cope up with this 

situation the horizontal secondary roots give out aerial branches which grow vertically 

up-ward (negatively geotropic). These aerial branches are called Pneumatophores 

which bear small pores called lenticels for gaseous exchange. Therefore, 

Pneumatophores are also called respiratory or breathing roots.  

e.g. Rizophora, Avicennia etc. 

 

B) Modification of Adventitious roots: 

I)      For Food storage :  

1) Simple tuberous roots: These roots become swollen and do not assume a definite 

shape. They are always borne singly. These roots arise from the nodes of stem and 

enter in the soil.  

e.g. Sweet potato. 
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2) Fasciculated tuberous roots: A cluster of adventitious roots of some plants 

become thick and fleshy due to storage of food. These are known as fasciculated 

tuberous roots. There are many tuberous roots at the base of the stem. 

e.g. Asparagus. 

 

II)      For Mechanical Support: 

1) Prop roots: These roots arise from horizontal branches of trees like banyan tree 

and grow vertically downwards till they penetrate the soil. Secondary growth 

occurs in these roots, so that they become thick and act like pillars to provide 

mechanical support to the heavy branches.  

e.g. Banyan. 

2) Stilt roots: These roots normally arise from a few lower nodes of a weak stem in 

some monocots, shrubs and small trees. They grow obliquely downwards and 

penetrate the soil and provide mechanical support to the plant.  

e.g. Maize, Sugarcane, Jowar etc. 

3) Clinging roots: Climbing plants like piper produce roots from their nodes, by 

means of which they attach themselves to some support and climb over it.  

e.g. Money plant, Piper (Betel).     

 

III) For Special Functions: 

1) Epiphytic root: Some small plants like orchids grow perched on horizontal 

branches of big trees in forest to get sunlight. Such plants have green leaves and 

can photosynthesize. These plants are called epiphytes. Epiphytes are provided 

with these aerial roots in addition to the clinging roots. The aerial roots are spongy 

due the presence of special tissue called velamen, which is situated outside the 

cortex. The cells of velamen tissue are hygroscopic, have porous walls and with 

the help of this velamen tissue these roots absorb moisture from the atmosphere.  

e.g. Vanda, Vanilla. 

2) Sucking roots or Haustoria: These are highly specialized and microscopic 

roots, developed by parasites to absorb nourishment from the host. In partial 

parasites like Loranthus they penetrate only xylem element of the host to absorb 

water and minerals. In total parasites like Cuscuta they establish a connection 

with vascular strand of host and suck food directly from phoem and minerals 

from xylem, such root are called parasitic roots, sucking roots or haustoria. 
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e.g. Loranthus, Cuscuta (Amarwel).   

 

B)  STUDY OF STEM 

Definition: The aerial part of the plant body is collectively described as shoot system. Main 

axis of this shoot system is called stem. The stem is main ascending axis of the plant i.e. 

positively Phototropic. 

Functions: 1) They are to produce and support lateral appendages such as branches, leaves, 

flowers, and fruits. 2) It conducts water and minerals to different parts of the shoot and 

transportation of food to all plant parts. 

Modifications of Stem: 

To perform special functions other than or in addition to the normal functions, me stem 

shows various modifications in shape, form and structure. Some of which are described as  

I) Underground modifications II) Sub-aerial modifications III) Aerial modifications  

 

I) Underground modification: 

In many herbaceous plants, stem develops below the soil and is called underground stem. The 

stem varies in shape and size according to the amount of accumulated food. They are 

distinguished from the storage roots by the presence of the nodes, internodes, scaly leaves or 

buds. The underground modifications are of following types. 

1) Rhizome: It is modified underground stem which is thick and elongated. It usually runs 

horizontally. It is distinguished by the nodes, internodes, scaly leaves, bud and 

adventitious roots.  

e.g. Ginger, Canna etc. 

2) Stem tuber: Tubers are usually the swollen tips or ends of special underground branches 

swollen due to storage of food (carbohydrate like starch). The tubers show nodes and 

internodes and nodes bear scale leaves with axillary buds, commonly called 'eyes' under 

favourbale conditions 'eyes' sprout and produce aerial shoots. Thus tubers helps in 

vegetative propagation. Tubers do not produce adventitious roots, thus they differ from 

rhizomes.  

e.g. Potato. 

3) Bulb: It is an underground, pyriform or spherical modified shoot having highly reduced 

disc-shaped stem and several fleshy scale leaves growing from it and enclosing a terminal 

bud. From the latter develops a leafless floral axis called scape. The leaf bases bear 
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axillary buds. The adventitious roots are produced from the lower side of the reduced 

stem. The bulbs are of two types (a) Tunicated and (b) Non-tunicated.  

a) Tunicated bulb: When the fleshy leaves surround the apical bud in the form of 

concentric rings, it is called tunicated bulb.  

e.g. Onion. 

b) Non-tunicated bulb: In scaly blub, the scale leaves are not arranged in concentric 

manner. The scale leaves are loose and overlapping. The blub is not covered by 

membranous covering.  

e.g. Garlic.  

4) Corm: Corm is short, stout, fleshy, upright and thickened underground stem. It bears 

many buds in the axils of scale leaves which develop into daughter corms. At the bases or 

even from side of stem adventitious root develop. Corm is a condensed form of rhizome 

growing vertically.  

e.g. Amorphophallus. 

 

II) Sub-aerial modification: 

In this type of modification, stem trails on the soil or is found partially beneath the soil in 

such a way that it remains in contact with both the soil and air. 

These modifications are of 4 types 1) Runner, 2) Stolon, 3) Offset and 4) Sucker. 

1) Runner: These are special narrow, green, horizontal or prostrate branches which develop 

at the base of erect shoots called crowns. A number of runners arise from each erect 

shoot. They spread in different directions and bear new crowns above and tufts of 

adventitious root below at certain intervals. Each runner one or more nodes. The nodes 

bear scale leaves and axillary buds.  

e.g. Cynodon (Lawn grass), Oxalis etc. 

2) Stolon: It is a special branch which grows upwards in the beginning but then bends down 

to the soil to produce a new plant like runner; stolon is responsible for vegetative 

reproduction. 

e.g. Jasmine, Mentha, Nephrolepis.  

3) Offset: It is commonly called the runner of aquatic plants. It is shorter and thicker than 

runner. It helps in the vegetative propagation in aquatic plants.  

e.g. Eichhornia, Pistia. 

4) Sucker: Sucker is a runner like non-green branch which develops from the axil of scale 

leaf in the underground part of stem. It grows horizontally below the soil for some 
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distance and comes above the soil obliquely and producesgreen leaves to form 

aerialshoot. The sucker can, therefore be called underground runner.  

e.g. Chrysanthemum, Mentha (Mint).  

 

III) Aerial Modification:  

Some aerial stem or its vegetative or floral buds undergo modification to form specialized 

structures like tendrils, thorns, phylloclades or bulbils to perform specific function. Following 

are the types of aerial modification of stem.  

1) Stem tendril: It is modification of stem in which axillary bud modifies to form a thin 

wiry, and highly sensitive structure called tendril. Tendrils help the plant to attach 

itself to the support and climb.  

e.g. Cucurbita, Passiflora (Passion flower). 

2) Thorn: Thorn is hard, pointed usually straight structure produced by modification of 

axillary bud, leaves, branches and flowers are developed on throns at the nodes, 

indicating that it is a modified stem. It provides protection against browsing animals.  

e.g. Bougainvillea, Duranta etc.  

3) Phylloclade: The phylloclade is a stem which gets transformed into leaf like 

structure.  The phylloclade is green, flattened structure and distinct nodes and 

internodes. It is thick, fleshy and succulent.  

e.g. Opuntia.  

4) Cladode: These are green branches of limited growth which have taken up the 

function of photosynthesis.  True leaves are reduced to scales or spines.   

e.g. Asparagus. 

5) Bulbils: When axillary bud becomes fleshy and rounded due to storage of food, it is 

called bulbil.  It gets detached from the plant, falls on ground and develops into a new 

plant. 

e.g. Dioscorea. 
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Practical -2 

STUDY OF LEAF 

 

Definition:  Leaf is a dorsi-ventrally compressed, lateral appendage of stem, produced at the 

nodes and is specialized to perform photosynthesis.  

Functions: The primary functions or main functions of leaf are photosynthesis, gaseous 

exchange, transpiration, protection, etc.  

The parts of a typical leaf are -  

1) Leaf base: The part by which the leaf is attached to the stem. 

2) Petiole: The stalk of a leaf. 

3) Lamina: The expanded, flattened, green part also known as leaf blade.  

 

TYPES OF LEAF 

There are two types of leaf: Simple leaf and Compound leaf. 

1. Simple Leaf: Simple leaves are those in which single leaf blade or lamina is present.  

e.g. Mango, Hibiscus, etc. 

2. Compound leaf: Compound leaves are those in which the leaf blade or lamina is divided 

into number of segments known as leaflets or pinnae. The compound leaves are of two 

types: Pinnately compound leaves and palmately compound leaves. 

a. Pinnately compound leaves: In this type the leaflets are present laterally on a common 

axis called rachis, which represent the mid-rib of the leaf. There are of four types of 

pinnately compound leaves as: Unipinnate, Bipinnate, Tripinnate and Decompound.  

i. Unipinnate: A pinnately compound leaf bearing the leaflets directly on the reaches.  

e.g. Tamarind, Cassia.  

There are two types of Unipinnate leaves.  

a. Paripinnate: A unipinnate leaf with even number of leaflets.  

e.g. Cassia, Tamarind.  

b. Imparipinnate: A unipinnate leaf with odd number of leaflets.  

e.g. Rose. 

ii. Bipinnate: A twice pinnate compound leaf i.e. the midrib produces secondary axes on 

which the leaflets are borne.  

e.g. Acacia, Mimosa pudica, etc. 
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iii. Tripinnate: A thrice pinnate compound leaf i.e. the secondary axes produce the 

tertiary axes which bear the leaflets.  

e.g. Moringa. 

iv. Decompound: A compound leaf which is more than thrice pinnate. 

e.g. Coriandrum.  

b. Palmately compound leaves: All the leaflets of the palmetely compound leave are 

attached at a common point. i. e. at the tip of petiole, like Fingers of the palm.  There are 

five types of palmately compound leaves as -   

i. Unifoliate: A single leaflet is articulated to the petiole.  

e.g. Citrus.  

ii. Bifoliate: Two leaflets are articulated to the petiole.  

e.g. Pithecolobium, Prinsepia binnata.  

iii. Trifoliate: Three leaflets are articulated to the petiolate.  

e.g. Bel (Aegle). 

iv. Quadrifoliate: Four leaflets are articulated to the petiole.  

e.g. Marsilea.  

v. Multifoliate: Five leaflets are articulated to the petiole.   

e.g. Ipomoea, Bombax.  

Sessile and Petiolate Leaf:  

1) Sessile Leaf: A leaf without-petiole is called sessile.  

e.g. Calotropis.  

2) Petiolate Leaf: A leaf with petiole is called a petiolate. 

e.g. Hibiscus.  

Leaf Venation:  

Definition:  The arrangement of veins and veinlets in the lamina is known as venation. The 

venation is mainly of two types, reticulate venation and Parallel venation. 

1. Reticulate venation: When the veins and veinlets form a network it is called reticulate 

venation. Here the midrib is centrally placed and veins and veinlets remain distributed 

laterally. It is found in dicotyledonous plants.  

a. Unicostate: They are with a single mid-vein  

e.g. Mango.  

b. Multicostate: They are with two or more prominent veins. It may be convergent or 

divergent.  

e.g. Zizyphus   
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2. Parallel Venation: In this type of venation vein in lamina run almost parallel to one 

another.  

e.g. Maize, Grasses. It is of the following two types  

a. Unicostate: Having only one principle vein that give off many lateral veins which 

proceed towards the margin or apex of leaf blade in more or less parallel manner. 

e.g. Banana.  

b. Multicostate: Having many principal veins arising from the tip of the petiole and 

proceeding upwards or outwards. They are two types.  

(a) Convergent: - Many principal veins arising from the base of the leafblade coverage 

towards its apex or less parallel manner  

e.g. Grasses, Wheat, Bamboo.  

(b) Divergent: Many principal veins arising from the tip of the petiole, diverge from the 

tip of the petiole, diverge towards the margin of leaf blade in a more or less parallel 

manner  

e.g. Fan Palm.  
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Practical No. 3 

STUDY OF INFLORESCENCE 

 

Aim: To study the Inflorescence. 

Definition: The mode of development and arrangement of flowers on peduncle is called 

Inflorescence. 

The modified stem that bears flowers is called Peduncle. 

Presence of flowers is a characteristic feature of angiosperms. 

 

Based on Origin Inflorescences are of Three Types: 

1. Terminal Inflorescence: Inflorescence developed from apices.  

e.g. Crotolaria and Croton. 

2. Axillary Inflorescence: Inflorescence formed in axils of leaves / branches.  

e.g. Dolichos. 

3. Intercalary Inflorescence: The inflorescence which is formed in the internodes. 

Intercalary inflorescence is formed due to growth of the stem even after formation of 

inflorescence. 

e.g. Callistemon. 

 

Based on Growth and Development of Peduncle Inflorescences are of Three Types: 

A) Racemose   B) Cymose   C) Special types 

A) Racemose: Racemose inflorescence shows indefinite growth of peduncle and on 

elongated peduncle flowers are arranged acropetally or centripetally. 

If the peduncle is condensed, the flowers are arranged in centripetal manner. 

The axis or peduncle is unbranched forms simple and branched forms compound 

inflorescences. 

Based on the presence or absence of pedicel racemose inflorescences are of two types 

i) Racemose with pedicellate flowers: If the flowers are attached to the peduncle with 

their stalks they are called Pedicillate Flowers. 

ii) Racemose with sessile flowers: Flowers without pedicel are called Sessile. 

1. Raceme: A simple, elongated, indeterminate inflorescnece with stalked flowers. 

e.g. Brassica, Crotalaria, Delphinium, Caesalpinia. 
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The branched peduncle with each branch a simple raceme is called Panicle (or) 

Compound Raceme. 

e.g. Mangifera, Yucca, Peltophorum. 

2. Spike: Usually unbranched, elongated, simple, indeterminate inflorescnece whose 

flowers are sessile.  

e.g. Adhatoda, Piper, Amaranthus, Achyranthes, Tuberose. 

Compound spike inflorescence is found in Triticum, Oryza. 

3. Spadix: Fleshy unbranched peduncle that bears unisexual flowers protected by 

spathe an enlarged bract is called Spadix.  

e.g. Arum, Colocasia, Anthurium. 

The branched peduncle that bears spadix on each branch is called Compound 

spadix. Woody boat like bract protects the branched peduncle.  

e.g. Compound spadix of Coconut, Arecanut.  

Each branch of the compound spadix is protected by a leathery coloured bract. 

e.g.: Compound Spadix of Musa paradisiaca. 

4. Catkin (Amentum): A pendent spike of unisexual flowers found only in woody 

plants.  

e.g. Morus, Salix, Casuarina, Acalypha. 

5. Umbel: An inflorescence in which the flower stalks of more or less equal lenght 

arise from the same point, like the ribs of an unbrella at the base of flower stalks; 

there is whorl of bracts forming an involucre. The peduncle in umbel is condensed 

and unbranched (doesn't grow indefinitely) but it can be identified as racemose 

type by Centripetal arrangements of flowers. 

e.g. Hydrocotyle asiatica, Allium cepa. 

An umbel with branched axis and the branches bearing the flowers, these are 

known as umbellules. 

e.g. Coriandrum sativum, Daucus carota. 

6. Capitulum/ Head: A dense inflorescence comprising an aggregation of usually 

sessile flowers arranged on a convex receptacle formed by the axis and having one 

or more whorls of bracts forming involucre. Head can be identified as racemose 

type by centripetal arrangement / opening of florets. Receptacle is base of a 

flower, comprised of the enlarged top of the stalk, which holds some or all the 

flower parts. In the Asteraceae family the receptacle is formed from the enlarged 

top of the peduncle that holds many small flowers i.e. florets.  
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e.g. Helianthus, Tagetes, Tridax. 

Inflorescence with branched axis and each branch is a head is called compound 

head.  

e.g. Echinops, Sphaeranthus, Mimosa, Acacia. 

 

B) CYMOSE: The peduncle always terminates due to the development of a flower at its 

apex in Cymose inflorescence. Single flowered lateral branches are seen in Cymose.  

In Cymose inflorescences flowers are arranged either basipetal or centrifugal 

arrangement. 

In Cymose inflorescences if the older flowers are at the center and younger flowers at 

the periphery then is called Centrifugal arrangement. 

In Cymose inflorescences if the older flowers are at the top and younger flowers at the 

bottom then is called basipetal arrangement. 

1. Solitary Cyme: One flowered inflorescences are called Solitary cymes.  

The proof that solitary cyme in Hibisus an inflorescence is - Articulation on the 

stalk.  

e.g. Hibiscus (axillary), Datura (terminal). 

Simple cyme or cymule: In Cymule the peduncle ends in a flower and only 2 

lateral branches are produced which are also ends in flowers. Thus 3 flowered 

inflorescence is formed. Flowers are arranged in basipetal manner.  

e.g. Jasminum, Bougainvillea. 

2. Uniparous Cyme (Monochasial): Cymose inflorescence in which the 

inflorescence axis terminates in to a flower and produces only one branch from its 

basal bract which in turn also ends in a flower is called Uniparous or Monochasial 

Cyme. This axis is called sympodial axis. Though it looks like racemose flowers 

are arranged opposite to bracts not in axils. 

Monochasial Cyme is of two types- 

a) Helicoid Cyme: Uniparous cyme in which the lateral branches develop 

successively on same side, evidently forming a sort of helix.  

e.g. Hamelia, Begonia, Juncus, Heliotropium. 

b) Scorpioid Cyme: Uniparous cyme in which the lateral branches develop 

successively on alternate sides, evidently forming a zigzag structure.  

e.g. Ranunculus, Solanum. 
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3. Biparous Cyme (Dichasial): The inflorescence in which the peduncle ends in a 

flower and 2 lateral branches are produced and each branch in turn ends into a 

flower.  

e.g. Ipomoea, Clerodendron, Ixora, Mussaenda. 

4. Multiparous Cyme (Polychasial): The peduncle ends in a flower and many 

lateral branches and each lateral branch produces many lateral branches.  

e.g. Nerium, Calotropis. 

 

C) SPECIAL TYPES OF INFLORESCENCES: Special inflorescences are due to 

Modification and variation in opening of flowers. 

1. Verticillaster: (Verticel means False whorl) 

Verticillaster made up of 2 Semi circles formed at opposite nodes. Each semi-

circle at each node is made up of dichasial cyme with branches bearing scorpioid 

cymes. Flowers are sessile or subsessile. The leaves in verticillaster sometimes 

appear as bracts due to coming nearer of whorls.  

e.g. Leucas, Leonotis, Ocimum. 

2. Hypanthodium: Fruit like inflorescence is Hypanthodium. The fruit like structure 

is made up of Fleshy condensed peduncle. The receptacle is fleshy and forms 

hollow ball like structure with an apical opening called as ostiole. Three types of 

flowers develop on the inner surface of the receptacle. 

Type of flowers in Ficus - 3 Kinds 

Arrangement of 3 kinds of flowers in Ficus:  Male flowers near opening, sterile 

female gall flowers in the middle and female flowers at the base of the fruit like 

inflorescence. The opening of flowers in Hypanthodium contains no definite 

order.  

e.g. Ficus. 

3. Cyathium: A single female flowered inflorescence of Euphorbiaceae is called 

Cyathium. The flower like structure is made up of Involucre of bracts. Male and 

Female flowers are achlamydeous i.e. without Perianth. Each stamen in a 

cyathium is male flower. The arrangement and opening of male flowers in 

cyathium is around single female flower in scorpioid cyme and open in centrifugal 

manner. Extra floral nectaries are also found in Cyathium.The single female 

flower of cyathium has 3 carpels (tricarpillary) syncarpous pistil.  

e.g. Poinsettia, Euphorbia. 
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Practical No. 4 

STUDY OF FLOWER (PART- I) 

 

Aim: To study the flower with respect to calyx, corolla and perianth. 

Flower: Modified shoot, meant essentially for reproduction of the plant. The typical flower 

possesses the following four whorls in succession on the thalamus i.e. Calyx, Corolla, 

Androecium and Gynoecium. 

 

1. Calyx: It is the outermost whorl in a flower. The individual member of it, are described as 

Sepal. The sepals are mostly green in colour and protective in function. They protect the 

inner lying whorls. Thus calyx is leaf-like both in structure and appearance but not in 

function. Hence it is modified leaf. 

 

We can study the calyx using following botanical terms: 

a) Number of Sepals: 5 in Hibiscus, 4 in Catharanthus 

b) Cohesion: 

i) Polysepalous: Sepals are free.  

e.g. Geranium, Polyalthia.  

ii) Gamosepalous: Sepals are fused.  

e.g. Dianthus, Datura. 

c) Aestivation: The arrangement of floral parts in bud. 

i) Valvate: Sepals meeting by the edges without overlapping.   

e.g. Solanum. 

ii) Twisted (Contorted): One margin of the sepal overlaps that of the next one and the 

other margin is overlapped by the third one.  

e.g. Ipomoea.  

iii) Imbricate: Out of the five sepals one is internal, one external and the other three 

partly internal, partly external.  

e.g. Iberis amara, Cleome, Caesalpinia. 

iv) Quincuncial: A form of imbricate where there are five sepals, two internal, two 

external and one partly internal, partly external.  

e.g. Stellaria, Dianthus, Calatropis. 
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d) Duration of Calyx:  

i) Caducous (Fugacious): Falling off early or prematurely.  

e.g. Poppy.  

ii) Deciduous: Falling off along with the petals just after fertilization.  

e.g. Brassica. 

iii) Persistant: Remaining attached in the fruit also. 

e.g. Solanum, Datura. 

There are two types-  

1. Marcescent: A persistent calyx assuming a shrivelled dried up appearance.  

e.g. Guava, Tomato. 

2. Accrescent: A persistent calyx growing in size along with the fruit.  

e.g. Physalis, Shorea, Brinjal.  

 

2. Corolla: It is the second whorl of floral leaves in succession from outside. An individual 

member of this whorl is called a Petal. It is coloured other than green. It is most attractive 

in appearance and function. It attracts the insects to favour cross-pollination.  

We can study the corolla using following botanical terms: 

a) Number of Petals: 5 in Hibiscus, 4 in Catharanthus 

b) Cohesion: 

i) Polypetalous: Petals are free.  

e.g. Brassica.  

ii) Gamopetalous: Petals are fused.  

e.g. Ipomoea, Datura. 

c) Aestivation: The arrangement of floral parts in bud. 

i) Valvate: Petals meeting by the edges without overlapping.  

e.g. Solanum. 

ii) Induplicate Valvate: A form of valvate in which the margins of the petals are folded 

inwards on themselves.  

e.g. Ipomoea. 

iii) Twisted (Contorted): One margin of the petal overlaps that of the next one and the 

other margin is overlapped by the third one.  

e.g. Hibiscus. 

iv) Imbricate: Out of the five petals one is internal, one external and the other three 

partly internal, partly external.  



F. Y. B. Sc. (Botany) New Syllabus (June-2013) 
 

Department of Botany, Abasaheb Garware College, Karve Road, Pune - 4 Page 33 
 

e.g. Callistemon, Caesalpinia. 

v) Quincuncial: A form of imbricate where there are five sepals, two internal, two 

external and one partly internal, partly external.  

e.g. Melia, Murraya. 

vi) Vexillary: Out of the five petals the posterior one is the largest and covers the two 

lateral petals and the latter in their turn overlap the two aterior and smallest petals.  

e.g. Clitoria. 

d) Shape of the Corolla:  

i) Cruciform: Four free petals arranged in the form of a cross and each differentiated 

into a claw and a limb.  

e.g. Brassica. 

ii) Caryophyllaceous: Five petals with comparatively longer claws and with limbs 

placed at right angles to the claws. 

e.g. Dianthus. 

iii) Rosaceous: Five or more free petals, not distinguished into limbs and claws and 

spreading regularly outwards.  

e.g. Rose. 

iv) Campanulate (Bell-shaped): Five fused petals forming a bell-shaped structure.  

e.g. Cuscuta, Cucurbita, Withania. 

v) Tubular: A gamopetalous corolla which is cylindrical or tube-like i.e. more or less 

equally expanded from the base of the apex.  

e.g.: Sunflower. 

vi) Infundibuliform (Funnel-shaped): A gamopetalous corolla shaped like the funnel. 

e.g. Ipomoea, Petunia, Datura. 

vii) Hypocrateriform (Salver-form): A gamopetalous corolla with a long slender tube 

and an abruptly expanded flat limb.  

e.g. Mussaenda, Ixora, Catharanthus. 

viii) Rotate (Wheel-shaped): A gamopetalous corolla with a flat and circular limb at right 

angles to the short or obsolete tube.  

e.g. Nerium, Solanum. 

ix) Papilionaceous (Butterfly-like): A zygomorphic, polypetalous corolla with one large 

posterior standard, two lateral wings and two innermost and smallest petals apparently 

united, known as keels.  

e.g. Pea, Clitorea. 
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x) Bilabiate (Two-lipped): A zygomorphic, gamopetalous corolla divided into two lips-

upper and lower with mouth gaping wide open.  

e.g. Ocimum, Leucas. 

xi) Personate (Masked): A zygomorphic, gamopetalous corolla like bilabiate but the lips 

are placed so near to each other that they close the mouth of the corolla.  

e.g. Antirrhinum. 

xii) Ligulate (Star-shaped): A zygomorphic, gamopetalous corolla forming a short, 

narrow tube below but flattened above like a strap.  

e.g. Sonchus, Sunflower-Rayfloret. 

e)  Colour of Corolla  

f)   Appendages of Corolla: 

i) Spur: A tubular or sac-like projection from a bottom, as of a petal and usually 

containing a nectar-secreting gland.  

e.g. Delphinium, Impatiens. 

ii) Nectary: A nectar-secreting gland, often appearing as a protuberance, scale or pit. 

e.g. Salvia. 

iii) Corona: Any appendages or extrusion that stands between the corolla and stamens 

or on the corolla.  

e.g. Asclepias, Calotropis (Staminal corona), Passion flower (Corolline corona). 

 

3.  Perianth: Sometimes calyx and corolla are not distinguishable from one another and the 

outer whorl is thus called perianth. 

Tepal: One of the separate parts of perianth. 

We can study the Perianth using following botanical terms: 

a) Number of Tepals 

b) Numberof Whorls: Mention the number of whorls, e.g. 6 tepals in two whorls of 

three each. 

c) Cohesion: 

i. Polyphyllous: Tepals are free.  

e.g. Phyllanthus, Polygonum. 

ii. Gamophyllous: Tepals are fused.  

e.g.: Tuberose. 

d) Types of Tepals:  

i. Sepaloid: Resembling a sepal.  
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e.g.: Date palm. 

ii. Petaloid: Resembling a petal.  

e.g.: Asphodelus. 

e) Aestivation: The arrangement of floral parts in bud. 

i. Valvate: Tepals meeting by the edges without overlapping.  

ii. Twisted (Contorted): One margin of the tepal overlaps that of the next one 

and the other margin is overlapped by the third one. 

iii. Imbricate: Out of the five tepals one is internal, one external and the other 

three partly internal, partly external. 

iv. Quincuncial: A form of imbricate where there are five tepals, two internal, 

two external and one partly internal, partly external. 

 

Some terms are used to describe the flower as whole:  

 

1. Perfect Flower: A perfect flower has both male (stamen) and female (ovary) 

reproductive organs on the same flower.  

2. Imperfect Flower: An imperfect flower has either male (stamen) or female (ovary) 

reproductive organs on the same flower, but not both.  

3. Incomplete Flower: An incomplete flower is missing one of the four major parts of 

the flower, the stamen, pistil, petals, or sepals. 

4. Complete Flower: A complete flower has a stamen, a pistil, petals, and sepals. 

5. Actinomorphic: Most flowers are actinomorphic ("star shaped", "radial"), meaning 

they can be divided into 3 or more identical sectors which are related to each other by 

rotation about the centre of the flower. Typically, each sector might contain one tepal 

or one petal and one sepal and so on. It may or may not be possible to divide the 

flower into symmetrical halves by the same number of longitudinal planes passing 

through the axisActinomorphic flowers are also called radially symmetrical or regular 

flowers.  

6. Zygomorphic: Zygomorphic flowers can be divided by only a single plane into two 

mirror-image halves, much like a yoke or a person's face. Examples are orchids and 

the flowers of most members of the Lamiales. Zygomorphic flowers generally have 

petals of two more different shapes, sizes, and colors. 
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Practical No. 5 

STUDY OF FLOWER (PART-II) 

 

Aim: To study the flower with respect to androecium and gynoecium.  

 

1. ANDROECIUM: A third whorl of floral leaves, internal to the corolla, is called as 

Androecium. The individual member in this whorl is termed as Stamen. It possesses a 

cylindrical stalk-like, slender part called Filament. At the apex of the filament are 

attached two bag-like structures called Anther-lobes. A stamen can be imagined as a 

modified leaf. The filament is to be considered as a petiole. The lamina, with its margins, 

is said to have been rolled up on the upper surface towards the mid-rib. Thus two bags are 

said to have been produced. Hence a stamen is a modified leaf. 

 

a) Number of Stamens: Mention the number of stamens. e.g. 5 stamens. If the number of 

stamens is more than the number of petals, then find out the number of whorls in which 

these are distributed-in one whorl, two or more whorls or the number is indefinite. 

 

b) Fertility: Note if all the stamens are fertile or some of these are reduced to staminodes. 

Staminode: A sterile stamen or a structure resembling stamen and borne in staminal part 

of the flower.  

e.g. Stellaria, Canna. 

 

c) Cohesion of Stamens:  

i) Polyandrous: Stamens free (anthers as well as filaments).  

e.g. Papaver. 

ii) Monadelphous: Stamens united in one group by connation of their filaments 

(anthers being free).  

e.g. Hibiscus, Achyranthus, Abutilon. 

iii) Diadelphous: Stamens united in two bundles by connation of their filaments 

(anther being free).  

e.g. Pea, Clitorea. 

iv) Polyadelphous: Stamens united in many bundles by connation of their filaments 

(anthers being free).  



F. Y. B. Sc. (Botany) New Syllabus (June-2013) 
 

Department of Botany, Abasaheb Garware College, Karve Road, Pune - 4 Page 38 
 

e.g. Citrus, Bombax malabarica. 

v) Syngenecious: Stamens connate by their anthers (the filaments being free to form a 

cylinder about the style, as in Compositae).  

e.g. Sonchus, Sunflower. 

vi) Synandrous: Stamens united throughout their whole lenght by both the filaments 

and the anthers. 

e.g. Cucurbita. 

d) Adhesion of Stamens: 

i) Epipetalous: Stamens adhering to the corolla wholly or partially by their filaments 

(anthers remaining free).  

e.g. Ocimum, Solanum, Datura. 

ii) Epitepalous: Stamens adhering to the perianth wholly or partially by their 

filaments (anther remaining free).  

e.g. Asphodelus, Tuberose. 

iii) Gynandrous: Stamens adhering to the carpels either throughout their whole  

length or by their anthers only.  

e.g. Calotropis. 

 

e) Sequence of Staminal Whorls: If in more than one whorl then note whether the 

stamens of the outer whorl alternate with the petals or opposite. 

i) Diplostemonous: With the stamens in two alternating whorls and those of the outer 

whorl alternate with the petals.  

e.g. Murraya, Citrus. 

ii) Obliplostemonous: With the stamens in two alternating whorls and those of the 

outer whorl lying opposite the petals.  

e.g. Geranium, Stellaria. 

 

f) Length of Filaments: 

i) Didynamous: Out of the four stamens two are long and two short.  

e.g. Ocimum, Adhatoda. 

ii) Tetradynamous: Out of the six stamens four inner are long and two outer short.  

e.g. Brassica. 
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g) Position of Stamens: 

i) Inserted: Stamens shorter than the corolla tube remaining included within it.   

e.g.  Mussaenda, Tabernaemontana, Catharanthus. 

ii) Exseted: Stamens longer than the corolla tube, protruding outwards.  

e.g. Passion flower, Caesalpinia. 

 

h) Number of Chambers: 

i) Dithecous: A two celled anther.  

e.g. Citrus. 

ii) Monothecous: A one-celled anther.  

e.g. Phyllanthus, Ricinus, Hibiscus. 

 

i) Attachment of Filament to Anther: 

i. Basifixed (Innate): Filament attachement to the base of the anther.  

e.g. Brassica, Cassia.  

ii. Adnate: Filament running the whole length of the anther from the base to the 

apex.  

e.g. Michelia, Verbena. 

iii. Dorsifixed: Filament attached to the back of the ather.  

e.g. Bauhinia variegata, Citrus. 

iv. Versatile: Filament attached to the back of the anther at a point only, so that the 

latter can swing freely.  

e.g. Grasses, Eucalyptus, Crinum. 

 

j) Types of Connectives: A patch of tissue which joins the two anther lobes. 

i) Discrete: When the connective is very small or absent.  

e.g. Euphorbia. 

ii) Divaricate: When the connective develops in such a way that the two anther lobes 

get separated from one another.  

e.g. Tilia, Justicia gandarussa, Adhatoda. 

iii) Distractile: When the connective is very much elongated and placed more or less 

on the filament separting the sterile and fertile lobes of the anther.  

e.g. Salvia. 
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iv) Appendiculate: When the connective is prolonged into a feathery appendix 

beyond the anthers.  

e.g.: Nerium. 

 

k) Dehiscence of Anther: 

i) Introrse: An anther dehiscing towards the centre of the flower.  

e.g. Dianthus, Citrus. 

ii) Extrorse: An anther dehiscing towards the periphery of the flower.  

e.g. Argemone, Poppy. 

 

2. GYNOECIUM: The innermost whorl is called Gynoecium or Pistil. It is made up of a 

leaf-like structure called a Carpel.  

A carpel is composed of an ovary, a style, and a stigma, although some flowers have 

carpels without a distinct style. In origin, carpels are leaves (megasporophylls) that have 

evolved to enclose the ovules. The term pistil is sometimes used to refer to a single carpel 

or to several carpels fused together. 

 

We can study the Gynoecium using following botanical terms: 

a) Number of Capels: 

i) Simple or monocarpellary gynoecium: When the gynoecium is made up of only 

one carpel.  

e.g. Pea. 

ii) Compound gynoecium: When the gynoecium is made up of two or more carpels. 

1. Bicarpellary: With two carpels.  

e.g. Datura, Brinjal. 

2. Tricarpellary: With three carpels.  

e.g. Cucurbita. 

3. Tetracarpellary: With four carpels.  

e.g. Datura. 

4. Pentacarpellary: With five carpels.  

e.g. Melia, Hibiscus. 

5. Polycarpellary: With many carpels.  

e.g. Papaver. 
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b) Cohesion of Carpels: 

i) Apocarpous: A pistil of two or more carpels which are free.  

e.g. Clematis, Calotropis, Annona. 

ii) Syncarpous: A pistil of two or more carpels which are fused.  

e.g. Melia, Cucurbita, Sunflower. 

 

c) Position of Ovary:  

i) Superior: When the ovary occupies highest position on thalamus and stamens, 

petals and sepals are successively inserted below it.  

e.g. Citrus, Stellaria, Solanum. 

ii) Semi-inferior: When the thalamus grows around the ovary to form a cup and bears 

sepals, petals and stamens on the rim of the cup.  

e.g. Peach, Plum, Rose, Guava. 

iii) Inferior: When the thalamus completely covers the ovary getting fused with it and 

bears sepals, petals and stamens on the top of the ovary.  

e.g. Coriandrum, Mussaenda, Cucurbita. 

 

d) Number of Locules: Chamber or compartment of ovary. 

i) Unilocular: With one Chambers.  

e.g. Stellaria, Pea, Clitorea. 

ii) Bilocular: With two Chambers.  

e.g. Solanum, Datura. 

iii) Trilocular: With three Chambers. 

e.g. Asphodelus, Onion. 

iv) Tetralocular: With four Chambers.  

e.g. Ocimum. 

v) Pentalocular: With Five Chambers.  

e.g. Geranium, Hibiscus. 

vi) Multilocular: With many chambers.  

e.g. Citrus. 

 

e) Number of Ovules: To find out the number of ovules in each locule, we have to take 

trasverse section (T.S.) of the ovary.  
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f) Placentation: The pattern of attachment of an ovule to the ovary wall by the placenta 

called Placentation. 

i) Marginal: Placentae developing along the junction of the two margins of the carpel 

in monocarpellary and one chambered ovary.  

e.g. Pea, Clitorea. 

ii) Axile: Plancentae bearing the ovules developed from the central axis of a 

compound ovary, corresponding to the fused margins of carpels.  

e.g. Citrus, Solanum, Hibiscus. 

iii) Parietal: Placentae bearing the ovules on the inner wall of the ovary and their 

position correspond to the fused margins of carpels and number of plancetae is 

equivalent to the number of carpels; the ovary is one chambered.  

e.g. Argemone, Cucumber. 

iv) Free-central: The ovules are borne on a central column without any septa, the 

ovary is unilocular.  

e.g. Stellaria, Loranthes. 

v) Basal: The ovules are a few, reduced to one and are borne at the base of the ovary, 

the ovules when solitary often filling the cavity, the ovary is unilocular.  

e.g. Sonchus, Sunflower. 

vi) Superficial: Ovary is multilocular, carpels being numerous as in axile type but 

placentae in this case develop all round the inner surface of partition wall.  

e.g. Water lily. 

 

g) Disc: present or absent 

 

h) Style: More or less elongated part of gynoecium between the ovary and the stigma. 

i) Terminal Style: A style lying in the same straight line with the ovary.  

e.g. Hibiscus. 

ii) Lateral Style: A style which is seen to arise from the side of the ovary.  

e.g. Strawberry. 

iii) Gynobasic Style: A style arising from the depression in the centre of the ovary or 

directly from thalamus.  

e.g. Ocimum. 

iv)  Stylopodium: When the base of the style is swollen to form a pad-like sturcture.  

e.g. Coriandrum. 
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i) Stigma: Terminal part of gynoecium that receives pollen grains. 

i) Capitate: Shaped like a cap.  

e.g. Cleome, Citrus. 

ii) Plumose: Feather-like stigma.  

e.g. Grasses. 

iii) Discoid: Disc-shaped.  

e.g. Melia, Hibiscus. 

iv) Dumb-bell shaped: Like a dumb-bell.  

e.g. Ipomoea fistulosa. 

v) Linear: Long and narrow.  

e.g. Pea, Clitorea. 

vi) Radiate hood-like: A hood-like stigma with radiating septae.  

e.g. Poppy. 

vii) Bifid: Forked into two.  

e.g. Ixora, Sonchus, Sunflower. 

viii) Knob-like: Shaped like a knob.  

e.g. Cryptostegia, Justicia, Achyranthes. 

ix) Lamellate: Provide with many fin like blades.  

e.g. Mazus. 

x) Sticky: A stigma producing a sticky liquid for catching pollen grains.  

e.g. Cleome viscose. 
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Practical No. 6 

STUDY OF FRUITS AND SEEDS 

 

Aim: Study of different types of fruits and seeds with suitable examples. 

 

Definition - A fruit results from maturation and fertilization of one or more flowers, and the 

gynoecium of the flower(s) forms all or part of the fruit. 

 

Development of fruit: - Inside the ovary / ovaries are one or more ovules where the 

megagametophyte contains the egg cell. After double fertilization, these ovules become 

seeds. The zygote gives rise to the embryo of the seed, and the endosperm mother cell gives 

rise to endosperm, a nutritive tissue used by the embryo.  

 

As the ovules develop into seeds, the ovary begins to ripen and the ovary wall, the pericarp, 

may become fleshy (as in berries or drupes), or form a hard outer covering (as in nuts). In 

some multiseeded fruits, the extent to which the flesh develops is proportional to the number 

of fertilized ovules. The pericarp is differentiated into two or three distinct layers called the 

epicarp (outer layer, also called epicarp), mesocarp (middle layer), and endocarp (inner 

layer).  

 

There are three general modes of fruit development: 

· Apocarpous fruits develop from a single flower having one or more separate carpels, 

and they are the simplest fruits.  

· Syncarpous fruits develop from a single gynoecium having two or more carpels fused 

together.  

· Multiple fruits develop from many different flowers.  

 

On this basis fruits are classified into three main groups as – 

1. Simple fruits  

2. Aggregate fruits / Etaerio 

3. Composite or multiple fruits  
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1. Simple fruits 

Simple fruits can be either dry or fleshy, and result from the ripening of a simple or 

compound ovary in a flower with only one carpel. Dry fruits may be either dehiscent 

(opening to discharge seeds), or indehiscent (not opening to discharge seeds) 

 

a. Simple, Dry, Indehiscent fruits 

Achene: The fruit develops from polycarpellary syncarpous unilocular ovary. 

Pericarp and testa are very close to each other surrounding a single seed but are 

separable.  

e.g. Mirabilis, Amaranthus.  

Caryopsis: The fruit develops from bicarpellary, syncarpous, superior, unilocular 

ovary. Pericarp and testa are fused to form hull.  

e.g. Corn, wheat.  

Cypsela: The fruit develops from inferior, bicarpellary, syncarpous, unilocular ovary. 

Pericarp and testa are separable.  

e.g. Sunflower.  

Nut: The fruit develops from polycarpellary, syncarpous, ovary. It has thick, hard, 

woody pericarp which is free from testa.  

e.g. Walnut, Oaknut.  

 

b. Simple, Dry, Dehiscent fruits 

Legume: This fruit develops from superior monocarpellary ovary. It opens on both 

the sutures, dorsal and ventral and produces two valves.   

e.g. Beans, pea, groundnut.  

Follicle: The fruit develops from polycarpellary, partially syncarpous gynaecium. 

Ovaries are free each developing into a follicle that opens along one suture only 

forming one valve.  

e.g. Vinca, Nerium, Calotropis.  

Capsule: The fruit develops from polycarpellary, syncarpous superior or inferior 

gynaecium. Fruit opens by several splits or pores forming many valves.  

e.g. Cotton, poppy, Lady’s finger.  
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c. Simple Fleshy fruits: Pericarp is succulent, juicy at maturity, hence indehiscent.  

Drupe: 1- to 2-seeded; pericarp is differentiated into three layers with stony 

endocarp, hence called stone fruit. It has two types as -  

Fleshy drupe: It develops from polycarpellary, syncarpous, superior ovary. Outer 

layer of the fruit is epicarp, middle edible, fleshy is mesocarp, endocarp is hard and 

stony.  

e.g. Mango.  

Fibrous drupe – It develops from tricarpellary, syncarpous, superior ovary. Epicarp 

is leathery; mesocarp is fibrous; endocarp is hard and stony. Edible part is solid and 

liquid endosperm. 

e.g. Coconut.  

Berry: The fruit develops from polycarpellary, syncarpous, superior or inferior, 

multilocular gynaecium. It is 1- to many-seeded, pericarp is undifferentiated, placenta 

forms flesh of the fruit in which seeds are embedded.  

e.g. Brinjal, Tomato, Guava.  

Hesperidium: Special type of berry develops from polycarpellary, syncarpous, 

superior or inferior, multilocular gynaecium. Here pericarp is differentiated into three 

layers –Outer Epicarp – called as rind, Middle mesocarp – fibrous, Inner endocarp – 

develops into juicy, hair like sacs.  

e.g. Lemon, Orange.  

Pepo: This fruit develops from inferior, tricarpellary, unilocular ovary. Pericarp 

undifferentiated, tough, Placenta forms bulk of flesh.  

e.g. Cucumber, gourds.  

Pome: This berry develops from polycarpellary, apocarpous, superior, gynaecium. 

Thalamus grows and surrounds the achenes after fertilization. It forms edible portion; 

hence pseudocarpic fruit.  

e.g. Apple, peach.  

 

2. Aggregate fruits  

These fruits develop from single flowers that have multiple carpels (style+stigma+ovary) 

which are not joined together, i.e. each pistil contains one carpel. 

Etaerio of achenes: Each achene possesses persistent hair style that helps is dispersal 

of fruit. .  

e.g. Clematis, Strawberry.  
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Etaerio of berries: Numerous free carpels are placed on conical thalamus that 

develops into one seeded berries and compact mass.   

e.g. Custard apple.  

Etaerio of drupes: Receptacle is cup shaped and bears a number of free carpels 

which develop into fruitlet of drupe type.  

e.g. Raspberry.  

Etaerio of follicles: Individual fruitlet is of follicle type. All the follicles are attached 

to thalamus. They dehisce by dorsal suture.  

e.g. Michelia, Sterculia.  

 

3. Composite or multiple fruits:  

Formed by fusion of several separate pistils of several grouped flowers/ inflorescence. 

Peduncle with accessory parts is involved in formation of fruit. Hence they are pseudocarpic 

fruits. 

Sorosis: In pineapple the peduncle of the spike, fertile bracts and perianth all become thich 

and fleshy at maturity. Individual fruit is of achene type.  

e.g. Ananas sativus.  

In jackfruit many sterile, elongated, spiny bracts in the spadix are present which produce 

spiny rind of the fruit. Perianths of the individual flowers are thick and fleshy which are 

edible.   

e.g. Artocarpus.  

Syconus: Hypanthodium inflorescence axis is in the form of thick, fleshy, cup shaped 

receptacle. Many achenes are present inside it. Receptacle is edible.   

e.g. Ficus.  

 

Seed – A mature ovule consisting of an embryonic plant and a store of food, all surrounded 

by a seedcoat.  Seed consists of seedcoat/ s, embryo, endosperm, cotyledon/ s.  

 

Seedcoat: It has two layers as testa (outer thick layer) and tegmen (inner thin membrane). 

Function – protection, dispersal.  

 

Embryo: It is juvenile plant in the form of axis having one tip as plumule and the other tip 

radicle. The plumule gives rise to shoot and radical gives rise to root. 
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Endosperm: It is thick, massive part of seed with starch. On the basis of presence or absence 

of endosperm seeds are categorized into two groups as  

1. Albuminous – endosperm present  

e.g. Castor, wheat, rice.  

2. Exalbuminous – endosperm absent  

e.g. Pea, bean, onion.    

Cotyledon: It is the extension of an embryo. It develops from endosperm tissue. On the basis 

of number of cotyledons the plants are divided into  

(i) Monocotyledonous – Only one cotyledon present  

e.g. Maize, Wheat, rice.  

(ii) Dicotyledonous – two cotyledons present  

e.g. Pea, Mango.  

 

List of figures 

Fig. 6.1 – Simple, dry, indehiscent fruit 

Fig. 6.2 – Simple, dry, dehiscent fruit 

Fig. 6.3 – Simple, fleshy fruit 

Fig. 6.4 – Aggregate fruits 

Fig. 6.5 – Multiple or Composite fruits 

Fig. 6.6 – a) Albuminous Seed e.g. Castor 

Fig. 6.6 – b) Albuminous Seed e.g. Maize 

Fig. 6.6 – c) Exalbuminous Seed e.g. Bean 
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Practical No. 7  

DICOT ANATOMY  

 

Aim: To study of internal structure of Dicot Root, Stem and Leaf. 

 

Primary body of Angiospermic plant shows three distinct parts viz. root, stem and leaves. 

Anatomy: Study of internal structure is called anatomy. We shall consider the internal 

structure of young dicot root, stem and leaves. This can be studied by taking thin transverse 

section of the plant parts. 

 

T. S. of Young Dicot Root: 

Material: Germinated seeds of Gram, Pea, Bean. 

Section reveals the following structure: 

1.  Outline: Circular 

2.  Epidermal/ Piliferous layer: Outermost, one cell thick layer made up of closely set thin 

walled parenchymatous cells without stomata and cuticle. Some cells shows unicellular 

outgrowths called root hairs and hence it is also called ‘piliferous layer’. Root hair is 

colourless, long, usually unbranched outgrowth of epiblema. 

3.  Cortex: It is a broad zone; made up of thin walled, loosely arranged, oval or spherical, 

colorless parenchymatous cells storing starch. 

4.  Stele: There is a single central stele. The stele shows following parts: 

a. Endodermis: It is a single layered, made up of closely set barrel shaped cells having 

casparian thickenings. These are called ‘Passage Cells’. Function of endodermis is 

lateral (centripetal) transportation of water towards the stele. 

b. Pericycle: Single layered parenchymatous and located inner to the endodermis. It 

functions as seat for origin of lateral roots. It plays role in the secondary growth in 

dicot roots. 

c. Vascular tissues: Xylem and phlolem are the vascular tissues  

Ø Xylem: 2 to 6 radially arranged Xylem patches are present. Therefore, diarch to 

hexarch. The Xylem is exarch because protoxylem is towards periphery. Xylem is 

composed of vessels, xylem sclerenchyma and xylem parenchyma. It conducts 

water and minerals;  gives mechanical strength. 
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Ø Phloem: 2 to 6 radially but alternately arranged patches of phloem are present. 

Phloem is consists of sieve tubes, phloem sclerenchyma and phloem parenchyma. 

           Function: transport of food material.                         

Ø Cambium: Absent, therefore closed. 

Ø Cojuctive tissues: It is a parenchymatous tissue present or that lie between xylem 

and phloem patches. Cells of conjuctive tissue become meristimatic during 

secondary growth. 

Ø Pith: It is the central part of stele made up of thin walled ,colourless ,closely set 

parenchymatous cells .Pith is very poorly developed or may even be absent as in 

Gram. 

Vascular Bundles: Vascular bundles are radial, closed endarch and polyarch. 

 

T. S. of Young Dicot Stem:   

Material: Cucurbita stem, Sunflower or Parthenium stem. 

1. Outline: Circular or wavy in outline. 

2. Epidermis: Single layered, made up of tubular, closely set parenchymatous cells 

having thin cuticle, on their outer surfaces of outer walls. Epidermis is inturupted by 

few stomata. In mesophytic plants, epidermis shows number of multicellular hairs 

called trichomes.It functions as protection, gaseous exchange and transpiration 

through stomata. Trichomes absorb moisture and hence protect plants against 

desiccation. 

3. Hypodermis: Located below the epidermis; it is few layered collenchymatous .Cells 

may show chloroplastids or may sclerenchymatous. It gives mechanical strength. 

4. Cortex: It is broad zone found next to hypodermis on inner side; made up of thin 

walled loosly arranged parenchymatous cells. It is differentiated into outer few 

layered chlorenchymatous and inner colorless parenchymatous cells, storing starch. 

5. Stele: There is a single central stele. It shows following layers. 

a) Endodermis: Single layered, made up of barrel shaped, closely set parenchymatous 

cells storing starch. Endodermis may be circular ring like or wavy in outline. The cells 

of endodermis show casparian thickenings along their radial and inner tangential 

walls.  

b) Pericycle: It is multilayered and differentiated into alternate sclerenchymatous and 

parenchymatous patches. The portion of pericycle in front of phloem is crescent 
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shaped and sclerenchymatous. It is called hard bast. The remaining region is 

parenchymatous. It functions as mechanical strength. 

c) Vascular tissues: The xylem and phloem tissues are present in the form of bundles or 

strands. Each on is called Vascular bundle. There are few vascular bundles arranged 

in a ring. Both xylem and phloem occur on the same radius side by side. Xylem is on 

the inner side and phloem on outer side. Hence it is called conjoint and collateral. 

Ø Xylem: It is endarch. Metaxylem shows reticulate and pitted lignin thickenings. 

Proptoxylem shows annular or spiral pattern of lignin thickenings. Xylem is 

composed of vessels, xylem sclerenchyma and xylem parenchyma. Conduction of 

water occures through it. 

Ø Phloem: It is composed of sieve tubes, companion cells and phloem parenchyma. 

Phloem sclerenchyma is absent .It transports food from one place to other. 

Ø Cambium: Between xylem and phloem patch is sandwiched, few layered cambial 

patch. As cambium is present, vascular bundles are open. Plays role in secondary 

growth. 

Ø Medullary rays: The parenchymatous tissues between vascular bundle constitute 

what is called primary medullary rays. It functions storage of food and lateral 

transport.  

Ø Pith: The central most region is made up of colorless, parenchymatous cells that 

are loosely arranged. It stores food. 

 

The vascular bundles are conjoint, collateral, endarch and open. 

 

T. S. of Young Dicot Leaf:  

Material: Sunflower leaf 

1) Outline: Flat ,section is differentiated into mid rib flanked by arms .The side of leaf 

facing sun is called upper side and the side facing away from the sun is lower . 

2) Arm: It is multilayered region differentiated into the following layers. 

a) Upper Epidermis: It is single layered, made up of colorless, rectangular, closely 

set parenchymatous cells with a outer layer of cuticle. Usually epidermal cells are 

without chloroplasts. Upper epidermis may be interrupted by few stomata. The 

cells of upper epidermis may also posses trichomes. 
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Function: Protection of inner tissues from damage and infection. Gaseous 

exchange and transpiration occurs if stomata are present. Through trichomes, it 

can absorb moisture and protect plant against desiccation. 

b) Mesophyll: It is a part present between upper and lower epidermises .When 

mesophyllis differentiated, the leaf is described as dorsiventral .Mesophyll is 

differentiated into two distinct layers viz upper palisade and lower spongy. 

c) Palisade layer: It is located below the upper epidermis; made up of 1 to 2 layers 

of radially elongated, closely set photosynthetic cells. 

d) Spongy tissue: It is located above the lower epidermis; made up of 2 to 3 layers 

of thin walled, oval or spherical loosely arranged parenchymatous cells having 

few chloroplastids. 

e) Lower epidermis: It is the same as that of the upper epidermis. It is interrupted 

by stomata. The typical stomatal apparatus shows two kidney shaped guardcells 

enclosing stoma. 

3. Mid rib/mid vein:  It is multilayered and differentiated into following layers. 

a) Upper epidermis: Same as that of arm, however it does not show stomata. 

b) Vascular bundle: One to many bundles are emedded in the mesophyll tissue. Each 

vascular bundle is conjoint, collateral and closed with xylem directing the upper 

epidermis. Each vascular bundle has a parenchymatous bundle sheath. 

c) Lower epidermis: Same as that of the arm, however, it does not show stomata. 

 

List of Figures:  

Fig. 7.1 T. S of Gram Root   

Fig. 7.2 T. S of Sunflower Stem  

Fig. 7.3 V. S. of Mangifera Leaf      
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Practical No.8 

MONOCOT ANATOMY 

 

Aim: Study of internal primary structure of Monocotyledonous root, stem and leaf. 

 

A. Monocot root (Maize)  

A transverse section of Maize root shows following structures 

1. Epiblema: The outermost layer of the root is called as epiblema or rhizodermis. It is 

uniseriate and composed of compact tubular cells having no intercellular space and 

stomata. The tubular unicellular root hairs are present on this layer. 

2. Cortex: Immediately after epiblema there is a cortex region, it consists of 

parenchymatous cells. The starch grains are abundantly present in this region. The 

sclerenchyma cells are commonly found in the cortex of monocotyledons. 

3. Endodermis: The innermost layer of cortex is called as endodermis. It is composed of 

barrel shaped compact cells having no intercellular spaces among them. The endodermal 

cells possess casparian strips on their anticlinal wall. 

4. Pericycle: It is usually uniseriate and composed of thin walled parenchymatous cells. In 

monocotyledons, the pericycle may be interrupted by differentiation of xylem and phloem 

elements next to the endodermis. 

5. Vascular tissue: The vascular tissue consists of alternating strands of xylem and phloem. 

This is called as radial vascular bundle. The phloem occurs in the form of strands near 

periphery of vascular cylinder, below the pericycle. The xylem forms discrete strands, 

alternating with phloem strands. The centre is occupied by large pith which may be 

parenchymatous or sclerenchymatous. Bundles are numerous and referred as polyarch. 

 

B. Monocot stem (Maize) 

A transverse section of Maize stem shows following structures  

1. Epidermis: The epidermis consists of single layer of compact cells having no 

intercellular spaces among them. 

2. Hypodermis: Below the epidermis usually two or three layers of sclerenchyma cells are 

present, called as hypodermis. It gives mechanical strength to the stem. 
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3. Ground tissue system: It consists of thin walled parenchyma cells having well defined 

intercellular spaces among them. This tissue extends from below the sclerenchyma to the 

centre. It is not differentiated into cortex, endodermis, pericycle and pith. 

4. Vascular system: It is composed of many collateral and closed vascular bundles 

scattered in the ground tissue. The number of vascular bundle is more towards periphery 

than in the centre. Comparatively the peripheral bundles are smaller in size than that of 

central bundles. Each bundle is more or less surrounded by sheath which is more 

conspicuous towards upper and lower sides. Usually xylem is Y-shaped and consists of 

pitted and bigger vessels of metaxylem and smaller vessels of protoxylem. The pith is not 

marked out in monocot stem. 

 

C. Monocot leaf (Maize) 

 A transverse section of Maize leaf shows following structures  

1. Epidermis: The epidermis is found on both upper and lower surfaces of the leaf. The 

epidermal layers are uniseriate and composed of more or less oval cells. The outer wall of 

the epidermal cell is cuticularised. The upper epidermis is easily identified by presence of 

xylem and bulliform cells towards it. Stomata are present on both sides. Bulliform cells 

are in groups of 3 to 5 which reduce the rate of transpiration during draught. Stomata 

consist of two dumbbell shaped cells forming a small pore. 

2. Mesophyll: As the leaf is isobilateral, the mesophyll is not differentiated into palisade 

and spongy tissue. It is composed of compactly arranged thin walled, isodiametric 

chlorophyllous cells having well developed intercellular spaces among them. 

3. Vascular bundles: The vascular bundles are collateral and closed as found in 

monocotyledonous stem. Most of the bundles are small in size but fairly large bundles 

also occur at regular intervals. The xylem is found towards upper side and phloem 

towards lower side in the bundles. Usually each bundle remains surrounded by bundle 

sheath consisting parenchyma cells. The cells of bundle sheath generally contain starch 

grains in them. 

 

List of figures 

     Fig.8. 1 T. S. of Maize Root  

     Fig. 8.2 T. S. of Maize Stem  

     Fig. 8.3 V. S. of Maize Leaf  
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Practical No. 9  

STUDY OF SPIROGYRA 

(spiro - coiled ; gyra - curved) 

Aim:   Study of external features of gametophyte. 

Occurrence: This is very common free floating fresh wateralga found in fresh water pools, 

lakes, etc., in abundance. This is also known as 'pond silk' or ‘water silk'. The filaments are 

slimy in naturebecause of the presence of mucilaginous substance around them. 

 

External Features and Cell Structure 

1. The filaments are unbranched and consist of the cylindrical cells arranged end to end. 

2. The cell wall of the filament is usually two layered. The outermost layer consists of   pectic 

substances and the layer just outside the protoplast consists of cellulose. 

3. Each cell is cylindrical and several times longer than its breadth.  

4. The cells are uni-nucleate. The nucleus is usually situated in the centre of the cell and 

connected by cytoplasmic strands to the dense cytoplasm of the peripheral region. 

5. There is a big central vacuole. 

6. The chloroplasts are spiral and band like. They may be serrated or smooth at their margins, 

7. The number of chloroplasts ranges from 1-14 in different species. 

8. Many pyrenoids are found in each ribbon-like chloroplast. 

 

Reproduction: 

Ø Vegetative: By fragmentation.  

Ø Sexual: 

1. Sexual reproduction takes place by special gametes called 'aplanogametes'. 

2. Sexual process is known as 'aplano-gamy'. 

3. Motile gametes are always lacking. 

4. Aplanogamy takes place by conjugation, which may be 'scalariform' or 'lateral'. 

5. In each cell a single aplanogamete is produced which moves in the other cell through 

a conjugation tube in amoeboid fashion. 

6. The species may be homothallic or heterothallic. 

7. Lateral conjugation takes place in homothallic species. 

8. In scalariform conjugation the aplano-gametes of two filaments unite whereas in 

lateral conjugation the aplanogametes of two adjacent cells of the same filament unite. 
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Scalariform Conjugation: 

1. This is found in most of species. 

2. Two filaments taking part in conjugation lie side by side. 

3. The outgrowths are given out from the lateral walls of the opposite cells of the 

filaments. 

4. The outgrowths of opposite cells touch each other, the wall of contact dissolves and a 

tubular passage is formed. 

5. This tubular passage is called 'conjugation tube’. 

6. A single aplanogamete develops in each cell. 

7. The aplanogametes formed in the cells of one filament pass into the opposite cells of 

the other filament through conjugation tubes in amoeboid fashion. 

8. The transferring aplanogametes are considered male gametes and the receiving 

aplanogametes are female gametes. 

9. A single thick-walled zygospore develops in each cell ofthe female filament. 

 

Lateral conjugation 

1. This type of conjugation is found occasionally and in homothallic species. 

2. Here the aplanogametes ofthe adjacent cells of the same filament unite. 

3. At the septum a tube like structure develops and through this opening the contents of 

one cell pass into the other. 

4. The empty cells are considered as male gametangia and the cells with zygotes as 

female gametangia. 

5. The zygotes are found in alternate cells. 

6. The zygote is dark-coloured and thick walled. 

Identification and Systematic Position 

Sub Kingdom  : Algae 

1. Chlorophyll bearing organisms. 

2. Unicellular sex organs of multicellular ones in which every cell 

forms a gamete. 

3. Autotrophic in nutrition. 

4. Cellulose cell wall. 

Division  : Chlorophyta 

1. Chlorophyll present within chloroplasts.  

2. Photosynthetic food product is starch.  



F. Y. B. Sc. (Botany) New Syllabus (June-2013) 
 

Department of Botany, Abasaheb Garware College, Karve Road, Pune - 4 Page 57 
 

Class   : Chlorophycae 

1. Usually Pyrenoids present within chloroplasts. 

Order    : Conjugales 

1. Exclusively fresh water forms.  

2. The forms are unicellular or multicellular filamentous. In 

filamentous forms the cells are arranged end to end. 

3. The filaments are unbranched.  

4. The chioroplasts may be spiral, axial or stellate ribbon shaped. 

5. Sexual reproduction takes place by means of aplanogametes. 

Motile gametes absent.  

6. Union of gametes takes place by conjugation through 

conjugation tubes.  

Family   : Zygnemataceae 

1. Unbranched filaments.  

2. Uninucleate cylindrical cells. The cells contain either one to 

several spiral ribbon-likechloroplasts, or a single axial laminate 

chloroplast, or two stellate axial chloroplasts.  

3. Sexual reproduction by conjugation.  

Genus    : Spirogyra 

1. The cell contains one to several spiral ribbon-like chloroplasts.  

2. Sexual reproduction by conjugation of aplanogametes.  

List of figures 

Fig. 9. 1 – Thallus and cell structure 

Fig. 9.2 - Scalariform conjugation      

Fig. 9.3 – Lateral conjugation  
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Practical No.10 

STUDY OF ALBUGO (= CYSTOPUS, WHITE RUST) 

Aim:   Study of external features of gametophyte. 

Albugo: 

All the twenty five species of Albugo are obligate parasites on flowering plants. The fungus 

attacks many flowering plants especially the members of Cruciferae. A common disease, the 

white rust of crucifers, is caused by A. Candida (=Cystopus candidus) in crucifers. The 

fungus attacks wild as well as the cultivated plants of economic importance, the most 

important being cabbage (Brassica oleracea var. capitata; vern. patta gobhi).  

 

Asexual reproduction:  

1. Asexual reproduction takes place by conidia. 

2. The mass of intercellular hyphae beneath the host epidermis produces vertical 

palisade-like groups of conidiophores. 

3. Each conidiophore bears at its tip a chain of conidia arranged basipetally i.e. the 

youngest at the base of the chain and oldest at the top. 

4. In a chain, two conidia are joined with each other by a gelatinous pad called 

disjunctor. 

5. Each conidium is multinucleate (5-8 nucleate), hyaline, smooth and spherical. 

6. The conidiophores constantly cut off conidia forcing underlying epidermis to rupture. 

7. The conidia are disseminated by wind and germinate either directly (when conditions 

are unfavourable) by producing a germ tube or may form zoospores (when conditions 

are favourable). 

8.  The kidney-shaped biflagellate zoospores also germinate to form the new mycelia. 

Sexual reproduction: 

1. Sexual reproduction is oogamous. The sex organs are generally formed in the stem 

towards the end of the growing season of the host. 

2. The oogonium occurs in the intercellular spaces at the tips of mycelium. It is spherical 

with a central ooplasm and peripheral periplasm. In A. Candida ooplasm is 

uninucleate. (In A bliti ooplasm is multinucleate). 

3. The antheridium is paragynous in position and contains several nuclei. 

4.  The antheridia and oogonia are separated from remainder of the mycelium by a 

septum. 
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5. A mature antheridium develops a slender fertilization tube which grows through the 

oogonial wall and the periplasm and penetrates deeply into the ooplasm or oosphere. 

6. A single male nucleus enters and fuses with the nucleus in the oosphere thus effecting 

fertilization. 

7.  In some species (e.g. A. bliti), the oosphere or ooplasm is multinucleate and these 

nuclei getfertilised by the entry of equal number of male nuclei. The resulting 

oospores or zygotes are thus multinucleate. 

8. The oospore develops a thick, ornamented and three layered wall. 

9. The nucleus of the oospore divides meiotically. A vesicle is produced in which 40-60 

biflagellate zoospores are formed. Zoospore germinates into a new mycelium. 

Identification 

Kingdom : Fungi     
1. Chlorophyll  absent 
2. Reserve food glycogen 
3. Cell wall of fungal cellulose/ chitin. 

Division : Eumycota    
1. A definite cell wall present.  

Sub-division : Mastigomycotina  
1. Presence of motile spores orzoospores. 

Class  : Oomycetes.   
1. Usually mycelial (aseptate) 
2. Zoospores biflagellate.  

Order :  Peronosporales   
1. Sexual reproduction aplanogametic (gametes non-motile) 

and oogamous 
2. Oogonia contain single egg surrounded by periplasm. 

Family  : Albuginaceae 
1. Mycelium intercellular, provided with haustoria 
2. Conidia in chains on clavate conidiophores. 

Genus  : Albugo     
1. White    shining    pustules    on    leaves. 
2. Infected parts (stem and flower) exhibit hypertrophy. 
3. Conidia arranged basipetally on conidiophores. 
 

List of figures 

Fig. 10.1 – Habit and T.S. of infected host leaf 

Fig. 10.2  -  Asexual reproduction 

Fig. 10.3  - Sexual reproduction  
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Practical No. 11  

STUDY OF RICCIA 

 

Aim:   Study of external features of gametophyte. 

Thallus Characters 

1. The plant body is thalloid, dorsiventral, prostrate and ribbon-like. 

2. A rosette is formed due to repeated dichotomies of the thalli. 

3. The thallus is linear to wedge shaped with an apical notch at the apex and thickened 

midrib in the sagittal axis. On the dorsal side, the midrib is traversed by a mid-dorsal 

groove. 

4. On the ventral side, scales and rhizoids are present. The scales are present at the 

margins. The rhizoids arise from the midrib region. 

5. Each scale is violet coloured, multicellular and one celled thick. 

6. Rhizoids are of two types: (i) smooth walled and (ii) tuberculate. The smooth walled 

rhizoids have inner smooth walls whereas tuberculate rhizoids produce tuber-like or 

peg-like ingrowths of their inner wall which project into the lumen of the rhizoids. 

7. Sex organs are present in the mid-dorsal groove and are embedded in the thallus. The 

sporophytes, however, may be seen as black dots, when mature, under the dissecting 

microscope. 

 

V.S. of thallus: 

1. The thallus is boat-shaped in a vertical transverse section. 

2. It is thick in the midrib region and gradually become thin towards the margins. 

3. The thallus is dorsiventrally differentiated into an upper green photosynthetic region 

and a lower colourless storage region. 

4. The lower epidermis bounds the storage region on the lower side and bears the usual 

two types of rhizoids (smooth walled and tuberculate) in the centre. 

5. The storage region consists of compactly arranged parenchyma. These cells contain 

starch. 

6. The photosynthetic region consists of vertical rows of unbranched assimilatory 

filaments, separated by narrow air chambers. The cells of the filaments are barrel-

shaped and each possesses numerous chloroplasts. 
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7. The air chambers open to the outside through simple air pores which are the 

intercellular spaces between the upper epidermal cells. 

8. The uppermost cells of the assimilatory filaments are somewhat large. They lack 

chloroplasts and are thus colourless. These form an ill-defined upper epidermis. 

9. On the two margins of the boat shaped section, violet coloured scales are present. 

 

Structure of antheridium: 

1. The antheridium is present inside a cavity called antheridial chamber which opens 

outside by antheridial pore. 

2. The antheridial chamber with antheridium, lies embedded partly in the tissue of the 

photosynthetic region and partly in the tissue of the storage region. 

3. A mature antheridium consists of a small stalk and a globular or club-shaped body. 

4. The stalk is short and few celled. The body is composed of a central mass of either 

androcytes or antherozoids, surrounded by a single layerof sterile jacket.  The cells of 

the jacket are tangentially elongated. 

 

Structure of archegonium: 

1. The thallus is monoecious and both the sex organs are situated in the mid-dorsal 

grove. 

2. A nearly mature archegonium is flask-shaped. 

3. Archegonium is shortly stalked and consists of a broad venter and a long neck. 

4. Wall of the venter is one celled. The venter has one venter canal cell and an egg cell. 

5. The neck consists of 6 vertical rows of cells and is 6-9 cells in height. It possesses 4 

neck canal cells. 

6. The neck is surmounted by four cover cells. 

7. Before fertilization, all the axial cells except the egg cell degenerate and the cover 

cells spread open to facilitate the entry of antherozoids. 

 

Structure of sporophyte: 

1. The sporophyte is embedded in the tissue of the thallus. It is present in the venter of 

fertilized archegonium. 

2. Sporophyte is represented only by the capsule, foot and seta being absent. 

3. The young capsule has a jacket layer and a two layered calyptra, derived from venter. 
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4. The mature sporophyte has spore tetrads arranged tetrahedrally (except R. pearsonii) 

or spores. These remain surrounded only by outer layer of calyptra, the inner layer of 

calyptra and the jacket disintegrates. 

5. The spores are discharged only after the disintegration of the thallus. 

6. Each spore ranges from 0.05 to 0.012 mm in diameter and consists of spore wall, 

enclosing within a rich cytoplasm and a nucleus. 

7. The spore wall is three layered. The outermost layer is the exosporium which is thin 

and cutinized. The middle mesosporium is thick and the innermost endosporium is 

thin and homogenous. The entire spore wall is irregularly thickened and folded. 

8. Spore germunate into a gamotophytic plant body.  

9. Alternation of generation. 

 

Identification 

Division  : Bryophyta  
1. True roots absent 
2. True vascularstrands absent.  

Class  : Hepaticae 
1. Mostly thalloid  
2. Rhizoids withoutsepta 
3. Chloroplasts without pyrenoids 
4. No columella in capsule.  

Order  : Marchantiales   
1. Scales present 
2. Two types of rhizoids present 
3. Air chambers and air pores present.  

Family  : Ricciaceae. 
1. Air pores are simple 
2.  Sex organsin the mid-dorsal groove 
3.  Sporophyte composed only of capsule, foot and seta being 

absent.  
Genus  : Riccia 

1. Scales on the  margin 
2. Assimilatory filaments are unbranched and vertical. 

List of figures: 
Fig 11.1 – Thallus structure 
Fig 11.2– Thallus structure: Dorsal 
and Ventral view 
Fig 11.3 – Scales and Rhizoids 
Fig 11.4 – V.T.S of thallus 

Fig 11.5 – Anthridium 
Fig 11.6 – Archegonium 
Fig 11.7 – Sporophyte 
Fig 11.8 – Spores 
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Practical No.12 

STUDY OF NEPHROLEPIS 

(Sword Fern) 

 

External Morphology: 

1. The plant body is a sporophyte. It is differentiated into roots, rhizome and leaves. 

2. The rhizome gives out adventitious roots from its underside. These adventitious roots 

are small and branched. 

3. The stem is modified to rhizome. It is subterranean, short and erect. The rhizome 

produces elongated slender stolons. Peltate scales cover the rhizome. 

4. In N. tuberosa, rhizome bears tubers. These are reservoirs of carbohydrates and water. 

5. The leaves are long, narrow, sub-coriaceous and unipinnate. 

6. The pinnae are sessile or shortly petioled. They have a usually rounded or cordate 

base. Each pinna has articulation with a pouch-like structure at the base.  

7. The veins are prominent and the veinlets are branched with open ends. The tips of 

veinlets are gland dotted and they extend up to the margins. 

 

T.S. of rhizome: 

1. The outline of the section is almost biconvex. 

2. The section can be divided into epidermis, hypodermis, ground tissue and the stele. 

3. Epidermis is the outermost single layer of thickly cuticularised parenchymatous cells. 

4. Hypodermis that follows epidermis is made of a few sclerenchymatous layers. 

5. Cortex rest of the tissue is called ground tissue. It is parenchymatous with numerous 

starch grains in the cells. 

6. Structure of the stele varies with the age of the rhizome. 

i. In youngest part of rhizome, it is protostele. 

ii. In a few weeks old plant with a few leaves, the rhizome shows ectophloic 

siphonostele. 

iii. The old part of rhizome shows adictyostele. 

7. Dictyostele is made of two rings of meristeles, separated by two sclerenchymatous 

bands. 

8. Meristele has its own endodermis and pericycle. The centre is occupied with xylem 

which is completely surrounded by phloem on all its sides. 
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T.S. of rachis: 

1. The section appears horse-shoe shaped. 

2. It shows epidermis, hypodermis, ground tissue and the stele. 

3. Epidermis is made of single layer of thickly cuticularised cells. 

4. Hypodermis lies below the epidermis. The cells are sclerenchymatous. 

5. Cortex is the parenchymatous region extending throughout the section is called 

ground tissue or cortex. 

6. Stele is situated in the ground tissue which is U-shaped or horse-shoe shaped stele. 

7. Single layered endodermis surrounds the stele followed by a few layered pericycle. 

8. Xylem and phloem is centrally located. Xylem surrounded by phloem on all sides. 

9. The structure of the stele differs at various levels of rachis. 

i. In younger parts, there is a single U-shaped stele. 

ii. Little above the base, the U-breaks at thebottom, thereby producing two steles. 

iii. In mature parts, dissection of the stele results in many meristeles. 

 

Structure of the sporophyll: 

1. The leaf bearing sori is called sporophyll. 

2. The sporangia are present on the lower side of mature pinnae. These occur in groups 

called sori. 

3.  Sori are superficial and form definite rows, one on either side of the vein. 

4. The sorus appears semi-rounded, and arises at the tip of the veinlet. 

5. The sori are indusiate. The indusium is reniform (kidney-shaped), roundish or sub-

orbicular. 

6. Each sporangium has a stalk and a capsule. 

7. The stalk is long, slender and multicellular. 

8. The wall of sporangial capsule is one celled thick. A ring of thick walled cells called 

anulus is present. A few thin walled cells forming stomium are situated in the ring. 

9. The capsule wall encloses 32 or 64 spores. All the spores are similar, the fern being 

homosporous. 



F. Y. B. Sc. (Botany) New Syllabus (June-2013) 
 

Department of Botany, Abasaheb Garware College, Karve Road, Pune - 4 Page 65 
 

Systematic position:  

Division  : Pteridophyta 

1. Plant body differentiated into stem, root and leaves 

2. A definite vascular strand present.  

Sub-division  : Pterophyta  

1. Vascular  cylinder  siphonostele/dictyostele 

2. Plants macrophyllous with large leaf gaps 

3. Leaves bear sporangia in sori 

4. Gametophytes small, green and free-living.  

Class  :  Leptosporangiatae 

1. Sporangial wall one-celled thick 

2. Number of spores per sporangium definite.  

Order   : Filicales  

1. Mixed sori.  

Family  : Polypodiaceae  

1. Annulus  of sporangium  vertical 

2.  Each sporangium with 32-64 spores.  

Genus  : Nephrolepis   

1. Leaves unipinnate with articulate orpouch   like   base 

2. Sori   distinct   and   enclosed   byindividual indusium 

3. Indusium true. 

 

List of figures: 

 Fig 12.1 – Habit  

 Fig 12.2 – T. S. of Rachis 

Fig 12.3 – T. S. of Rhizome 

Fig 12.4 – T. S. of Root 

Fig 12.5 – Structure of sporophyll 
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Practical No.13  

STUDY OF OF CYCAS 

 

Morphololgy of the plant:  

Plant body is sporophyte which is differentiated into an underground root system, which is 

distinguished into an erect stem and a crown of leaves. 

 

External features: 

1. The young stem is almost tuberous but when grows old, it becomes thick, columnar 

and unbranched (Branching is rare and is caused due to injury, etc.). The trunk is 

covered by persistent leaf bases. 

2. Leaves: The stem bears a terminal group of leaves which are dimorphic (i.e. of two 

types) (i) foliage leaves (green assimilatory fronds) and (ii) scale leaves (brown and 

hairy). These leaves alternate with one another. 

3. Young foliage leaves are circinately coiled and are covered with ramenta (hairs). 

4. Mature leaves are spirally arranged and pinnately compound. Each leaf has about 80-

100 pairs of pinnae that are closely arranged, opposite one another on the rachis with 

a decurrent base. Each pinna is tough, leathery and entire with a definite midrib but no 

lateral veins. 

5. Scale leaves are small, simple, brown with aborted lamina and covered with hairs. 

These leaves cover the apex and young developing foliage leaves. Scales are also 

persistent, like leaf bases. 

6. Reproductive organs: Cycas is dioecious and, as such, bears terminally, either male 

cone or female reproductive structures. 

7. The male cone is borne terminally at the apex of the stem and the further growth of 

the stem continues by axillary bud (developed at the base of the cone) which pushes 

the male cone on one side. The branching in Cycas stem is thus referred to as 

sympodial. 

8. The female reproductive structures are the sporophylls developing in place of foliage 

leaves. The vegetative apex continues to grow as usual. 

9. The sporophylls are smaller than the foliage leaves. They are brown or light brown in 

colour and are densely covered with wooly hairs i. e. ramenta. 
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Anatomy of coralloid root:  

The structure is almost similar to that of a normal root. It consists of epiblema, differentiated 

cortex and vascular tissues. 

1. Epiblema is outer most and single layered. 

2. The cortex is divisible into three regions outer, middle and inner. These are similar in 

size. Cortex parenchymatous. The middle cortex is also called algal zone. The cells 

are radially elongated. A blue-green alga Anabaena cycadae occurs endophytically in 

these cells. It is believed to be symbiotic and helps in nitrogen fixation. 

3. Endodermis separates cortex and vascular tissues. It is single layered.  

4. Pericycle lies below the endodermis. It is multi layered.  

5. Vascular bundles are radial and xylem is triarch and exarch. Secondary growth is   

generally absent; if present, it is verry less. 

 

Anatomy of leaflet (pinna): 

The leaflet shows a distinct midrib and the wings. 

1. The midrib is swollen, while wings on the lateral sides are narrower and flattened, (i)   

In C. revoluta midrib is less projected than in C. circinalis, where it is much projected 

on the upper side. (ii)   Margins of wings are revolute in C. revoluta, and C. beddomei 

while they are straight in C. circinalis, C. rumphii, C. pectinata and C. siamensis. 

2. Upper epidermis is present on the upper side. It is thickly cuticularized and single-

layered. 

3. Hypodermis is present below the epidermis. It is sclerenchymatous. (i)  In C. 

revoluta, hypodermis is present in the midrib (near both upper and lower epidermis) 

and wings (below the upper epidermis). (ii)   In C. circinalis, hypodermis in the 

midrib region is present on both the sides (upper and lower) while in the wings, it 

occupies only the corners, being absent from rest of wings. 

4.  Mesophyll lies below the hypodermis and is well developed. It is differentiated into 

upper palisade layers and lower of spongy parenchyma. (i)   In C. revoluta, palisade is 

present beneath the hypodermis, both in the midrib and the wings. (ii)   In C. 

circinalis palisade is absent from the midrib region. 

5. Spongy parenchyma with many intercellular spaces lies immediately above the 

lower epidermis. 

6. Transfusion tissue. On either side of the centripetal metaxylem of mid rib bundle and 

somewhat connected with it, are present two tracheid like cells transfusion tissue. 
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7. Accessory transfusion tissue. Between the palisade and spongy parenchyma cells, 

there are 3 or 4 layers of tracheid-like, long colourless cells which run transversely 

from the midrib to near the margin of the lamina. This is known as accessory 

transfusion tissue. It is connected with the xylem of the vascularbundle   of   midrib   

through   the   transfusion tissue. 

8. Lower epidermis bounds the leaflet from lower side. It is thickly cuticularized and 

single layered. Sunken stomata are found in the lower epidermis in the midrib region. 

9. Stomata are very much sunken in the lower epidermis in C. revoluta, while they are 

not so much sunken in C. circinalis. 

10.  Midrib bundle. In middle of the swollen portion representing the midrib lies a single 

vascular bundle surrounded by parenchymatous tissue (with calcium oxalate crystals). 

Vascular bundle has a definite and thickened, parenchymatous bundle sheath. 

11. The vascular bundle is similar in all respects to that found in the upper region of the 

rachis. It is conjoint, collateral, and diploxylic. 

12. Phloem lies towards the abaxial (lower) side. In between xylem and phloem, 

cambium is present. 

13. Xylem: It shows a large, triangular patch of centripetal xylem and two small groups 

of centripetal protoxylem. 

 

Distinguishing features:  

1. Lateral veins are absent. 

2. Thickly cuticularized upper and lower epidermis. 

3. Sunken stomata in the lower epidermis. 

4. Presence of transfusion tissue. 

5. Diploxylic nature of vascular bundle. 

 

External features of male cone (Microsporophyll):  

1. The male cone is terminal, shortly stalked, brown coloured, compact, large and oval 

or conical in shape and consists of a central cone axis around which numerous 

microsporophylls are spirally arranged. (Since the male cone terminates the growth of 

the apex of male plant, a lateral bud later grows and takes over the continuation of 

growth of apex. The male plant thus shows sympodial growth). 

2. The outer covering of the male cone is formed by closely set sterile ends of the 

microsporophylls usually possessing upcurved apices, apophysis. 
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L.S. of the male cone: 

1. The L.S. shows stalk and the cone. 

2. Male cone is attached at the apex of the plant by a stout and broad stalk. 

3. The cone itself consists of a central cone axis with many microsporophylls. 

4. Each microsporophyll is attached to the cone axis. The part of microsporophylls away 

from the axis is upcurved and is called apophysis. 

5. The upper surface of the microsporophyll is sterile. 

6. The lower surface of the microsporophyll is fertile and bears many microsporangia in 

groups (sori). 

7. Microsporophylls in the middle part of the cone are largest and get gradually smaller 

towards the base and the apex. 

8. A single microsporophyll is woody, more or less horizontally flattened and triangular 

structure. 

9. It is differentiated into a fertile and sterile part. Fertile part is wedge-shaped and is 

expanded distally from a narrow point of attachment. Sterile part is the distal part of 

the microsporophyll which tapers into an upcurved apophysis. 

10. Lower (abaxial) surface of the fertile part of the microsporophyll bears   

microsporangia in groups of 3-4, forming definite sori.  

11. Microsporangia   are   arranged in   sori   around central papilla. Sporangia show 

radial lines of dehiscence. Many hairs are distributed on this surface mixed with 

sporangia. 

12.  The section shows microsporangia attached to the abaxial (lower) surface by their 

short stalks. 

13.  A mature microsporangium has three layered wall. The outermost layer is thick and 

cutinized, termed as exothecium. The remaining inner layers are thin and are 

collectively known as endothecium and enclose a tapetum. 

14. Numerous microspores remain enclosed inside the wall of the microsporangium. 

15. In   the   microsporophyll   are   present   many mucilage ducts, regularly scattered, 

among the rounded mesophyll-like cells forming the tissue of the sporophyll.  
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External features of female cone (Megasporophyll): 

1. Female reproductive body consists of megasporphylls arranged spirally and arising in 

acropetal succession on the stem. 

2. Megasporophylls appear as a rosette or a crown, leaving the apical meristem 

unaffected to grow further. A crown of megasporophyll is formed each year. 

Numerically they are more than the leaves. 

3. They leave their persistent bases on the stem. 

4. Each megasporophyll is leaf-like and densely covered with brown hairs. It varies in 

size from 6 to 12 inches. 

5. Each megasporophyll is distinguished into a proximal (lower) petiole, a middle ovule 

bearing portion and a distal (upper) pinnately dissected sterile part. 

6. The nature of upper sterile part varies with species. (i) In C. revoluta, the upper part is 

very much dissected, forming many pinnae, (ii) In C. rumphii, the upper part bears 

only short spines which represent reduced pinnae, (iii) In C. circinalis, the pinnate 

character is altogether absent and upper part shows only dentate or serrate margins. 

7. The middle portion of sporophyll bears ovules which are borne in two rows, one on 

either side. The ovules of the two rows may be opposite or alternate. 

8. Ovules are generally yellow or orange or dark green coloured, shortly stalked, oval 

and smooth. Number and size of the ovules differ from species to species. (i)   In C. 

revoluta, ovules are many and orange coloured, (ii)   In C. circinalis also, they are 

numerous, but these are dark green and attain a large size, (iii)   In C. siamensis, the 

number of ovules is reduced to only two and (iv)   In  C. thouarsii,  the  ovules 

become  still larger and may be that they are the largest ovules in the plant kingdom.  

9. All the ovules do not develop fully. Some of those   which remain unpollinated and 

small, finally aborts. 

 

L.S. of mature ovule: 

1. The section shows that the ovule is orthotropous. 

2. It is unitegmic (possesses a single integument). The integument is very thick. It 

remains fused with the nucellus except for the nucellar beak leaving a small and 

narrow micropyle. 

3. The integument consists of three distinct layers-an outer fleshy layer, middle stony 

layer and an inner fleshy layer. The outer and inner fishy layers are supplied with 

vascular strands but the middle stony layer receives no vascular supply. 
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4. The nucellus lies just below the integument and forms a nucellar beak in the region of 

the micropyle. 

5. A few cells of this nucellar beak dissolve themselves and form a pollen chamber that 

lies in the tissue in the central region of the beak. 

6. Female gametophyte. The innermost region of the ovule is filled with the tissue of 

female gametophyte, wherein lie two archegonia, situated opposite the pollen 

chamber. 

7. Archegonial chamber: Just above the archegonia is the archegonial chamber. 

8. Micropyle: The orange coloured, fleshy ovules are oval in shape and each shows a 

small point at the distal end which represents the remnant of the micropyle. 

 

L. S. of seed: 

1. It shows seed coat, nucellus, embryo and the female gametophyte. 

2. Seed coat consists of sarcotesta (from outer fleshy layer of integument), and middle 

sclerotesta (from middle stony layer). The inner fleshy layer of the integument 

appears as thin and papery structure in the seed. 

3. Nucellus is papery and is situated inside the seed coat. 

4. Endosperm and female gametophyte form the inner part of seed. 

5. A straight embryo remains embedded in the endosperm. It has two unequl 

cotyledons. 

 

Systematic Position: 

Division : Gymnosperms. 

1. Absence of vessels. 

2. Ovules naked. 

3. Seeds attached with woody scales. 

4. Scales generally form a cone. 

Class  : Cycadophyta.  

1. Wood manoxylic. 

2. Large frond-like leaves.  

3. Seeds with radial symmetry. 
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Order  : Cycadales  

1. Plants woody, stem unbranched. 

2. Wood manoxylic. 

3. Pressence of mucilage canals. 

4. Leaf trace diploxylic. 

5. Dioecious plants. 

6. Ovules orthotropous. 

7. Sperm with band of flagella. 

Family  : Cycadaceae.    

1. Leaves   with   circinate   vernation. 

2. Presence of coralloid roots and endophytic blue green 

algae. 

3. Megasporophylls foliar. 

Genus  : Cycas.  

1. Two types of leaves. 

2. Foliage leaves pinnately compound, circinately coiled when 

young. 

3. Presence of trasfusion tissue and diploxylic vascular bundle 

in leaf. 

4.  Secondary xylem in stem manoxlic. 

5. Two types of roots. 

6. Vascular bundles arranged in an inverted omega-shaped 

manner in the rachis. 

7. Male cone large and single. 

 

List of figures: 

Fig 13.1 – Habit  

Fig 13.2 – T.S. of leaflet (Pinna) 

Fig 13.3 – Coralloid Root,  

      T.S. of Coralloid root 

Fig 13.4 – Male cone (Microsporophyll) 

Fig 13.5 – L.S. of male cone 

Fig 13.6 – Microsporphyll 

Fig 13.7 – Microsporangia in sori 

Fig 13.8 – Female cone (Megasporophyll) 

Fig 13.9 – L.S. of mature ovule 

Fig 13.10 – L.S of seed 
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Practical No. 14 

STUDY OF PLANT RESOURCES IN INDUSTRIES 

 

Aim: Study of plant resources in industries: food, fodder, fiber, medicine, timber and gum.  

 

Definition: Any material may be termed as a ‘Resource’ provided that an appropriate 

technology is available to transform that into more valuable goods. 

From human standpoint, a resource is anything obtained from the environment to meet 

human needs and wants. e.g. Food, Water, Shelter, Manufactured goods, etc. 

 

Plant resources and their products: 

A) Food: Many plants or plant parts are utilized as food. They contain essential nutrients 

such as carbohydrates, fats, minerals, calcium, protein, amino acids, vitamins etc. There are 

around 2,000 plant species which are cultivated for food. Plants provide food in the form of 

root vegetables (potatoes and carrots), bulbs (onion), leaf vegetables (spinach and lettuce), 

inflorescence vegetables (cabbage and broccoli), different edible fruits (lemon, apple, guava), 

seeds (cereals, legumes, nuts) etc. 

e.g.: Spinach (Spinacia oleracea, L.) 

Spinach is an edible flowering plant from the family Amaranthaceae. It is an annual plant 

(rarely biennial), which grows to a height of up to 30 cm. The leaves are alternate, simple, 

and very variable in size with larger leaves at the base of the plant and small leaves higher on 

the flowering stem. The flowers are inconspicuous, maturing into a small, hard, dry, lumpy 

fruit cluster containing several seeds. 

Uses: 

1. Spinach has a high nutritional value and is extremely rich in antioxidants, especially 

when fresh, steamed, or quickly boiled.  

2. It is a rich source of vitamin A, vitamin C, vitamin E, vitamin K, magnesium, 

manganese, vitamin B2, calcium, potassium, vitamin B6, folic acid, copper, protein, 

phosphorus, zinc, and omega-3 fatty acids.  

3. Polyglutamyl folate (vitamin B9 or folic acid) is a vital constituent of cells, and 

spinach is a good source of folic acid.  
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B) Fodder: In agriculture, fodder or animal feed is any foodstuff that is used specifically to 

feed domesticated livestock such as cattle, goats, sheep, horses, chickens and pigs. It includes 

hay, straw, silage, compressed and pelleted feeds, oils and mixed rations, and also sprouted 

grains and legumes. 

e.g.: Alfalfa (Medicago sativa, L.) 

It is a flowering plant belongs to family Fabaceae, cultivated as an important forage crop. It is 

known as Lucerne grass in India. The plant grows upto 1 metre. It has purple flowers. Like 

other legumes, its root nodules contain bacteria, Sinorhizobium meliloti, with the ability to fix 

nitrogen. 

Uses: 

1. Alfalfa is widely grown throughout the world as forage for cattle and is most often 

harvested as hay, but can also be made into silage, grazed, or fed as greenchop.  

2. Its primary use is as feed for dairy cattle, and secondarily for beef cattle, horses, 

sheep, and goats.  

 

C) Fiber: It is a class of materials that are continuous filaments or are in discrete elongated 

pieces, similar to lengths of thread. They are very important in the biology of both plants and 

animals for holding tissues together. It is a soft, staple fiber that grows around the seeds of 

the cotton plant. The fiber consists of nearly pure cellulose, a natural polymer. The cellulose 

is arranged in a way that gives cotton fibers a high degree of strength, durability, and 

absorbency. Each fiber is made up of twenty to thirty layers of cellulose coiled in a neat 

series of natural springs.  

e.g. Cotton (Gossypium spp.) 

Uses: 

1. Cotton is used to make a number of textile products. These include terrycloth, used to 

make highly absorbent bath towels and robes; denim, mattresses, etc. 

2. In addition to the textile industry, cotton is used in fishnets, coffee filters, tents, 

gunpowder, cotton paper, and in bookbinding.  

 

D) Medicinal Plants: Plants that contain the secondary metabolites which can be considered 

as the active principles for therapeutic uses.  

Plant is native to India and belongs to Family Euphorbiaceae. It is a perennial, deciduous 

tree; grow upto 10-15 m. The branches bear two regular rows of simple, stipulate leaves; 
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pinnately compound with numerous leaflets. The fruit is green at first changing to light 

yellow or brick red in colour. There is great variation in size and taste of the raw fruit.  

e.g Amla (Emblica officinalis)  

Uses:  

1. Key Active Constituents of fruit: Emblicanin A and B, Puniglucanin, Pedunculagin, 

2-keto-gluconolactone (Vitamin-C equivalents), Ellagic acid, Hexahydroxy-diphenic 

acid and conjugates. 

2. The pulpy portion of fruit, dried and free from the nuts contains: Gallic acid, tannin, 

sugar, gum, albumin, crude cellulose, mineral matter and moisture. 

3. Its uses include as laxative, eye wash, appetite stimulant, restorative tonic and to treat 

anorexia, indigestion, diarrhea, anemia and jaundice. 

4. It is also used in the preparations of chyawanprash. 

 

E) Timber: 

It is a genus of tropical hardwood trees from the family Verbenaceae. They are large trees, 

growing to 30-40 m tall, deciduous in the dry season, leaves elliptic or obovate. Inflorescence 

very large, panicle, long; flowers-small, white; fruit-hard nut. 

Nature of Wood: Moderately hard, strongly and characteristically scented containing oil 

which is the preservative, sap wood white usually small, heart wood dark golden-yellow 

turning dark brown to black with age; annual rings marked by one or more lines of regularly 

arranged pores. In the rest of the wood the pores are scattered and scanty; medullary rays 

slightly broad, numerous giving a nice silver grain of elongated plates; pith is large and 

quadrangular. 

e.g Teak (Tectona grandis, L.) 

Uses:  

1. Teak wood is very durable and hence it is an important timber of the tropics. This is 

due to the outstanding quality of the seasoned teak timber which does not shrink, 

crack or alter its shape. 

2. The wood takes fine polish and does not corrode in contact with metals. 

3. It is used for a variety of uses as for example ship building, boats, in the construction 

of houses, bridges, for the interior construction of railway compartments, railway 

sleepers, and for the construction of agricultural implements like ploughs etc. 

4. It is used for a variety of house hold furniture like tables, chairs, sofas, doors, and 

class room desks, boards etc. 
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5. Teak is easily worked and has natural oils that make it suitable for use in exposed 

locations, where it is durable even when not treated with oil or varnish.  

6. It is very resistant to termite attacks.  

 

F) Gum: Gum arabic, a natural gum is the hardened sap taken from two species of the Acacia 

tree, Acacia senegal and Acacia seyal. Gum arabic is a complex mixture of saccharides and 

glycoproteins, which gives it its most useful property i.e. perfectly edible. 

It is a tree from family Leguminoseae-Mimoseae, 5-20 m high with a dense spheric crown, 

stems and branches usually dark to black coloured, fissured bark, grey-pinkish slash, exuding 

a reddish low quality gum. The tree has thin, straight, light, grey spines in axillary pairs, 

usually in 3 to 12 pairs, mature trees commonly without thorns. The leaves are bipinnate, 

with 3-6 pairs of pinnulae and 10-30 pairs of leaflets each. Flowers in globose heads, bright 

golden-yellow colour. Pods are strongly constricted, hairy, white-grey, thick and softly 

tomentose. 

e.g. Acacia arabica 

 

Uses:  

1. It is used primarily in the food industry as a stabilizer, also used as viscosity control in 

inks.  

2. Used for printing, paint production, glue, and industrial applications, used as an 

ingredient in foodstuffs. 

3. It is an important ingredient in soft drink syrups, chocolate candies and chewing 

gums.  

4. Used as binder in watercolor paint and in photography for gum printing.  

5. Used in Pharmaceuticals, cosmetics and ayurvedic preparations. 

6. Used as a water soluble binder in firework composition. 

7. It is an important ingredient in shoe polish.  

8. Often used as a lickable adhesive on postage stamps and cigarette papers.  

9. It reduces the surface tension of liquids, which leads to increased fizzing in 

carbonated beverages.  
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Practical No. 15 

ARTIFICIAL PLANT PROPAGATION 

 

Aim: Study of artificial plant propagation methods. 

 

A. Stem Cutting:  

Principle: Cutting is very common and the most important method of vegetative 

propagation. Parts of the plant which are capable of producing roots and shoots after 

inserting in the soil are used for cutting. It makes use of totipotency as an inherent 

property of plant cells. Cuttings are always taken from healthy plants. There are three 

subtypes of stem cutting namely softwood cutting, semi-hardwood cutting and hardwood 

cutting. 

Requirements: Sharp cutting knife, secateur, earthen pots or polythene bags, soil, rooting 

medium, water can etc. 

Plant material: Rose twig, Hibiscus twig 

Procedure: 

1. The cutting should be preferably about one year old and should be mature. 

2. Early morning is the best time for performing cuttings. 

3. The shoot of the selected plant is cut about 9-12 inches long and about 1cm thick. 

4. The upper circular cut is given slightly above the upper node and the lower slanting 

cut is given slightly below the lower node. 

5. Each cutting must have two to three nodes having vigorous buds. The upper leaves 

are kept intact and all the other leaves are removed to avoid excessive transpiration 

and drying of the cutting. 

6. The lower end of the cutting is dipped in root growth hormone solution. 

7. The two third portion of the twig is planted in soil with the slanting portion in the pot. 

8. The cutting is watered regularly after planting. 

9. The high humidity is maintained by covering the pot around the cutting. 

10. Cuttings are generally done for propagating Acalypha, Geranium, Coleus, Grape etc.  
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B. Air Layering (Gootee): 

Principle: Layering is the development of adventitious roots on a stem while it is still 

attached to the parent plant (i.e. development of roots in situ). The rooted branches are 

then detached and function as new individual plants. 

Requirements: Sharp grafting knife, polythene sheet, rooting medium, secateur, moss, 

string, etc. 

Plant Material: Acalypha twig, Guava twig 

Procedure:  

1. One or two year old shoot is selected for layering. 

2. The leaves of the selected shoot branch are removed. 

3. 2-3 cm wide bark of the stem is removed below the bud in a ring. 

4. The rooting medium is applied to the ringed portion. 

5. The ringed and the adjacent part of the stem are covered with moist moss and 

wrapped with a polythene sheet. 

6. Both the ends of the polythene sheet are tied with strings. 

7. When enough adventitious roots are visible through the plastic sheet, the stem is 

detached from the parent plant and planted in a pot having rooting medium. 

8. Air layering is generally done for propagating Ficus, Pomegranate, Guava, Mango 

etc. 

 

C. Grafting:  

Principle: 

1. In grafting a branch or a shoot of one plant is inserted into the root system of another 

plant and both unite to grow as one plant. 

2. The branch or shoot that is inserted is called scion and the lower portion of the graft is 

called as root stock. 

3. The stock and scion are placed intimately so that the vascular cambiums of both 

organs come in close contact and ultimately unite. 

4. Grafting is done to improve the plant in its multiplication for its useful characters. 

Requirements: Sharp grafting knife, secateur, polythene sheet, string, grafting wax etc. 
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· Approach Grafting:  

Plant material: Mango 

1. Two independent plants having their own root system are grafted together. 

2. The chances of success in this grafting are maximum. 

3. One of the plants is selected as stock and another as scion where the thickness of the 

branches to be approached or grafted must be of equal thickness. 

4. A thin slice of bark and wood (up to phloem) is removed from the stock and from the 

scion at their approachable junctions. 

5. The exposed cambium layer of scion and stock should then be placed closely without 

any air gap. 

6. The scion and stock are tied with jute or polythene tape and grafting wax is applied at 

the joints. The union is complete, within 2 to 3 months. 

7. The upper portion of root stock is cut after the union. The scion should also be 

detached from the parent plant i.e. below the graft.   e.g. Mango, Jack fruit, Custard 

apple. 

 

D. Budding: 

Principle: 

1. Budding is form of grafting in which a single vegetative bud is taken from one plant 

and inserted into stem of another rooted stock. So that the two unite and grow as one 

unit. 

2. It is a quick and efficient method practiced mostly in ornamental, flowering plants.  

Requirements: Sharp budding knife, secateur, polythene sheet, string etc. 

 

· T budding or Shield budding:  

Plant material: Rose 

1. ‘T’ like cut is given on the stock; and it is also called shield budding because scion 

(bud) looks in appearance like shield. 

2. A vertical cut is of 2.5 cm long is made on the root stock, with the help of a budding 

knife. Then a horizontal cut a cross the top at right angle to the first cut is made that 

resembles like ‘T’. 

3. Two flaps of the bark can be lifted to this cut by twisting the knife to insert the shield 

bud. 
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4. The scion is selected from an improved variety branch of current year growth. 

5. The bud is removed by a shallow cutting or scooping and is placed or inserted inside 

the flap at ‘T’ cut on the stock. 

6. The union is wrapped by a polythene strip keeping the tip of the bud exposed to air. 

7. In 3 - 4 weeks when the bud unites with the stock and starts growing, then polythene 

strip is removed. 

 
List of figures: 

Fig. 15.1 Stem cutting 

Fig. 15.2 Air layering 

Fig. 15.3 Approach grafting 

Fig. 15.4 T- budding 
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Practical No. 16 

PLANT TISSUE CULTURE TECHNIQUES 

 

Aim: Study of plant tissue culture techniques. 

Principle: 

Plant tissue culture (Micropropagation) is a collection of techniques used to maintain or grow 

and multiply plant cells, tissues or organs in-vitro that is under sterile, aseptic controlled 

conditions on a artificial nutrient culture medium of known composition. 

The basic principle of tissue culture is the Totipotency. The ability of a living plant cell to 

form an entire plant is called totipotency. 

 

Important terms: 

· Explant: A tissue isolated from intact plant inoculated on medium to initiate the 

culture is called explant. 

· Callus: A mass of undifferentiated and unorganized cells obtained from the explant is 

called callus. 

· Inoculation: The method of insertion of the explant onto the sterile culture medium 

aseptically is called inoculation. 

 

Requirements: 

a) Glassware: Test tube bumper without rim (50ml), petriplates, measuring cylinders 

(various capacities), coupling jars, conical flasks (100ml, 250 ml, 500 ml, 1000 ml), 

beakers, pipettes, glass rods etc. 

b) Instruments / Equipments: Hot air oven, autoclave, refrigerator, incubator, digital 

balance, distillation unit, hot water bath, pH meter, laminar clean air flow cabinet, spirit 

lamp, large blunt forceps, surgical blade with blade holder, test tube holder, scalpel, 

needle, bent scissor, plastic trays etc. 

c) Chemicals: Distilled water, liquid detergent, 0.1% aqueous HgCl2 , rectified spirit, 

absolute alcohol, sources of micronutrients and macronutrients, vitamins, growth 

regulators, sources of carbohydrates and proteins, agar powder, and other relevant 

chemicals. 

d) Miscellaneous: Match box, brown paper, aluminium foil, micropipette, muslin cloth, 

absorbent and non-absorbent cotton, rubber band, cotton plugs, pH paper etc. 
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Technique:  

I) Cleaning and sterilization of glassware: 

1. Soak the glassware and equipments in detergent solution (teepol) for about 4 to 5 

hours. 

2. Wash it thoroughly under running water followed by rinsing with distilled water. 

3. Keep it in the hot air oven for about 1 – 2 hours at 100o-120o C temperature and 

store in dust-free containers. 

4. Prepare cotton plugs with the help of muslin cloth and non-absorbent cotton. 

5. Plug the test tubes, conical flasks by using cotton plugs and then cover by 

aluminum foil and finally wrap with the brown paper in bundles. 

6. Cover the equipments like needle, forceps, scalpels etc. with brown paper. 

7. Autoclave the wrapped glassware and equipments at 15 lb/inch2 for 20 min at 

121oC. 

 

II) Preparation and Sterilization of the Nutrient Medium: 

Nutrient medium is a mixture of all required nutrients required for plant growth in proper 

concentrations and proportions. Nutrients are the substances that are absorbed, 

assimilated and utilized in building up of the plant body. The standard nutrient medium 

used for tissue culture is MS medium i.e.  Murashige and Skoog’s medium. It contains 

micronutrients, macronutrients, iron source, vitamins, growth regulators and carbon 

source in the form of sucrose or D-glucose and distilled water. Agar is an inert substance 

obtained from red algae (e.g. Gelidium). It is used as a solidifying or gelling agent having 

low melting point. 

1. First prepare stock solutions for all the micronutrients, macronutrients, vitamins, and 

growth regulators needed for preparation of MS medium. 

These are stored in refrigerator for at the most 3 months, while only one month for 

growth regulators. 

2. These are then mixed in proper proportions and sequence to prepare one litre MS 

medium. 
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1. Preparation of stock solution:  

Following stock solutions are to be prepared & stored at low temperature in refrigerator. 

A) MACRONUTRIENT STOCK SOLUTION 

Ingredient Stock (gm) 

NH4NO3 16.5 g 

KNO3 19 g 

CaCl2.2H2O 4.4 g 

MgSO4.6H2O 3.7 g 

KH2PO4 1.7 g 

 

Dissolve the following chemicals one by one in distilled water and make final volume 

1000 ml with D.W.  

Label the solution as Stock solution A with date of preparation. 

B) IRON STOCK  

Iron stock Stock (mg) 

Na2 EDTA 373 

FeSO4. 7H2O 278 

 

Dissolve the quantity of Na2EDTA in little amount of D.W. then add a quantity of 

FeSO4.7H2O. Yellow colour solution is formed. Make final volume 100 ml with D.W. 

This stock is also called “Iron Chelate”. 

Label the solution as Stock solution B with date of preparation and store it in a dark 

bottle at 0o to 4o C in refrigerator.   

C) MICRO-NUTRIENT STOCK  

Micro-nutrient stock Stock (mg) 

MnSO4.4H2O 223 

ZnSO4.4H2O 86 

H3BO3 62 

KI 8.3 

Na2MO4.2H2O 0.25 

CuSO4.5H2O 0.25 

COCl2.6H2O 0.25 
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Dissolve the following chemicals one by one in distilled water and make final volume 

1000 ml with D.W.  

Label this solution as Stock solution C with date of preparation. 

D) VITAMIN STOCK  

Vitamin stock Stock (mg) 

Nicotenic acid 5 

Pyredoxin – HCl 5 

Thiamine – HCl 1 

Glycine 20 

Myoinositol 1000 

 

The following chemicals are dissolved one by one in distilled water and make final 

volume 100 ml with D.W.  

This solution is labeled as Stock solution D with date of preparation. 

 

E) GROWTH REGULATORS  

Cytokinins – kinetin and /or auxins are added to the medium if necessary. Dissolve 

100 mg of kinetin in 100 ml of distilled water to prepare stock solution. Similarly 

prepare stock solution of IAA by dissolving 100 mg in 100 ml distilled water. The 

stock solutions are stored in refrigerator for one month only. 

 

2. Preparation of MS medium from stock solution: 

1. Take 600 ml distilled water. Add the following stock solutions one after the other 

with stirring: 

i. 100 ml of macronutrient stock solution A. 

ii. 10 ml of Fe-EDTA stock solution B. 

iii. 10 ml of micronutrient stock solution C. 

iv. 10 ml of vitamin stock solution D. 

2. Dissolve 30 gm of D-glucose in 200 ml distilled water and mix it with the above 

solution. 

3. Make the final volume one litre by adding distilled water. 

4. Add 6 – 10 gm of agar as solidifying agent. 

5. Adjust pH at 5.8 by adding 0.1 N NaOH / 0.1 N HCl. 
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6. Sometimes, little quantity of antibiotics can also be mixed with the medium to avoid 

fungal or bacterial contamination. 

 

3. Sterilization of the culture medium: 

The nutrient medium before its use has to be sterilized. 

1. Pour the nutrient medium in pre-sterilized conical flasks properly by using glass 

funnels. Seal it by using non-absorbent cotton plugs and wrap it with aluminium foils. 

2. Autoclave the culture flasks for continuous 20 min under constant pressure of 15 

lb/inch2. This is called steam sterilization. At this pressure, temperature of steam goes 

up to 121oC at which all the microbial contaminants present get killed.   

3. After cooling the autoclave remove the culture flasks. 

4. Add 1 ml of stock solution of growth regulators, if necessary. 

5. Dispense the sterilized medium in pre-sterilized test tubes aseptically in the laminar 

air flow cabinet. Such culture tubes are also cotton plugged.  

III) Preparation of an explant: 

An explant is a plant material to be used for culturing. The explant can be an embryo / 

nodal sector / bud meristem. The explant has to be sterilized before its use. 

a) Selection of Plant material. 

i) Select the plant parts from healthy, disease-free plants preferably grown under 

garden conditions. 

ii) Detach plant part(s) using a sharp blade. 

iii) Collect in clean and moist polythene bags or glass containers. 

b) Surface sterilization  

i) Wash the explant under running tap water. 

ii) Rinse it in 70% ethanol for 30-60 seconds. 

iii) Wash it again with distilled water. 

iv) Treat it with commercial chlorine water (chlorogen, Kilton and Saaf) containing at 

least 1% aqueous solution of HgCl2 (mercuric chloride), for 5-10 minutes. Ensure 

that the explants sink in the solution by agitating the container. The above steps 

should be followed in dust free room. 

v) Handle such material under aseptic conditions for subsequent manipulations. 

IV) Inoculation of the explant: 

Inoculation is the transfer of the explant to the nutrient medium under aseptic conditions. 

Aseptic manipulations including transfer are carried out in specially designed inoculation 
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hood or laminar clean air flow cabinet. Inoculation hood has a glass or stainless steel 

floor. It is internally equipped with ultraviolet (UV) light and day-light fluorescent tubes. 

i) Wipe the floor of the hood with rectified spirit. 

ii) Place culture vessels (medium), inoculation equipment, sterile distilled water (SDW), 

sterile Petri dishes, spirit lamp and sterile beakers etc. inside the hood. 

iii) Close the windows and switch on the UV light for at least 20 minutes. This will kill 

all the microbes in the cabinet. Five minutes after switching off the UV tube, switch 

on the fluorescent light tube. 

iv) Then open the window and switch on the HEPA flow. Clean both the hands and wipe 

quickly with rectified spirit and allow it to dry. Light the spirit lamp. 

v) Wash the plant material with sterile distilled water at least three times under the hood.  

vi) Dissect out the required explant from plant material in a Petri dish. Flame the 

dissecting instruments before use. 

vii) Remove the plug of culture vessel over the flame. Quickly transfer the explant onto 

the medium and replace the plug. 

viii) After the inoculation is over, put off the spirit lamp. Remove the inoculated culture 

tubes from the cabinet. Wipe the floor of hood with rectified spirit. 

xi) Label the culture tubes mentioning name of the explant, date of inoculation, medium 

used and investigator’s name. 

Precautions:  

1. Avoid spilling liquids in the inoculation hood. 

2. Carry out the operations nearly and carefully to avoid accidental fire  

(Rectified spirit and cotton are highly inflammable). 

3. Label the culture vessels and keep the record as follows : 

Material________________________________________________________________________ 

Medium _____________________________________________________________________ 

pH ____________________________________________________________________________ 

Date of Preparation _______________________________________________________________ 

Date of Culture/Sub Culture/Transfer _________________________________________________ 

Culture Nos. ____________________________________________________________________ 

Expt. No. _______________________________________________________________________ 

Replicate No. ___________________________________________________________________ 

Investigator_____________________________________________________________________ 

Results_________________________________________________________________________ 
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V) Incubation: 

i) Transfer the culture vessels (with explant) to incubation chamber/culture room. 

ii) Arrange the culture vessels on culture stands or racks, orbital shakers or rotary shakers as 

required. 

iii) Adjust the intensity of light as required and temperature around 25o C. 

iv) Observe the culture periodically and remove the contaminated cultures if any. 

v) Record the changes in the explant and proceed as required for specific experiment. 

The incubation chambers are usually maintained at 25 + 10o C. Intensity and duration 

of light is adjusted as per requirement. Day light fluorescent tubes are employed as source 

of light 

 

Plant Tissue Culture Technique 

 

Clean the glassware using liquid detergent like teepol 
 

Wash the glassware thoroughly with tap water and then with distilled water 
 

Dry them in hot air oven 
 

Autoclave the glassware at 121o C for 20 min. 
 

Preparation and sterilization of nutrient medium 
 

Preparation and sterilization of an explant by using HgCl2 

 

Wash the explant with double distilled water 
 

Sterilization of laminar clean air flow cabinet by wiping of the surface with rectified spirit 
and UV light treatment for 20 min. 

 
Wash again the explant with double distilled water under hood 

 
Cut the side portions of the explant to remove the dead tissue 

 
Inoculate it on the sterilized nutrient medium under aseptic conditions 

 
Label the test tube and incubate at the appropriate conditions 

 

List of figures: 

Fig. 16.1 A set of instruments used for tissue culture work.  
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Practical No.17 

MUSHROOM CULTIVATION 

 

Aim: To cultivate edible mushrooms like oyster mushrooms. 

Mushrooms are also called ‘white vegetables’ or ‘boneless vegetarian meat’. Agaricus 

bisporus, Pleurotus ostreatus, P. sajor-caju, Lentinus edodes, Volvariella vovacea etc. are 

common edible mushrooms. 

Pleurotus ostreatus, the oyster mushroom (Dhingri) is tropical edible mushroom 

belongs to basidiomycetes. The systematic approach of Dhingri cultivation was undertaken 

by Dr. Janbaie in 1974. The oyster mushroom is considered a medicinal mushroom, since it 

contains statins such as. The oyster mushroom is one of the more commonly sought wild 

mushrooms, though it can also be cultivated on straw and other media. The mushroom has a 

broad, fan or oyster-shaped cap spanning 5–25 cm growing laterally. The flesh is white, firm, 

wavy and varies in thickness due to stipe arrangement. The gills are white to cream, and 

descend on the stalk.  

 

Procedure:  

1. Preapration of pure culture of Pleurotus 

2. Preparation or procurement of spawn  

3. Substrate preparation 

4. Spawning of substrate 

5. Crop management 

1. Preapration of pure culture of Pleurotus: 

Requirements: Inoculum is fruiting body of Pleurotus. 

Glasswares: Petri plates, test tubes, conical flasks, glass rod. 

Other requirements: non absorbent cotton, Aluminum foil, Autoclave, laminar fresh air flow 

cabinate. 

Chemicals: Glucose, Agar-Agar powder, Distilled water, alcohol etc. 

Procedure: 

1) Petri plate glass rods and other glass wares are sterilized at 15lb pressure for 20 

minutes at 120oC in autoclave. 

2) Pleurotus ostreatus is taken as an inoculum. 
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Preparation of PDA (Potato Dextrose Agar): 

Composition of PDA: 

1) Boil 250 gms of peeled poatao till they become soft. 

2)  Filter through muslin cloth and the filtrate is taken. 

3) To this filtrate 20 gms of Agar and 20 gms of dextrose sugar is added and mixed well. 

4) Above mixture is taken in conical flask and flask is sterilize at 15lb pressure for 20 

minutes after pluging the mouth of conical flask with cotton and aluminium foil. 

5) After autoclaving the medium is passed in previously sterilized petri plates. 

6) The petri plates are inoculated with innoculum pieces of fruiting body under aseptic 

condition i.e. in laminar fresh air flow cabinate. 

 

2. Spawn preparation: 

A pure culture of Pleurotus sp. is needed for inoculation on sterilized substrate. It 

takes 10-15 days for mycelial growth on cereal grains. It has been reported that jowar and 

bajra grains are superior over wheat grains. 

Procedure: 

1) Grains are boiled with equal volume of water. Due to boiling grains become soft. 

2) The grains are spread on blotting paper so as to remove excess water. 

3) 2% CaCO3 powder is added to the grains and mixed the easily CaCO3 helps to 

maintain the pH and also absorb excess water. 

4) The mixture is the filled in a wide mouth bottle or polythene bag and plug highly it is 

then sterilized in the autoclave at 15 lb pressure for 20 min. 

5) After sterilization the bottle is allowed to cool down completely and then bottle or bag 

was inoculated with the pure culture in lamina fresh air flow cabinate. 

6) After 15 days the grains get covered with white mycelium and then it is termed as 

spawn. Spawn is generally supply in glass bottle or polythene bag. 

 

3. Substrate preparation: 

  Oyster mushroom can be cultivated on a large number of agro-wastes rich in 

cellulose and lignin correlated with more yield. These include straw of paddy, wheat and ragi, 

stalk and leaves of maize, millets and cotton, used citronella leaf, sugarcane bagasse, saw 

dust, jute and cotton waste, dehulled corncobs, pea nut shells, dried grasses, sunflower stalks, 

used tea leaf waste, discarded waste paper etc.  
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Method of Cultivation: 

1) A polythene bag of 45×30 cm is taken. 

2) The cut straw of about 2kg was so placed in water for 12 hours. The straw is then 

drained off for about 30 min to 1 hour and is dipped in hot water for about 30min. 

3) The straw is taken out from the hot water and it is kept for cooling. 

4) Straw is filled in polythene bag approximately 1kg in each bag. 

5) The spawn of Pleurotus is mixed in between and it is spread properly. 

6) The mouth of polythene bag is tied with help thread and polythene bag kept at 

room temp for the development at about 20o to 30o C. 

7) After 15 to 20 days the entire straw gets covered by mycelium of Pleurotus which 

appear pure cottony white. 

8) The polythene bags then are cut along the side without disturbing the mycelium 

water and sprinkled on the bed twice a day. To maintain humidity after 10 to 15 

days fruiting bodies start appearing and about 500 gms to 2 kgs yield was 

collected from one bed. 

 

Crop Management: 

a. Incubation: 

 Spawned bags, trays or boxes are arranged in a dark cropping room on raised 

platforms or shelves for mycelium colonization on the substrate. Although mycelium can 

grow from 10 to 330 C, but the optimum temperature for spawn running lies between 22 to 

260 C.  

b. Fruiting:  

 When the mycelium has fully colonized the substrate, the fungus is ready for fruiting. 

Frequent spraying of water is required in the cropping room depending upon the atmospheric 

humidity.  Fruit body produced under humid conditions (85-90%) is bigger with less dry 

matter while those developed at 65-70% relative humidity are small with high dry matter. 

       c.  Harvesting and Yield: 

 The right shape for picking can be judged by the shape and size of the fruit body.  The 

fruit bodies should be harvested before spore release, by twisting so that the stubs are not left 

on the beds (straw).  
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Flowchart for mushroom cultivation 

 

Preapration of pure culture of Pleurotus by using PDA 

 

Spawn preparation by using wheat grains 

 

Substrate preparation by using various agro-wastes 

 

Actual cultivation of mushroom by using spawn  

introduced in cut and boiled wheat straw in a plastic bag 

 

Incubation for development of mycelium 

 

Fruiting after opening of the bag with fully developed mycelium 

 

Harvesting and Yield 

Food value of Pleurotus: 

· Pleurotus ostreatus is rich in Vitamin C and B complex and the protein content varies 

between 20 to 35%. It has most of the mineral salts required by the human body.   

· The niacin content is about ten times higher than any other vegetables.  

· The folic acid present in oyster mushrooms helps to cure anemia. It is suitable for 

people with hyper-tension, obesity and diabetes due to its low sodium : potassium 

ratio, starch, fat and calorific value. 

·  Alkaline ash and high fibre content makes them suitable for consumption for those 

having hyperacidity and constipation.  

· It contains lovastatin which works to reduce cholesterol. A polycyclic aromatic 

compound pleurotin has been isolated from P. griseus which possess antibiotic 

properties. 
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Value added products:  

· Value added products from mushroom are a promising enterprise. Mushroom being 

highly perishable forces the producer to preserve and process it. Preservation is 

essential to make it available throughout the year to retain maximum nutrients, texture 

and flavor and to increase its per capita consumption in developing countries.  

· The value added products cater to the protein and micronutrient requirement and 

enable the population to live a healthy life.  

· Presently the mushroom products available are bakery products (biscuits, bread, 

cakes), pickles, chutneys, nuggets, papads and fast food items like burgers, cutlets and 

pizza etc.  

 

Mushroom pickle: mushroom preserved in salt and Oil 

cut mushroom, add spices, tamarind juice and salt, topping with oil packing and storage. 

 

Mushroom jams and sweets: Graded mushrooms, grinding and extracting juice with fibre, 

adding sugar and preparing traditional sweets 

 

 

Figure 17.1 – Fruiting body of Oyster mushroom 
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Practical No. 18 

PLANT RESOURCES USED IN BIOPESTICIDES 

 

Aim: To study Plant Resources Used in Biopesticides. 

From human standpoint, a resource is anything obtained from the environment to meet 

human needs and wants. e.g. Food, Water, Shelter, Manufactured goods, transportation, 

communication and recreation.  

Any material may be termed as a ‘Resource’ provided that an appropriate technology is 

available to transform that into more valuable goods. 

In the particular case of humans, a ‘Resource’ is any form of energy or matter essential for 

the fulfillment of physical, socio-economic, and cultural needs, both at the individual level 

and that of the community. 

 

Biocontrol: It is the intentional manual use of parasitoid, predator, pathogen, antagonist, or 

competitor populations to suppress a pest population, thereby making the pest less abundant 

and damaging than it would be in the absence of these organisms. 

 

A) Indiara: It is totally indigenous herbal pesticides which is a mixture of different 

plants in specific proportions. The formulations of Indiara consists of Neem leaves, 

Lotus, Vegetables like Onion, Garlic, Ginger, Mustard, Chilly and Plant residues. It is 

produced by simple fermentation technique. Chemically Indiara is organic sulphide 

which acts as an insecticide, fungicide and viricide, also acts as plant nutrient 

supplement and growth regulator. 

 

Mode of Action and Uses: 

1. Acts as an insect repellent. 

2. It can be used as herbal fungicide, insecticide, viricide etc. 

3. It increases crop productivity by improving amount of chlorophyll pigment in plants. 

4. It improves protein contents and thereby metabolism of the plant body. 
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Azadiractin: 

Source   :  Azadirachta indica, syn. Melia azadirachta L. 

Family   : Meliaceae 

Plant Part Used : Seeds, leaves, bark 

Chemical Name :  Azadirachtin 

It is a secondary metabolite present in the Neem tree seeds. Azadirachtin is a naturally 

occuring substance that belongs to an organic molecule class called tetran or 

triterpenoids, comprising an enol ether, acetal, hemiacetal, and tetra-substituted 

oxirane as well as a variety of carboxylic esters.  

 

Mode of Action and Uses: 

1. It affects over 200 species of insect, by acting mainly as an antifeedant and growth 

disruptor, and as such it possesses considerable toxicity toward insects.  

2. It fulfills many of the criteria needed for a natural insecticide if it is to replace 

synthetic compounds.  

3. Azadirachtin is biodegradable and shows very low toxicity to mammals, thus 

being environmentally sound. 

4. Not persistent in the Environment. 

5. Minimal impact of Non-target organisms. 

6. It is structurally similar to insect hormones called "ecdysones," which control the 

process of metamorphosis as the insects pass from larva to pupa to adult. 

Metamorphosis requires the careful synchrony of many hormones and other 

physiological changes to be successful, and azadirachtin seems to be an "ecdysone 

blocker." It blocks the insect's production and release of these vital hormones. 

Insects then will not molt, thus breaking their life cycle. 

7. Azadirachtin is used to control whiteflies, aphids, caterpillars, beetles, mushroom 

flies, leafminers, gypsy moths and other insects on food, greenhouse crops, 

ornamentals and turf. 

 

List of Figures: 

Figure 18.1 – Azadirachta indica (Neem) 
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Practical No. 19 

INDUSTRIALLY IMPORTANT FUNGI AND THEIR PRODUCTS 

 

Aim: To study Industrially Important Fungi and Their Products. 

A) Ganoderma: It is a genus of polypore mushrooms which grow on wood, and include 

about 80 species, many from tropical regions. Because of their extensive use in 

traditional Asian medicines, and their potential in bioremediation, they are a very 

important genus economically. Ganoderma can be differentiated from other polypores 

because they have a double walled basidiospore. They are popularly referred to as 

shelf mushrooms or bracket fungi. 

Ganoderma are characterized by basidiocarps that are large, perennial, woody 

brackets also called "conks". They are lignicolous and leathery either with or without 

a stem. The fruit bodies typically grow in a fan-like or hoof-like form on the trunks of 

living or dead trees. They have double-walled, truncate spores with yellow to brown 

ornamented inner layers. 

Ganoderma lucidum, also known as Lingzhi (Chinese) or Reishi (Japanese) is a type 

of mushroom that has been used for thousands of years throughout Asia, for its 

beneficial effects on our ability to maintain or improve health. 

Moreover, G. lucidum contains the largest variety of cellulose-, lignin-, and xylan-

digesting enzymes, which are being used in biomass remediation and industrial sludge 

processing. 

 

Product: Ganoderma Tablets 

Several species of Ganoderma contain many bioactive compounds (~400), such as 

triterpenoids and polysaccharides. Since the commercial use of this mushroom in 

tablet form, it is now used by over 4 million people world wide. 

Collectively, the Ganoderma species are being investigated for a variety of potential 

therapeutic benefits:  

1. Anticancer effects. 

2. Immunoregulatory effects. 

3. Antioxidant activities. 

4. Liver-protecting effects. 

5. Hypoglycemic effects. 
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6. Antibacterial effects. 

7. Antiviral effects. 

8. Antifungal effects. 

9. Reducing blood cholesterol. 

 

B) Aspergillus: A. niger is a fungus and one of the most common species of the genus 

Aspergillus. It causes a disease called black mold on certain fruits and vegetables such 

as grapes, onions, and peanuts, and is a common contaminant of food. It is ubiquitous 

in its occurance. 

A. niger is cultured for the industrial production of many substances. Various strains 

of A. niger are used in the industrial preparation of citric acid and gluconic acid and 

have been assessed as acceptable for daily intake by the World Health Organisation.  

 

Product: Citric Acid 

1. The dominant use of citric acid is as a flavoring and preservative agent in food 

and beverages, especially soft drinks.  

2. Citrate salts of various metals are used to deliver those minerals in a biologically 

available form in many dietary supplements.  

3. The buffering properties of citrates are used to control pH in household cleaners, 

pharmaceuticals and as a adjusting agent in creams and gels of all kinds.   

4. Citric acid can be added to ice cream as an emulsifying agent to keep fats from 

separating, to caramel to prevent sucrose crystallization, or to recipes in place of 

fresh lemon juice.  

5. Citric acid is used with sodium bicarbonate in a wide range of effervescent 

formulae, both for ingestion (e.g., powders and tablets) and for personal care (e.g., 

bath salts and cleaning of grease).  

6. Citric acid is also often used in cleaning products and sodas or fizzy drinks. 

7. Citric acid sold in a dry powdered form is commonly sold in markets and 

groceries as "sour salt", due to its physical resemblance to table salt. It has use in 

culinary applications where an acid is needed for either its chemical properties or 

for its lemony flavor.  

8. Citric acid is an excellent chelating agent, binding metals. It is used to remove 

limescale from boilers and evaporators.  
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9. By chelating the metals in hard water, used to soften water, which makes it useful 

in soaps and laundry detergents.  

10. Citric acid can be used in shampoo to wash out wax and coloring from the hair. 

11. Citric acid is used as one of the active ingredients in the production of antiviral 

tissues.  

12. Citric acid can be used in food coloring to balance the pH level of a normally 

basic dye. It is used as an odorless alternative to white vinegar. 

13. Citric acid can be used as a successful alternative to nitric acid in passivation of 

stainless steel. 

14. Citric acid can be used as a lower-odor stop bath as part of the process for 

developing photographic film.  

  

C) Yeast: Yeasts are a growth form of eukaryotic microorganisms classified in the 

kingdom Fungi (Ascomycetes). Yeasts are unicellular, although some species forms 

may become multicellular. Yeast size can vary greatly depending on the species, 

typically measuring 3–4 µm in diameter, although some yeasts can reach over 40 µm.  

The yeast species Saccharomyces cerevisiae has been used in baking and fermenting 

alcoholic beverages, as a model organism in modern cell biology research.  

 

Product: Yeast Tablet:  

1. Yeast cells are rich in B vitamins, particularly niacin (B6), riboflavin (B2), thiamin 

(B1), folic acid and B12.  

2. They can be dried and made into vitamin rich tablets or converted into products 

like Marmite.  

3. Marmite is made from yeast extract a by-product of beer brewing which contains 

a high concentration of glutamic acid also contain folic acid (Vitamin B9). 

4. Marmite was popular with vegetarians as a meat-free alternative to beef extract 

products. 

5. Marmite is traditionally eaten as a savoury spread on bread, toast, or crackers, and 

other similar baked products. 

6. Marmite is paired with cheese (such as in a cheese sandwich) and has been used 

as an additional flavouring in cheese-flavoured biscuit snack. 

7. Yeast is used in nutritional supplements popular with vegans and the health 

conscious, where it is often referred to as "nutritional yeast".  
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8. It is an excellent source of protein and vitamins, especially the B-complex 

vitamins, whose functions are related to metabolism as well as other minerals and 

cofactors required for growth.  

9. It is also naturally low in fat and sodium.  

 

D) Penicillium: Penicillium (from Latin penicillus: paintbrush) is a genus of 

ascomyceteous fungi.  Penicillium chrysogenum is a mold that is widely distributed in 

nature, and is often found living on foods and in indoor environments. It was 

previously known as Penicillium notatum. It has rarely been reported as a cause of 

human disease. It is the source of several β-lactam antibiotics, most significantly 

penicillin. Penicillium is a large and difficult genus encountered almost everywhere, 

and usually the most abundant genus of fungi in soils. 

The drug penicillin is produced by Penicillium chrysogenum, a commonly occurring 

mold in most homes. 

Antibiotic: Antibiotics are powerful medicines that fight bacterial infections. A 

substance, such as penicillin or streptomycin, produced by or derived from certain 

fungi, bacteria, and other organisms, that can destroy or inhibit the growth of other 

microorganisms. Antibiotics are widely used in the prevention and treatment of 

infectious diseases. 

 

Product: Penicillin: 

1. It is a secondary metabolite, its production starts after the initial rapid growth 

phase. The primary metabolites of the first phase of growth include carbon 

dioxide and ethanol from respiration.  

2. Penicillin (sometimes abbreviated PCN or pen) is a group of Beta-lactam 

antibiotics used in the treatment of bacterial infections caused by susceptible, 

usually Gram-positive, organisms. Penicillin itself is a weak acid. 

3. Penicillin acts by inhibiting cell wall synthesis in some bacteria, particularly Gram 

positive bacteria. Only growing cells are killed. Some bacteria contain plasmids 

which make them resistant to penicillin. 

4. There are now several hundred penicillins, all with the same basic structure but 

with different side chains on the molecule. Some are synthetic, some semi-

synthetic and some are natural.  
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5. They have different specifications i.e. they vary in their effectiveness against 

different bacteria. 

 

E) Trichoderma: Trichoderma viridae is ascomycetous fungus which is present in nearly 

all agricultural soils and in other environments such as decaying wood. Trichoderma 

viridae attaches to the host hyphae via coiling, hooks and appressorium like bodies, 

and penetrate the host cell wall in a lectin-mediated reaction, and degrade cell walls of 

the target fungi by the secretion of different lytic enzymes. This process 

(mycoparasitism) limits growth and activity of plant pathogenic fungi and used as 

biopesticide.  

 

Mode of Action and Uses: 

1. The expression of several plant defense related genes is potentiated, enabling 

Trichoderma treated plants to be more resistant to subsequent pathogen infection.  

2. Several strains of Trichoderma have been developed as biocontrol agents against 

fungal diseases of plants. The various mechanisms include antibiosis, parasitism, 

inducing host-plant resistance, and competition.  

3. Most biocontrol agents are from the species Trichoderma aggressivum (formerly 

T. harzianum) and T. hamatum.  

4. The biocontrol agent generally grows in its natural habitat on the root surface, and 

so affects root disease in particular, but can also be effective against foliar 

diseases. 

5. Ability to increase the rate of plant growth and development also ability to cause 

the production of more robust roots.  

 

List of Figures: 

 Fig 19.1 - Ganoderma  

 Fig. 19.2 – Aspergillus 

 Fig. 19.3 – Yeast 

 Fig. 19.4 – Penicillium  

 Fig. 19.5 – Trichoderma 
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Practical No. 20 

TYPES OF BIOFERTILIZERS 

 

Aim: To study types of Biofertilizers. 

Biofertilizers are ready to use live formulates of some beneficial microorganisms which on 

application to seed, root or soil help build up the micro-flora and in turn the soil health in 

general, mobilize the availability of nutrients by their biological activity in particular, and the 

importance of soil organic matter in relation to soil fertility is widely recognised. In the 

formation of fertile soil, organic substances play a direct role, as they are the sources of plant 

nutrients, which are liberated in available form during mineralization. Although, 

incorporation of crop residues, green manure, farmyard manure. are the common practices in 

the fertility programme in many farms, the supply of organic manures is limiting to make any 

important contribution to the soil organic matter. 

 

Types of Biofertilizers:  

1. For Nitrogen  

o Rhizobium for legume crops.  

o Azotobacter/Azospirillum for non legume crops.  

o Acetobacter for sugarcane only.  

o Blue –Green Algae (BGA) and Azolla for low land paddy. 

2. For Phosphorous  

o Phosphatika for all crops to be applied with Rhizobium, Azotobacter, 

Azospirillum and Acetobacter  

3. For enriched compost:  

o Cellulolytic fungal culture  

o Phosphotika and Azotobacter culture  

  

Advantages of Biofertilizers 

1. Increase crop yield by 20-30%.  

2. Replace chemical nitrogen and phosphorus by 25%.  

3. Stimulate plant growth.  

4. Activate the soil biologically.  

5. Restore natural soil fertility.  
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6. Provide protection against drought and some soil borne diseases.  

7. Cost effective.  

8. Suppliment to fertilizers.  

9. Reduces the costs towards fertilizers use, especially regarding nitrogen and 

phosphorus.  

10. Renewable source of nutrients.  

11. Sustain soil health.   

12. Supplement chemical fertilizers.  

13. Replace 25-30% chemical fertilizers.   

14. Increase the grain yields by 10-40%.  

15. Decompose plant residues, and stabilize C:N ratio of soil.  

16. Improve texture, structure and water holding capacity of soil.  

17. No adverse effect on plant growth and soil fertility.  

18. Stimulates plant growth by secreting growth hormones.  

19. Secrete fungistatic and antibiotic like substances.  

20. Solubilize and mobilize nutrients.  

21. Eco-friendly, non-pollutants and cost effective method  

 

A) Rhizobium:  

Rhizobium,  a  root  nodule  bacterium, has the ability  to  fix  atmospheric   nitrogen  

in symbiotic  association  with  host  legumes. In general, they are Gram-negative, 

motile, non-sporulating rod shaped bacterium. It was estimated that a total of 175 

million metric tones of N is fixed per year globally through   biological nitrogen 

fixation involving Legume Rhizobium symbiosis. 

Brand Name: 1. Raza (Peak Chemical Industries Ltd., West Bengal). 

Form : Liquid 

    2. Rhizobium (National Fertilizers Ltd. Vijaipur, Madhya Pradesh) 

Form : Solid formulate 

1. Rhizobia invade legume roots through root hairs. 

2. Form effective pink colored nodules in the roots. 

3. Lives symbiotically inside the nodules and fix nitrogen. 

4.  Converts atmospheric nitrogen to plant accessible forms. 

5. Most rhizobia are host specific in nature. 
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Host plant   Bacterial symbiont 

Alfalfa    Rhizobium meliloti 

Clover    Rhizobium trifolii 

Soybean   Bradyrhizobium japonicum  

Beans    Rhizobium phaseoli  

Pea    Rhizobium leguminosarum  

Sesbania   Azorhizobium caulinodans  

 

B) Azotobacter:  

It is a genus of usually motile, Gram-negative bacteria, oval or spherical bacteria that 

form thick-walled cysts and may produce large quantities of capsular slime. They are 

aerobic, free-living soil microbes which play an important role in the nitrogen cycle in 

nature, binding atmospheric nitrogen, which is inaccessible to plants, and releasing it 

in the form of ammonium ions into the soil. Apart from being a model organism, it is 

used by humans for the production of biofertilizers, food additives and some 

biopolymers.  

Azotobacter are free-living nitrogen-fixing bacteria, they normally fix molecular 

nitrogen from the atmosphere without symbiotic relations with plants, although some 

Azotobacter species are associated with plants. Nitrogen fixation is inhibited in the 

presence of available nitrogen sources, such as ammonium ions and nitrates.  

Azotobacter have a full range of enzymes needed to perform the nitrogen fixation: 

ferredoxin, hydrogenase and an important enzyme nitrogenase. The process of 

nitrogen fixation requires an influx of energy in the form of adenosine triphosphate 

(ATP). Nitrogen fixation is highly sensitive to the presence of oxygen, and therefore 

Azotobacter developed a special defensive mechanism against oxygen, namely a 

significant intensification of metabolism that reduces the concentration of oxygen in 

the cells. There is also a special protein shethna, which protects nitrogenase and is 

involved in protecting the cells from oxygen.  

Brand Name: Azetobactor (National Fertilizers Ltd. Vijaipur, Madhya Pradesh). 

Form : Solid formulate 
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C) Blue Green Algae (BGA): also known as Cyanobacteria or Cyanophyta, obtain their 

energy through photosynthesis. Blue-green algae are considered as the simplest, living 

autotrophic plants. They are microscopic and are widely distributed in the aquatic 

environment.  

The ability of BGA to photosynthesize food and fix atmospheric nitrogen accounts for 

their symbiotic associations and also for their presence in paddy fields. 

Blue-green algae are of immense economic value as they add organic matter to the 

soil and increase soil fertility. Barren alkaline lands in India have been reclaimed and 

made productive by inducing the proper growth of certain blue-green algae.  

Application : 20-30 kg N/ha increases yield by 10-15%. 

Limitation : Effective only in submergence paddy fields and demands bright 

sunlight. 

e.g. Nostoc, Anabaena, Aulosira, Tolypothrix, etc. 

 

Brand Name: Nature Bio Fertilizers, Bio Nutritional Fertilizers  

   (Ecological Products Industries, New Delhi) 

Form : Liquid 

 

D) Azolla: (mosquito fern, duckweed fern, fairy moss, water fern) is a Pteridophyte, 

genus of seven species of aquatic ferns, the only genus in the family Azollaceae. They 

are extremely reduced in form and specialized, looking nothing like conventional 

ferns but more resembling duckweed or some mosses. 

Azolla floats on the surface of water by means of numerous, small, closely-

overlapping scale-like leaves, with their roots hanging in the water. They form a 

symbiotic relationship with the blue-green alga Anabaena azollae, which fixes 

atmospheric nitrogen, giving the plant access to the essential nutrient.  

 

Application  : 30-100 kg N/ha increases yield by 20-25%. 

Limitation : Survival is difficult at high temperatures, great demand for 

phosphorous. 

Brand Name: Azollae (Biomate India Pvt Ltd. New Delhi). 

Form : Liquid 
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E) Phosphate Solubilizing Bacteria: 

Many heterotrophic bacteria and fungi efficiently solubilize insoluble phosphate in the 

soil as well as the inert phosphorus sources. These organisms secrete organic acids 

that solubilize insoluble phosphorus which becomes then available for plant 

absorption.  

Many bacteria belonging to Bacillus, Pseudomonas, Flavobacterium, Micrococcus, 

Streptomyces and fungi belonging to Aspergillus, Penicillium and Trichoderma 

efficiently solubilize insoluble phosphate of rock phosphate groups. 

Brand name : P.S.B. (National Fertilizers Ltd. Vijaipur, Madhya Pradesh). 

Form  : Solid formulate 

 

F) Green Manure: 

Green manure is a type of cover crop grown primarily to add nutrients and organic 

matter to the soil. They are grown for the purpose of plowing them, thus increasing 

fertility through the incorporation of nutrients and organic matter into the soil.  

Crops that are normally planted as inter- or relay crops for the sake of accumulating 

nitrogen in the soil, producing residues and ground cover. Green manure cover crops 

are not primarily planted to generate additional incomes (seed or grains). They are 

used for- 

1. To produce nitrogen (legumes). 

2. To control weeds (replacing fallow periods). 

3. To produce mulch during non-crop periods. 

4. To cycle soil nutrients. 

5. Other positive effects on succeeding crops. 

6. If there is not enough water for a cash crop. 

7. When there is a free period between crops and enough moisture available or at the 

end of the cropping season.  

8. When producing a cash crop is not profitable or too risky. 

9. Green manures, in the case of legumes, fix nitrogen and contribute to farm 

nitrogen needs. 

10. It protects and enhances the soil’s biological activity by providing nutrition for the 

soil organism. 

11. It aerates the soil, consequently improving the soil structure. 
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12. Green manure crops cover the soil in between successive grain crops, thus 

protecting the soil against wind and water erosion. 

13.  Green manure crops reduce soil compaction. 

14. Green manure crops provide a habitat for pollinators and other beneficial insects. 

 

e.g.: Crotalaria, Medicago sativa, Gliricidia, etc. 

 

Gliricidia, Alley cropping to Gliricidia sepium can provide 100-300 kg N/ha per year. 

Gliricidia sepium is a fast growing, tropical, leguminous tree. It is used as a live 

fencing in many tropical and sub-tropical countries. There are considered to be only 

four species of which G. sepium (common name ‘gliricidia’) is the only species of 

real agronomic potential. The tree is used for timber, firewood, hedges, medicinal 

purpose, charcoal, live fence, plantation shade, poles, soil stabilization, and as green 

manure.  

The toxic property of the seeds and bark has given rise to the generic epithet 

(gliricidia = mouse killer). Gliricidia sepium adapts very well in a wide range of soils 

ranging from eroded acidic (pH 4.5 - 6.2) soils, fertile sandy soils, heavy clay, 

calcareous limestone and alkaline soils. Gliricidia tolerates fire and the trees quickly 

re-sprout with the onset of rains. 

 

List of Figures: 

Fig. 20.1 – Rhizobium 

Fig. 20.2 – Blue green algae 

Fig. 20.3 – Azolla 

Fig. 20.4 – Crotolaria 

Fig. 20.5 – Medicago sativa and Gliricidia 
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Practical 21 

PREPARATION OF JAM AND SQUASH 

 

Aim: To prepare Jam and Squash 

 

Principle of Preservation: 

Preservation of the variety of food material is done by various methods. It depends on for 

how much period the food material should preserve and type of food material. The different 

methods of preservations are as follows 

1. Preservation by addition of heat processing in various ways is perhaps the earliest 

and most common method of preservation.  

2. Drying or dehydration method is another method in which water part removed 

either by sun-drying or by mechanical method. For example storage of fish, meat, 

some fruits and vegetables. 

3. Freeze preservation method is used to increase the storage life of fresh fruits and 

vegetables, and similar other fresh food-stuffs. 

4. Preservation by addition of sugar and application of heat is a highly important 

method in the case of fruits which are utilized in a very large quantity to make 

jams, jellies, marmalades and preserves. This method is simple, cheap and easy to 

adopt. 

5. The use of chemical additives, which are permitted as harmless, within limits is 

fairy widespread in the case of a variety of squashes, cordials and other beverages. 

At present, only sulphur dioxide and its salts and benzoic acid and some of its 

ester derivatives are permitted in food. 

6. Preservation by fermentation is a very ancient and well-known method. Yeast-

fermented fruit wines, which contain ethyl alcohol as natural preservative, have 

been prepared and used for hundreds of years. Such alcoholic liquids undergo 

further acetic acid fermentation into vinegar, which is an acidulant and is widely 

employed in pickling. 

7. Preservation by salting or brining of vegetable and unripe fruits for e.g. mango, 

lime, lemon etc., is very common in many parts of the world where Indian pickles 

are well known. 
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8. Preservation of fruits and vegetables by application of  U.V. and ionizing radiation 

is of recent origin.  

 

A. Preparation Jams: 

Jam is prepared by boiling the fruit pulp with a sufficient quantity of sugar to a reasonably 

thick consistency, firm enough to hold fruit tissues in position. In its preparation, about 20.4 

kg of fruits should be used for every 24.9 kg of Sugar. It should contain not less than 68.5 % 

soluble solids as determined by refractometer, when cold, and uncorrected for insoluble 

solids. Jams may be made from a single fruit, or from a combination of two or more fruits. 

Procedure (For Mango fruit) 

1. Take any fruit (e.g. Mango), weigh accurately and wash thoroughly to remove any 

adhering dust and dirt. Remove all unwanted parts. 

2. Peeled the fruit, removed stones and then crush or sliced the fruit. 

3. Boil the fruit, if necessary, a small quantity of water is added to facilitate pulping 

It is then cooked sufficiently to liberate the pectin. 

4. The pH of the fruit juice and pectin mixture should be 3.0 before sugar added. pH 

can be adjust by adding salts of citric or tartaric acids, or alkalies like sodium 

bicarbonate or calcium carbonate.  

5. Add the sugar in it. Minimum sugar should be 68.5 % of the weight of the fruits 

taken.  

6. The fruit-sugar mixture is then boiled rapidly to concentrate the soluble solids to 

about 68.5 percent and also to effect the necessary degree of inversion of sugar. 

7. To avoid excessive frothing during boiling, a small quantity of butter or some 

other brand of edible oil may be added to the boiling mixture. 

8. The finished jam should contain 30% to 50% invert sugar, or of glucose, to avoid 

crystallization of cane sugar in the jam during storage.  

9. Generally citric, tartaric or mallic acid, which are natural fruit acid are used to 

supplement the acidity to the fruit for jam-making. Only permitted edible food 

colors should be used, if necessary, and these should be added towards the end of 

the boiling process. 

10. Generally, in the case of fruits fairly rich in pectin, the weight of the finished jam 

is one and half times the weight of sugar taken. 

11. When jam is to be packed in cans, it should be filled hot, and the cans closed and  

pasteurized for about 30 minutes at 820 to 850 C.  
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FLOW CHART FOR JAM 
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B. Preparation of Squash: 

This is a type of fruit beverage containing at least 25 per cent fruit juice or pulp and 40 to 50 

per cent total soluble solids, commercially. It also contains about 1.0per cent acid and 350 

ppm sulphur dioxide or 600 ppm sodium benzoate. It is diluted before serving. 

Mango, orange and pineapple are used for making squash commercially. It can also be 

prepared from lemon, bael, papaya, etc. using potassium metabisulphite (KMS) as 

preservative or from jamun, passion-fruit, peach, plum, raspberry, strawberry, grapefruit, etc. 

with sodium benzoate as preservative. 

Fruit juices are most commonly packed as squashes or cordials. 

Orange / Musambi / Grape Squash 

Extraction:  

1. Selected tight-skinned oranges or musambi for extraction 

2. Cut the fruit in to two halves either with a knife. 

3. The halves are pressed by hand against a revolving burr or rose fitted to a rosing 

machine. 

4. Collect the reamed juice in a vessel. 

5. It contains plenty of coarse tissues, seeds etc. To remove these, it is filtered through a 

net cloth or passed through a sieving machine known as pulper. 

6. The sieved juice is utilized for preparation of squash. 

7. Ingredients: 

Sr. No. Ingredients In kg 

1 Orange Juice 10.00 

2 Sugar 16.40 

3 Citric Acid 0.498 

4 Essence of orange 0.198 

5 Water 12.70 

6 Orange color q.s. 

7 Preservative  

8. Sugar, citric acid, flavoring materials. Color and preservative are added to the juice in 

correct proportion. 

9. Sugar, citric acid and water are mixed and heated. Any dirt is skimmed off. 

10. The syrup is cooled slightly and filtered through cloth. 

11. The clean syrup is blended with the juice. 
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12. To improve flavor, peal emulsion of 2 to 4 oranges for every 100 oranges taken or an 

appropriate quantity of an essential oil and orange essence is added to the squash. 

13. Edible color can be added if you want provided that it should be resistant to the action 

of sulphur dioxide. 

14. After mixing all the ingredients, a calculated amount of a chemical preservative, 

namely potassium metabisulphite, approximately about 28 g for every 454 g of squash 

dissolve  

15.  Previously in a small quantity of the juice or water, is added to the squash.       

 

FLOW CHART FOR SQUASH 
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Practical No. 22 

WRITING A BOTANY FIELD VISIT REPORT 

 

1. Concise: For day trips, reports should be between 2-4 pages to allow for drawings 

and/or graphics. For longer trips, more than 6-10 pages to include a more detailed 

discussion. 

 

2. Drawings and Photographs: are encouraged. Drawings should be black ink or 

dark pencil on white paper. Photographs should be simple in composition and with 

lots of contrast (tonal range from very dark to very light). 

 

3. Common Names:  are variable and will depend on the dialect used in the plant’s 

location. Common names go first, with scientific names following in parentheses: 

Basilan apitong (Dipterocarpus eurynchus). 

4. Scientific Names:  can be provided later if you are unsure as long as it is clear 

which plant is being discussed. For unsure species, use Genus sp., for e.g., Musa sp. 

for an unknown species of a membe rof the banana family. The genus should be 

capitalized; the species is all lower case: Musa sapientum. Both should be italicized or 

underlined.  

 

5. Groups of Species: For a number of species within a group, name the group at the 

beginning, then only the individual name afterwards. In a single paragraph, the second 

citation of a genus name should be abbreviated to its first letter followed by a period. 

e.g. Dipterocarpus eurynchus, D. grandiflorus and D. hasseltii. 

 

6. General Tips: In addition to specific questions and directions provided by your 

instructor, reports should include the location, date, and the reporter’s name, address 

and telephone and/or email address. You might also include weather, number of 

people present and names. Record the name of your trip leader and classmates joining 

the trip. Include an interesting story, observation, or interesting fact. We DON'T want 

a list of plants you saw! Write about what you liked. Write about what other people 

did. Write about relationships: between the plants, between plants and their habitat, 

between plants and people. 
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A. Points for writing the visit report to the forest:  

a. Acknowledgement, Index 

b. Aim / purpose of the visit 

c. Location / topography – latitude, longitude etc. 

d. Soil types, pH, WHC etc. 

e. Climatic conditions of the area – temperature, humidity, rainfall and other related 

factors 

f. Forest type, various storeys / levels of plants observed in the forest / area, mosaics 

of the ecosystem 

g. Phytodiversity of the area with different associations, ground flora, abundance of 

species, food plants for butterflies and other animals 

h. Threats to any (e. g. Mahabaleshwar) forest and environs, present scenario of the 

forest, effects of disturbance etc.  

i. Tourism – effects on forest / area, use of natural resources 

j. Ways to control ill effects of tourism on forests 

B. Points for writing the visit report to the Polyhouse:  

a. Acknowledgement, Index 

b. Definition of polyhouse, address of it. 

c. Type of the polyhouse, various materials used for its construction 

d. Soil type, bed type, crop type in the polyhouse 

e. Irrigation systems – use of foggers and misters and other methods 

f. Use of ways to increase the temperature of the polyhouse during winter season 

g. Methods used for pest and pathogen control etc. 

h. Economic importance of polyhouse business 

C. Points for writing the visit report to the Mushroom cultivation unit: 

i. Need for mushroom production 

ii.  Different types of edible mushrooms  

iii.  Procedure for large scale mushroom production 

iv.  Preparation of substrate  

v.  Preparation of Spawn and its maintenance 

vi.  Method of incubation and time 

vii. Period of fruiting 

viii. Method of harvesting  

ix. Packing, Marketing and Economy of mushroom production. 
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STUDY OF LICHEN DIVERSITY 

 

Lichen appears to be a single plant but is formed due to intimate association of two different 

plants, one of which is a fungus and the other an alga. The fungal component of lichen is 

known as ‘mycobiont’ and the algal component is called as ‘phycobiont’. They grow slowly 

and hence their food requirements are rather low. The water and minerals are absorbed by 

capillary action through certain hyphae. Organic food is manufactured by the autotrophic 

alga. This food diffuses from algal cells to the saprophytic fungus. The fungus in a lichen 

body secretes enzymes. These are responsible for increasing the permeability of the algal 

cells, which diffuse out sugars and other substances from their cell walls for the benefit of the 

fungus. Fungus provides protection, water and minerals to algae. Both partners are benefited 

means ‘Symbiotic relationship’. 

 

Occurance: 

Lichens are ubiquitous plants except near industrial smoky areas. They are world wide in 

distribution, growing from Polar Regions to the equator in a variety of situations. They are 

commonly seen growing on rocks, tree trunks, roofs, fences and on the ground. A few marine 

lichens are also known. 

 

External structure of thallus: 

There is considerable variation in the colors and forms of lichens. They vary greatly in color 

ranging from grayish green to white, orange, yellow, yellowish-green, brown, brown and 

black. They differ in their size, ranging from few millimeters to several feet. 

On the basis of their forms, lichens are divided into three types- 

 

1) Crustose  

These occur as incrustations on rocks or form thin closely adherent growth on bark. 

They are so closely attached to the substratum on their undersurface that they cannot be 

removed from it entirely without injuring the thallus. The thallus may be partially or wholly 

imbedded so that sometimes only fruiting bodies are visible above the surface of the 

substratum. 

e.g Graphis, Leconora, Rhizocarpon, Lecidia 
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2) Foliose  

These are flat and leaf-like and apparently look like dried thalli of liverworts (flat and lobed). 

The margins are irregular and they are attached to the substratum of certain points by means 

of central outgrowths called rhizines. Rhizines are formed from the fungal hyphae. 

e.g  Parmelia, Physcia, Peltidea, Gyrophora etc. 

 

3) Fruticose  

The thallus is slender and much branched. The branches may be cylindrical to ribbon shaped. 

The thallus grows either erect or hanging from rocky areas, leaves and branches of trees. It is 

attached to the substratum by a basal disc, which is formed by compactly placed fungal 

hyphae. It has no differentiation into upper and lower surfaces. Fruiting bodies called 

apothecia are well developed. 

e.g Usnea, Cladonia, Evernia etc. 

 

List of Figures 

Fig. 1 – Crustose lichen 

Fig. 2 – Foliose lichen 

Fig. 3 – Fruticose lichen 

 

 
 


