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INTRODUCTION

Crop anatomy, taxonomy and physiology (AGR 206 tsvo (2)-credit
unit course on the anatomy, taxonomy and physiologgrops. The
course is broken into 23 units in all in nine (Ydules. These units will
teach and explain taxonomy, anatomy and physiosbggy as a tool and
systematic process for ensuring that physiologysiterations are taken
into account in all proposed activities. This ceugsiide defines what the
course is all about as well as the course matdrail you will need to
consult to ensure that the course is simple an@liwiyour reach. It
suggests some general guidelines for the amouimefyou are likely to
spend studying each unit in order to completedtsasfully. It also gives
you some guidance on your tutor marked assignmé&his.course will
deal with the basic principles and selected apjiina of physiology for
agricultural crops, emphasizing the need for aeddfit type of
agriculture, in order to support the increasingdsder food (quantity and
quality) facing climatic changes as well as inceshabiotic and biotic
stress conditions. The basic tools for anatomy pimgsiology will be
evaluated.

WHAT YOU WILL LEARN IN THIS COURSE

This course guide tells you briefly what the coussabout, what course
materials you will be using and how you are to tingen.

COURSE AIMS

The aim of this course is to provide a good undeing of biodiversity,
genetic diversity and the levels biodiversity arfeit losses; the
biotechnological process of preserving the geneatiaterials, their
management and appropriation.

COURSE OBJECTIVES

In addition to the aims above, this course setxloeve some objectives.
After going through this course, you should be abie

o Explain the general knowledge about plant taxonantg/anatomy

. Explain the history of microscopy and differenttgsarf compound
microscopes.

o State the different techniques of anatomy like isagtg and
staining.
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o Explain Mounting media and mounting techniques.

o Explain the common stains for plant cells

o State the root structures and its functions in tpdgowth

. Explain the anatomical features of the roots

o Explain the shoot anatomy

o State the main functions of the stem

. Differentiate between dicot and monocot stems

. Discuss the leaf anatomy

. State the general characteristics of leaves

. Differentiate between dicot and monocot leaves

o Explain the meaning of plant cell

o Give different definitions of plant cell

o Outline different types of plant cell

. Describe various organelles associated with plant

o State the history of evolution of crop physiologyaugh various
stages.

o Outline the importance of crop physiology in aglicte

. Explain the effect of photoperiod on flowering ilapts

. Discuss the effect of quality of light and phytomme on flowering

. Practical utilization / application of photoperiedi and
vernalization

o Explain the meaning of mineral nutrition and thassification of
essential elements into two groups

o Discuss the criteria of essentiality of minerahedmts

. List the specific roles of essential mineral eletsen

o Explain the physiology of nutrient uptake

o Explain the general account of plant hormones

. Discuss the physiological effect of Auxin, GibbdérelCytokinin,
Abscissic acid and Ethylene

o Differentiate between cell differentiation andpt®cesses

o Explain the Meaning and Definition of Photosyntlsesi

. Discuss translocation mechanism

o Explain the environmental factors affecting transfon rates
o Distinguish between root pressure and transpirgiidh

o Explains seed dormancy and its importance

o Discuss the types of dormancy
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. Explain the techniques for breaking different typéslormancy

. Discuss the factors affecting germination

. Explain the concept “Mobilization of energy and doeeserves in
germination”

o Discuss basic idea of morphogenesis and concejiffefentiation

. Explain the different morphogenetic factors and hbey affect
morphogenesis of plants

o Explain the term “microsporogenesis”?

o Define apomixes and parthenogenesis etc.

. Explain polyembryony and on what basis it can lassified into
different types?

o Discuss parthenocarpy

WORKING THROUGH THIS COURSE

The ideas have been carefully put together to ensoat adequate
explanations are made to enhance better undemstaatiihe course. You
are therefore, encouraged to spend quality tim&udy this course and
ensure that you attend tutorial sessions where cgyu ask questions,
assess your understanding of concepts and compardiyowledge with

that of your classmates.

COURSE MATERIALS

You will be provided with the following:

I. Course guide

. Eight (9) modules of content of twenty-thr&3 units
iii.  Recommended textbooks and lists of referene¢emals.
STUDY UNITS

There are twenty three (23) study units in thisrseuThis is arranged as
follows:

vi
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Module 1
Unit 1
Unit 2
Unit 3
Unit 4
Unit 5
Module 2

Unit 1
Unit 2

Module 3

Unit 1
Unit 2

Unit 3

Module 4

Unit 1

Module 5

Unit 1
Unit 2

Module 6
Unit 1

Unit 2
Unit 3

vii
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Plant Taxonomy And Anatomy

Meaning of Plant Taxonomy and Anatomy
Tools and Techniques in Plant Anatomy
Root Anatomy

Shoot Anatomy

Leaf Anatomy

Plant Cell: An Overview

Brief Overview of Plant Cell
Brief Description of Various Organelles afileir
Functions

Crop Physiology and ItsImportancein Agriculture

A brief history of Crop Physiology

Meaning of Crop Physiology and its Impodanin
Agriculture

Physiology of Flowering Plants

Mineral Nutrition of Plants: Functions and Deficiency
Symptoms of Nutrients, Nutrient Uptake M echanisms

Meaning of Mineral Nutrition
Plant Growth and Regulators

Plant Growth Regulators
Plant Growth

Plant Functions
Photosynthesis

Translocation
Transpiration
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Module7  Seed Germination and Dormancy

Unit 1 Seed Dormancy: Causes and Types
Unit 2 Seed Germination

Module8 Plant Morphogenesisand M or phogenetic Factors

Unit 1 Basic idea of morphogenesis and concegifferentiation
Unit 2 Morphogenetic factors

Module9  Embryology

Unit 1 Male Gametophyte
Unit 2 Female Gametophyte
Unit 3 Fertilization and Post Fertilization

Each unit includes a table of contents, introdurtispecific objectives,
recommended textbooks and summaries of key issodsideas. At

intervals in each unit, you will be provided witmamber of exercises or
self-assessment exercises. These are to help gbwdarself on the
material you have just covered or to apply it imsoway. The value of
these self-tests is to help you gauge your progaadsto reinforce your
understanding of the material. At least one tutarked assignment will
be provided at the end of each unit. The exer@asessthe tutor-marked
assignments will help you in achieving the staemining objectives of
the individual units and of the course.

RECOMMENDED TEXTS:

More recent publications are recommended for funtbading.

o Taiz, L. and Zeiger, E. In: Plant Physiology, 3di kincoln Taiz
and Eduardo Zeiger. (eds). Panidghablishing Corporation: New
Delhi, 2003

. Craig, Richard and Vassilyev, Andrey.Plant Anatomy.
McGraw-Hill. Archived from the original on 24 JuRAp10.

o Pandey B.P. (2012Modern Practical Botanvol Il. S. Chand &
Company Ltd., New Delhi.

o Singh, V. 2010Plant Anatomy and Embryology of Angiosperms
Global Media Publications. Meerut.

viii



AGR206 COURSE GUIDE

Sharma A.K. & Sharma R. 201G&Gtructure Development and
Reproduction in Flowering Plants Jagdamba Publishing Co.,
New Delhi.

Singh, V., Pande, P.C. and Jain, D.K. 2BtPucture Development
and Reproduction in AngiospernBastogi Publications, Meerut
Biologydictionary.net Editors. “Plant CellBiology Dictionary
Biologydictionary.net, 05 Apr. 2017,
https://biologydictionary.net/plantcell/

C. Witt, R.J. Buresh, S. Peng , V. Balasubramaniamd A.
Dobermann (2007). Nutrient Management. InternatioR&e
Research Institute (IRRI), Philippines

T.H. Fairhurst, C. Witt, R.J. Buresh, and A. Dobarmm (eds).
(2007).

Rice: A Practical Guide to Nutrient Management (2nd
edition). International Rice Research Institute (IRRI), Pipines
Ludwig-Mduller J (2011)."Auxin conjugates: their role for plant
development and in the evolution of land plands"Exp. Bot62
(6): 1757-1773

Camara, M @t al (2015) General Aspects and Applications of
Gibberelins and Gibberellic Acid in Plants. hardy, J. (Org.).
Gibberellins and Gibberellic Acid: Biosynthesis,giation and
Physiological Effects.1lrst ed. Hauppauge: Nova Science
Publishers,v., p. 1-21.

Bassaganya-Riera, J. Skoneczka, J. Kingston, D&hKan, A.
Misyak, SA.Guri, AJ. Pereira, A. Carter, AB. Mirsty,
P.Tumarkin, R.Hontecillas, R (20L@Mechanisms of action and
medicinal applications of abscissic AcidCurrent Medicinal
Chemistry17 (5): 467-78

Barclay GF. Anatomy and morphology of seed plaits.eLS
(2015), Chichester: John Wiley & Sons; 2015.

Ali-Rachedi, S., Bouinot, D., Wagner, M.H., Bonndt, Sotta, B.,
Grappin, P., and Jullien, M. (2004) Changes in gedous
abscisic acid levels during dormancy release andteraance of
mature seeds: studies with the Cape Verde Islandiyee, the
dormant model of Arabidopsis thaliana. Planta 21/®-488.
Alonso-Blanco, C., Bentsink, L., Hanhart, C.J., ri¥astijn-De
Vries, H., and Koornneef, M. (2003) Analysis of ural allelic
variation at seed dormancy loci of Arabidopsis iired. Genetics
164: 711-729.
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. Bailly, C. (2004) Active oxygen species and anti@sits in seed
biology. Seed Sci. Res. 14: 93-107.

o Sharma RR & Manish Srivastav.2004. Plant Propaga#od
Nursery Management (First Edition 2004).InternagioBook
Distributing Co. Lucknow 226 004 U.P.(INDIA).

. Medvedev, S.S. (2011). Mechanisms and physiologickd of
polarity in plants.Russian Journal of Plant Physiolo&®:502-
514.

o Ramage, M.C. and Williams, R.R. (2002). Mineralrition and
plant morphogenesii vitro Cell developmental Biolod38:116-
124.

. Elaine Lopes Pereira Nunes, Cleusa Bona, Maria lzede
Chiara Moc,0 and Alessandra lke Coan. (2009) Releafs
developmental constraints on tetrad shape is coadr in
inaperturate pollen d?otamogetonAnnals of BotanyPage 1 of 5
doi:10.1093/aob/mcp160, available online at
www.aob.oxfordjournals.org

o S S Bhojwani, S.S., Bhatnagar, S.P. and P. K. DRriu (2015).
The Embryology of Angiospermgikas Publication House Pvt
Ltd, New Delhi.

ASSESSMENT
There are two components of assessment for thiseolihese are:

I. Tutor-Marked Assignments (TMA'’Ss)
il. End of course examination

TUTOR-MARKED ASSIGNMENT (TMA)

The tutor-marked assignment (TMA) is the continuassessment
component of your course. It accounts for 30% ef tittal score. The
TMAs must be answered before you are allowed tdosithe end of

course examination. Thus, it is expected of yowpply information,

knowledge and techniques obtained from the course.TMAs would

be returned after you have done the assignment.

FINAL EXAMINATION AND GRADING

The examination concludes the assessment for ths&oTo prepare for
this examination, revise all the areas coveredhéndourse. Revision of
all the exercises and the tutor-marked assignnbaitse the examination
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will also be of help to you. The revision shouldrstafter you have
finished studying the last unit. This examinati@nstitutes 70% of the
whole course. You will be informed of the time thie examination. It
may or not coincide with the university semestereiation.

SUMMARY

AGR 206 intends to introduce you to Crop Anatongxonomy and
physiology. By the time you complete studying tbasirse, you will be
able to answer the following questions:

oukwnNPR

10.
11.
12.
13.
14.
15.
16.

17.
18.

19.
20.

21.
22.
23.
24.

25.

Xi

Explain the aims of plant anatomy?
Plant taxonomy is synthesized into four fields, e they?
In details, what is plant classification

What is sectioning?

What is staining?

Draw a well labelled diagram of compound microscoared define
its different parts.

Define the different types of stains and their matused in plant
anatomy?

Define the anatomy of dicot stem in detail.

Compare the anatomical features of dicot and marsitaot
What is the function of epidermis?

How can you identify either dorsiventral or isokelal leaf?

Give different definitions of plant cell

Outline and explain different types of plant cell

Give Descriptions and functions of any five plarganelles
Experiments on Plant Nutrition and Transportation

Discuss the Current Research on Cellular and Mddedalant
Physiology

Explain the Current research and molecular plagsiplogy

What is photoperiodism? Classify plants based upein
photoperiodic requirement for flowering?

Define devernalization. How it can be achieved?

Briefly discuss the Mineral availability shows artdaresting dose

effect

List the Specific roles of essential mineral eletaen
Explain the Physiology of Nutrient Uptake

Name a hormone that is related with xylem diffeiegdn.
What is cell differentiation

Explain the concept of photorespiration
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26.

27.
28.

29.
30.
31.
32.
33.

34.

35.

Outline the Concept of photophosphorylation

Define translocation? Why translocation is necesiarplants?
Explain with examples Transpiration

Mention and explain the techniques for breakinged#int types of
dormancy

Explain mobilization of energy and food reservesr@éspect to
germination

Enlist few applications of plant tissue culture?

Mention the significance of vernalization in hoditire?

What are the pre-pollination and post pollinatideps in male
gametophyte development

Explain the patterns of megasporogenesis and meggggenesis
in Angiosperms.

What comes in post fertilization developments?

The questions are inexhaustible. There are mang pan can answer.
We wish you luck and success with the course ampe lyou will find it
both helpful and interesting.

Best wishes!

xii



MODULE 1 PLANT TAXONOMY AND ANATOMY

Unit 1 Meaning of Plant Taxonomy and Anatomy
Unit 2 Tools and Techniques in Plant Anatomy
Unit 3 Root Anatomy

Unit 4 Shoot Anatomy

Unit 5 Leaf Anatomy

UNIT 1 MEANING OF PLANT TAXONOMY AND
ANATOMY

CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Meaning of Plant Taxonomy and Anatomy
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION
Plant taxonomy is the science that finds describlessifies, identifies
and names plant. It is thus one of the main branafetaxonomy.
Systematics deals with the scientific study ofrirgkationship, taxonomy,
identification, nomenclature, classification, dis#y and differences
between crops.
Plant anatomys the study of the tissue and cell structure ahpbrgans.
The termanatomy as applied to plants, generally deals with stmest
that are observed under a high-powered light moaops or electron
microscope. (In zoology, the teramatomyrefers to the study of internal
organshistologyis the study of cells and tissues of animals.)
Taxonomy is one aspect of systematics that is coedewith the study
of principles, procedures, rules, regulations anhdsithe bases of
classification. In taxonomic studies the group oy aank is termed as
taxon.
Plant taxonomy has two aims:

a) Ildentify all kinds of plants; this requires makireg complete

inventory of all plants. In scientific work it issgential to apply



names with precision because the validity of resedepends on
correct identification of materials involved.

b) To arrange the kind of plant in a scheme of clasgibn that will
show their true relationship.

To be able to achieve this, the taxonomist mudizetthe methods and
resources of the entire major fields of botaninakstigation.
e The morphologist gives him an understanding of foamd
structure.
e The physiologist can point out the requirementstfier existence
of physiological species that appear identical ditfer in their
requirement
e The ecologist can furnish information about theatiehship
between plants and environment, about how envirohmeay
affect form and structure and how the effectiveiomciof the
environment determines which plants will survive.
e The geneticist and cytologist contribute informaticoncerning
inheritance and reproduction as well as chromosoand
morphology.
e Biochemistry is used effectively to solve taxonomdiles.
The nomenclatures of plants are sometimes charifygd Eupatorium
odoratumto Chromolaena
odoratg Voandzeia subterranedo Vigna subterranearnSuch changes
are based on new information that will enable gx@homist to name and
classify plants according to acceptable rules afphomenclature.
2.0 OBJECTIVES
By the end of this unit, you should be able to:

¢ Obtain the general knowledge about plant taxononayamatomy

3.0 MAIN CONTENTS
3.1 Plant Taxonomy
The science of taxonomy is a synthesis of fouréesied fields:
1) Systematic botany: includes genetics and cytolsgyell as other
techniques applicable to the fields
2) Taxonomic system: includes taxonomic concepts aftpgroup,
or texa; concepts of evolutionary sequence of dhtaratics;
classification and arrangement of texa, descriptddntexa or
photography.
3) Nomenclature: a method of naming plants based mniational
rules. This permits only a single valid scientif@me for each kind
of plant; the discarded name is known as synonym.



4) Documentation: preservation of living or fossilrloin a museum
or habarium, including type, specimen and illusbrat

Plant Classification: This is the process of onggrmplants into groups
which are arranged in hierarchy. Each group tertagdn (plural taxa)

contains items or objects with close resemblandetwimay be neutral or
artificial. The first classification of plants webased on their economic
uses, e.g. cereals, medicinal plants, oil yieldahants etc. or on gross
structural resemblances e.g. herbs, shrubs, tk®abers etc. Agronomic

classification: Cereal or grain crops e.g. whae&, maize, oat, sorghum,
millet etc., Legumes for seeds (Pulses): e.g. pedieldbean, fieldpea,

pigeon pea, cowpea, soybean etc., Forage cropsgmsses, legumes,
crucifers etc. Root crops: e.g. sugarbeet, cattofip, sweetpotato,

cassava, yam., Fibre crops: e.g. cotton, kenafetwer crops: e.g. potato,
yam, etc. Sugar crops: e.g. sugarbeet, sugarcanéegetable crops: e.g.
potato, sweetpotato, carrot etc.

An ideal system of classification should indicates tactual genetic
relationship and also be within a reasonable liofitonvenience for
practical purpose.
3.2  Plant Classification
Kingdom
Division
Class
Order
Family
Tribe
Genus- Plural: Genera
Species
Varieties, races,
lines

All natural classification has a sound scientifiasts while artificial

classification is based on conveniences. In botdmey following are

hierarchical classes in descending order. Therdiffiehierarchies end
with certain recommending letters thus: class-adem ales; family-

aceae; subfamilyeae. From the hierarchical arraeggnthere is a
relationship between the groups and the divisionomling to the

differences between them. Varieties are importamt dgricultural

purposes. For example, yam has a specific (spec@ésk and a generic
name. The classification of yam according to iterdichical inter-

relationship is as follow:



Species- rotundata

Genus or Generic name-Dioscorea

Tribe- Dioscoreaceae

Family- Dioscoreaceae

Order- Dioscoreales

Class- Dicotyledoneae

Division- Spermatophyta

Kindom- planta
Keys: A key provides several choices of charadies®y which one can
identify a plant.

Table 1.1: Below is the list of some plant familieand their local name

FAMILY LOCAL EXAMPLES
Agavaceae Sisal hemp

Alliaceae Allium cepa Onion
Amaranthaceae Amaranthus sp. Greens
Anacardiaceae Mangifera indica Mango
Araceae Colocasia, cocoyam
Bromelaliaceae Anana — pineapple
Caricaceae Carica papaya- Pawpaw
Convolvulaceae Sweet potato
Dioscoreaceae yams (Dioscorea sp.)
Poaceae Maize, rice

Fabaceae (Leguminoseae) Cowpea
Malvaceae Cotton, Okra

Rubiaceae Coffee

Rutaceae Citrus (Citrus sp.)
Solanaceae Tobacco

3.2 Nomenclature

1) As the number of plants known to man increasedetame
apparent that some form of generally acceptablefsgtinciples
had to be adopted in naming them to avoid confubi@anists
adopted rules known as the international code ofeBsional.

2) Nomenclature may be defined as the system of narpiiagts,
animals or other objects. In botanical nomenclattine names
given to plants are either Latin names or Latinineghes taken
from other languages.

Botanical Nomenclature: This rule deals with the aad application of
scientific names.



3.2.1 Binomial Nomenclature

The Binomial system of nomenclature was starte€#nplous Linnaeus
(1753). In this system, the plants are given 2 rearme name is given
to the genus, called generic name. The other isngitu the species, the
specific name. A plant therefore is underlined wpented. For example
the scientific name for Yam is Diosscorea spp. ulitedl when written
and Dioscorea spptalized in printed form. Based on the Internationa
code, there can only be one group of plants igémes Dioscorea. Within
each genus there can only be one group of plariteigenus Dioscorea.
Within each genus there can only be one valid §pepithet esculentus,
but the same specific epithet way apply to plaitdiiferent genus e.g
Manihot esculentus., Abelmoscus esculentus etc. Tolowing
terminologies are generally employed in plant tammg.

GENERIC NAME:- This is always a noun and it is aywavritten with a
capital initial letter. It may be desciptive or thlgoniginal name of plants
or a name in honour of a person such as Jefferssmiafter Thomus
Jefferson or Linnea sp. For Linnaeus.

SPECIFIC NAME:- This may be any of the following;

a) An adjective agreeing with the generic name in gerahd usually
indicating a distinguishing characteristic of thpesies or
sometimes referring to a locality where the species first
discovered e.dJImus americanaPennisetum americaretc.

b) A noun such as it occurs when the species is namkdnour of
one or more persons e@arex davissiafter Mr Davis, Gilia
piersonaeafter Miss Pierson. Note the ending letters in tine
names.

The names of taxa superior to genus, such as oifdengies and
subdivision of such groups are also formed in at&oce with generally
accepted principles.

ORDER:- Is the major taxa immediately superiorte family. We form
the name of the order by adding ales to the steanadhcluded generic
name e.g Poales for Poa for the order includingsgrs.

FAMILY:- A family consists of a group of related mera. We form its
name, except for a few that antedate the standatdigstem, by adding
aceae to the stem of an included generic nameasgdeae for Rosa etc.



A few family have long been designated by nauntsghedate this system

e.g.

Table 1.2: List of Crops with Family, Old and New Nimes
Family name Old name New name
Grass Gramineae Poaceae
Mustard Cruciferae Brassicaceae
Pea Leguminouseae Fabaceae
Sunflower Compositeae Asteraceae

SUB-FAMILY:- A major subdivision of a family and sometimes used
when the size of the family justifies it and whae included genera may
be naturally so grouped. We form the name by addidgae to the stem
of an included generic name e.g. Festucoideae, Festuca and

Panicoideae for panicum.

TRIBE:- Is a subdivision of a family, subordinatethe subfamily when
the taxon is employed. We form the name by adda®gte the stem of an
included generic name, e.g. Festuceae from Feducthe Fescue tribe
of the grass family.

AUTHORITY:- This refers to the name of the persQmsitten after the
scientific name or taxon. The authors name may tigew out, but more
commonly itis indicated by a standardized abbtewia For exampl®oa
pratensis (Kentucky blue grass) was first named and describgd
Linnaeus, he became the authority for that nameitasdwvritten as Poa
pratensis, L.Erythronium grandifloruinPursh.;Lomatuim montanur@
and R. When rank of a plant is changed or whenegigps transferred
from one genus to another, the name of the oricanétor is placed in
parenteses and it is followed by &lgelmoschus esculent{Moench) L.,
Medicago zatirgL) All., Feruca foeniculacea (Nutt.) C and R.



Table 1.3: Summary of Taxa used in classificatiorof Poa pretenses

1. Kingdom Plantae, plant kingdom

2. Division Embryophyta, embryo plant
3. Subdivision Phanaerogana — seed plants
4. Branch Angiospermae

5. Class Monocotyledoneae

6. Order Poaceae - grass and sedges
7. Family Poaceae — grass

8. Subfamily Festucoideae

9. Tribe Festuceae

10.Genus Poa

11.Section Protenses

12.Species Poa pretenses

TYPE:- Type method is used by taxonomist to achigabilization of

taxa from species and subdivisions. The originahplon which the
descriptive is based is deposited in a standarBahiem. When the
original species is lost by accident, substitutespaovided and placed in
the herbarium. The following are the terminolod@sthe type,

Method

HOLOTYPE: A particular specimen or element desigddty the author
which automatically fixes the application of thisme.

LECTOTYPE: A specimen or element related by a cdemeworker
from the original material studied by the authorsave as substitute for
the holotype if the original material gets missing.

NEOTYPE:- A specimen selected to serve as substifoe the holotype
when all material on which the name was based ssing.

ISOTYPE:- A specimen , other than the holotype,cltduplicates the
holotypes from the same collection, with the sawmeality, date and
number as the holotype.

PARATYPE OR CO-TYPE:- Any specimen, other than Hwdotype,
referred to in the original publication of the taxo

SYNTYPE:- One of two or more specimen or elemesg&gilby the author
of a taxon if no hologype was designated.

TOPOTYPE:- A specimen collected at the same lgcaktthe halotype
and therefore probably representing the same popula



CLASSIFICATION OF ANGIOSPERM- Flowering plants

The angiosperms belong to the branch — angiospeandecould be
divided into 2 classes:- Monocotyledoneae and Diedbneae.
MONOCOTYLEDONEAE: - This class consists of many slasses and
the important ones among them are;

1. Subclass Calyciferae — The agriculturally importarer are :-

a) Order Bromeliales:- This contain, the pineapple ifam
Bromeliaceae which is mainly epiphytic,tropical and
subtropical with densely clustered linear and ugusring
toothed leaves.

b) Order Zingiberates — This contain 2 important faesil
Musaeae — which is banana and plantain and ginger.
Family — Zingiberaceae.

2. Subclass - Corolliferae — Agriculturally importaorters are;

a) Order — Liliales which contain lily family liliaceawhich
contains onion

b) Order — Arales which contain Araceae family. Impatt
crops from the family includes coconut palm — Cocos
nucifera, date palm — Phoenix doctylifera; Royalnpa
Roystonea regia; raffia palm — Raphia pedunculita e

3. Subclass Glumiflorae - This contains grasses aasisgike plants.
Important order include;

a) Order — poales — Annual or perennial, mostly gikesl
herbs. Two families can be distinguished in thideor
Cyperacea (sedges) and poaceae (grasses). Mentbers o
cyperaceae are mainly weeds. Poaceae is the most
important plant family in the world and it contaiab the
cereals grains that serves as food for man andrisals.
Table 1.4 shows common members of the grass family;

Table 1.4: Members of the Poaceae (grass family)

Common Names Scientific Names
Oats Avena sativa

Barley- Hordeum vulgare
Wheat Triticum aestivum

Rice Oryza sativa
Sugarcane Saccharum officinarum
Sorghum Sorghum vulgare

Maize Zea mays



Millet Penisetum sp.

Table 1.5: Members of the forage crops

Andropogon sp gamba grass
Panicum maximum guinea grass
Digitaria sp crab grass
Cynodon sp giant star grass etc

DICOTYLEDONEAE

This class contains many subclasses. Importantamesag them include.
Sub-class- polypetalae — contains many orders. 8sieh

a.

Order paparales — contain many families such asdiraceae
which contain mostly herbs with pungent watery guiMembers
of the family include — Cabbage- Brassica oleracealish-
Rapharues sativa; turnip — Brassica rapa.

Order Rosaleles — herbs, shrubs or trees with simptompound
leaves. This is one of the largest order of flomgrplant and it
include families such as Rosaceae, saxifragaced®mcEae etc.
Fabaceae are herbs, shrubs or trees. It is usliaitied into three
sub families:- Mimosoideae, Ceasalpiniodeae anaidete.
Among the three only Lotoideae subfamily contaidiocrops
which include; pea-Pisium sativum sweet peas -Lathyrus
odoratus soyabeans- Glycine sp. It also contains impodpaties
such as clover — Trofolium sp, alfalfaMedicago sativa

Order geraniales: contains an important family-eRete which
contain aromatic trees or shrubs, important craplutde sweet
orange -Citrus sinensisl.emon-Citrus limon grapefruit -Citrus
maxima citron- Citrus medica

. Order Malvales — contain Tiliaceae and Malvaceamilfes.

Tiliaceae contain corchorus, a popular vegetabtep€ such as
cotton — Gossypium sp., okraAbelmoscus esculentuBosette-
Hibiscus sabdarifaetc.

Order Sapindales — contains an important family hsuas

Anacardiaceae which contain crops such as Anacaakéawhich
contain crops such as casheiacarduim occidentaJevlango —

Mangifera indica

Order Euphorbiales — contains only one family Euplaceae
which are herbs, shrubs or trees often with miikgulmportant
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members of the family are; RubbeHevea braziliensisCassava-
Manihot sp, Castor oil-Ricinus communisThe family also
includes important ornamentals such as Euphorbiehpuima-
poinsettia.

CLASS - SYMPETALAE

Order Scrphulariales — contain plant of various itaabbut
predominantly herbaceous. Important family incliedanaceae
which contain plants which are chiefly herbacealisybing and
occasionally woody. Important crops in this familglude; potato
- Solanum luberosum, tomato +ycopersicon esculentym
tobacco-Nicotiana tubeccuppeppers €apsicum frutesceresc.
Order Rubiales : Important family include Rubiaceaenostly
trees or shrubs e.g coffee- Coffea arabica.

Order Cucurbitales — important family is cucurb&ae and
contain such vegetable crops as pumpKineurbita pepoWater
melon —Citrulus lunatus Cucumber -Cucumis sativuscalabash
— Lagenaria spetc.

SELF-ASSESSMENT EXERCISE

Attempt to the general knowledge about plant taxaycand
anatomy

CONCLUSION

In this unit, it is concluded that plant anatomy garovide valuable

characteristics in phylogenetic analyses, but theseless frequently
acquired today than in the past. However, anatdnféedures, whether
used directly to generate a cladogram or merelgettaon an existing
cladogram, can give insight into major adaptivdtshin that sense, they
are quite important in understanding different ctle pressures.
Anatomical and physiological traits are worthy déidy at a lower

taxonomic level as well, and are often correlatéth wdaptive strategies
and ecological shifts.



6.0 SUMMARY

Plant anatomy refers to the detailed structurb®piant: leaf, stem, roots,
flowers, and fruits, while taxonomy is one aspdcsystematics that is
concerned with the study of principles, procedunales, regulations and
it is the bases of classification. In taxonomiaiss the group of any rank
is termed as taxon.

7.0 TUTOR-MARKED ASSIGNMENT

What are the aims of plant anatomy?
Plant taxonomy is synthesized into four fields, & they?
In details, what is plant classification
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1.0 INTRODUCTION

As in all experimental sciences, research in @aatomy depends on the
laboratory methods that can be used to study tektsire and function.
Many important advances in understanding cells lthrextly followed
the development of new methods that have openeélraxenues of
investigation. An appreciation of the experimendtalls available to the
cell biologist is thus critical to understandingtfibdhe current status and
future directions of this rapidly moving area ofesice. The elements of
the plant cell are the membrane and the protoplHsé protoplast
includes the cytoplasm, the nucleus, the plastigs mitochondria, and
other organelles.

In the past, the chief objects of study in plargtamy were the vegetative
organs (stem, root, and leaf); today, attentialse given to the structure
of flowers, fruits, and seeds. Within the fieldpd&nt anatomy there is:

1) Physiological plant anatomy, which is concernedchwitie links
existing between plant structure and internal psses.

2) Ecological plant anatomy, which is the study of iemvmental
effects on plant structure.

3) Pathological plant anatomy, which is the studyhsf effect of
disease-producing agents of a biological, phys@adl chemical
character on plant structure, and

4) Comparative or systematic plant anatomy, whichoghices the
comparative study of representatives of the differgystematic



groups (taxa) - species, genera, families, andosth ffor the
clarification of their phylogenetic bonds.

The basic method used in plant anatomy, or theystfidnternal plant
structure, is the preparation of thin slices whieme studied
microscopically. From this the science “derives nigme (in Greek,
anatomemeans “dissection”). The emergence of the field ptdnt

anatomy is closely related to the invention andfgmion of the

microscope. The English physicist R. Hooke obsemd®65 the cellular
structure of thin slices of cork, elder pith, andoa from various plants,
using a microscope of his own improved design.

The real founders of plant anatomy, however, aresidered to be the
Italian biologist M. Malpighi and the English botanN. Grew, who
published the first (1675-79) and the second (1@&2ks on this subject;
in these works the results of a systematic microiscstudy of plant
material were presented. Further development cantyeadthe beginning
of the 19th century. The German scientist J. Mdidever in 1812 and
the French researcher R. Dutrochet in 1824 were tbdivide plant
tissue into its component cells through macerafoaking). In 1831 the
English botanist R. Brown observed the cell nugléus achievement, in
combination with the studies of the German botaNist). Schleiden,
played a great role in the founding of cellularaiye whose author was
the German biologist T. Schwann (in 1839). Greattrtoutions to the
field of plant anatomy were made by the Frenchdgst Edward. van
Tieghem and the German biologists Antony de Bagy] €on Nageli, K.
Sanio, J. Hanstein, and S. Schwendener.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

e To familiar with the history of microscopy and @ifént parts of
compound microscopes.

e To learn different techniques of anatomy like smutig and
staining.

e To know Mounting media and mounting techniques.

e To explain the common stains for plant cells
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3.0 MAIN CONTENTS
3.1 Tools in Plant Anatomy

The theoretical knowledge is incomplete without fhractical work.
Plants are easily available material for the lalligts and their study in
the lab adds immense knowledge to the subject. graetical work
develops the scientific outlook and makes the nati@pproach based on
facts and figures. For a better observation anchithef the anatomical
features of the plants in the laboratory we usdewiht tools and
techniques.

Practical Microscopy: The cells of plants are quite minute and
microscopic in size, so cannot be observed by naled. Such objects
are visible only under microscopes. Our eye hagdomagnification or
resolution power so unable to distinguish the disjsmaller than 0.1 mm.
Moreover the living cells are transparent in ordynlegght and cannot be
distinguished among various cellular component® fflicroscopes are
the most important tools in the plant anatomy ameirtmagnification
power is achieved by lenses of various type. Tiseifating world of
microorganisms and different anatomical featuresldidave remained
unknown had the microscope not been invented.

Roger Bacon (1267) described a lens for the fi,met However, his
observation was not pursued immediately thereafier1590 glass
polishers Hans and Zacchrius Jensen constructeade type of simple
microscope by placing two lenses together, whiamg&ed them to see
minute objects. In 1609-1610 Galileo made the #istple microscope
with a focusing device and observed the water fleeough his
microscope. In 1617-1619 the first double lens oscope with a single
convex objective and ocular appeared the inverftarnich was thought
to be the physicist C. Drebbel. This microscope wsed to study the
cells, plant and animal tissue, and also the mitiviteg organisms. Till
then, the name microscope had not been given sod#hwice; the name
»,microscopé& was first proposed by Faber in 1625. The credit of
developing a compound microscope with multiple éangoes to Robert
Hooke (1665) of England. It was only after 167Q thaloth merchant of
Delft (Holland), Antony van Leeuwenhoek (1632-1723)arted his
hobby of making microscopes. Considerable progrmeas made in
improving the microscope in nineteenth century.



Compound Microscope:A compound microscope is the primary tool in
the anatomy. Therefore, a clear understanding mifctsire, use and
manipulations of a compound microscope is a mustlostudents of
anatomy (Fig.1).

a. Essential parts: The essential parts of usually used monocular
compound microscope are the following:

ular lens
(Eye piece)
Body tube
Revolving Nose —————— s
piece . Am
Objectives !
Stage
Stage clips
g .7Co arse adjustment
Diaphragm 4 knob

Fﬁne adjustment
Light Source —. " knob

> ——Race

Figure 1.1: Compound Microscope

Lenses:The eye piecewith different magnifications (5-20 times). It has
field lens towards the object and eye-lens closhémbserver's eye. The
objectivesgenerally with three different magnifications vibw (10 X),
high (40 X) and oil-immersion (97 X). The focal tghs of these are 16
mm, 4mm, and 1.6 mm respectively. These objectwesmounted on a
revolving nose piece for convenience. The eye paéuxkobjectives are
fitted at the two ends of a hollow tube called jbedy tubé".

Adjustment of objective lens:In some microscopes coarse arid fine
focusing adjustment knobs are both provided inoi@®wer or raise the
body tube with lenses for rendering image clears i done by rotation
of the knobs. The coarse adjustment is meant toghthie object into
vision whereas the fine adjustment is used for $owyfiner details.
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Stage: The object to be observed is kept on a glass séddsplaced on
the stage. It may have clips to keep the slidednirdd position or a
mechanical stage for horizontal movement of theeabjIn some
microscopes the stage may be raised or lowered euitlise and fine
adjustments for focusing the object.

Mirror:  The mirror reflects light, which is transmitteddbigh the object

for observing it. The mirror has two planes, onaaave and the other
plane. When natural light is available the planeranimay be used for
reflection of light because concave mirror wouldnfowindow images.

However, with artificial illumination, the concaweirror is necessary for
higher magnification whereas for lower, the planeon may be used.

Substage diaphragm: This is meant to control the amount of light
transmitted through the object.

Substage condenserThe substage condenser consists of convex lenses
which concentrate and intensify the light reflectadthe mirror. With
objectives of magnification exceeding 10X, the ossondenser becomes
necessary for narrowing the core of transmittelltJigghich would fill the
smaller aperture of the objective. The condenssuslly employed are
called ,Abbé“ condensers and these are used with plane mirrors.

3.2 Techniques in Plant Anatomy

Solid material should be sectioned in several anerder to discover
the distribution of the various tissues withirTihe complete investigation
of axial structures, such as stem or root, norm@tuires a transverse
(cross) section at one, or more, levels; and ralbagitudinal, and
tangential longitudinal sections at different despifom the surface to the
center. Foliar structures generally require trarsyeand paradermal
sections; and vertical longitudinal sections maycaswonally be
necessary. For anatomical study different techrsigaee used for
visualizing the cells. Some of the techniques arergbelow.

a) Epidermal peels: The superficial tissues of many plant parts
(especially leaves) may be peeled away in strips éhough for
microscopic examination. To make such a peel, bogatut the
surface of the plant apart. Then, grip the epidenmih forceps at
one of the cut edges, and pull the outer tissuer lagick away from



b)

d)

the cut. The resulting epidermal peel should bentenlin water
containing a wetting agent, or in alcohol if itvisry hydrophobic.
Macerations: The three-dimensional form of a cell is most easily
seen when the cell is separated from the surrogncitis of the
tissue. Macerating fluids accomplish this throughydrolysis of
the middle lamella. The following method is a gentut effective
technique: Cut small pieces of the tissue into stumé of 1 part
Hydrogen peroxide, 4 parts distilled water, and&st$ glacial
acetic acid. Cook the mixture in a 56-60 degreendue 24 hours.
If further macerating is needed, replace the aldflvith a fresh
mixture and cook the tissues for another 24 hoRepeat the
process until the material is mostly colorless, amaly be easily
teased apart with a dissecting probe. When the ratoe is
complete, rinse the tissues in water in an uncavemntainer.
Stain in 0.25% Safranin in water and mount in @ilglycerin.
Squashes:Material can be squashed on a slide for cytological
examination. This technique is most often usedcfoomosome
counts and examination of mitotic structures. Dissevay non-
meristematic tissues, chop the meristem with apstaplace a
cover slip over the tissue, place paper towelsercover slip and
apply vertical pressure through your thumb.

Free-Hand Sectioning: Material should be kept moist while
sectioning. Liquid should be kept on the razor blagb that the
sections float as they are cut. In general, in&lvisable to take
particular care over individual sections. Bettesules are usually
obtained by cutting a large number of slices rapidhd sorting
out the best ones. Sections of uniform thinnessuatally not
necessary. Wedge-shaped slices which taper fromuepaverly
thick margins to ultra-thin edges will show useahteas of the
proper thickness. When cutting longitudinal sediont is
important to use a short piece of material not miociger than
wide. It is impossible to cut satisfactory longitual sections of
any considerable length by the freehand technidtiexible
structures, such as leaves, require some suppangdsectioning.
Many leaves will yield good transverse, and vettioagitudinal
sections if rolled or folded so that 10 or moreckiesses are cut
at each stroke. If some extra support is necesserynaterial may
be inserted into the cut and of a young carrot Wwhias been
pickled in alcohol. The material and the surrougdwarrot tissue
are then cut at the same time. This technique dimpuobuce results
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3.2.1

1)

2)

3)

4)

superior to those of the more classical elderbgittymethod. To
obtain paradermal sections of a leaf, bend it @/#nger and cut
small slices off the curved surface. Sections gfrdaterial should
first be soaked in alcohol or hot water to softeanid remove air
from the cells.

Figure 1.2: Hand sectioning

Steps in Sectioning

Obtain a new double edge razor blade. To minimeerisk of
cutting oneself, cover one edge of the razor bladle masking
tape. Rinse the blade with warm tap water to remoaees of
grease from the surface of the blade if necessary.

Hold the plant material firmly. The material shoblel held against
the side of the first finger of the left hand (@ht hand) by means
of the thumb (Fig.1.2). The first finger should kept as straight
as possible, while the thumb is kept well below sheface of the
material out of the way of the razor edge.

Flood the razor blade with water this will redulse friction during
cutting as sections can float onto the surfacketliade. Take the
razor blade in the right hand (or left hand) aratplit on the first
finger of the left hand (or right hand), more mdet a right angle
to the specimen.

Draw the razor across the top of the material thsa way as to
give the material a drawing cut (about 450 in thegizontal
direction). This results in less friction as theaablade passes
through the specimen. Cut several sections ate tdactions will
certainly vary in thickness. However, there will beable ones
among the "thick" sections!



5) Transfer sections to water, always using a brusharforceps or
needle.

6) Select and transfer the thinnest sections (the naresparent
ones) onto a glass slide and stain.

Note: For cross sections, special care should be takengdsectioning
to see that the material is not cut obliquely. Dgrsectioning, a number
of sections should be cut at the same time andloogld not worry about
the section thickness at this time. By slightly gmolgressively increasing
the pressure with the razor blade on the firstdm@nd simultaneously
exerting increasing pressure onto the specimeméyhumb, a number
of sections can be cut without moving the matenahe thumb. It is best
to start cutting with the razor blade right at tweface of the specimen
rather than against the side of the material. Sine@oot and stem usually
have a radial symmetry, it is usually not necessiaay a section should
be complete, as long as it includes a portion ettbsues from the center
to the outer edge of the specimen. For delicatehandito hold specimens
such as thin leaves and tiny roots, additional euppan be used to
facilitate hand sectioning. The following methoddl vallow for the
sectioning of thin leaves and small, soft specinmsrth as roots. Tissue
pieces can be inserted into a small piece of pith &s a carrot root. Once
the tissue is firmly in place, the hand sectiortexghnique can be applied.
Longitudinal sections are also difficult to obtaby hand without
supporting material as small stem and root piecedifficult to hold with
one's finger. However, by cutting a v-shaped natth the pith support,
it is possible to hold the tissue firmly for freartd sections.

Treatment of Sections:The student should become familiar with the use
of the following simple techniques and apply themthe study of
laboratory materials: “Wet” water used for prepgriwet mounts of
specimens for general observations with a miniméirepped air. Dilute
glycerin used for preparing wet mounts for genefaervations when
rapid drying of the mount is undesirable. Chloraitate is used to clear
whole structures or sections which are not otherwnansparent. Mount
the specimen in a few drops of chloral hydrate uad®ver glass. Warm
the mount over alcohol lamp until it seems moregparent. Do not allow
the fluid to boil violently. Observe the mount ditly, or rinse and
remount in glycerin. This treatment renders cellswasible, but removes
most cell contents. Starch grains are dissolvet chystals of calcium
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oxalate do not dissolve. Aniline blue used to staitose in the phloem,
and to stain nuclei and nucleoli.

When cut, sections of fresh material should bequao water, and those
of preserved materials into alcohol. However, iyrha necessary to place
sections of some fresh materials into alcohol torigeof the air within
them. In order to avoid unnecessary handling of ¢eetions, all
treatments should be carried out on the slides lmichathe sections will
ultimately be mounted. When the liquid surrounding section is to be
changed, merely add a pool of the new liquid atemeof the slide. Pull
the section into the new liquid with a water cddoush, and pour the old
liquid off the other end of the slide. Some teclieisj may require
especially long rinses. In those cases, the sectioay be rinsed more
thoroughly in a shallow dish.

The best instrument for moving sections when usindjsh is a small

watercolor brush. Sections of preserved materialikhbe mounted in a
drop of dilute glycerin. Sections of fresh mateshbuld be mounted in
water or dilute glycerin. A few air bubbles in fireal mount are generally
not a problem, as long as they can be recognizéadlamot obscure the
areas of interest. The size and frequency of subbles may be reduced
by mounting sections in water containing a wettiggnt such as glycerin
or detergent.

Clearing: This technique is especially useful for examinatibthe intact
vascular systems of leaves and floral parts. Howevanay also be
resorted to as a means of making thick free haraliogs more
transparent. The easiest method is to clear tisguecubating it in Ethyl
Alcohol to remove hydrophobic pigments includingocbphyll. This
may take several hours. Many such plant partstbéeiresh, preserved
or dry materials may be cleared sufficiently by mvarg them in chloral
hydrate. Others may require treatment with NaOlbksws:

Clear in 5% NaOH in a petridish in an oven (theetimaries from one to
several days depending on the material). Wash3times in distilled
water carefully with a pipette. If more clearingpaprs to be necessary,
use a saturated aqueous solution of chloral hydeoait@4 hours. Wash
again in distilled water.



3.2.2 Staining

The most basic reason that cells are stainedasltance visualization of
the cell or certain cellular components under aosicope. Cells may also
be stained to highlight metabolic processes oifferdntiate between live
and dead cells in a sample. Cells may also be eratateby staining cells
to determine biomass in an environment of interBgtusing different
stains, one can preferentially stain certain celhponents, such as a
nucleus or a cell wall, or the entire cell. Mostiiss can be used on fixed,
or non-living cells, while only some can be usedliging cells, some
stains can be used on either living or non-livirgllsc Cell staining
techniques and preparation depend on the typeauiof ahd analysis used.
One or more of the following procedures may be meguto prepare a
sample:

a) Permeabilization: treatment of cells, generally hwia mild
surfactant, which dissolves cell membranes in ci@afiow larger
dye molecules to enter inside the cell.

b) Fixation: serves to "fix" or preserve cell or tissmorphology
through the preparation process. This process mapie several
steps, but most fixation procedures involve addinghemical
fixative that creates chemical bonds between prst& increase
their rigidity. Common fixatives include formaldets;, ethanol,
methanol, and/or picric acid.

c) Mounting: involves attaching samples to a glassosoope slide
for observation and analysis. Cells may eitherdogvg directly to
the slide or loose cells can be applied to a dlisiag a sterile
technique. Thin sections (slices) of material saskissue may also
be applied to a microscope slide for observation.

d) Staining: application of stain to a sample to cadefls, tissues,
components, or metabolic processes. This processimvalve
immersing the sample (before or after fixation aumting) in a
dye solution and then rinsing and observing thepéarander a
microscope. Some dyes require the use of a morddrich is a
chemical compound that reacts with the stain tmfan insoluble
colored precipitate.

Botanical specimens from differing divisions (basedtheir taxonomy)
respond to stains in a unique way. Stains that jrytes require might
not be the same for Algae or Fungi, or even Ptphgtes. The most
commons stains used in laboratory work are Anilmhee, Fast green,
Safranin, Cotton blue, Methylene blue or Crystallei. Media used for
mounting may vary between Glycerine 10%, Glycerinsly,

21



Lactophenol, Erythrosine or Canada Balsam (or D.Rviuntant)
depending on whether they are for temporary or paent preparations.

3.2.2.1Mixtures of Some Common Stains
Crystal violet:
e Crystal violet : 3 gms

e Distilled water : 80 ml

e Ethyl alcohol (95%) : 20 ml, dissolved and mixedhad.8 gms of
ammonium oxalate.
It is a violet dye and is used to stain the ligrdfitissues.
Methylene blue:
e Methylene blue : 0.3 gms
e (0.01%) distilled water - 100 ml
e Ethyl alcohol (95%) : 30 ml, dissolved and mixedhapotassium
hydroxide
It is used to stain cellulose walls.
Safranin:
e Safranin : 0.25 gms
e Alcohol (95%) : 10 ml
e Distilled water : 100 ml
This is mainly used to stain lignified tissues.
Fast Green:
e Fast Green: 0.5 gm
¢ Alcohol (95%): 100c.c.

Bacteria can be divided into gram negative and gpasitive bacteria.
Grani‘s stain is used for this purpose and help with asicopic studies
of the same. Grais iodine solution: iodine - 1 gm, potassium iodide,
gms and distilled water 300 ml.

3.2.3 Common Biological Stains

Different stains react or concentrate in differpatts of a cell or tissue,
and these properties are used to advantage td spezfic parts or areas.
Some of the most common biological stains aredigielow. Unless

otherwise marked, all of these dyes may be useld fwed cells and

tissues; vital dyes (suitable for use with livingganisms) are noted.



1) Carmine
Carmine is an intensely red dye used to stain gignp while Carmine
alum is a nuclear stain. Carmine stains requireuts® of a mordant,
usually aluminium.

2) Crystal violet

Crystal violet, when combined with a suitable martiatains cell walls
purple. Crystal violet is the stain used in Graairshg. Crystal violet
stains the acidic components of the neuronal cgopla violet color,
often used in brain research.

3) Eosin

Eosin is most often used as a counter stain to ageylin, imparting a

pink or red color to cytoplasmic material, cell mMmanes, and some
extracellular structures. It also imparts a stroeg color to red blood
cells. Eosin may also be used as a counter staonre variants of Gram
staining, and in many other protocols. There atealy two very closely

related compounds commonly referred to as eosirstMéien used is
eosin Y (also known as eosin Y was or eosin yebtwiit has a very
slightly yellowish cast. The other eosin compoundasin B (eosin bluish
or imperial red); it has a very faint bluish cas$he two dyes are
interchangeable, and the use of one or the othemoie a matter of
preference and tradition.

4) Acid fuchsine
Acid fuchsine may be used to stain collagen, smaoihscle, or
mitochondria. Acid fuchsine is used as the nuched cytoplasmic stain
in Mallory's trichrome method. Acid fuchsine stacyoplasm in some
variants of Masson's trichrome. In Van Gieson'sgfachsine, acid
fuchsine imparts its red color to collagen fibeksid fuchsine is also a
traditional stain for mitochondria (Altmann's metho

5) Haematoxylin
Haematoxylin (hematoxylin in North America) is actear stain. Used
with a mordant, haematoxylin stains nuclei blueletimr brown. It is
most often used with eosin in H & E (Haematoxylimd &osin) staining-
one of the most common procedures in histology.
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6) lodine
lodine is used in chemistry as an indicator forcstaWhen starch is
mixed with iodine in solution, an intensely darluélcolor develops,
representing a starch/iodine complex. Starch ighstance common to
most plant cells and so a weak iodine solution stdin starch present in
the cells. lodine is one component in the stairteghnique known as
Gram staining, used in microbiology. lodine is alsed as a mordant in
Gram's staining; it enhances dye to enter throbhglpbre present in the
cell wall/membrane.
7) Methyl green
Methyl green is used commonly with bright-field muscopes to dye the
chromatin of cells so that they are more easilyveie.
8) Methylene blue
Methylene blue is used to stain animal cells, saxhuman cheek cells,
to make their nuclei more observable. Also usedtan the blood film
and used in cytology.
9) Safranin
Safranin (or Safranin O) is a nuclear stain. lidor@es red nuclei, and is
used primarily as a counter stain. Safranin mag aks used to give a
yellow color to collagen.
3.2.4 Staining and Permanent Slide Preparation Pradure
e Deparaffinize in xylene and bring slides to 70%ngsa graded
Ethyl alcohol series using 10, 20, 30, and 50 &maht70%
solution. Coating is optional and is used onlyesttsections fall
off the slides.

e Stain 2—-24 h in safranin staining solution.

e Wash out excess stain for a few moments with thstilvater. You
may use running water but take care not to dislcziggions. A
good technique is to run water through a flexikibet into the
bottom of the staining dish.

e Dehydrate for 10 sec. in 95% Ethyl Alcohol plus%.picric acid.
Picric acid will cause safranin differentiation.

e Wash for 10 sec. to 1 min. (no longer) in 95% +@pd ammonium
hydroxide per 100 ml to stop picric acid actioncéssive Ethyl
Alcohol washing will completely remove Safraninistag.

e Dip briefly (10 s) in 100% Ethyl Alcohol to finistiehydration.



e Counter stain for 10-15 sec. in Fast Green staisoigtion. Test
staining on a single slide and dilute the Fast Gedution if it is
too concentrated.

e As the Fast Green staining solution evaporates wgh, add
additional solvent, not dye solution to maintair ttorrect dye
concentration.

¢ Rinse excess Fast Green with “used clearing saititidou can
use either a Coplin jar for a few slides or a stajrdish for many
slides.

e Wash slides in clearing solution by dipping thetisas for 5-10
sec.

e Remove clearing solution by dipping for a few moisemto
xylene plus 2-3 drops 100% Ethyl Alcohol (to remaesidual
water).

e Keep the slides in the final xylene solution whjteu mount the
cover slip one slide at a time. Do not allow thdesd to dry before
mounting cover slip, because tissue damage may.occu

4.0 SELF ASSESSMENT EXERCISE
e Differentiate the techniques of anatomy like settig and
staining.
e What is the difference between Mounting media araiming
techniques?

e State the common stains for plant cells

5.0 CONCLUSION

In this unit, it is known that in all experimensaiences, research in plant
anatomy depends on the laboratory methods thdieaised to study cell
structure and function. Many important advanceanderstanding cells
have directly followed the development of new meththat have opened
novel avenues of investigation. An appreciatiothefexperimental tools
available to the cell biologist is thus critical tmderstanding both the
current status and future directions of this rapidbving area of science.
The theoretical knowledge is incomplete without fhractical work.
Plants are easily available material for the lalligts and their study in
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the lab adds immense knowledge to the subject. graetical work
develops the scientific outlook and makes the nati@pproach based on
facts and figures. For a better observation anthithef the anatomical
features of the plants in the laboratory we usdewiht tools and
techniques.

6.0 SUMMARY

Plant cells are quite minute and cannot be seeugtr naked eyes. For
understanding the anatomical features of the pldierent techniques are
used such as microscopy, sectioning, staining Eto. anatomical
analyses, the xylem and phloem of stems, branchbets (root collar),
rhizomes of dicots and monocots, needles, leaves batow-ground
stems can be used. Microscopes are important tootsbservation due
to immense resolution power and the magnificatibthe microscope is
determined by multiplying the magnification of tlegepiece by the
magnification of the objective lens. In order toeal the cellular structure
plant material are being cut in various planes. muly cross and
longitudinal sections are taken for the study. Ehesctions are stained
through chemical stains and then after mountingpwe them under
microscope for the study. Staining is used forugsdifferentiation with
different types of stains which are normally cheshityes. We can also
preserve our sections by making permanent preparafithe slides.

7.0 TUTOR-MARKED ASSIGNMENT

What is sectioning?

What is staining?

What does the word "maceration” mean?

Draw a well labelled diagram of compound microssopad

define its different parts.

5. Define the different types of stains and their nratused in plant
anatomy?

6. Define the process of mounting.

PN

8.0 REFERENCES/FURTHER READING
Pandey B.P. (2012)Modern Practical Botan.Vol Il. S. Chand &
Company Ltd., New Delhi.

Pandey, S.N. (1997Rlant Anatomy and EmbryologYikas Publishing
House Pvt Ltd, New Delhi.



Singh, V. 2010Plant Anatomy and Embryology of Angiosper@mpbal
Media Publications. Meerut.

Sharma A.K. & Sharma R. 2010Structure Development and
Reproduction in Flowering Plantdagdamba Publishing Co., New Delhi.

27



UNIT 3 ROOT ANATOMY

CONTENTS
1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Root Anatomy
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Roots are plant organs that generally function mcharage and in
absorption of water and minerals. Roots are fountthé sporophytes of
all land plants except for the nonvascular livetsphornworts, and
mosses (in which the sporophytes are attachedetgametophytes), the
psilotophytes (e.g.Psiloturm), and a few other, specialized taxa. Land
plants lacking roots generally have uniseriate {celethick), fila-
mentous rhizoids that assume a similar function.

The first root to develop, in the embryo, is termfeglradicle. If the radical
continues to develop after embryo growth, it iswna@s the primary root.
Additional roots may arise from internal tissuesdher another root, the
stem/shoot (often near buds), or (rarely) a leabtR that arise from other
roots are called lateral roots. Roots that arigefa nonroot organ (stem
or leaf ) are called adventitious roots. Variouglifications of roots have
evolved, such as storage roots, aerial roots, dbrmots, tap roots,
contractile roots, haustoria, prop roots, and pretaphores.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

e Understand the root structures and its functiorigant growth
e Explain the anatomical features of the roots



3.0 MAIN CONTENTS
3.1 Root Anatomy

Roots, like shoots, develop by the formation of nesils within the
actively growing apical meristem of the root tipglres 1.3 and 1.4), a
region of continuous mitotic divisions. At a latgge (and further up the
root) these cell derivatives elongate significantllyis cell growth, which
occurs by considerable expansion both horizontalhy vertically,
literally pushes the apical meristem tissue dowaw&ven later in age
and further up the root, the fully grown cells diéntiate into specialized
cells.

Roots can be characterized by several anatomialres.

e First, the apical meristem is covered on the oet&ig a root cap
(Figure 1.5). The root cap functions both to protke root apical
meristem from mechanical damage as the root grotestihe soil
and to provide lubrication as the outer cells stoaf.

e Second, the epidermal cells proximal to the rqotevelop hair-
like extensions called root hairs (Figure 1.5);tioairs function to
greatly increase the surface area available for water anératl
absorption.

e Third, roots have no exogenous (externally develgporgans; all
lateral roots arise endogenously from the intetisslues of the
root. Lateral roots grow from cell divisions of tipericycle, a
cylindrical layer of parenchyma cells located jusside the
endodermis, or from the endodermis itself.

Two other features of roots may or may not distisiguhem from stems,

as the stems of some land plants are very sinnildrase features to roots.
All roots have a central vascular cylinder of xylemd phloem. Often,

ridges of xylem alternate with cylinders of phloéne., the xylem and

phloem are on alternate radii). As with stems ntiostly parenchymatous
region between the vasculature and epidermis ieccdlhe cortex; the

center of the vascular cylinder, if vascular tissukcking there, is called
a pith. In addition, the vascular tissue of allteo@s surrounded by a
special cylinder of cells known as the endoderimighe general region

of the root hairs, where most absorption takeseplaach cell of the

endodermis has a Casparian strip, which is a taragdrand of suberin

that infiltrates the cell wall (Figure 1.6).
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The Casparian strip functions as a water-impernsedaibding material to
the plasma membrane of the endodermal cells. ©hie$ absorbed water
and nutrients to flow through the endodermal plasmembrane, as
opposed to within the intercellular spaces (betwiencells or through
the cell wall). The function of the Casparian srip to allow selectivity
as to what mineral nutrients are and are not alksoby the plant; e.g.,
toxic minerals may be selectively excluded. (Nt further away from
the root apical meristem, away from root hairs, émelodermal cells
become completely suberized, preventing fluid {pamis altogether)
(Figure 1.6).

Some root anatomical specializations are found entatcn taxa. For
example, the aerial roots of many Orchidaceae aadedae lack root hairs
and have a multilayered epidermis called a velariée. velamen may
function in protection, prevention of water loss,water and mineral
absorption.

Roots have really important jobs, and they do mbtdyie credit for their
hard work because they remain underground all ithhe.tRoots are
responsible for:

e Anchoring the plant into the ground

e Absorbing water and nutrients

e Storing nutrients

e Associating with soil microbes in symbiotic relatghips

Figure 1.3: Meristematic cells-Root. (Arrows indicde general
directions of cell growth)
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Figure 1.4: Root anatomy. A. Root longitudinal-seabn. B. Root
cross-section, close-up at right.
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Figure 1.5: The Casparian strip, a specialized feate of cells of the
endodermis.

4.0 SELF-ASSESSMENT EXERCISE
e What do you understand about root structures anfifictions in

pant growth
e Explain the anatomical features of the roots

50 CONCLUSION
Evolutionarily, the root seemed to be the lashefthree main vegetative

organs to evolve, perhaps since early land plaets gn or near the water
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and so much of their early innovations were geaoedhrd maximizing

photosynthesis through development of stems andesealhere are
generally two very different developmental and cinsal aspects to
Angiosperm root systems. The primary root systemeisved from the

radicle and tends to be dominant in dicots, aneégynse to lateral roots
with various degrees of branching. In monocots piti@ary root is often

ephemeral, and so adventitious roots (derived ls@i@m stems and
leaves) and seminal roots (derived from mesocatyfhprise their root
systems where they also produce lateral roots.

The root system also has an apical meristem, knasvthe root apical
meristem. This acts in much the same way as thet stpocal meristem,
causing extension growth. The main difference esgtowth goes down
into the ground, and roots, not leaves and branche® from the root
apical meristem.

6.0 SUMMARY

As roots grow, they travel downward through the, stlmdging rocks and

other obstacles that might be in their way. Jusyas should wear a

helmet when riding a motorcycle or playing hockepts have their own

type of helmet: a root cap. The root cap protdatsroot apical meristem

as the root pushes its way through the soil. & akcretes slimy ooze that
lubricates the soil around the tip of the rootjragdthe root on its journey

through the harsh soil.

Anatomy of root is simpler than stem and show sarharacteristic
features by which we can determine roots. They td&rophyll and are
positively geotropic and they are not susceptiblieght. Roots have root
cap at the apex with root hairs near the apex. Masbundles are radial
and exarch type i.e. xylem and phloem in differaalii and protoxylem
towards periphery and metaxylem towards center.

7.0 TUTOR-MARKED ASSIGNMENT
1. What are roots responsible for?

2. What are the anatomical characteristics of roots



8.0 REFERENCES/FURTHER READING

Dennis, D. T. & Turpin, D. H. (1990Plant Physiology, Biochemistry
and Molecular BiologyHarlow, Essex, UK: Longman Group.

Taiz, Lincoln, & Eduardo, Zeiger (2010plant Physiology(2nd ed.).
Sunderland, MA: Sinauer Associates

Craig, Richard and Vassilyev, Andreylant Anatomy. McGraw-Hill.
Archived from the original on 24 July 2010.

Byrne, M.E, Kidner CA, Martiennsen RA. Plant steells divergent

pathways and common themes in shoots and rd@asrent
Opinion in Genetics and Developm@®03; 13:551-557.

33



UNIT 4 SHOOT ANATOMY
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Shoot Anatomy
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Stems are usually above ground organs and growdsvight (positively
phototropic) and away from the ground (negativedgtgopic), except in
the case of certain metamorphic (modified) stemise Tain stem
develops from the plumule of the embryo, whiledatéranches develop
from auxillary buds or from adventitious buds. lormal stems clearly
defined internodes and nodes can be distinguisihedlatter being the
regions where the leaves are attached. In youngeissstomata are found
in the epidermis while in the mature stems lensicate evident.
Depending on the hardness of the stem one cardesisoguish between
herbaceous and woody stems. In this section wedigitluss the internal
structures of young dicotyledonous and monocotyleds stems,
secondary thickening in the stems of dicot, anikdihces in the internal
structures of dicots and monocots.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

e Explain the shoot anatomy
e State the main functions of the stem
e Differentiate between dicot and monocot stems



3.0 MAIN CONTENTS

3.1  Stem Anatomy

Stem is one of two main structural axes of a vasquibnt, the other being
the root. The stem is normally divided into nodesd @ternodes: The
nodes hold one or more leaves, as well as budshwtao grow into
branches (with leaves, conifer cones, or inflorases (flowers).
Adventitious roots may also be produced from theéeso

The term "shoots" is often confused with "stemshdots" generally
refers to new fresh plant growth including bothhs$eand other structures
like leaves or flowers. In most plants stems aated above the soil
surface but some plants have underground stems.

Stems have four main functions which are:

e Support for and the elevation of leaves, flowers fuits

e The stems keep the leaves in the light and proaigiace for the
plant to keep its flowers and fruits

e Transport of fluid between the root and shoot kg xlglem and
phloem

e Storage of nutrients

Production of new living tissue i.e. stems havésaelled meristems that
annually generate new living tissue. Shoots corgdigtems including

their appendages, the leaves and lateral budseflog/stems and flower
buds. The new growth from seed germination thatvgrapward is a

shoot where leaves will develop. In the springeparal plant shoots are
the new growth that grows from the ground in hedoas plants or the
new stem and/or flower growth that grows on wooliys.

In everyday speech, shoots are often synonymous stegms. Stems,
which are an integral component of shoots, prowddeaxis for buds,
fruits, and leaves. Young shoots are often eateariyals because the
fibers in the new growth have not yet completedosdary cell wall
development, making the young shoots softer anceress chew and
digest. As shoots grow and age, the cells developralary cell walls that
have a hard and tough structure. Some plants leagken) produce
toxins that make their shoots inedible or lesstpala

Stem usually consist of three tissues, dermal ¢isguound tissue and
vascular tissue. The dermal tissue covers the sutéce of the stem and
usually functions to water proof, protect and cohgas exchange. The
ground tissue usually consists mainly of parenchyelés and fills in

around the vascular tissue. It sometimes functionphotosynthesis.
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Vascular tissue provides long distance transpadtsiructural support.
Most or all ground tissue may be lost in woody stefihe dermal tissue
in aquatic plants, stems may lack the waterprooiegound in aerial
stems. The arrangement of the vascular tissuess/aidely among plant
species.

3.2 Dicot stems

Dicot stems with primary growth have pith in thentes, with vascular
bundles forming a distinct ring visible when therstis viewed in cross
section. The outside of the stem is covered witleidermis, which is
covered by a waterproof cuticle. The epidermis aisy contain stomata
for gas exchange and multicellular stem hairs daliehomes. A cortex
consisting of hypodermis (collenchyma cells) andoetermis (starch
containing cells) is present above the pericyct\ascular bundles (Fig.
1.6).

Pericycle
Phioem
Cambmum

A B
Figure 1.6: Dicot stem; A. Diagrammatic; B. A portion enlarged
From the study of the transverse section of thetgiedonous stem you
will identify the following three regions of tisssteepidermis, cortex and
vascular cylinder or stele (Fig. 1.6).

Epidermis: The epidermis consists of a single layer of livaals which
are closely packed. The walls are thickened ancerenl with a thin
waterproof layer called the cuticle. Stomata wittaigl cells are found in
the epidermis. In some stems either unicellulamatlticellular hair-like
outgrowths, trichomes, appear from the epidermis.

e The epidermiprotects the underlying tissues

e The cuticleprevents the desiccation of inner tisswsl thus
prevents water loss

e The stomata allowgaseous exchangéor the processes of
respiration and photosynthesis



Cortex: This region comprises the cells of collenchymagpehyma and
endodermis. It is situated to the inside of thelepnis. Collenchyma cells
lie under the epidermis and constitute three to fayers of cells with cell
walls thickened at the corners. The collenchymadis ceontain
chloroplasts. This tissue serves dtrengthenthe young stem. The
chloroplasts are responsible for thgnthesis of organic fooduring
photosynthesis. Beneath the collenchyma cells desvdayers of thin-
walled cells, parenchyma, with intercellular spadése parenchyma cells
make up the bulk of the cortex. They synthesiaeghnic food (mainly
starch) is stored here The intercellular air spaces are responsible for
gaseous exchange

Endodermis: It is starch sheath which forms the innermostrajethe
cortex. This is a single layer of tightly-packedtengular cells bordering
the stele of the stem. The cells of this tisstiere starch It allows
solutions to pass from the vascular bundles toctitgex

Vascular cylinder or Stele: This region comprides pericycle, vascular
bundles and pith (medulla). The pericycle is mageotisclerenchyma
cells which are lignified, dead fiber cells. Thesdls have thick, woody
walls and tapering ends.dtrengthenghe stem. It providegrotectionfor
the vascular bundles. The vascular bundles aratsduin a ring on the
inside of the pericycle of the plant. This distinictg of vascular bundles
is a distinguishing characteristic of dicotyledosostems. A mature
vascular bundle consists of three main tissueslenxy phloem and
cambium. The phloem is located towards the outsidiae bundle and
the xylem towards the center. The cambium sepataescylem and
phloem which bring about secondary thickening.

The xylem provides passage for water and dissolved idren the root
system to the leaves. The xylem assengthens and supporise stem.
The phloentransports synthesized organic fomdm the leaves to other
parts of the plant. The cambium, divides to prodones xylem and
phloem cells, makingecondary thickeningossible.

Pith (Medulla): It occupies the large central part of the sternotisists
of thin-walled parenchyma cells with intercellulair spaces. Between
each vascular bundle is a band of parenchyma, teéulary rays,
continuous with the cortex and the pith. The ceflthe pithstore water
and starch Theyallow for the exchange of gastsough the intercellular
air spaces. The medullary ralyansport substancefsom the xylem and
phloem to the inner and outer parts of the stem.
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3.3 Monocot stems

Vascular bundles are present throughout the monstam, although
concentrated towards the outside. This differs fthendicot stem that has
a ring of vascular bundles and often none in titaze The shoot apex in
monocot stems is more elongated. Leaf sheathes gpoaround it to
protect it. This is true to some extent of almdktreonocots. Monocots
rarely produce secondary growth and are therefeldos woody, with
Palms and Bamboos being notable exceptions. Howeeary monocot
stems increase in diameter due to anomalous segomaavth (Fig. 1.7).

The tissues of dicots and monocots are basicadlgéime as you will see.
However, there are essential differences in thangement of the
epidermis, ground tissue and vascular tissue. frbetare and functions
of Epidermis is same as the epidermis of the stem dicotyledonous
plant. The epidermis consists of a single layelivifig cells which are
closely packed. The walls are thickened and covexétti a thin
waterproof layer called the cuticle. Stomata wittaigl cells are found in
the epidermis. In some stems either unicellulamatticellular hair-like
outgrowths, trichomes, appear from the epiderntie.dpidermiprotects
the underlying tissuesThe cuticleprevents the desiccation of inner
tissuesand thugprevents water los3he stoma allowgaseous exchange
for the processes of respiration and photosynthesis

Ground Tissue composed of small, thick-walled srlenyma on the
inside of the epidermis. These layers of cellsfaitewed by larger thin-
walled parenchyma cells. Intercellular air spaces #und in the
parenchyma. Cortex and pith are absent. Sclerermzhigsuestrengthens
the stem. Parenchyma tissa®res synthesized organic fosdch as
starch. Intercellular air spaces allow #whange of gases

The vascular bundles are found scattered througth@uground tissue.
The vascular bundles occurring nearer the rini®@stem are smaller and
are closer to one another. The vascular bundlesitono cambium and
consequently secondary thickening does not occurickiwalled
sclerenchyma fibers surround the vascular bundleré&chyma sheaths
protect the vasculabundles and givetrengthto the stem. Large xylem
vessels are found within an irregular intercelludér space called the
lysigenous cavity. This space is surrounded by-timtled parenchyma
cells. Phloem is composed of thin-walled cells,. \8ieve tubes and
companion cells.



Lysigenous cavity

Fig. 1.7: Monocot stem; A. Diagrammatic; B. A porton enlarged;
C.Single vascular bundle

Endodermis
‘Pericycle
~Protoxylem

A

Figure 1.8: Root; A. Dicot root; B. Monocot root
Table 1.6: Comparison of dicot and monocot stem atamy

S/NO Dicot Stem Monocot Stem

1. Single layered epidermis wittsingle layered epidermis with
thick cuticle thick cuticle.

2. Multicellular epidermal hairsEpidermal hairs absent
may or may not be present

3. Hypodermis is  generallyHypodermis is generally
collenchymatous sclerenchymatous

4. Bundle sheath absent Bundle sheath present

5. Phloem parenchyma present Phloem parenchyneaitabs

6. Vascular bundles are of similavascular bundles are of
size different sizes

7. No cavity in the vascularA protoxylem cavity present
bundles
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4.0 SELF ASSESSMENT EXERCISE
e What do you understand with the shoot anatomy?

e State the main functions of the stem
e Differentiate between dicot and monocot stems

5.0 CONCLUSION

A shoot is a stem plus its associated leaves. $pgtic shoots apparently
evolved twice, in the lycophytes and separatelytter euphyllophytes,
associated with lycophylls and euphylls, respebtivésee later
discussion). The leafy shootlike structures of rmessd some liverworts
are gametophytic and not homologous with shootsas€ular plants.
The first shoot of a vascular plant develops frdra epicotyl of the
embryo. The epicotyl elongates after embryo groimtb an axis (the
stem), which bears leaves from its outer surfadee Tip of a shoot
contains the actively dividing cells of the apioaristem. As in the root,
these cells undergo continuous mitotic divisionsbifAdown from the
apical meristem, the cells undergo considerableamsipn, literally
pushing the cells of the apical meristem upwardqowrard). Proximal to
the shoot tip, the fully expanded cells differet@ianto specialized cell

types.

6.0 SUMMARY

Stems generally function both as supportive org@upporting and
usually elevating leaves and reproductive orgams) as conductive
organs (conducting both water/minerals and sudmosigh the vascular
tissue between leaves, roots, and reproductivensjg&tems can be
distinguished from roots in at least three waysstFthe apical meristem
of stems is not covered by an outer protectiverléjiee the root cap).
Second, the epidermal cells of the stem do not &troctures resembling
root hairs. However, the epidermal cells of stemd l2aves may divide
and differentiate into separate, one-to-many-celiechomes. Third,
stems bear leaves exogenously, no organs are hdagenously (except
in cases of adventitious roots potentially arisiligm the internal
parenchyma cells of stems).

Stems, particularly underground stems, may posses&ndodermis
similar to that of roots in structure and functidine aerial stems of many
plants lack an endodermis. Numerous modificatidretems and shoots



have evolved, such as bulbs, corms, caudices, magp stolons
(=runners), cladodes, pachycauls, and thorns

7.0 TUTOR-MARKED ASSIGNMENT
1. Define the anatomy of dicot stem in detail.
2. Compare the anatomical features of dicot and madrsieaot
3. Describe in detail with diagram about the anatorhynonocot
stem.
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1.0 INTRODUCTION

A leaf is an organ of a vascular plant and is ttireggpal lateral appendage
of the stem. The leaves and stem together fornshioet. Foliage is a
mass noun that refers to leaves collectively. Tapyca leaf is a thin,
dorsiventrally flattened organ, borne above groand specialized for
photosynthesis. Most leaves have distinctive ugpdaxial) and lower
(abaxial) surfaces that differ in colour, hairine® number of stomata
(pores that intake and output gases) and otheurg=atIn most plant
species, leaves are broad and flat. Such spe@ea=f@rred to as broad-
leaved plants. Many Gymnosperm species have thadlaedike leaves
that can be advantageous in cold climates freqddmesnow and frost.
Leaves can also have other shapes and forms stich ssales in certain
species of conifers. Some leaves are not abovendr¢such as bulb
scales). Succulent plants often have thick juiavés, but some leaves
are without major photosynthetic function and maydead at maturity,
as in some cataphylls, and spines). The primagyddiphotosynthesis in
most leaves (palisade mesophyll) almost alwaysrsam the upper side
of the blade or lamina of the leaf but in some g®adncluding the mature
foliage ofEucalyptugalisade occurs on both sides and the leavesidre sa
to be isobilateral.

The leaf is the primary photosynthetic organ of ptent. It consists of a
flattened portion, called the blade, which is &ttt to the plant by a
structure called the petiole. Sometimes leavesdaneed into two or
more sections called leaflets. Leaves with a singléivided blade are



called simple leaf, those with two or more leaflets called compound
leaf.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

e Explain the leaf anatomy
o State the general characteristics of leaves
o Differentiate between dicot and monocot leaves

3.0 MAIN CONTENTS
3.1 Leaf Anatomy

3.1.1 General Characteristics of Leaves

Leaves are the power house of plants. In mostgléedves are the major
site of food production for the plant. Structureghwm a leaf convert the
energy in sunlight into chemical energy that thenplcan use as food.
Chlorophyll is the molecule in leaves that usesedhergy in sunlight to
turn water (HO) and carbon dioxide gas (@dnto sugar and oxygen gas
(O2). This process is called photosynthesis. The mateorganization of
most kinds of leaves has evolved to maximize exmosof the
photosynthetic organelles, the chloroplasts, thtliand to increase the
absorption of carbon dioxide. Gas exchange is obett by stomata,
which open or close to regulate the exchange difocradioxide, oxygen,
and water vapour with the atmosphere. In a giverasgcentimeter of a
plant leaf there may be from 1,000 to 100,000 stantdome leaf forms
are adapted to modulate the amount of light thesodb to avoid or
mitigate excessive heat, ultraviolet damage, oicdasion, or to sacrifice
light-absorption efficiency in favour of protecticrom herbivory.

Leaves can also store food and water, and are mddiiccordingly to
meet these functions, for example in the leavesio€ulent plants and in
bulb scales. The concentration of photosynthetiaciires in leaves
requires that they be richer in protein, minerals] sugars than woody
stem tissues. Accordingly, leaves are prominent @fienany animals.
This is true for humans, for whom leaf vegetablesmonly are food
staples.
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Deciduous plants in frigid or cold temperate regitypically shed their
leaves in autumn, whereas in areas with a sevgreedison, some plants
may shed their leaves until the dry season endsitlier case the shed
leaves may be expected to contribute their retamgdents to the soil
where they fall.

The anatomy of leaf shows following cell compositio
Epidermis: A leaf is made of many layers that are sandwichetd/éen
two layers of tough skin cells (called the epidesymirhe epidermis also
secretes a waxy substance called the cuticle. Tlhgses protect the leaf
from insects, bacteria, and other pests. Amongethidermal cells are
pairs of sausage-shaped guard cells. Each patrastigsells forms a pore
(called stoma; the plural is stomata). Gases aemgexit the leaf through
the stomata. The epidermal cells are barrel-shagedpactly arranged;
upper epidermis is covered with thick cuticle aadks stomata; lower
epidermis is light green, covered with thin cutieled is interrupted by
stomata. Epidermis helps the plant by:

e The cuticleprevents water loss

e The epidermiprotects the internal tissué®m injury

e The stomatallows for gaseous exchange for photosynthesis and
respiration

Since the epidermis is translucent it allows lighteach the mesophyll
tissue for photosynthesis. Within the leaf, thera ilayer of cells called
the mesophyll. The word mesophyll is Greek and rméamnddle” (meso)
"leaf" (phyllon). Mesophyll can then be divided antwo layers, the
palisade layer and the spongy layer. Palisade asdisnore column-like,
and lie just under the epidermis, the spongy @ttsmore loosely packed
and lie between the palisade layer and the lowideemis. The air spaces
between the spongy cells allow for gas exchangesolgleyll cells (both
palisade and spongy) are packed with chloroplastd, this is where
photosynthesis actually occurs. This is the grodisdue. Palisade
parenchyma is found immediately below the uppedepnis, 2 to 3
layered, with compactly arranged tubular cells,hri;n parietal
chloroplasts. Spongy parenchyma is found abovdadver epidermis;
these cells are varied in shapes and sizes, vesglparranged enclosing
air spaces some of which open into stomata. Chlastgare parietal in
the parenchyma cells. Most food production takasein elongated cells
called palisade mesophyll. Gas exchange occuliait spaces between
the oddly-shaped cells of the spongy mesophyil.



Vascular tissue:The vascular tissue, xylem and phloem are founhdimvit
the veins of the leaf. Veins are actually extensitvat run from to tips of
the roots all the way up to the edges of the leal/ks outer layer of the
vein is made of cells called bundle sheath celisgid they create a circle
around the xylem and the phloem. On the picturlemys the upper layer
of cells (G) and is shaded a little lighter thae twer layer of cells -
phloem (H). Recall that xylem transports water ahdbem transports
sugar (food). Vascular bundles vary in size; eachdke is conjoint,
collateral and closed. The vascular bundle is cavéry a bundle sheath
of parenchyma cells. Phloem is towards lower epmier xylem is
towards upper epidermis, with metaxylem facing plho Fibers are
absent in both xylem and phloem. The xylem and ghl@lements are
conspicuous only in large vascular bundles.

Dicot and monocot plants have different leaf moipgyg and anatomy
and their description is given below.

Monocot leaf: Example: Maize.

The leaf of monocot plants is known as isobilateradl is vertically
oriented.

Epidermis: This is uniseriate, with barrel-shaped, compactharaged
cells and is covered with thick cuticle. Stomata faund on both upper
and lower epidermal layers hence it is called astpmatic (more on the
lower epidermis). Though the leaf is referred tasabilateral, it is only
in upper epidermis, a few large, empty and colsrlaslliform or motor
cells are present. During dry weather, these moatis help the leaf to
roll over, due to the changes in turgidity. Thifling of leaf reduces the
rate of stomatal transpiration.

Mesophyll: There is no differentiation of mesophyll into spgrand
palisade parenchyma. All the cells of chlorenchyraee alike,
isodiametric, almost compactly arranged with nurasroparietal
chloroplasts.

Vascular tissue:The vascular bundles are numerous, arranged ifiglara
series (venation is palmate-parallel), conjoint]/lateral and closed.
Phloem is towards lower epidermis. Each vasculadlaiis surrounded
by chlorenchymatous bundle; this sheath also sefeesemporary
storage of starch. A few vascular bundles are faigeize, with more
amounts of xylem and phloem and with large bunkdéath cells. A patch
of sclerenchyma is present above and below thee larged vascular
bundles (Fig. 9).
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Figure 1.9: A Dicot leaf; B. Monocot leaf
Dicot leaf: Example: Sunflower
It is more strongly illuminated on the upper suefdban the lower. This
unequal illumination induces a difference in thieinal structure between
upper and lower sides. A section made at righteatmbne of the bigger
veins reveals following internal structures.
Epidermis: It is in two layers, one on each surface of #ef.|Both the
layers are composed of compactly arranged, bahnegled cells.
Intercellular spaces are absent. A cuticle surreubdth the layers.
Multicellular hairs called trichomes are present looth the layers.
Stomata occur only in the lower epidermis. Thisdibon is described as
hypostomatic.
Mesophyll: The ground tissue that occurs between the twdeemial
layers. It is exclusively composed of chlorenchyeels. The mesophyil
is characteristically differentiated into two regg namely, an upper
palisade parenchyma and a lower spongy parenchyma.

a) Palisade parenchyma is composed of two or threerdapf
elongated, compactly arranged chlorenchyma ceiterdellular
spaces are absent. The cells contain a very lameber of
chloroplasts. Due to this fact the upper surfaesrsegreener than
the lower surface in dorsiventral leaf.

b) Spongy parenchyma is composed of a few layers o$ely
arranged spherical or oval chlorenchyma cells vatbminent
intercellular spaces. These cells contain very tdloroplasts.
They fit closely around the vein or vascular bundl@e cells
contain few chloroplasts. Spongy cells help difusiof gases
through the empty spaces left between them. Theyfaature
sugar and starch to some extent only.

Vascular tissue: Veins represent the vascular bundles. They aredfoun
irregularly scattered in the mesophyll due to rdtte venation. The




largest and the oldest vein is found in the certres. known as midrib
vein. Each vein has a bundle sheath composed giesiayer of

compactly arranged barrel shaped parenchyma déiks.bundle sheath
encloses both xylem and phloem. Xylem is found tolwaupper

epidermis and phloem towards lower epidermis. la gylem many
protoxylem and metaxylem vessels are found. Pré¢oxprients towards
upper epidermis. Hence, the vascular bundles aserided as conjoint
and collateral with endarch xylem. The bundle dhe&tthe midrib vein

is connected to the upper and the lower epiderayar$ by many layers
of collenchyma cells, representing bundle sheathensions or
hypodermal collenchymas (Fig. 1.9).

How can you identify dorsiventral leaf?
e Presence of two epidermal layers

e Presence of cuticle and trichomes in both the epidklayers
e Hypostomatic conditions

e Mesophyll differentiated into upper palisade palgmea and
lower spongy parenchyma.

e \Veins irregularly scattered in the mesophyll

e Presence of a bundle sheath made up of parenchyma.

e Vascular bundles are conjoint, collateral with ectacylem.

e Presence of bundle sheath extensions made uplefcbhima.
¢ Representing bundle sheath

How can you identify isobilateral leaf?
e Presence of two epidermal layers

e Presence of cuticle and trichomes in both the epidklayers
e Amphistomatic condition

e Presence of motor cells in the upper epidermis

e Presence of undifferentiated mesophyll

e Vascular bundle parallel arranged

e Vascular bundle conjoint, collateral with endargtem

e Presence of hypodermal sclerenchyma
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4.0 SELF ASSESSMENT EXERCISE
e Discuss leaf anatomy

o List the general characteristics of leaves
e Differentiate between dicot and monocot leaves

5.0 CONCLUSION

Leaves are the plant organs that function primanlyhotosynthesis.
However, leaves or leaflike homologs have been pteeb for

innumerable other functions in plants. True leaegslved with the

development of a continuous strand of vasculauéigsinning from the
stem into the leaf. Leaves have a characteristieldpment and structure.
Thus, leaves have both an upper epidermis and leywelermis. The
cuticle, which is an apomorphy of all land plansspften thickened on
leaf epidermal cells. The stomate was a major iation in the evolution
of land plants. Stomates consist of two chloromiudl guard cells,
between which is an opening, the stomatal poréoons

6.0 SUMMARY

The leaf is the primary photosynthetic organ of ptent. It consists of a
flattened portion, called the blade, which is diggt to the plant by a
structure called the petiole. Sometimes leavesdaneed into two or

more sections called leaflets. Leaves with a singléivided blade are
called simple leaf, those with two or more leaflets called compound
leaf. Dicot leaves comprise mesophyll cells i.elisade and spongy
parenchyma. While the monocot leaves only have gpaells in their

mesophyll.

7.0 TUTOR-MARKED ASSIGNMENT
1. What are the general characteristics of a leaf?
2. What is the function of epidermis?
3. How can you identify either dorsiventral or isokelal leaf?
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MODULE 2 PLANT CELL: AN OVERVIEW

Unit 1 Brief Overview of Plant Cell
Unit 2 Brief Description of Various Organelles aRdeir Functions

UNIT 1 BRIEF OVERVIEW OF PLANT CELL
CONTENTS
1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Meaning and Definitions of Plant Cell
3.1.1 Plant Cells vs. Animal Cells
3.1.2 Specialized Structure in Plant Cells
3.1.3 Plant Cell Types
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
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1.0 INTRODUCTION

The cell (from Latin cellar, meaning "small roons)the basic structural,
functional, and biological unit of all known livirgrganisms. A cell is the
smallest unit of life. Cells are often called thiilding blocks of life".
The study of cells is called cell biology. The celas discovered by
Robert Hooke in 1665, who named the biological uribr their
resemblance to cells inhabited by Christian monka monastery. Cell
theory, first developed in 1839 by Matthias Jakohl&den and Theodor
Schwann, states that;

1) All organisms are made up of one or more cellstaedoroducts
of those cells.

2) All cells carry out life activities (require energgrow, have a
limited size).

3) New cells arise only from other living cells by thecess of cell
division.

Plant cells are the basic unit of life in organismhshe kingdom Plantae.
They are eukaryotic cells, which have a true nwl@ong with

specialised structures called organelles that cautydifferent functions.
Animals, fungi, and protists also have eukaryogits; while bacteria and



archaea have simpler prokaryotic cells. Plant @elisdifferentiated from
the cells of other organisms by their cell wallas#ds (chloroplasts and
chromoplasts), cell to cell communication by plagesmata and central
vacuole.

2.0 OBJECTIVES
By the end of this unit, you should be able to:
e Explain the meaning of plant cell
e Give different definitions of plant cell
e Ouitline different types of plant cell
o Differentiate between plant cell and animal cell

3.0 MAIN CONTENT
3.1 Meaning and Definitions of Plant Cell

Plant cells are the basic unit of life in organismhshe kingdom Plantae.
They are eukaryotic cells, which have a true nwl@ong with

specialised structures called organelles that cautydifferent functions.
Plant cells have special organelles called chlasipl which create
sugars via photosynthesis. They also have a cdll twat provides

structural support.

3.1.1 Plant Cells vs. Animal Cells

Plant and animal cells are both eukaryotic celleaning they possess a
defined nucleus and membrane-bound organelles. Ehaye many
common features, such as a cell membrane, nucteteshondria, Golgi
apparatus, endoplasmic reticulum, ribosomes, ang.mo

However, they have some apparent differenceslyigant cells have a
cell wall that surrounds the cell membrane, whesrasal cells do not.
Plant cells also possess two organelles that argetlallack: chloroplasts
and a large central vacuole.

These additional organelles allow plants to formugmight structure
without the need for a skeleton (cell wall and cantacuole), and also
allow them to produce their own food through phegidkesis
(chloroplasts).
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Parts of a Plant Cell
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Fig 2.1: Diagram of a Plant Cell with the Organells Labeled

The plant cell has many different features thadvallt to carry out its
functions. Each of these structures, called orgeselcarryout a
specialized role.

Animal and plant cells share many common organeldsch you can
find out more about by visiting the “Animal Cellttecle. However, there
are some specialized structures in plant celldudhieg chloroplasts, a
large vacuole, and the cell wall.

3.1.2 Specialized Structure in Plant Cells
» Chloroplasts

Chloroplasts are specialized organelles found amlglants and some
types of algae. These organelles carry out thegssof photosynthesis,
which turns water, carbon dioxide, and light enargg nutrients from
which the plant can obtain energy.

There can be over one hundred chloroplasts iningstant cells.
Chloroplasts are disk-shaped organelles that arewsuwded by a double
membrane. The outer membrane forms the externdhcsurof the
chloroplast and is relatively permeable to smalllenoles, allowing
substances entry into the organelle. The inner mangblies just beneath
the outer membrane and is less permeable to ektrinstances. Between
the outer and inner membrane is a thin intermengspace that is about



10-20 nanometres wide. The center of the chloroptes is enclosed by
the double membrane is a fluid matrix called tmersa (you can think of
this like the cytoplasm of the chloroplast).

Within the stroma, there are many structures cailgtakoids, which

look like flattened disks. Thylakoids are stacked@p of one another in
vascular plants in stacks called grand. Thylakoldsve a high

concentration of chlorophyll and carotenoids, whaole pigments that
capture light energy from the sun. The moleculeghyll is also what
gives plants their green colour.

Mastoglobulus

mermembrane
e

_Innes

membrane
Outer

Membane

Fig. 2.2: Labeled Diagram of a Chloroplast
» Vacuoles

Plant cells are unique in that they have a largérakvacuole. A vacuole
is a small sphere of plasma membrane within thetiat can contain
fluid, ions, and other molecules. Vacuoles are rdssfy just large
vesicles. They can be found in the cells of marfiedint organisms.
However, plant cells characteristically have adavgcuole that can take
up anywhere from 30% to as much as 90 per cehiedtiattal cell volume.
The central vacuole of a plant cell helps mainti#&nturgor pressure,
which is the pressure of the contents of the aghing against the cell
wall. A plant thrives best when its cells have higigidity, and this
occurs when the central vacuole is full of watétutgor pressure in the
plants decreases, the plants begin to wilt. Plelfg tare best in hypotonic
solutions, where there is more water in the envirent than in the cell.
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Under these conditions, water rushes into the bbgllosmosis, and
turgidity is high.

Animal cells, in comparison, can lyse if too muchter rushes in; they
fare better in isotonic solutions, where the cotregion of solutes in the
cell and in the environment is equal and the nateanment of water in and
out of the cell is the same.

Many animal cells also have vacuoles, but theserareh smaller and
tend to play a less crucial function.

» Cell Wall

The cell wall is a tough layer found on the outsidehe plant cell that
gives it strength and also maintains high turgidimyplants, the cell wall
contains mainly cellulose, along with other molesuike hemicellulose,
pectin, and lignin. The composition of the planit eall differentiates it

from the cell walls of other organisms. For examilegi cell walls

contain chitin, and bacterial cell walls containppeoglycan. These
substances are not found in plants. Importantlg, imain difference
between plant and animal cells is that plant dedige a cell wall, while
animal cells do not.

Plant cells have a primary cell wall, which is exible layer formed on

the outside of a growing plant cell. Plants caio &dlave a secondary cell
wall, a tough, thick layer formed inside the prijmatant cell wall when

the cell is mature.

3.1.3 Plant Cell Types

There are five types dissueformed by plant cells, each with different
functions. Parenchyma, collenchyma, and sclerenchyma arenaflles
plant tissues, meaning they contain a single gpk.tIn contrast, xylem
and phloem contain a mixture of cell types andraferred to as complex
tissues.



Parenchyma tissue Collenchyma tissue
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Fig. 2.3: Plant Tissue Types Form by Parenchyma, @enchyma
and

» Sclerenchyma Cells

e Parenchyma tissuerepresents the majority of cells in a plant.
They are found in leaves and carry out photosyidteesl cellular
respiration, along with other metabolic proces3é®y also store
substances like starches and proteins and havédeanrglant
wound repair.

e Collenchyma tissueprovides support to growing parts of a plant.
They are elongated, have thick cell walls, andgramv and change
shape as a plant grows.

e Sclerenchyma tissuecontains hard cells that are the main
supporting cells in the areas of a plant that h@aased growing.
Sclerenchyma cells are dead and have very thitkveds.

» Xylem cellstransport mostly water and a few nutrients througho
a plant, from the roots to the stem and leaves.

e Phloem cellstransport nutrients made during photosynthesidl to a
parts of a plant. They transport sap, which is gevyasolution high
in sugars.
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4.0 SELF-ASSESTMENT EXERCISE
i.  Explain the meaning of plant cell
ii.  Give different definitions of plant cell
iii.  Outline and explain different types of plant cell
iv.  Differentiate between plant cell and animal cell

5.0 CONCLUSION

The cell (from Latin cellar, meaning "small roons)the basic structural,
functional, and biological unit of all known livingrganisms. Plant cells
are the basic unit of life in organisms of the kiom Plantae. They are
eukaryotic cells, which have a true nucleus alonith vgpecialised
structures called organelles that carry out diffefeanctions. Animals,
fungi, and protists also have eukaryotic cells,le’bacteria and archaea
have simpler prokaryotic cells. Plant cells aréedéntiated from the cells
of other organisms by their cell walls, Pastids Iqabplasts and
chromoplasts), cell to cell communication by plagesmata and central
vacuole.

6.0 SUMMARY

Plant cells are the basic unit of life in organismhshe kingdom Plantae.
They are eukaryotic cells, which have a true nwl@ong with
specialised structures called organelles that cautydifferent functions.
Animals, fungi, and protists also have eukaryogits; while bacteria and
archaea have simpler prokaryotic cells. Plant eglisdifferentiated from
the cells of other organisms by their cell wallas#ds (chloroplasts and
chromoplasts), cell to cell communication by plagesmata and central
vacuole. Plant and animal cells are both eukaryagits, meaning they
possess a defined nucleus and membrane-bound degapkant cells
have a cell wall that surrounds the cell membraresreas animal cells
do not. Plant cells also possess two organellesahianal cells lack:
chloroplasts and a large central vacuole. Thesetiawal organelles
allow plants to form an upright structure witholié theed for a skeleton
(cell wall and central vacuole), and also allowht® produce their own
food through photosynthesis (chloroplasts).

However, there are some specialized structuresammt gells, including
chloroplasts, a large vacuole, and the cell walleré are five types of
tissue formed by plant cells, each with differamdtions Parenchyma,



collenchyma, and sclerenchyma are all simple giasies, meaning they
contain a single cell type.

7.0 TUTOR-MARKED ASSIGNMENT

Explain the meaning of plant cell
1) Give different definitions of plant cell
2) Outline and explain different types of plant cell
3) Differentiate between plant cell and animal cell

8.0 REFERENCES/FURTHER READING
Biology dictionary.net Editors. “Plant CellBiology Dictionary Biology
dictionary.net, 05 Apr. 201 https://biologydictionary.net/plant-cell/
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1.0 INTRODUCTION

The cell (from Latin cellar, meaning "small roonms)the basic structural,
functional, and biological unit of all known livirgrganisms. A cell is the
smallest unit of life. Cells are often called thmiilding blocks of life".
The study of cells is called cell biology. The celas discovered by
Robert Hooke in 1665, who named the biological urfbr their
resemblance to cells inhabited by Christian monka monastery. Cell
theory, first developed in 1839 by Matthias Jakohl&den and Theodor
Schwann, states that



1) All organisms are made up of one or more cellstaedoroducts
of those cells.

2) All cells carry out life activities (require energgrow, have a
limited size).

3) New cells arise only from other living cells by thecess of cell
division.

Plant cells are the basic unit of life in organismhshe kingdom Plantae.
They are eukaryotic cells, which have a true nwl@ong with
specialized structures called organelles that cautydifferent functions.
Animals, fungi, and protists also have eukaryogits; while bacteria and
archaea have simpler prokaryotic cells. Plant @elisdifferentiated from
the cells of other organisms by their cell wallas#ds (chloroplasts and
chromoplasts), cell to cell communication by plagesmata and central
vacuole.

2.0 OBJECTIVES
By the end of this unit, you should be able to:
e Describe various organelles associated with plant
e Outline functions of the about mentioned organelles

3.0 MAIN CONTENT
3.1 Brief Description of Various Organelles and The Functions

The brief description of the plant cell and variarganelles and their
functions are as follows:

3.1.1 Description of Plant Cell Wall

Cell wall is a non-living component of the cell aigl secreted and
maintained by the living portion of the cell, callprotoplasm. A typical
cell wall is composed of three different regions

i.  Middle Lamella
ii.  Primary cell wall (1-3um thick and elastic)
iii.  Secondary cell wall (5-10m thick and rigid)

Functions of Plant Cell Wall
1) It protects the inner contents of the cell.
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2)
3)

4)
5)

3.1.2

It gives definite shape to the cell.

It provides mechanical support to the tissues anasa skeletal
framework of plants.

It helps in transport of substances between tws.cel

The cell wall is hydrophilic in nature and it ime# water and
helps in the movement of water and solutes toward®plasm. It
also acts as a permeable structure during absorpfioninerals
and solutes.

Description of Protoplasm

It is the living, colloidal and semi fluid substandt is also called as
cytoplasm. Cell devoid of cell wall is called prplast. Protoplast is
enclosed by a membrane called as cell membrankgmp membrane.

3.1.3

What is a Cell membrane?

All cells are enclosed by a thin, membrane callledrpa membrane or
plasmalemma. The plasma membrane and sub cellldarbmane are
collectively called biological membrane. Cell mewate consists of
proteins, lipids and other substances.

b)

. Proteins: - The proteins present in the membrarees loe

categorized into two types

Intrinsic proteins or integral proteins: - Whicheaembedded or
buried in the lipid layer. These proteins assoaciatle hydrophobic

interactions to the tails or fatty acid chains loé tipid layer. In

addition to the hydrophobic associations, integraiteins also

possess hydrophilic amino acid residues which gpesed at the
surface of the membrane. These proteins cannerbewed easily.

Extrinsic proteins or peripheral proteins: - They attached to the
membrane surface by weak ionic interactions. Tipesteins are
not much involved in the architecture of membraReripheral

proteins are bound to hydrophilic proteins of theegral proteins
protruding from the lipid layer.

Lipids: - The cell membrane consists of phosphdspiand

glycolipids. The fatty acid chains in phospholipatsl glycolipids

usually contain 16-20 even numbered carbon atomisy Rcids

may be saturated or unsaturated.

Other substances like polysaccharide, salicylid att. are found
attached to the proteins or lipids on the membrane.



Functions of cell membrane:

1. The cell membrane surrounds the protoplasm of #ik thus
separating the intracellular components from th&aerllular
environment.

2. It anchors the cytoskeleton to provide shape toctie and in
attachment to the extracellular matrix.

3. The plasma membrane is differentially permeable abk to
regulate the transport across the membrane.

4. The cell membranes maintain the cell potential.

3.1.4 Description of Plant Cell Nucleus:

It is oval or spherical in shape and is generaligér in active cells than
in resting cells. A nucleus consists of three mparts viz. nuclear
envelope, nucleolus and chromatin. The nucleugpamsted from the
cytoplasm by a double membrane called the nuci®eelepe. The space
between the outer and inner membrane is known @garupores which
provide direct connection between nucleus and ¢gsop. Nucleolus is a
spherical, colloidal body found in the nucleus amdhe place where
almost all DNA replication and RNA synthesis occ@hromatin is the

basic unit of chromosome and contains genes wHahimportant role

in the inheritance of characters to offspring frparents.

Functions of plant cell nucleus:
1. It regulates growth and reproduction of cells.
2. The nuclear envelope allows the nucleus to contsotontents,
and separate them from the rest of the cytoplaserevhecessary.
3. The DNA replication, transcription and post trafseonal
modification occur in the nucleus.

3.1.5 Description of Chloroplast

Chloroplasts are organelles found in plant celld ather eukaryotic
organisms that perform photosynthesis becauseegbtbsence of green
pigment, chlorophyll. They are flattened discs ligua10 micrometers
in diameter and 1 micrometer thick. The chloropiassurrounded by
double layered membrane. The space between theskyers is called
intermembrane space. Stroma is the aqueous fluithdfonside the
chloroplast. The stroma contains the machinery irequfor carbon
fixation, circular DNA, 70 S ribosomes (that why lled as
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semiautonomous organelle) etc. within the stromasthcks of thylakoids
are arranged as stacks called grana. A thylak@dtkttened disc shape
and has a lumen or thylakoid space. The light r@astoccur on the
thylakoid membrane.

Functions of chloroplast:

1. The important processes of photosynthesis i.eht lapd dark

reactions occur within the chloroplast.

2. The granum is the site of NADP reduction forming DIAH+H+
and photophosphorylation i.e., formation of ATPpiresence of
light. Thus, light reaction of photosynthesis tak#ace in the
granum region.

The stroma is the main site for the dark reactigphotosynthesis.
4. The chloroplast has its own genetic system andligeplicating,
thus, associated with cytoplasmic inheritance.

w

3.1.6 Description of Mitochondria:
Mitochondria are rod shaped cytoplasmic organeldsch are main sites
of cellular respiration. Hence, they are referreés power house of the
cell. Each mitochondrion is enclosed by two congeninit membranes
comprising of an outer membrane and an inner memebréhe space
between the two membranes is called peri mitochahsipace. The inner
membrane has a series of infoldings known as eristhe inner space
enclosed by cristae is filled by a relatively demsaterial known as
matrix. The matrix is generally homogeneous but naagly show finely
filamentous or fibrous structures. The matrix cordaseveral copies of
round or circular DNA molecules and 70 S ribosorttleat why it is also
called as semiautonomous organelle).
Functions of mitochondria:

1. ATP, the readily available form of energy is proédcin

mitochondria.
2. Krebs cycle takes place in the matrix of mitochaadr
3. The enzymes of electron transport chain are fomnthe inner
membrane or cristae of mitochondria.

4. Heme synthesis occurs in mitochondria.

5. Controls the cytoplasmic Ca2+ concentration
3.1.7 Description of Ribosomes:
Chemically, ribosomes are ribonucleoprotein comggexThis is a
membrane less Ribosomes are of two types. Ribosofmgsokaryotes
have sedimentation coefficient of 70 S and corsidgtivo sub units of
unequal sizes 50S and 30 S subunits. Ribosomeskafyotes have 80 S



sedimentation coefficient (40S & 60 S). The twomore ribosomes
become connected by a single m RNA and then maycded
polyribosome. The major function of the smallersoib of ribosome is
to provide proper site for binding of mMRNA andtisnslation. The larger
subunit of ribosome supports translation and taoatlon processes
coupled with polypeptide synthesis.
Functions of Ribosomes:

1. They provide the platform for protein synthesis

2. They have the machinery for protein synthesis.
3.1.8 Description of Golgi Complex
Golgi bodies is an assemblage of flat lying ciséerone above the other
in close parallel array. Each Golgi complex ha® 32 interconnected
cisternae which are composed of lipoproteins.

Functions of Golgi complex:
1. It helps in Packaging of proteins for exportingrthe
2. It plays a role in sorting of proteins for incorption into
organelles. 3. Itis involved in the formation loétcell wall of plant
cells.
3.1.9 Meaning of Endoplasmic Reticulum:
Endoplasmic reticulum arises from the outer memérahthe nucleus
forming an intermediate meshed network. It is of types, the granular
or rough endoplasmic reticulum in which the outerrface of
endoplasmic reticulum is studded with ribosome agcnular or smooth
endoplasmic reticulum in which the ribosomes areatiached.
Functions of Endoplasmic reticulum:
1. Rough endoplasmic reticulum is associated withsyrehesis of
proteins.
2. Smooth endoplasmic reticulum is associated withtre@sis of
lipids and glycogen.
3. It acts as an inter-cellular transport system fmious substances.
4. It contains many enzymes which perform various Isgtit and
metabolic activities.
3.1.10 Meaning of Vacuole:
It is @ membrane bound organelle found in plantam®dl occupies most
of the area in the plant cell. A vacuole is sureeoh by a single layer
membrane called tonoplast. It is an enclosed commegat filled with
water containing inorganic and organic moleculetuiting enzymes in
solution. It maintains the cell's turgor, contral®vement of molecules
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between the cytosol and sap, stores useful matani@l digests waste
proteins and organelles.
Functions of vacuole:
1. Isolating materials that might be harmful or a #ir@ the cell.
Stores waste products.
Maintains internal hydrostatic pressure or turgahin the cell.
Maintains an acidic internal pH.
Exports unwanted substances from the cell.
Allows plants to support structures such as leavekflowers due
to the pressure of the central vacuole.
7. Most plants store chemicals in the vacuole thatctreaith
chemicals in the cytosol.
8. In seeds, stored proteins needed for germinatekept in protein
bodies which are modified vacuole.

SO ANN

3.1.11 Description of Micro bodies

Micro bodies are ubiquitous organelles found in tmajority of
eukaryotic plant cells. They are mostly sphericadl dave a diameter
ranging from 0.2um to 1.5um. Two types of micro iesd peroxisomes
and glyoxysomes, have been characterised. Thesmallgs differ in
their distribution and enzyme composition, althougbth have the
capacity to transform non-carbohydrate materia garbohydrate.

3.1.12 Meaning of Peroxisomes:

Peroxisomes are found in leaves of higher platis. 4 small organelle
present in the cytoplasm of many cells, which cmstahe reducing
enzyme catalase and usually some oxidases.

Functions of PeroxisomesPeroxisomes act in parallel with chloroplast
in higher plants and are believed to undertakegrkspiration.

3.1.13 Meaning of Glyoxysomes:

A glyoxysome is a specialised form of peroxisom&yfe of microbody)

found in some plant cells, notably the cells of ngieating seeds.
Glyoxysomes are temporary as they occur duringsiean periods in the
life cycle of a plant such as in certain beans raumd$ which store fats in
their seeds as energy reserves.



Glyoxysomes appear in the first few days after sgetmination in
endosperm cells and associate closely with lipidiém They disappear
after the storage fats are broken down and cord/@nte carbohydrate.
Functions of GlyoxysomesGlyoxysomes are involved in the formation
of sugars by the breakdown of fatty acids in geating seeds.

3.1.14 Description of Cytoskeleton

The cytoskeleton is scaffolding contained withir ttytoplasm and is
made up of protein. The cytoskeleton is presentalincells. The
cytoskeleton provides the cell with structure ahdpe

There are three main kinds of cytoskeleton filareent

1. Microfilament: - They are composed of actin subsinit

2. Intermediary filaments: - They function in the ntamance of cell
shape by bearing tension. They also participateearcell and cell
matrix junctions.

3. Microtubules: - They are like hollow cylinders migstomprising
of 13 protofilaments which in turn are alpha anthtdebulin. They
are commonly organised by the centrosome.

Functions of cytoskeleton

1. Provides mechanical support

2. Anchors organelles

3. Helps to move substances intracellular.

3.1.15 Description of Plasmodesmata:

Plasmodesmata (singular: plasmodesma) are micriegstognnels which
traverse the cell walls of plant cells and somealaleglls, enabling
transport and communication between them. Speedlisell-to-cell

communication pathways known as plasmodesmatas fiotee primary
cell wall through which the plasmalemma and endapla reticulum of

adjacent cells are continuous. Unlike animal celisiost every plant cell
is surrounded by a polysaccharide cell wall. Nealring plant cells are
therefore separated by a pair of cell walls andititervening middle
lamella, forming an extracellular domain knowntesapoplast. Although
cell walls are permeable to small soluble proteansl other solutes,
plasmodesmata enable direct, regulated, symplasaosport of
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substances between cells. There are two forms a$npbdesmata:
primary plasmodesmata, which are formed during delision, and
secondary plasmodesmata, which can form betweemreneglls.

loroglast

Thylakoid membrane

Starch geain —
endoplasmiq
L - e ubam
Vacuole
| Tonoglast fibosomes|
Mitochongron
(maochondriaj

Golgy body
[Golgl apparatus) ,mm
reticulum

Fig.2.4: Diagrammatic Representation of Typical Plat Cell

4.0 SELF-ASSESSTMENT EXERCISE (SAE)
1. Describe various organelles associated with plant
2. Outline functions of the about mentioned organelles

5.0 CONCLUSION

In this unit, the brief description of various ongdles and their functions
were brought forth.

6.0 SUMMARY

The descriptions and functions were done variogamelles such as Plant
Cell Wall, Cell membrane, Cell Nucleus, Chloroplastitochondria,
Ribosomes, Golgi complex, Endoplasmic reticulum, ciue,
Microbodies: Peroxisomes and Glyoxysomes, Cytoskeleand
Plasmodesmata



7.0 TUTOR-MARKED ASSIGNMENT
Give Descriptions and functions of any five of fbBowing;
e Plant Cell Wall,
e Cell membrane,
e Cell Nucleus,
e Chloroplast,
e Mitochondria,
e Ribosomes,
e Golgi complex,
e Endoplasmic reticulum,
e Vacuole,
e Microbodies: Peroxisomes and Glyoxysomes,
e Cytoskeleton and
e Plasmodesmata

8.0 REFERENCES/FURTHER READING

Biologydictionary.net Editors. “Plant Cell.”Biology Dictionary
Biologydictionary.net, 05 Apr. 2017,
https://biologydictionary.net/plantcell/
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1.0 INTRODUCTION

Plant physiology is concerned with the life proesssf plants, and from
the beginning has been focused largely on the higheen terrestrial
plants, the autotrophic (self-feeding) plants fieed us animals. In part,
plant physiology has roots in agriculture. The canguestion of plant
physiology is how do plants grow, develop, and odpce? When
primitive humans collected seeds and began raismdjplants, they must
have noted that plants need sunlight, warmth andtr{taut not wet) soil

of good tilth, and that seeds from vigorous plgmtsduced vigorous
plants. They observed the beneficial effects of umiag (mentioned in

the Bible; Luke 13:8).

Centuries of agricultural practice produced impbvearieties and
cultural practices, and early studies of physiolaggw on this basic
knowledge of plant growth and gross anatomy.



2.0 Objectives
By the end of this unit, you should be able to:
e Give a brief history of evolution of crop physiologhrough
various stages.

3.0 MAIN CONTENT
3.1 Brief History of Crop Physiology
3.1.1 Early Experiments on Growth

An early physiological question was where a platsdhe material with
which it grows. In the early 1600s, Jan van Helmarelgian physician,
decided the source must be water alone. Van Helmgew a willow
seedling in 200 pounds of soil, and only addedwater. A 164- pound
tree was produced with only 57.1 grams (2 ouncespiblost. He knew
of carbon dioxide but never dreamed that a diffgas could produce
willow wood.

In the next century Antoine Lavoisier found orgamiatter to be largely
formed of carbon and oxygen. Joseph Priestleyinnhousz, and Jean
Senebier demonstrated that plant leaves in ligte tep carbon dioxide
and emit equivalent amounts of oxygen. Later, Nighale Saussure
noted that water was involved in the process. Evense occurred in the
dark—plants respirelike animals, taking up oxygen and emitting carbon
dioxide. J. R. Mayer observed that the processeded light energy into
the chemical energy of organic carbon. Thus, graviteeedlings in the
dark or of roots in the soil was at the expensthisfenergy. Therefore,
by the nineteenth century, photosynthesis, althongh understood
biochemically, was established as the primary asskmtial synthetic
process in plant growth.

3.1.2 Experiments on Plant Nutrition and Transportdion

In his experiment, van Helmont assigned no impaedn the two ounces
of soil lost. However, starting in the late 1700&l &xtending into the
mid-1800s, Julius Sachs and others used chemsays$o establish that
quantitatively minor soil constituents of nitroggrotassium, phosphate,
sulphur, and other elements had major importangdant growth. The
long-recognised importance of manure lay with itent of these
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inorganicnutrients, especially nitrogen. It was discovetesse could be
added to the soil as inorganic salts, such as giatasiitrate. The organic
material of manure, or the residue of its decaptrdouted to improved
tilth, or soil structure, but did not provide netnis. From these
discoveries came the modern agricultural use ofnate fertilizers.

What about the extensive loss of water from th&séan Helmont had
to continuously water his willow tree with many reqeounds of water
than were ultimately incorporated by the tree. [Mi2A an English
clergyman and amateur physiologist, Stephen Hplddjshedvegetable
Staticksan account of his pioneering studies on the traaspn, growth,
and gas exchanges of plants. Hales demonstratedaler from the soil
moves up the stems to the leaves where it is $osBder vapour, a process
called transpiration. Subsequent research of thté a8d early 20th
centuries showed that the water diffuses out throsigmata(singular
stoma), pores in the leaf epidermis (outer laydeaf cells).

With light and adequate water, the two cells bongdhe stoma inflate,
opening the pore to gas diffusion; under dry coodg the cells grow
flaccid and the pore closes, conserving water. l@apiforces originating
in the microscopic pores of the leaf mesophyll dinal green
photosynthetic cells), with some contribution frosmosispull columns
of water up the open vessels and tracheid of thenxfwood) carrying
nutrient salts from the roots. The coherence betweser molecules and
their adherence to cell walls prevents the tautewablumns from
breaking even in trees of great height. This sches®first proposed in
1895 by Henry Dixen and John Joly. Numerous rebeascin the 20th
century confirmed and refined this "cohesion-temSidheory of
transportation.

Hales also measured the root pressure (forced intgedf decapitated
plants. Subsequent work showed that under conditimingood soil

moisture and aeration, roots actively secrete lmcentrations of salt
into the root xylem creating a high osmotic presshat forces water up
the stem and out pores at the tips of leaves (gutjaln 1926, E. Munch
proposed a similar mechanism for translocationntiogement of sugars
from leaves to roots and other plant parts. Thistrarism is known as
the pressure flow model. In 1915 Crop physiologythwthe aim of

understanding the dynamics of yield developmerraps, really began
with the work of W.L. Balls. Along with Holton henalysed the effects



of plant spacing and sowing date on the developnaswt yield of

Egyptian cotton plants within crop stands, notsalated plants. It was
from his work the term ‘crop physiology’ came irgistence. From then
onwards, various scientists have started applying advances in
physiological knowledge for better crop managemént.1924, in

England- a rapid development of the methods of gr@nd yield analysis
by different investigators (V.H. Blackman, F.G. Goey, G.E. Briggs

etc.) was started. With the development of varimethods of growth
analysis, they started explaining ‘the physiologgmp yield’ in 1947,

the concept of LAl (Leaf area index) was developgd.J. Watson. This
index has provided a more meaningful way of anatygjrowth in crops,
and stimulated renewed interest in crop physioldgy950’s, studies on
photosynthetic rate of the leaf and the loss of tpdymthates by
respiration was studied by the development of dred Gas Analysis
(IRGA)'method. This method has facilitated the mstiion of short-term
rates of Photosynthesis and respiration by cropthenfield. In 1953,

Monsi and Saeki explained about the manner of ligietrception by the
crop canopy with their concept of light intercepticoefficient.

In 1963, Hesketh and Moss showed that photosyrgh®gileaves of
Maize, Sugarcane and related tropical grasses cealtch much higher
rates, with less marked light saturation, thanésanf other plants. (This
was the starting point for research to find othbptpsynthetic C®
fixation path ways like & and CAM Mechanisms). The differences in
pathway are associated with differences in photibgfic rate, in
response to light intensity, temperature and oxygewel, in
photorespiration, in leaf anatomy and chloroplastphology, in rate of
translocation, and in the efficiency of water ugleich can have profound
effects on the physiology of yield determination.

3.1.3 Current Research on Cellular and Molecular Rint Physiology

By the 20th century, plant physiologists increabirigrned to chemistry
and physics for assistance with fundamental questiorhey also
established their own societies with journals tdlgn their findings,
which had a catalytic effect in increasing the leared amount of research.
A great deal of the fundamental biochemistry of gedwth and function,
known from the more extensive medical, animal, amdrobiological
research, was found to apply to plant cells. Anatamstudies gave
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structural details to support physiological findsng@nd sub microscopic
cell structure was revealed by the electron mi@psc

All the mineral nutrients required for plant growtlere established. The
key to their selective uptake from the soil andgport into the root xylem
proved to lie with an energy-requiring proton (hygen ior) pumping
mechanism in the cell membranes.

Environmental, hormonal, and genetic controls orowgn and
development have been extensively explored, buttisestill more to
learn. Ethylene, a simple two-carbon gas genetatgdants initiates fruit
ripening and regulates aspects of seed germinaftmtotropism’s
(bending in response to unilateral light, invegdeglaby Charles Darwin),
and geotropisms (root growth down, stem growthweje found to be
due to displacement of a cell growth hormowoe, auxin. In some
circumstances, auxins could also elicit cell dmsi(root formation in
stem cuttings). Other hormones, the gibberelliegulate cell division at
the stem apex and activate enzyiorenation in seed germination.

Attempts to culture plant tissues led to discovetynore cell division
hormones, the cytokinin. Another type of hormorsasic acid, initiates
the senescence and abscission of leaves in tharallcauses the stomata
to close under water stress. Additional growth tatjug compounds are
being found and investigated but a coordinatedupgctof hormone
interaction is lacking.

Photoperiodism, the regulation of flowering by ddgngth was

discovered. Sleep movements, such as the droopingam leaves in the
evening, were found to be controlled by a biololgictock," a circadian

rhythm, not by the onset of darkness. In 1952, @tiytome was
discovered and found to be the pigment at the ceftghotoperiodism.

In recent years there has been a major shift tcecoddr genetics in
attempts to locate the genes responsible for plogstal processes. In
photosynthesis chlorophyll structure was determamad localised in the
internal membranes of the chloroplasts of the magbpells. Red and
blue portions of the light spectrum were found effee, leading to the
discovery that two light reactions are requiredtia 1930s, C. B. Van
Neil used radioactive water to show that water,caybon dioxide, was
the source of oxygen released during photosynth®sigar was found to
be synthesised in the stroma (fluid part) of théoplast, and the
molecular details of its creation were worked oytMelvin Calvin and



Andrew Benson. All plant cells were found to respan energy yielding
process essentially the same as that in animalglving another
membranous organelle, the mitochondrion, and weldmetabolic
energy available for transport reactions and sysishef cellsubstance.

The formation of fats and oils from carbohydratesvound to be similar
to that in animals, but plants had the added ghitittransform oils in
germinating seeds into carbohydrates such astivesg used in cellulose
wall formation. The symbiotic relationships of pisand microorganisms
were explored, notably in the cases of reduceadgetn formation from
atmospheric nitrogen by nodule bacteria.

At the end of 20th century, the small mustard pkaribidopsis thaliana
took center stage in the attempt of scientiststbeustand plant genomes.
The full sequence of this genome was elucidated2@® by an
international consortium of plant geneticists. lata, several research
works were carried out to understand the procdgdses$ranslocation of
food materials, their partitioning towards econonyield, storage
mechanisms, physiology of flowering, effect of stfl environmental
factors on crop growth and development, role ofpgrowth regulators
in increasing the crop productivity etc. All them®as have enriched the
knowledge of physiological processes and their imlgeciding the crop
yield.

4.0 SELF-ASSESSMENT EXERCISE
e Attempt to differentiate the history of crop physigy based on
different stages of researches with dates.

5.0 CONCLUSION

Plant physiology is concerned with the life proesssf plants, and from
the beginning has been focused largely on the higheen terrestrial
plants, the autotrophic (self-feeding) plants flieatd us animals. In part,
plant physiology has roots in agriculture.

The central question of plant physiology is howpdnts grow, develop,
and reproduce? When primitive humans collectedsaed began raising
food plants, they must have noted that plants seetight, warmth and
moist (but not wet) soil of good tilth, and thaéde from vigorous plants
produced vigorous plants. They observed the bagnkfieffects of
manuring (mentioned in the Bible; Luke 13:8).
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Centuries of agricultural practice produced impobwvearieties and
cultural practices, and early studies of physiolaggw on this basic
knowledge of plant growth and gross anatomy.

6.0 SUMMARY

A brief history of Crop Physiology based on EarkpEriments on Plant
Growth, Experiments on Plant Nutrition and Transption and Current
Research on Cellular and Molecular Plant Physiolegye discussed in
this unit. Some of the discoveries by differenteggshers at different
times were as follows;

e An early physiological question was where a plaetsgthe
material with which it grows. In the early 1600anJan Helmont,
a Belgian physician, decided the source must berveddne. Van
Helmont grew a willow seedling in 200 pounds ofl,sand only
added rainwater. A 164-pound tree was produced ontl 57.1
grams (2 ounces) of soil lost. He knew of carbaxidie but never
dreamed that a diffuse gas could produce willowdvoo

e Van Helmont assigned no importance to the two osin€soil lost.
However, starting in the late 1700s and extendirig the mid-
1800s, Julius Sachs and others used chemical assagsablish
that quantitatively minor soil constituents of afjen, potassium,
phosphate, sulphur, and other elements had majooriamnce in
plant growth.

e Crop physiology, with the aim of understanding thymamics of
yield development in crops, really began with therkvof Balls
(1915). Along with Holton he analysed the effedtplant spacing
and sowing date on the development and yield opEayy cotton
plants within crop stands, not in isolated platitavas from his
work the term ‘crop physiology’ came into existenEeom then
onwards, various scientists have started applyuegativances in
physiological knowledge for better crop management.

e In 1924, in England- a rapid development of thelroes$ of growth
and yield analysis by different investigators (VBlackman, F.G.
Gregory, G.E. Briggs etc.) was started. With theeltgoment of
various methods of growth analysis, they startgulaging ‘the
physiology of crop yield’

e In 1947, the concept of LAl (Leaf area index) waveloped by
D.J. Watson. This index has provided a more medwlirvgay of



7.0

analysing growth in crops, and stimulated renewéerést in crop
physiology.

In 1950’s, studies on photosynthetic rate of tlaé éand the loss of
photosynthates by respiration was studied by thiveldpment of
‘Infra-Red Gas Analysis (IRGA)'method. This methduhs
facilitated the estimation of short-term rates bd#®synthesis and
respiration by crops in the field. Monsi and Saelplained about
the manner of light interception by the crop canegth their
concept of light interception coefficient.

In 1963, Hesketh and Moss showed that photosyrghiisieaves
of Maize, Sugarcane and related tropical grassalsl tceach much
higher rates, with less marked light saturatioantteaves of other
plants. (This was the starting point for researchfind other
photosynthetic C® fixation path ways like & and CAM
Mechanisms). The differences in pathway are assmtiavith
differences in photosynthetic rate, in responségtat intensity,
temperature and oxygen level, in photorespiraiiofeaf anatomy
and chloroplast morphology, in rate of transloaatiand in the
efficiency of water use, which can have profouni@at on the
physiology of yield determination.

By the 20th century, plant physiologists increakingrned to
chemistry and physics for assistance with fundaaileniestions.
They also established their own societies withnais to publish
their findings, which had a catalytic effect in ieasing the level
and amount of research.

TUTOR-MARKED ASSIGNMENT

Briefly discuss the history of Crop Physiology base the following
headings;

a) Early Experiments on Plant Growth
b) Experiments on Plant Nutrition and Transportation
c) Current Research on Cellular and Molecular Playsi@logy
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1.0 INTRODUCTION

Plant physiology is concerned with the life proesssf plants, and from
the beginning has been focused largely on the higheen terrestrial
plants, the autotrophic (self-feeding) plants flieatd us animals. In part,
plant physiology has roots in agriculture.

The central question of plant physiology is howpdnts grow, develop,
and reproduce? When primitive humans collectedsaed began raising
food plants, they must have noted that plants seetight, warmth and
moist (but not wet) soil of good tilth, and thaéde from vigorous plants
produced vigorous plants. They observed the bagnkfieffects of
manuring (mentioned in the Bible; Luke 13:8). Ceiatsi of agricultural
practice produced improved varieties and culturalcpces, and early
studies of physiology drew on this basic knowledgplant growth and
gross anatomy.

Many aspects of Agriculture and Horticulture can bmnefitted from
more intensive research in plant physiology to mleyractical solutions
in agriculture and horticulture. Understanding fg/siological aspects
of seed germination, seedling growth, crop estafiient, vegetative
development, flowering, fruit and seed setting amap maturity, plant
hormone interaction, nutrient physiology, stressiot{t/abiotic)

physiology etc., provides a reasonable scientifaseb for effective
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monitoring and beneficial manipulation of these qmaena. Since in

agriculture we are interested in economic yieldolhis the output of

these phenomenons and well-being of plants, Playi®logy provides

a platform for getting better yield of crops. Studythese phenomena
with a view to develop better crop management prestforms the

subject matter of crop physiology.

Crop physiology is important in agriculture as waslhorticultural crops
because:

o It studies the entire plant and its communities.

o They deal with a plant in terms of knowledge frame different
field such as soil science, plant physiology, bgtit.

o It aims to "increase the yield" of the plant ecomatty.”

2.0 OBJECTIVES
By the end of this unit, you should be able to

e Explain the meaning of crop physiology
e Outline the importance of crop physiology in aglicte

3.0 MAIN CONTENT
3.1 Meaning of Crop Physiology

Crop physiology is the study of the ways in whidanp physiological
processes are integrated to cause whole plantregpan communities.
The subject matter of crop physiology includes weg/s in which the
knowledge of plant physiology is applied for betteanagement of crops.
Crop physiology is the study of the plant procesesponsible for the
growth, development, and production of economitdyl®y crop plants.
Crop physiologists focus on whole plants and prhmunities — not
individual plant parts, organs, or cells becausstrbthe processes that
control yield operate at the whole plant - plantmoounity level.
Consequently, most crop physiology research is woted in growth
chambers, greenhouses, or in the field. Crop plogigts investigate
processes responsible for the primary productieftgrop communities
(e.g., photosynthesis, respiration, light intermaptnutrient utilisation),
how the products of these processes are convergmbhomic yield (e.g.,
sink size, seed growth, partitioning, senescenaryl developmental



processes that define the length of critical grostdges by controlling
flowering and maturation. Crop physiology is anegrative science,
bringing information from a variety of disciplinésoil science, ecology,
plant physiology, botany, statistics, micro metémgy, modeling) to bear
on problems of yield improvement and crop manageémen

Crop physiology has an important role to play imemting the large
increases in yield that will be needed in the n2&tyears to feed a
burgeoning world population. Increasing total protthn in a sustainable
manner without increasing the land area undervaiitn represents a
huge challenge that can only be met by integrativestigations at the
whole plant-plant community level. Crop physioldgiswill make
significant contributions to meeting this challenge

3.2 Importance of Crop Physiology in Agriculture

Many aspects of Agriculture and Horticulture can bmnefitted from
more intensive research in plant physiology to mleractical solutions
in agriculture and horticulture. Understanding fg/siological aspects
of seed germination, seedling growth, crop estafiient, vegetative
development, flowering, fruit and seed setting amap maturity, plant
hormone interaction, nutrient physiology, stressiot{t/abiotic)
physiology etc., provides a reasonable scientifaseb for effective
monitoring and beneficial manipulation of these qpfmaena. Since in
agriculture we are interested in economic yieldolhis the output of
these phenomenon and well-being of plants, PlaysiBlogy provides a
platform for getting better yield of crops. Studyitnese phenomena with
a view to develop better crop management pracfamess the subject
matter of crop physiology.

The importance of physiology in agriculture andttooitture can be seen
from the following examples;

1. Seed Physiology
Seed is the most important input in agriculturerr@eation of seed and
proper establishment of seedling depends upon warioternal and
external factors. Knowledge of Seed physiology setpunderstanding
of different physiological and morphological chasgbkat occur during
germination. Any deviation in these processes ca8eed dormancy.
The dormant condition of the seed bars immediageofi$harvested seed
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for next crop which is important in intensive agitare. By
understanding the causes and effects of this prgb¥op physiologists
have come up with different methods of breaking sked dormancy.
Example: Whenever Paddy is used as a seed matetied very next
season it is recommended to treat the seed eittieHNOs or with GA.

2. Optimum seedling growth and plant population
By knowing the process of radicle and plumule eraecg and their
function we can achieve best plant health, whicthésoutcome of best
plant physiology. By knowing the different inputsquirement of plants
(water, nutrients, sunlight) we can easily managepiant populations to
get highest yield. Input interaction of plants wittheir body is the matter
of plant physiology.

3. Growth measurement of crops
The first prerequisite for higher yields in cropshigh total dry matter
production per unit area. High dry matter produttie a function of
optimum leaf area (Optimum leaf area Index) and Agsimilation rate.
(CGR = LAl X NAR).
Example: Pruning operation in horticultural crofleelmango is done
based on this principle of proper canopy managenfentbetter
photosynthesis.

4. Harvest index
The difference between total amount of dry matterdpced and the
photosynthates used in respiration is the net mtodtiphotosynthesis.
Economic yield depends on how the dry matter igridised among
different organs of the plant. Partition of totaly anatter amongst the
major plant organs is of interest to the farmerthay are more interested
in its partition towards economic yield.
Example: excessive vegetative growth period in @Gdonut produces a
smaller number of Pods as the reproductive peratsl gpnstricted. Thus,
groundnut varieties with relatively extended periofl reproductive
growth are desirable.

5. Mode of action of different weedicides
The use of herbicides to kill unwanted plants islegpread in modern
agriculture. Majority of Herbicides -about half ¢fie commercially
important compounds—act by interrupting photosytithelectron flow
(Ex. Paraquat, diuron) or electron flow of respamat In Photosynthesis
when the electron transport is blocked, it virtyatiops light reaction of
photosynthesis. When light reaction is stoppeditiré& reaction does not



happen and thus CO2 is not fixed as carbohydréuerefore, the weed is
killed by starvation.

6. Nutriophysiology
Nutriophysiology is yet another important area toderstand crop
physiology. For the healthy growth of a crop arodiicessential elements
are required. Knowledge of nutriophysiology hagpkedlin identification
of essential nutrients, ion uptake mechanismsy thediciency symptoms
and corrective measures. It also helps to checkotkieity symptoms of
various nutrients. The use of fertilizers and tleiake by plants can be
totally understood by studying plant physiology.

7. Photoperiodism
Response of plant to the relative length of day amgiht is called as
photoperiodism. This concept was used to choosdophsensitive
varieties. The semi dwarf Rice varieties that heaxslutionized Indian
agriculture, are lodging resistant, fertilizer respive, high yielding and
photo insensitive. Photo insensitivity has allowsce cultivation in
nontraditional areas like Punjab. Even in tradiibareas rice-wheat
rotation has become possible only due to thesetiesi

8. Plant growth regulators
Plants can regulate their growth through intermawgh mechanisms
involving the action of extremely low concentragomf chemical
substances called Plant growth substances, phytwmas or Plant
growth regulators. The regulation of flowering, ddéermation and fruit
setting has been controlled through the applicaticdifferent hormones
at the appropriate time of plant height and age.
Indian agriculture being predominantly rain fechature, so development
of drought resistant varieties is very importamoRzone depth, density
of roots, plant water potential, relative water teort, water use efficiency,
xerophytic characters of leaves etc. are someetharacters helped to
breed drought tolerant varieties and to developciefit irrigation
management practices (sprinkler and drip irriggtion
Among Several physiological approaches, transpmagfficiency or
water use efficiency is the most dependable trditch is “the amount of
dry matter produced per unit amount of water traedf). The importance
of water use efficiency (WUE) in influencing grayeld under water
limited conditions can be explained by the follovimodel given by
passioura.
Grain Yield = T x TE x HI

Where T = Total transpiration by the crop canopy
TE = Transpiration
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Efficiency or WUE

HI = Harvest Index (Economic Fraction of Dry malter
This relationship provides an analytical tool téesethe genotype with
high levels of T and TE.

9. Post-harvest physiology

Post-harvest losses of agriculture and horticulame causing a great
distress to farming community. Moisture and temperare the two
important factors causing physiological changest theduce the
postharvest quality of grains. Control of moistuoentent and
maintenance of low temperatures have proved effedn storage of
grains. Being perishable in nature the magnitudpast-harvest loss is
comparatively higher in horticultural crops. Exaeipln recent years a
method called ‘modified atmospheric storage’ wasvettgped for
prolonged post-harvest life of fruits and vegetabl8helf life of cut
flowers can be increased by application of kinétiytokinin).
This will reduce the burst of ethylene and thusucesd the rate of
senescence. Thus, physiological understandingpfiants provides the
fundamental scientific base about various aspédatsetabolism, growth
and development. This is immensely important fopamprovement or
technology improvement in agriculture or horticudtu

4.0 SELF-ASSESTMENT EXERCISE
e What is the meaning of crop physiology?
e Outline the importance of crop physiology in Aglicue as it's
relates to Nigerian Context.

5.0 CONCLUSION

The study of plant physiology is important in agitare. It is the science
and art of how plants are cultivated. Agricultuse the base of the
development of human civilization. The works retht® farming of
domesticated species generate food surpluses wiagle people able to
live in cities. The modern agriculture deals witarpi breeding, agronomy
and agrochemicals such as the use of the fersliaed the pesticides. The
technological developments have changed the cowwehtagricultural
processes significantly. The technological develepts have increased
the number of crops. Along with it, the technol@it¢ools caused
environmental and economic changes.

The modern agricultural practices are also shapgddépletion of
aquifers, global warming, deforestation, use ofwghohormones and



antibiotics. Increase demand for genetically medifiorganisms is
another key trend in agriculture. The producthmagricultural industry
are broadly categorized as fibres, foods, raw red$esnd fuels. The food
products obtained from the agricultural industrye aslassified as
vegetables, cereals, oil and fruit.

The applied researches, on the contrary, give itapoe to solving

practical problems. However, the crop physiologydgts the plants and
plant communities as a whole. This is becauserthessses which control
the production. The area also gives importancéuysrg how the plants
interact with the environment.

6.0 SUMMARY

In this unit, it has been established that croppiggy is concerned with
the life processes of plants, and from the begmrias been focused
largely on the higher green terrestrial plantsat®trophic (self-feeding)
plants that feed us animals. In part, plant phgggl has roots in
agriculture. The knowledge of the physiologicaltéas associated with
the plants is essential for conducting the agncaltworks effectively.
Crop physiology is an important part of the subjdttdeals with
investigating different processes in the plantse Kay areas of focus in
the domain of Crop physiology are — the activitidsich drive growth
in the plants, the development processes and iy ption of crop plants
in an economic manner.

This area of the subject includes both the basitapplied research to
determine the functionalities of the crop plantaebasic researches in
the crop physiology give importance to developingwledge in the area.

7.0 TUTOR-MARKED ASSIGNMENT

Briefly discuss Crop Physiology base on the follogvheadings;
a) Meanings
b) Importance and
c) Current research and molecular plant physiology
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1.0 INTRODUCTION

After attaining certain growth the plants begin flower. Flower is
reproductive organ of plants and most of the plamtze the process of
flowering as a mode of reproduction. Flowering wlldwed by
pollination, fertilization which ultimately leadsot formation of
fruits/seeds. The time taken by a plant to flowaries from species to
species. For example so many fruiting trees which gommonly see
around such as mango tree, guava tree etc take yeamy before they
begin to flower and fruit. Many herbs begin to flavin few months. Such
plants have very short vegetative phase and theodaptive phase
(flowering) begins early. Different plant speciesymexhibit different
pattern of growth before they begin to flower, éotample corn plants
does not begin to flower until they have producedtain number of
leaves. Plant of bamboo takes several years (nmare 30 or 50 years
depending upon species) to flower. Flowering impdarucially depends
upon season. Each plant displays a strict and iteefpattern of their
vegetative and reproductive growth depending upasan. It means that
every plant require specific seasonal/ environmeotadition before they
begin to flower. In this chapter you will come tadw how seasons,
length of day and night control flowering in plants
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2.0 OBJECTIVES
By the end of this unit, you should be able to:

e Understand the Physiological mechanism for flongermplant

o Effect of photoperiod on flowering in plants

o Effect of quality of light and phytochrome on floxireg

¢ Role of temperature in regulating flowering

e Practical utilization / application of photoperiedi and
vernalization

3.0 MAIN CONTENTS
3.1 Basic Concept of Flowering

After attaining certain vegetative growth, plantslargo structural and
functional changes and reproductive growth begasgihg to flowering.
Flowering in plants is influenced by various expegntal factors. Plant
will respond to environmental factors (for flowegjonly when the plant
has reached certain stage of maturity. It meartsftagplant is provided
with all the favourable conditions required fonlering but if the plant
is not mature enough it will not flower. Floweringicially depends upon
developmental status of plants among different remmental factors,
length of days, quality and intensity of light aienperature are among
the most important factors which control floweringolants.

After sufficient amount of vegetative growth, ifapit is provided with
suitable environmental conditions, the developmehtplant shifts
towards reproductive growth. Several changes oatunetabolic level
including changes in kind and amount of hormoneslpces, production
of metabolites required for reproductive growthg¢. eStimulus for
flowering is perceived by leaves (discussed initlktter in the chapter),
the flowering stimulus from leaves in form of homes is transferred
from leaves to shoot tips / nodes. Formation afflbuds occurs at shot
tips which ultimately results in flowering (Fig.3.1



Vegetative growth

Perception of
—

environmental
- I
factors

Reproductive growth

Altered metabolic growth
(Changes in level of hormones , metaboliites)

Formation of floral stimulus

Transmission/Translocation of floral stimulus
from leaves to shoot apex

Initiation of *ral primordia
Development of floral buds

Flowering

Fig. 3.1: Outline of basic process leading to flowiag in plants
3.2  Photoperiodism

The term photoperiodism was suggested by GarneAbaud (1920) and
the term photoperiodism refers to effect of lengtlday and night on
growth and development of plants. Photoperiod &s fdwvourable day
length required by plants mainly for flowering tocarr.

Garner and Allard (1920) first of all reported tiplenomena of
photoperiodism. They observed that mutant tobadeotpMaryland
mammoth) and soyabearlycine max) follow seasonal dependent
pattern of flowering. Effect of various environmahfactors such as
nutrition, soil moisture on flowering has been gmat and it was found
that none of these factors played a key role inlegog flowering. When
plants were placed in dark and provided with sholight period,
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flowering was obtained in plants. After this, siamilexperiments were
conducted on different plant species under diffepéotoperiods (short -
day, long - day) and found that it was length o¥ adehich control
flowering in plant (Fig.3.2).
Depending upon the photoperiod requirement plaarde classified into
these groups.

a) Short- day plant,

b) Long-day plant,

c) Day-neutral plants

Short Day Long Day
Plant (SDP) Plant (LDP Plants
Quantitative Qualitative Quantitative
SDP LDP _ LDP

Fig. 3.2: Classification of plants based upon phoperiod
requirement for flowering
1) Short - day flowering plants

These are those plants which flower when lengttiayfis shorter than a
critical period. These plants need a day lengthtshthan a critical period
to flower. If day length exceeds a critical valhen short-day flowering
plants fail to flower. For example, in soybean tength of more than 12
hours effectively reduced number of flowers. Thelsaits are also called
as long night plants.

Day Neutral

Qualitative
SDP

Characteristic features of short-day flowering plars

a) Short - day flowering plants (SDP) need continuominterrupted
long period of darkness to flower. Hence, you aantlat in SDP
length of day is not as important as period of dads.

b) SDP will fail to flower if the continuous period afarkness is
interrupted by weak intensity of light given fornse time. The
plant will also not flower even if a flash of ligit given during
period of darkness. Moreover, even if weak intgn&itm light) is
given to plant for sometimes during the period a@irkshess
flowering is inhibited (Fig. 10.3).



c) These plants can be made to flower in long day itiong as well
by transferring to plants to darkness for suffitig¢aration.

d) It is obvious that length of night is more crudiat flowering in
SDP than day length. If plants are kept in comptistekness and
provided with sucrose externally. They exhibit nalpattern of
flowering indicating that the photoperiod (day lémgs required
only for the process of photosynthesis (Hillmar69p

e) SDP do not flower under alternating cycles of ligggs and
darkness. The period of darkness which is neede&Dy for
flowering showed be continuous. Suppose if a plaauires 16 hrs
of darkness for flowering and the plant is giverht$ of darkness
but not continuously instead in four instalmentd s each. Now
the total period of darkness is 16 hrs but the tpiaits to flower
because period of darkness is not give continud&sly16). Some
examples of SDP are: tobacchli¢otiana tabacurp soybean
(Glycine may, strawberry [Fragaria), coffee Coffea arabicy,
rice (Oryza sativy, Bryophyllum

Fig. 3.3: Effect of different photoperiod conditiors on flowering in
SDP
Types of SDP
1) Qualitative short - day plants Also called as absolute or

obligatory short-day plants. These plants will femwonly under
short- day conditions and will never flower undasuitable (other
then absolute short- day) photoperiod e.g. strawyl&ragaria),
coffee Coffea arabica
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2) Quantitative short-day plant: Also called as facultative short-
day plant. These plants best flower under short-@ayditions.
However, they may also flower under long- day ctads but
with delayed flowering e.g. cottoiossypium hirsutujn

Short long-day plants Plant which flower when placed under short -day
conditions followed by long days e.g. white clog&rifolium repen3.
2) Long-day Flowering plants

These are those plants which flower when provideth Wonger
photoperiods. They need day length longer thartiaalperiod to flower.
More than, the requirement of longer photoperiogséhplants require
short period of darkness for flowering becausedapgeriod of darkness
inhibits flowering in these plant. Hence, long-gdgnts are also called as
short night plants.

Characteristic features of long-day flowering plans:

a) Long- day flowering plants flower best in contingolight. They
either need little or no darkness for flowering.

b) Long period of darkness exhibits an inhibitory effen flowering
in long- day plants.

c) Long day- plants can flower in short -day (daysr&raand nights
longer) conditions if the period of darkness i®mipted by flash
of light.

d) Unlike short-day plants long- day plants flower maily if light
and dark period are provided alternately. Flowedogurs because
dark period is not maintained for longer duratiod &ence cannot
exhibit its inhibitory effect on flowering e.g. pé@isum sativur))
peppermint fMentha piperitd, barley (Hordeum vulgarg rye
Grass [Lolium spp.), wheatTriticum aestivurj) radish Raphanus
sativug.

Long- days plants flower when provided with a pip@eod of more then
critical length. Period of darkness is believetidwe somewhat inhibitory
effect on flowering, hence if period of darknesseexls beyond a limit
flowering is inhibited. However, if a flash of lighs given during the
period of darkness, the inhibitory effect of darkmés compensated and
their plant exhibits normal pattern of floweringDP also exhibits
flowering kept under continuous light (without apgriod of darkness).



LDP will also flower if exposed to alternate periotlight and darkness
(Fig.3.4).

8
-] L -
A@D‘Q

Fig. 3.4: Effect of different photoperiod conditiors on flowering in
LDP
Types of LDP

a) Qualitative long-day plants These plants are also called as
absolute long-day plants or obligatory long dayna These are
those plants which flower under only under long dapnditions
and will never flower under unsuitable / impropphotoperiod
e.g. oatAvena sativy radish Raphanus sativs

b) Quantitative long-day plants Also called as facultative long day
plant. These are basically long day flowering pkamd flower best
under long day conditions. However they may alsditak
flowering under short day delayed conditions augnip Brassica
rapa), garden pea Risum sativur)) spring wheat Triticum
aestivun.

Long short-day plant: plants which exhibited flowering when provided
with long days followed by short day treatmentpesure e.g. AloeXloe
bulbillifera), Kalanchoe{alanchoe laxiflora.

3) Day- neutral Plants

These are those plants which can flower in all ppetiods. There is no
seasonal preference for flowering in these plantg. domato
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(Lycopersicon esculentymbean Phaseolusspp.), cucumbe(Cucumis
sativug.

Normally short-day plants flower when day lengtehsrter than 11 hours
and for long-day plants day length period of 14kbérs is sufficient for
flowering (Warner, 2006). However, day length maywfrom species to
species.

3.2.1 Significance of Photoperiodism

a) Photoperiodism determines the flowering seasonpdésat.

b) Knowledge of photoperiodism can be utilized in kegpplant in
vegetative phase to obtain high yield of tubersaimes etc. or the
plants may be maintained in reproductive stageiétd ymore
flower and fruits.

c) Annuals can be grown more than once in a year bylating
photoperiod.

d) By increasing light hours winter dormancy and autahieaf fall
can be prevented.

e) By providing requirement photoperiod plants canrbade to
flower throughout the year under green house.

f) Knowledge of photoperiodism is also useful in settup of
gardens, orchards etc.

The difference between photoperiodism and verni@izais given in
Table 2.1 and difference between short-day plamd@ng-day plants has

been given in Table 2.1.

Table 2.1: Differences between Photoperiodism andevhalization

S/No Photoperiodism Vernalization

1. It is response of length of lightt is acceleration of flowering in
and dark on growth andlants by providing chilling
development of plants treatment

2. Stimulus for photoperiodismStimulus is perceived by
is perceived by leaves actively dividing cells (mostly

meristems)

3. It prepares the plant foit only prepares the plant for
flowering and also initiatesflowering
Flowering

4. It is mediated via florigen It is mediated viarnalin



5. Effect of photoperiod onceEffect of vernalization can be
perceived cannot be reservedeserved by providing high
temperature to plants

6. Photoperiodic stimulus can bé cannot be passed through
transferred from plant tografting except irHenbane
another by grafting

Table 2.2: Differences between short-day plants andng-day plants
S/No Short -Day Plant Long- Day plant
1. These plant exhibit floweringThese plants flower when
when exposed to day lengtlexposed to day length longer
shorter than a critical period than a critical period

2. Generally flower in earlyGenerally flower in spring or
spring or autumn early summar

3. Plants fail to flower if periodFlowering is stimulated if
of darkness is interrupted byeriod of darkness is interrupted
flash of light by flash of light

4. Gibberellic acid has no effecGibberellic acid exerts an
on flowering in SDP inductive effect on flowering

3.3  Phytochrome

Phytochrome is a pigment found in plants which n®wn to control
development of plants. Phytochrome is a proteirh witromatophore.
The pigment exists in two interconvertable formsd&M PFR. The type
of phytochrome which absorbs red light is calledP&and the type of
phytochrome which absorbs far-red light if callé@RP PR is red light
sensitive and PFR is far red light sensitive. Plditizes phytochrome to
sense the seasonal changes in night length or péroda (Fig.3.5).
Phytochrome is mainly produced during darknessfiasitly exists as PR
(P600). When exposed to light of wavelength 660red)(it is converted
into PFR (P730). PFR can be reconverted to PRpibsed to wavelength
of 730nm. Among both the forms of phytochrome, Bmbiblogically
inactive whereas PFR is biologically active. Marfytlee physiological
changes occurring in plants such as pigmentatigppdotyls - hook
opening, unfolding of leaves (in seedlings), phatgohogenesis,
photoperiodism and many others are influenced lyygahrome.
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Red light
PR Day time/ sunlight PFR s Physiological

(Inactive form) ——— (Active o) responses
For Red hight (Fast)
l Darkness (Slow)
Short day plants Long day plants
Florigen activated Florigen activated
Flowering Flowering

Fig. 3.5: Interconvertable forms of phytochrome
3.3.1 Effect of phytochrome on flowering in SDP

As you have already seen that short-day plantdherge plants which

show normal flowering when exposed to shorter ppetiod and longer

period of darkness. It has already been discudssdidnger period of

darkness is crucial for flowering to occur in SDRhe longer period of

darkness is interrupted by red light, SDP faillewker. However, if red

light treatment is followed by far red, the inhdny effect of red right is

compensated and plants show normal flowering. IfPS&re given

alternate treatment of far and far red light thes treatment given in the
last will show its effect.

3.3.2 Effect of phytochrome on flowering in LDP

We have already discussed that long-day plantshaxge which flower
when provided with longer period of light and skeofteriod of darkness.
You have also seen that longer period of darknassh inhibitory effect
on flowering in LDP. If LDP is exposed to longermrioel of darkness it
will not flower. However, this longer period of daess is interrupted by
red light, plants show normal flowering as becatise period of
continuous darkness is not maintained. Red ligbaks the longer period
of darkness into two shorter periods and henceogesi darkness loses
its inhibitory effect and flowering occurs. Butréd light is followed by
far red, the effect of red light is counter actgddr red and red light does
not show its effect. As a result, the longer penbdarkness can maintain



its inhibitory effect and plant fails to flower. Agen in the case of SDP,
if Red and far red light are given alternately ththe last treatment
provided to the plant will exert its effect (FigZ3.

% [sop} [ LDP}
v a ¢

14 Hours 10 Hours

10 Hours

10 Hours

10 Hours

10 Hours

10 Hours

R FR R FR

Fig. 3.7: Effect of PR & PFR on flowering in SDP ad LDP
Other Factors Influencing Flowering in Plants

(a) Effect of plant growth regulators

Gibberellic acid has been reported to have a positive influence on
flowering in long-day plants. There are severalglaiay plants which
under unfavourable conditions (short day conditigmpvided will
gibberellic acid exhibit normal flowering. Floweg inducing effect of
gibberellin have been observed only in long-daytdand not in short-
day plants. However application of GA in SDP wilause stem
elongation.

In the presence of red light the precursor is cdaedeinto GA like
hormone and far red light inhibits the action obkarellic acid as in the
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presence of far red light gibberellin like hormameonverted back to the
precursor.Arabidopsis thaliana, Hyoscyamus niger, Lactucavsaare
some of long-day plants which can be made to floweter short day
condition by exogenous application of gibberellbida Plants belonging
to family Cupressaceae, Taxodiaceae and Pinacsaestabw flowering
induced by GA.

Auxins have been reported to induce flowering in pine eppl
Hysocyamus nigemwintex barley. Flower inducing effects of auxin o
pine apple was discovered in 1942 and since thetn duave been
commercially utilized to induce flowering in pinep@e varieties.
However, auxin has been found to have differenparse in different
plant species. In some plants auxin helps in indyowering whereas
in other plant it inhibits flowering or have no ett on flowering. It is
expected that the plants in which auxin inhibitsméring is via. ethylene
production as it is well known that application atixin leads to
production of ethylene.

Similarly, Cytokinin have been reported to induce flowering in plant
varieties such akemna paucicostata, Perilla, Wolffia, Chrysanthemum
etc. flowering in these plant have been achievet ewder non inductive
photoperiods by utilization of cytokinin. Howevexrs you have seen in
case of auxin that in some plants it induces fleomgeand in some plants

it inhibits flowering. Similarly, cytokinin may atsinhibit flowering in
some plants. One such plant @enopodiumin which flowering is
inhibited in presence of cytokinin.

Abscissic acidcannot induce flowering if the required photoper®dot
provided, however application of abscissic acid amndavourable
photoperiod enhances reproductive developméitenopodiumand
Pharbitis nilare two such plant species in which flowering ihamced
in favourable season by application of abscissit. ac

Salicylic acid has been known to act as plant growth regulatorstidd
the plants do not have a requirement of salicyta or flowering
however it has been reported to enhance flowennglants such as
Lemna Ascorbic acid have also been reported to induce in flowering in
plants likeBrassicaandLemna



(b) Increased Carbon: Nitrogen Ratio

Many scientists including Kraus and Bill have preed that C/N ratio is
also significant in determination of flowering itapts. They conducted
their study on tomato plants and have proposedviatlg effects of C/N
ratio on plants.

3.4  Vernalization

Vernalization can be defined as a process or metiiodducing early
flowering in plants. It is achieved mainly by tresnt of seeds at very
low temperature.

Generally, you may consider growth and developrt@be more or less
similar; however both (growth and development)difierent processes.
Growth generally refers to increase in size andghteiwhereas
development includes processes such as differemtiah flowering,
pollination and fertilization which ultimately leadto reproduction.
Lysenko in 1920-30 postulated the main principlevefalization. The
basic concept remains that by providing specifeatment either to
germinating seed or to the plant one of the twspld life cycle of plant
(i.e. growth and development) can be favored. kamgple winter wheat
is normally grown in winter season but if the seefdfe plant are allowed
to germinate in ice box with appropriate suitabddt moisture and air,
they can be grown in summer as well along with radrilowering.
Flowering is one of the most important processfendycle of plant since
it is the key event for reproductive successioplamts. Most of the plants
flower only when they are exposed to proper peabtight. Long-day
flowering plants need short period of darknesddwér whereas short-
day plants require longer period of darkness (oomiis) to exhibit
flowering. However, day neutral plants are indeparicf photoperiod
and flower irrespective of day night length. Thex@o doubt about the
photoperiod (duration of light to which plant ispesed) remains to the
most crucial important factor for following to ocecuBeside this,
temperature is another factor which also has sgamt effect on
flowering.

If you consider flowering in annuals and bienniafsy annuals
photoperiod is most crucial for flowering, followdaly temperature.
However in the case of biennials as you know themrdals are those
plants which show vegetative growth in first seaaond when they have
gone through prolonged exposure to low temperatimeng winter
season, they exhibit flowering in next seasonuk do any reason these
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plants do not get exposure to low temperature tai€yo flower and will
continue to grow vegetatively. However they camtele to flower of
the plants that are exhibited to cold treatmentowihg suitable
photoperiod. Many biennials such as carrot, cabblaget, glove needs
cold treatment for flowering to occur.

3.4.1 Process of Vernalization

Vernalization can be achieved by a very simple @ssc Seeds to be
vernalized should be soaked in water properly, aieation can never be
achieved in dry seeds, it has been reported tledts®ould contain about
90% water of their dry weight. Seeds then alloweegdrminate, followed
by treatment of low temperature for suitable perafdtime. Treated
seedlings are slightly dried and then sown forhfergrowth (Fig. 3.8).

Seeds soaked m water

Germinate them and allow to grow for sometime

Cold treatment by incubating seeds at 0-5° C

Duration of treatment may vary
from few days to weeks
depending upon species

Immediate sowing of seeds should be avoided and treated
seedling should be dried for sometime

It should be taken care that
seedlings should not over dry as 1t
will devernalize the seedlings

Seeds can now be shown for further growth and development

Fig. 3.8: Outline of basic process to achieve verhzation
Requirement of vernalization

i) Low temperature: Normally vernalization is achieved in
temperature range of zero degree to°CL0O when the
temperature is decreased beloRCOthe effectiveness of
vernalization generally decreases and at abd@ tiere is no
effect and vernalization cannot be achieved.

i) Duration of treatment: The time period required for
vernalization may vary from species to species @rdrange



from few days to few weeks. Normally the time pdriof
treatment is long since vernalization is consideosde a slow
process.

i)  Actively dividing cells: Since vernalization cannot occur in
dry seeds due to absence of active embryo, aftenigation
embryo becomes active and can perceive vernalizatio
whole plant vernalization signal is perceived byristematic
cells (shoot tips, root apex, developing leaves)ostapical
meristem of Chrysanthemumhave been demonstrated to
perceive vernalization.

iv)  Water: Water is an essential requirement for germinatioth a
that seeds provided with vernalization treatmesd akquires
water for germination and growth.

3.4.2 Devernalization and Revernalization

Devernalization can be defined as a process inhwicnalized seeds /
seedlings loses their vernalized states and becoee=rnalized. Over
drying of vernalized seed / seedling, heat treatrévernalized seed/
seedling may result in devernalization. An atmosphaf nitrogen in
presence of high concentration of £@ay also result in devernalization.
However, devernalized seeds can be easily reveathby subjecting
them to low temperature. Vernalization responstceafly depends upon
the temperature to which seeds are exposed anamldte duration for
which the treatment is maintained. If either ofnthétemperature or
duration) falls short of the requirements thenegiternalization may not
occur properly or the vernalized seed may be eds¥ernalized.

Advantages of Vernalization

1) Vernalization shortens the Juvenile or vegetativease and
induces early flowering.

2) Vernalization can be applied to temperate as vedliapical plants.

3) Vernalization is expected to increase resistancecdll and
diseases.

4) Biennials can be made to behave as an annuaktfiawier in one
growing season.

5) Early flowering and fruit setting can be achievediennials.

6) Plants can also be made to grow in regions wherg iormally
do not grow.

7) It can be used in Horticulture. Flowering can beuiced into non
vernalization plant by grafting a vernalized shopén.
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When proper cell treatment is provided a stimukiperceived by the
dividing cell. Researchers have named the stimudss vernalin.
Formation of vernalin alone is not enough for floiwg to occur. After
vernalization plants appropriate photoperiod is aéxjuired (it should be
noted here that proper vernalization only prepdhesplant to flower
however, photoperiodism provides stimulus for flowwg and also
induces the flowering). Following proper photopdrieither vernalin is
converted into florigen or vernalin regulates figan synthesis. Florigen
once produced directs reproductive development #owering is
initiated in the plants.
SELF-ASSESTMENT EXERCISE
e What is photoperiodism? Classify plants based upeim
photoperiodic requirement for flowering?
e Define devernalization. How it can be achieved?
¢ Differentiate between:
a) Long-day Plant and short-day plants
b) Photoperiodism and vernalization
c) Obligate SDP and Facultative SDP
d) Qualitative LDP and Quantitative LDP

4.0 CONCLUSION

In this unit, it is said that when plant has congadlecertain vegetative
growth, it makes a transition from juvenile stagenaturity. Most of the
plants require favourable environmental to occuhnotBperiod and
temperature are the most crucial environmentabfadbr flowering. The
response of plants to day length is known as plesiogism. Depending
upon requirement of photoperiod plants can be shay plants, long-
day plants and day neutral plants. Short - daytplthower when a critical
period of darkness is exceeded. Long-day plant®bh#x{towering when
period of darkness is less than a critical peWten exposed to suitable
photoperiod, the photoperiodic stimulus is perceivy leaves and a
flowering hormone (florigen) is synthesized. Floimgr hormone is
translocated to shoot apex where bud formatiorflametring takes place.

50 SUMMARY

Flowering crucially depends upon developmentalustatf plants among
different environmental factors, length of daysaligy and intensity of
light and temperature are among the most impoféators which control
flowering in plants. Phytochrome is a protein wétiromatophore found
in plants in two interconvertable forms: PR and PPR is red light
sensitive and PFR is far red light sensitive. Amahg two forms of



phytochrome PFR is biologically active form. Somkangs require
exposure to low temperature (vernalization) fom#oing to occur. The
effect of temperature on flowering is more profoundbiennials as
compared to annuals. Temperature in range of Oib®0nsidered to be
most effective to achieve vernalization. Effectvernalization can be
reversed (devernalization) by exposing vernalizeedsor plant to high
temperature.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define Phytochrome and discuss the effect of difietypes of
phytochrome on flowering in plants?
2. What is photoperiodism? Classify plants based upein
photoperiodic requirement for flowering?
3. Define devernalization. How it can be achieved?
4. Differentiate between:
e) Long-day Plant and short-day plants
f) Photoperiodism and vernalization
g) Obligate SDP and Facultative SDP
h) Qualitative LDP and Quantitative LDP
7.0 REFERENCES/FURTHER READING
Plant physiologyLincoln Taiz and Eduardo Zeiger. Sinauer Assesiat
Inc. Publishers.
Textbook of Plant Biotechnology.S Chawla
Malik, C.P. and Srivastava, S.Kext book of Plant Physiologialyani

Publications, New Delhi
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MODULE 4 MINERAL NUTRITION OF PLANTS:
FUNCTIONS AND DEFICIENCY
SYMPTOMS OF NUTRIENTS, NUTRIENT UPTAKE
MECHANISMS
UNIT 1 MEANING OF MINERAL NUTRITION
CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Meaning of Mineral Nutrition
3.1.1 Criteria of Essentiality of Mineral Elements
3.1.2 Classification of Plant Nutrients Based oneirth
Biochemical Role and Physiological Function
3.2 Mineral Deficiencies Produce Visible Symptoms
3.2.1 Mineral Availability Shows an Interesting [@dsffect
3.2.2 Specific Roles of Essential Mineral Elements
3.3  Physiology of Nutrient Uptake
3.3.1 Passive Transport Mechanism
3.3.2 Active Transport Mechanism
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Mineral nutrients are elements acquired primanilihie form of inorganic
ions from the soil. Although mineral nutrients donglly cycle through
all organisms, they enter the biosphere predomiynantough the root
systems of plants, so in a sense plants act dmihers” of Earth's crust.
The large surface area of roots and their abititgthsorb inorganic ions
at low concentrations from the soil solution makieeral absorption by
plants a very effective process.

After being absorbed by the roots, the mineral eleisiare translocate to
the various parts of the plant, where they areisetl in numerous
biological functions. Other organisms, such as mygpal fungi and
nitrogen-fixing bacteria, often participate with taan the acquisition of
nutrients. The study of how plants obtain and useeral nutrients is
called mineral nutrition.



2.0 OBJECTIVES
By the end of this unit, you should be able to:

e Explain the meaning of mineral nutrition

e Outline the classification of essential elements two groups

e Discuss the criteria of essentiality of mineraheémts

e Classify plant nutrients based on their biochemigze and

physiological function

¢ Discuss the mineral availability shows an interestiose effect

e List the specific roles of essential mineral eletsen

e Explain the physiology of nutrient uptake
3.0 MAIN CONTENT
3.1 Meaning of Mineral Nutrition
The chemical compounds required by an organisrteareed as nutrients

1. Nutrition may be defined as the supply and absonptif chemical

compounds needed for plant growth and metabolism

2. For plant growth and metabolism, 17 elements asergml.
Theyare C, H, O, N, P, K, Ca, S, Mg, Fe, Mn, Zn(CB, Mo, Cl and Ni.
These essential elements are classified into twopy

i.  Major elements (macro nutrients)
ii.  Minor elements (Micro nutrients) (Trace elements)

Major elements
The essential elements which are required by thietpin comparatively
large amounts are called as major elements or nmadrigents. According
to another definition minerals found in >1000 pponecentration are
macronutrients. Theyare C, H, O, N, P, K, Ca, §, M
Minor elements
The essential elements which are required in vaallamounts or traces
by the plants are called as minor elements or midréents or trace
elements. According to another definition minerfalsnd in <100 ppm
concentration are micronutrients. They are Fe Nm, B, Cu and Mo. Si
is now transferred from list of beneficial elemettessential elements.
Beneficial elements(Na, Si and Co)
Sodium has beneficial effect, and, in some case,a@ssential. There are
some plant species, particularly the Chenopodiax@tants and species
adapted to saline conditions that take up this etenn relatively high
amounts. Na is also required for turnips, sugatdead celery. The same
is true for Si, which is an essential nutrientrioe. Cobalt is an essential
element for the growth of the Blue green algae|tiuds not been shown
to be essential for other algae or for higher @atfttis also required by
certain legumes to fix atmospheric nitrogen. Heoayever the cobalt ion

103



is necessary for the symbiotic bacteria presethénnodules associated
with the roots.

3.1.1 Criteria of Essentiality of Mineral Elements
The term essential mineral element was propose@rbgn and Stout
(1939). According to them an element to be considiezssential, three
criteria must be met:
1. A given plant must be unable to complete its lifele in the
absence of mineral elements.
2. The function of the element must not be replacealanother
mineral element
3. The elements must be directly involved in plantabetism.
For e.g., as a component of an essential plantitogsts or it must be
required for a distinct metabolic step such asreayme reaction.
Based on the mobility, elements are also classifiezlthree types.
1. Mobile elements: N, P, K, S and Mg
2. Immobile elements: Ca, Fe and B
3. Intermediate in mobility: Zn, Mn, Cu, Mo

3.1.2 Classification of Plant Nutrients Based on #ir Biochemical
Role and Physiological Function

Essential elements are now classified accordirigdgm biochemical role

and physiological function. Based on the biochemiwahavior and

physiological functions, plant nutrients may beidied into four groups.

Table 4.1: Nutrient Elements Uptake and BiochemicaFunction

Nutrient Uptake Biochemical functions
Elements
15" group In the form of CQ, Major constituents of the

C,H,O.N,S HCGOs, H0, &, organic compounds of the
NOs, NH', NoSQ; plant. Essential elements of
SQG. The ions from atomic groups which are
the soil solution, theinvolved in  enzymatic
gases from  theprocesses. Assimilation by

atmosphere oxidation reduction
reactions.
2nd Group In the form of Theyare importantin energy
P, B, Si phosphates, boricstorage reactions or in
acid or borate, silicatemaintaining structural

from the soil solution. integrity. Elements in this
group are often present in



plant tissues as phosphate,
Borate and silicate esters in
which the elemental group is
bound to the hydroxyl group
of an organic molecule (i.e.,
sugar- phosphates)
(Esterification*). The
phosphate esters are
involved in energy transfer

reactions.
3rd Group In the form of cationsPresent in plant tissues as
K, Na, Mg, Ca, from the soil solution either free ions or ions bound
Mn, ClI except chlorine to substances such as the

pectic acids present in the
plant cell wall. Of particular
importance of their roles as
enzyme cofactors and in
regulation  of  osmotic

potentials.
4th Group In the form of ions or Present predominantly in a
Fe, Cu, Zn, Mo chelates from the soilchelated form Incorporated
solution in prosthetic groups. Enable
electron transport by valency
change.

(Source: Taiz and Zeiger, 2002)
*Esterification: Compounds formed by condensatidnao acid and
alcohol with elimination of water ADP + Pi = ATP

3.2 Mineral Deficiencies Produce Visible Symptoms

When minerals are deficient, the growth of the planstunted, or the
plant shows other symptoms. The combination of $gmg observed for
deficiency of a particular mineral can be tracedht® roles that mineral
plays in metabolism or physiology.

1. Stunted growth is a symptom for many deficiencies, especially
stunted stems with nitrogen deficiency and stuntedts in
phosphorus deficiency.

2. Chlorosis decreased chlorophyll synthesis or increased
chlorophyll degradation, is observed with magnesiaitrogen,
and iron deficiencies. Magnesium is the centraimatior the
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electron cloud of chlorophyll from which electrofhew through
the light reactions.

3. Necrosis dead spots or zones, is observed when magnesium,
potassium or manganese deficiencies are present.

4. Colour changes such as excessawghocyanin production are
observed in stems with phosphorus deficiency. Tgewyerally
pick up an intense purple Colour sometimes extendmto the
leaves.

3.2.1 Mineral Availability Shows an Interesting

i. Dose Effect:
The following graph demonstrates how deficiencyiees growth. As the
mineral availability is increased, growth increagesthe mineral content
continues to be increased there is no further aseén growth, but quality
may be continuing to increase. This zone is cattesl luxury zone.
However, continuing to increase the mineral conegion ultimately
reaches toxic levels and growth is diminished.

broad range for macronutnents

namow range for micronutnents

Growth

e 1] ' hxury corsumption WX

Mireral Concentration
Fig. 4.1: Graph Showing Defiency Reduces Growth

The goal of a plant grower is to keep the plarth sufficient to luxury
zone but never to get as low as deficiency or gh hs toxicity for any
one of the macronutrients or micronutrients.

The trouble with that goal knows how wide the luxmone is in terms of
concentrations. For minerals like boron, the zeneery narrow, and it is
easy to achieve toxic levels or to be in deficienEgr minerals like



phosphorus, the luxury zone is quite broad anclargounts can be given
and the plants will respond nicely in spite of thd a result, it is difficult
to overdose plants on phosphorus.

3.2.2 Specific Roles of Essential Mineral Elements

A. The macronutrients

1.

Nitrogen specific role
Nitrogen is important constituent of proteins, micl acids,
porphyries (chlorophylls & cytochromes) alkaloidsome

vitamins, coenzymes etc. Thus, N plays very impurtale in

metabolism, growth, reproduction and heredity.

Deficiency symptoms

Plant growth is stunted because protein contehtdogsion and
cell enlargement are decreased

N deficiency causes chlorosis of the leave i.elloyeng older
leaves are affected first

In many plants e.g., tomato, the stem, petiole thedleaf veins
become purple colored due to the formation of armyhnin
pigments.

. Phosphorus

It is important constituent of nucleic acids, phuosipids,
coenzymes NADP, NADPH2 and ATP

Phospholipids along with proteins may be import@istituents
of cell membranes

P plays important role in protein synthesis throngieleic acids
and ATP

Through coenzymes NAD, NADP and ATP, it plays intpotrole

in energy transfer reactions of cell metabolism .,e.g
photosynthesis, respiration and fat metabolism etc.

Deficiency symptoms

P deficiency may cause premature leaf fall

Dead necrotic areas are developed on leave os fruit

Leaves may turn to dark green to blue green ColBametimes
turn to purplish Colour due to the synthesis ancuawlation of
anthocyanin pigments.

Potassium Specific role:

Although potassium is not a constituent of impartanganic
compound in the cell, it is essential for the pescef respiration
and photosynthesis

It acts as an activator of many enzymes involvedairbohydrate
metabolism and protein synthesis
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It regulates stomata movement
Regulates water balance

Deficiency symptoms

Mottled chlorosis of leaves occurs
Neurotic areas develop at the tip and margins efahf
Plants growth remains stunted with shortening tdrmodes.

4. Calcium

It is important constituent of cell wall

It is essential in the formation of cell membranes

It helps to stabilise the structure of chromosome

It may be an activation of may enzymes deficienggstoms

Deficiency symptoms

Calcium deficiency causes disintegration of growimgristematic
regions of root, stem and leaves

Chlorosis occurs along the margins of the youngaves
Malformation of young leaves takes place

. Magnesium

It is very important constituent of chlorophylls

It acts as activation of many enzymes in nucleid agnthesis and
carbohydrate metabolism

It plays important role in binding ribosomal pales during
protein synthesis.

Deficiency symptoms

Mg deficiency causes mottled chlorosis with veinseg and leaf
tissues yellow or white appearing first on oldenvies

Dead neurotic patches appear on the leaves

In cotton Mg deficiency leads o reddening of leaard disorder
is called as reddening in cotton.

Sulphur specific role

It is important constituent of some amino acidss{ioye, cysteine
and methionine) with which other amino acids foha protein

S helps to stabilise the protein structure

It is also important constituent of vitamin i.eig#n, thiamine and
coenzyme A

Sulfhydryl groups are necessary for the activitynainy enzymes.

Deficiency symptoms

Deficiency causes chlorosis of the leaves
Tips and margins of the leaf roll in ward
Stem becomes hard due to the development of scleyera.



B. Micronutrients:

1.

Iron specific role:

Important constituent of iron porphyrin proteingelicytochromes,
peroxidases, catalases, etc.

It is essential for chlorophyll synthesis

It is very important constituent of ferredox in whi plays
important role in photochemical reaction in photdlgsis and in
biological nitrogen fixation.

Deficiency symptoms

Iron deficiency causes chlorosis of young leavegkwis usually
interveinal.

Zinc specific role:

It is involved in the biosynthesis of growth hornecsuxin (indole
3 acetic acid)

It acts activator of many enzymes like carbonic yainase an
alcohol dehydrogenase, etc.

Deficiency symptoms

Zinc deficiency causes chlorosis of the young Isawvkich starts
from tips and the margins

The size of the young leaves is very much reduthis disorder
is called as ‘little leaf disease’

Stalks will be very short.

. Manganese

It is an activator of many respiratory enzymes

It is also an activator of the enzyme nitrite retidise

It is necessary for the evolution of oxygen (phggd) during
photosynthesis

Deficiency symptoms

4.

The young leaves are affected by mottled chlorosis

Veins remain green

Small necrotic spots developed on the leaves valow strips
Copper specific role

It is an important constituent of plastocyanin (@epcontaining
protein)

It is also a constituent of several oxidizing enegm

Deficiency symptoms

Copper deficiency causes necrosis of the tip ofthang leaves
It also causes die-back of citrus and fruit trees

109



Also causes reclamation disease or white tip desebsereals and
leguminous plants.

Boron specific role

Boron facilitates the translocation of sugars bymimg sugar
borate complex.

It involves in cell differentiation and developmesice boron is
essential for DNA synthesis

Also involves in fertilization, hormone metabolism

Deficiency symptoms

Boron deficiency causes death of shoot tip

Flower formation is suppressed

Root growth is stunted

The other diseases caused by B deficiency is Heamf beet,

Stem crack of celery, Brown heart of cabbage, Watee of

turnip, Internal cork formation in apple, Hen amit&en in grapes.
Molybdeneum

It is constituent of the enzyme nitrate reductase taus plays an
important role in nitrogen metabolism

It is essential for flower formation and fruit set.

Deficiency symptoms

Molybdenum deficiency causes interveinal chlorosfsolder
leaves

Flower formation is inhibited

Causes whiptail disease in cauliflower plants.

Chlorine: Specific role

Chlorine has been shown to be involved in the omygeolution
in photosystem Il in photosynthesis (Cl and Mn iamportant for
this reaction)

It raises the cell osmotic pressure

Chlorine accelerates the activation of amylase Wwigonverts
starch into soluble sugars

Deficiency symptoms

Chlorosis of younger leaves and an overall wiltrighe plant
In some plant species, like tomato, leaves shoarcht mottling,
bronzing and tissue necrosis



[dentify Nutrients Deficier

\ Visual symptoms of nutrient disorders

Visual symptoms

A

Note: Symptoms can be caused by other factors — e,g., drought can also cause
browning of leaf edges

Source: Modified from T.H. Fairhurst, C. Witt, R.Buresh, and A.
Dobermann (eds). 2007.
Rice: A Practical Guide to Nutrient Management (2nd
edition). International Rice Research Institute (IRRI), Pipines
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Source: Modified from T.H. Fairhurst, C. Witt, R.Buresh, and A.
Dobermann (eds). 2007.

Rice: A Practical Guide to Nutrient Management (2nd
edition). International Rice Research Institute (IRRI), Pipines

3.3  Physiology of Nutrient Uptake
Mineral nutrients are found either as soluble foact of soil solution or
as adsorbed ions on the surface of colloidal desticvarious theories
proposed to explain the mechanism of mineral dasogtion can be
placed in two broad categories:

e Passive Absorption

e Active Absorption



lon uptake is both active and passive:

After several decades of research on this prodessaiptake it is now

believed that the process involves both passive active uptake

mechanisms.

Whether a molecule or ion is transported activelypassively across a
membrane (casparian band, plasma membrane or &stpdepends on
the concentration and charge of the ion or moleeuitéch in combination

represent the electrochemical driving force.

Passive transport across the plasma membrane oalng with the

electrochemical potential. In this process ionsmantecules diffuse from

areas of high to low concentrations. It does ngaire the plant to expend
energy.

Active transport, (in contrast, to passive trangpemergy is required for
ions diffusion against the concentration gradiealedtro chemical

potential). Thus, active transport requires thétoeéxpend energy.

3.3.1 Passive Transport Mechanism

A. Diffusion: Simple diffusion to membranes occurshngtnall, non-
polar molecules (i.e., DCQO). In this process ions or molecules
move from the place of higher concentration to Iowe
concentration. It needs no energy.

B. Facilitated diffusion: For small polar species.(il&0, lons and
amino acids) specific proteins in the membranelifa@ the
diffusion down the electrochemical gradient. Thisamanism is
referred to as facilitated diffusion.

a) Channel proteins: The specific proteins in the memeé form
channels (channel proteins), which can open ansecland
through which ions or D molecules pass in single file at very
rapid rates. A K+ and NH4+ channel also operatethégame
process of facilitated diffusion. In addition, Nean also enter
the cell by this process.

b) Transporters or Co-transporters or carriers: Anothe
mechanism involves transporters or co-transporésgonsible
for the transport of ions and molecules across nands.
Transporter proteins, in contrast to channel pngtebind only
one or a few substrate molecules at a time. Aftedibg a
molecule or ion, the transporter undergoes a strakcthange
specific to a specific ion or molecule. As a resihle transport
rate across a membrane is slower than that assdcveith
channel proteins.
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Three types of transporters have been identified:

1) Uniporters: transport one molecule (i.e., gluca@seino acids) at a
time down a concentration gradient.

2) Antiproters: catalyze movement of one type of ionnwmlecule
against its concentration gradient. This is coupleith the
movement of a different ion or molecule in the ogip®direction.
Examples of antiporter transport ar&/Ma” and H/C&* transport
into the vacuole.

3) Symporters: catalyze movement of one type of iomotecule
against its concentration gradient coupled to maranof a
different ion or molecule down its concentratiomdjent in the
same direction. The high*itoncentration in the apoplast provides
the energy for symporter transport of Nfdd the other anions.

Therefore, the energy for antiporter and sympaoirt@mnsport originates
from the electric potential and/or chemical gratigina secondary ion or
molecule, which is often H

3.3.2 Active Transport Mechanism:

Larger or more-charged molecules have great diffiatn moving across
a membrane, requiring active transport mechanisms gugars, amino
acids, DNA, ATP, ions, phosphate, proteins, etc.).

Active transport across a selectively permeable brane occurs through
ATP-powered pumps that transport ions against tleeincentration
gradients. This mechanism utilises energy relebgdtydrolysis of ATP.
The N& - K* ATP pump transportsinto the cell and Naout of the cell,
another example is the €a ATP pump. Thus, it can be understood from
the above discussion that the ion transport mesh@ioperate both
actively and passively. For some of the ions th&kg mechanism is
active and for some others it is passive.

4.0 CONCLUSION

Mineral nutrients are elements acquired primanilihie form of inorganic
ions from the soil. Although mineral nutrients donglly cycle through
all organisms, they enter the biosphere predomiynantough the root
systems of plants, so in a sense plants act dmihers” of Earth's crust.
The large surface area of roots and their abititgthsorb inorganic ions
at low concentrations from the soil solution makieeral absorption by
plants a very effective process.

After being absorbed by the roots, the mineral eleis are translocated
to the various parts of the plant, where they dised in numerous
biological functions. Other organisms, such as mygpal fungi and



nitrogen-fixing bacteria, often participate with taan the acquisition of
nutrients.
SELF-ASSESSTMENT EXERCISE (SAE)
e Explain the Meaning of Mineral nutrition
e Outline the classification of essential elements two groups
o Discuss the Criteria of essentiality of Mineral fakents
¢ Classification of plant nutrients based on theicbemical role
and physiological function
e Briefly discuss the Mineral availability shows anteresting dose
effect
e List the Specific roles of essential mineral eletaen
e Explain the Physiology of Nutrient Uptake

50 SUMMARY
The Meaning of Mineral nutrition and the criterid @ssentiality of
mineral elements classification of plant nutriertiased on their
biochemical role were discussed. Explain furthes Wee physiological
function mineral availability shows an interestimipse effect with
specific roles of essential mineral elements angsiBlogy of Nutrient
Uptake
6.0 TUTOR-MARKED ASSIGNMENT

1) Explain the Meaning of Mineral nutrition

2) Outline the classification of essential elements two groups

3) Discuss the Criteria of essentiality of Mineral falents

4) Classification of plant nutrients based on theachiemical role

and physiological function
5) Briefly discuss the Mineral availability shows ameresting dose
effect

6) List the Specific roles of essential mineral eletaen

7) Explain the Physiology of Nutrient Uptake
7.0 REFERENCES/FURTHER READING
C. Witt, R.J. Buresh, S. Peng, V. Balasubramanamd A. Dobermann
(2007). Nutrient Management. International Rice d2esh Institute
(IRRI), Philippines
T.H. Fairhurst, C. Witt, R.J. Buresh, and A. Dobamn (eds). (2007).
Rice: A Practical Guide to Nutrient Management (2nd
edition). International Rice Research Institute (IRRI), Pipines
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MODULE 5: PLANT GROWTH AND REGULATORS
UNIT 1: Plant Growth Regulators

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Auxins
3.2  Gibberellins
3.3  Cytokinins
3.4  Abscissic acid
3.5 Ethylene
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION
The plant growth regulators are small, simple males of diverse
chemical composition. They are organic substangethssized in one
part of the plant body and transported to anotleet where they are
active. PGRs (Plant Growth Regulators) are alsowknas plant
hormones or phytohormones.
They are the regulators produced by the plants hwhit low
concentrations regulate the metabolic process.PlBIRs can be broadly
classified into two categories:
a) Growth promoters
b) Growth inhibitors, depending on their growth promgt or
inhibiting activities respectively.
Generally five types of chemical growth regulatisygstems have been
identified by plant physiologists namely
1. Auxins
2. Gibberellins or GAs
3. Cytokinins
4. Abscissic acid or ABA
5. Ethylene.

In this module PGRs (Auxin, Gibberellins, Cytokigji\bscissic acid and
Ethylene) of major importance are being described.

2.0 OBJECTIVES

By the end of this unit, you should be able to:



e Understand general account of plant hormones

o Diagrammatic representation of different experimerggarding
the discovery of Auxin

e Physiological effect of Auxin, Gibberellin, Cytokim Abscissic
acid and Ethylene
3.0 MAIN CONTENTS

3.1 Auxin

The term auxin is derived from the Greek word anxghich means to
grow. Compounds are generally considered auxinshéfy can be
characterized by their ability to induce cell elatign in stems and
otherwise resemble Indole Acetic Acid (IAA, thestiauxin isolated) in
physiological activity.

Z CHQ— COOH
™
N
|
H
indole-3-acetic acid
(I1AA)

Tryptophan

Auxins usually affect other processes in additionceéll elongation of

stem cells but this characteristic is consideretcat of all auxins and

thus "helps" define the hormone. Although therensy one naturally

occurring auxin: indole-3-acetic acid (IAA: chenllgarelated to the

amino acid tryptophan), there are many syntheticnsuas we shall see
in laboratory.

3.1.1 Synthesis of Auxin

The most active auxin in plants is indole-3-acati (IAA) and its most

active areas of synthesis are in young leavedsfriiowers, shoot tips,
embryos, and pollens. Some synthetic compoundsduaia like effects;

such as 2, 4-D and NAA. 2, 4-D is used as a hetbitiecause it is
relatively cheap and non-toxic (?) to humans (sqomestion here relative
to potential carcinogenicity). Other uses of sytithauxins are that they
are used to produce roots on cuttings, prevenhpreest dropping of
fruits and prevent lateral buds from growing.
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3.1.2 Effects of Auxin

Apical dominance:In higher plants the apical bud is far more actinan

the lateral buds. For certain period the growthtred lateral buds is
suppressed. This phenomenon is called as apicahdage. According
to Thimann and co-workers auxin is responsibletfi@ dominance of
apical bud. Apical dominance seems to result frdra downward
transport of auxin produced in the apical meristénfact, if the apical
meristem is removed and IAA applied to the stunngsbition of lateral

buds is maintained (Fig. 5.1).

Lateral shoot »
v & = F T, Terminal shoot
.-»‘.-‘,'*-"\.-"'- " Terminal shoot ; —.e—, / Terminal shoot ;I,:.E ‘-;T//L replaced with an :
pALs '|r = removed i ‘“ block containing
‘L.".'Jﬂ" - J._IV | AP Auzin
~ Fr. -~ o y/
P Lateral buds ;5}"““" 1 ‘{953__ )
=& \?=1‘q’ e °=~FT~.-.. -
A R AR

Ay 9y Z. '] &

AV 3 #

’tf* ) > \I

Fig. 5.1: Experiment showing effect of Auxin
The common white potato is really a portion of tinelerground stem of
the potato plant. It has a terminal bud or "eyef several lateral buds.
After a long period of storage, the terminal budally sprouts but the
other buds do not. However, if the potato is sliced sections, one bud
to a section, the lateral buds develop just askdwas the terminal bud

Terminal
shoot

(Fig. 5.2)

Fig. 5.2: Showing emergence of lateral buds
Parthenocarpy: As a result of pollination the auxin level of ovasy
raised resulting in fruit formation, when the ovayconverted into fruit



without occurrence of fertilization, the phenomenan called as
parthenocarpy. The auxins (IAA; IBA; NAA; NOAA; 2-D; 2, 4, 5-T)
are applied in low concentration (10-7- 10-6 Mitanolin paste to the
stigma of the flower and, as a result parthenocarjpyduced.

Root initiation: The auxins induce rooting in stem cuttings. Applma
of IAA in low concentration at the cut end of stemuces formation of
adventitious roots. Besides, IBA, NAA, and 2, 4-i2 also successfully
used for this purpose. This property of auxins fisgoeat economic
importance for multiplying plants by cutting in series.

Prevention from abscission Auxin also plays a role in the abscission of
leaves and fruits. Young leaves and fruits prodawwan and so long as
they do so, they remain attached to the stem. Viilherevel of auxin
declines, a special layer of cells - the absciskgar - forms at the base
of the petiole or fruit stalk. Soon the petiolefarit stalk breaks free at
this point and the leaf or fruit falls to the graln
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A few dawys later

Fig. 5.3: Showing prevention from senescence
The Fig.5.3 shows a nice demonstration of thegb&ixin in abscission.
If the blade of the leaf is removed, as shown im figure, the petiole
remains attached to the stem for a few more dalys. removal of the
blade seems to be the trigger as an undamagedtl#at same node of
the stem remains on the plant much longer, in thethormal length of
time. If, however, auxin is applied to the cut efidhe petiole, abscission
of the petiole is greatly delayed. Fruit growergenfapply auxin sprays
to cut down the loss of fruit from premature drogp(Fig. 5.4)
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Removal of weedsA concentration of auxins like 2, 4-D and 2, 4T 5
destroys dicot weeds (not the monocot weeds). dbes lare sensitive to
auxins. They block their sieve elements and distatosis. The plant is
ultimately destroyed.

Stimulation of respiration: The auxins induce respiration, perhaps by
providing more ADP to be converted to ATP.

The auxins also bring about shortening of interisod#is property of
auxins is useful in apple where flowers and frats borne on dwarf
shoots. By auxin sprays more dwarf shoots are fdrme

3.2 Gibberellins

The gibberellins are present in all groups of [darg., from algae to
Angiosperms but rarely in fungi and bacteria. Thegy be synthesized
at places where they are needed or they may bspiwaied from other
regions. The transport is done by diffusion throxglem as also through
phloem. Their transport is non-polar. The youngésaare the main sites
of gibberellin synthesis. In contrast, the oldeavie shave only a little
ability to do so. The gibberellin synthesis in yguleaves renews the
activity of the vascular cambium. The roots synitegibberellins in
sufficient amount. If the roots are repeatedly s&dj a marked decreased
in the concentration of the gibberellins is obsdrwe the shoot. This
suggests that dicot the shoot's gibberellin isvéerifrom the root's via
xylem elements. The immature seed contain a higleecentage of
gibberellin in comparison to mature seeds. Thiseased concentration
is due to synthesis and not due to transport.dsgseeds the gibberellin
synthesis mainly occurs in the scutellum and pribabothers parts too.



There are two fundamentally different forme of Gibierellins
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3.2.1 Mechanism of action

It stimulates cell division in shoot tip. The cgtbwth is promoted by the
increase in the hydrolysis of starch, fructose, suxctose. It further well
plasticity. Most of the workers are the opiniontithee effect of gibberellin

is indirect since they act by altering the auxatss. In the aleurone layer

of barley the gibbrerllin increase the transcriptmf genes that code of
protease and amylase enzymes. The protease aptiwdyces tryptophan
which is translocated to coleoptile tip where it@verted to IAA. The

IAA shows polar movement.

3.2.2 Physiological effects

1. Stem elongation The gibberellin induces internodal elongation.
When treated with gibberellins, the lettuse plaetdme vine like.

2. Lightinduced stem growth Dark grown etiolated plants are lean,
tall, and yellow. Perhaps light has inhibiting effen stem growth.
It is thought that light induced inhibition of stegrowth is
overcome by exogenous application of gibberellins.

3. Genetic dwarfismt By the application of gibberellins, Lang
(1956) observed a rapid growth or 'bolting’ on sawearf plant.
Similar behavior has been observed in dwarf ricegize
watermelon, squash, and cucumber.

4. Promotion of flowering in long-day plants The long day plants
generally possess a basal rosette of leaves. Biédovering they
show significant internodal growth. After receivitfge minimum
hours of day light requirement, they bolt and flowdhe
continuation of rosette form or bolt and flowelirsked with the
amount of native gibberellins present in the plant.
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Increase in flower and fruit size By the exogenous application
of gibberellin the size of flower ofseranium and Camellia
increased. Similar application of gibberellin ailsoreased the size
of the fruit ofVitis.

Parthenocarpy. Like auxins, the exogenous application of
gibberellins also induced the production of pardeampic fruits.
They are also applied to the stigma in a lanolisi@a

Substituting cold treatment By exogenous application of
gibberellins, many biennials can be induced to beles annuals
and they no more require the natural chilling meait for their
flowering.

Breaking of dormancy. The exogenous application of
gibberellins have been shown to be capable of lorgathe
dormancy of potato tubers and buds of trees inexint

In addition to above, the gibberellins promote hggigl growth, increase

in the number and size of leaves, expression @aapiominance, delay
the senescence of leaves &ittus fruits, sexual development of flowers
particularly the maleness as well as the enzymeityct

3.2.3 Commercial uses of Gibberellins

Commercially the gibberellins are employed in thkofving:

1.

w

3.3

Increase in the size of Thompson seedless grafis &s1also the
distance in between them.

Increase in the height of sugar cane plant and swugar yield.
Increase in the fresh weight of pastures and hagyscr

In storage of oranges, gibberellin prevents rindodier by
delaying senescence.

Cytokinin

Skooget al. (1965) defined cytokinin as ‘chemicals' which redgss of
their activities promote cytokinesis in variousrglargans'

The most common and physiologically active cytokfiarezeatin,
dihydrozeatin, andisopentanyl adenine Benzyladenine was regarded
as a synthetic cytokinin but Ernst (1983) foundesrbyladenine riboside
in the seeds dPimpinella anisum
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3.3.1 Biological activities

1. Cell division: The cytokinins induce cell division activity. Itilse
most characteristic property of cytokinin. By itppéication a
normal cell ofVinca was converted to a tumor cell. They also
induce cell division activity in bacteria suchiscoli.

2. Cell elongation: They induced cell enlargement. It was observed
in disc etiolated leaves as well as tobacco pith @ortical cells.
This property is enhanced in combination with aaxin

3. Morphogenesis: By applying cytokinin and IAA in balanced
combination, tobacco pith cells produced callushé& amount of
cytokinin is increased, differentiation of buds vedbserved in the
callus.

4. Breaking dormancy: The dormancy of seeds béctuca sativas
broken by a spray of cytokinin. It is thought thihe site of
cytokinin action on seed germination in the cotglied

5. Supperesion of apical dominanceThe cytokinin counteract the
phenomenon of apical dorminance. In fact this pheswon is
controlled by a balance of concentration betweelmganous IAA
and cytokinins.

6. Delay in senescenceRichmond and Lang (1967) observed that
the degradation of proteins and chlorophyll wasaged in the
detached leaves &anthium if there was cytokinin in the medium.
The phenomenon of delay in senescence by cytoli@aiment is
also caused &ichmond-Lang effect.

3.4  Abscissic Acid

When a fruit ripens or before a leaf falls, a splerbne of cells is formed
at the base of the pedicel or petiole. This zowalied agbscission zone
It is delimited by a protection layer on the steidlesand aseparation
layer on the organ side. The fruit or leaf is ultimategparated and the
phenomenon is called abscission.
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3.4.1 Structure

O~ OH

Structure of Abscissic acid

The ABA is a terpenoid having an asymmetric carbioris a C-15
sesquiterpene (with 3 isoprene units). Most otibienone is synthesized
in leaves and fruits. Some of ABA in chloroplasincarise from
xanthophyll,violaxanthin.

3.4.2 Physiological Effects of Abscissic Acid

3.5

1. Seed and bud dormancy:Abscissic acid induces dormancy of

buds towards the approach of winter. Abscissic acicbmulates
in many seeds during maturation and apparentlyribortés to
seed dormancy.

. SenescenceABA acts as a general inducer of senescence. The

onset of senescence is correlated with stomatalicdo The ABA
content of aging leaves increases markedly as senes is
initiated.

. Flowering: In long-day plants, the effect of gibberellins on

flowering is counteracted by ABA, which accumulatiedthe
leaves during the short winter days. This ABA agsnhibitor of
flowering in long-day plants. On the other hand ABAluces
flowering in short-day plants.

. Starch hydrolysis: The GA-induced synthesis of a-amylase and

other hydrolytic enzymes in barley aleurone cdlshibited by
abscissic acid. This inhibition can be reversednuyeasing the
amount of GA supplied.

Ethylene

It was observed in 1864 that the gas illuminating $treets in German
cities, due to leakage to pipes caused leaf fatbad side shade trees.
This gas was thought to be responsible for causEmescence and
abscission of leaves. The gas was identified agesth (CH2=CH2) in
both the cases. Galston and Davis (1970) recognized a growth
regulator.



3.5.1 Physiological Effects of Ethylene
1. Unripe fruits can be made to ripe before propeetifithey are
kept in ethylene atmosphere.
2. In some plants, it stimulates germination of seed.
It inhibits root and stem elongation but inducest ifwair formation.
4. It also induces cellulose activity leading to prdimo of leaf
abscission.
5. It induces petal discoloration.

w

SELF ASSESSMENT EXERCISE
e Give general account of plant hormones

e Explain with diagrams the different experimentsaregng the
discovery of Auxin

e Explain the physiological effect of Auxin, Gibbdne] Cytokinin,
Abscissic acid and Ethylene

4.0 CONCLUSION

The plant growth regulators are small, simple males of diverse
chemical composition. They are organic substangethssized in one
part of the plant body and transported to anotreat where they are
active. PGRs (Plant Growth Regulators) are alsowknas plant
hormones or phytohormones. They are the regula@duced by the
plants which in low concentrations regulate theabelic process. The
PGRs can be broadly classified into two catego@&®wth promoters,
Growth inhibitors, depending on their growth promgtor inhibiting
activities respectively. Generally five types oéafical growth regulating
systems have been identified by plant physiologmsimely, Auxins,
Gibberellins or Gas, Cytokinins, Abscissic acidA®A and Ethylene.

5.0 SUMMARY

The plant growth regulators are small, simple males of diverse

chemical composition. They are organic substangethssized in one
part of the plant body and transported to anotreat where they are
active. The term auxin is derived from the Greekdvauxein which

means to grow. Compounds are generally considerethsif they can

be characterized by their ability to induce cebtregjation in stems. A
concentration of auxins like 2, 4-D and 2, 4, 5eBloys dicot weeds (not
the monocot weeds). The immature seed contaigfehpercentage of
gibberellin in comparison to mature seeds. Thiseased concentration
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is due to synthesis and not due to transport.dsgseeds the gibberellin
synthesis mainly occurs in the scutellum and pribabothers parts too.
The gibberellin induces internodal elongation. dtalso effective in
genetic dwarfism, promotion of flowering in longydglants, Increase in
flower and fruit size, parthenocarpy and breakihdarmancy. The most
common and physiologically active cytokinins aratag dihydrozeatin,
and isopentanyl adenine. Abscissic acid inducesndocy of buds
towards the approach of winter. Abscissic acid audates in many seeds
during maturation and apparently contributes tadsd@mancy. ABA
acts as a general inducer of senescence. It iseffisctive in flowering
and starch hydrolysis. Ethylene gases are helpfulifiripe fruits which
can be made to ripe before proper time if theylapt in ethylene
atmosphere.

6.0 TUTOR-MARKED ASSIGNMENT

1 Name natural auxin found in plants.

2.  Write down the physiological effects of Auxins.

3.  Suggest the most characteristics effect of gibbesah plants.

4 Name the most common cytokinin reported in plants.

5 Name a hormone that is related with xylem diffeledn.

6 Name the two synthetic auxins used for inducing rib&ting in
woody plants.
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UNIT 2: PLANT GROWTH
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5.0 Summary
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7.0 References/Further Reading

1.0 INTRODUCTION

Plant cell growth is defined here in the broad seas the initiation,
expansion, and specialization of cells. The happmwre or diploid zygote
of land plants initially undergoes more or less toarous, sequential
mitotic cell divisions. Later, as gametophytes porsphytes mature,
active cell divisions become restricted to certamgions of the plant. This
region of actively dividing cells is known as a stgm. In the vascular
plants apical meristems are located at the api€asais and shoots,
resulting in growth in height or length. Apical nsems may contain a
single, enlarged apical initial cell (found in Sgfeellaceae and
monilophytes) or a group of actively dividing ceflsiown ascomplex
found in Lycopodiaceae, Isoetaceae, and seed pldntsvoody seed
plants both apical meristems and lateral meristerosur. Lateral
meristems are cylindrical sheaths of cells, whighction in growth that
increases width or girth.

2.0 OBJECTIVES
By the end of this unit, you should be able to:
e Understand general concept of plant growth

e Differentiate between cell differentiation andpt®cesses

3.0 MAIN CONTENTS
3.1 Plant Growth

Growth in plants occurs as the stems and rootstheng Some plants,
especially those that are woody, also incread@dhress during their life



span. The increase in length of the shoot anddbeis referred to as
primary growth, and is the result of cell divisiom the shoot apical
meristem.In both apical and lateral meristems a single rtematic cell
undergoes a mitotic cell division, giving rise wotcells. Each of these
two “daughter cells” undergoes some initial expansiThe derivatives
themselves may continue to divide several more gjrheit only those
cells that remain near the meristem will do so fimitely. The others
eventually cease mitosis and undergo further diffeation (Figure 5.5).
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Figure 5.5: Lignified secondary cell wall of speciized cells of
vascular plants.

Cell differentiation refers to the series of changfeat a cell undergoes
from the point of inception to maturity, involvirige transformation of a
meristematic cell into one that assumes a partiaitacture and function.
Differentiation involves two processes:
e Cell expansion, in which the cell grows in size téaf by
elongation, in which growth in the axial directimngreatest); and
e Maturation or specialization, in which the cell args the
structural and functional features at maturity.| Gplecialization
means simply that cells may differ from one anatiiecoming
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specialized for a particular structure and functathin the whole
plant.
Cell differentiation results in the developmenwafious cell types.
A tissue is a group of cells having a common fuorctr structure. Plant
tissues of the vascular plants are often categbriné three broad
classes: ground, vascular, and dermal; see laseussion. In addition,
tissues may be classified as simple or complexnm#pk tissue consists
of only one type of cell; thus, a particular ternayrrefer either to the
simple tissue or the cell type. A complex tissuatams more than one
cell type.

SELF ASSESSMENT EXERCISE

e What is your understanding of the concept of ptantvth
e Differentiate between cell differentiation andpt®cesses

4.0 CONCLUSION

Growth in plants occurs as the stems and rootstheng Some plants,
especially those that are woody, also incread@dhress during their life
span. The increase in length of the shoot anddbeis referred to as
primary growth, and is the result of cell divisiam the shoot apical
meristem.

5.0 SUMMARY

Genetic potential of a plant and its interactiotivénvironmental factors
decides its growth and development by influencinghodifying certain
internal processes. Plant physiology studies ath@se internal processes
and their functional aspects.

6.0 TUTOR-MARKED ASSIGNMENT
1. Discuss plant growth

2. What is cell differentiation
3. List and explain the process of cell differentiatio
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MODULE 6: PLANT FUNCTIONS

UNIT 1: Photosynthesis
UNIT 2: Translocation
UNIT 3: Transpiration

UNIT 1: PHOTOSYNTHESIS

CONTENTS
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3.1  Photosynthesis

3.1.1 The Photochemical Step
3.1.2 The Biochemical step

4.0 Conclusion
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1.0 INTRODUCTION

Photosynthesis is a process used by plants andart@nisms to convert
light energy into chemical energy that, througHutet respiration, can
later be released to fuel the organism's metahatigities. This chemical
energy is stored in carbohydrate molecules, suckugars, which are
synthesised from carbon dioxide and water — hertoe mame
photosynthesis, from the Greek phagdf), "light", and sun thesis
(cvvbeoic), "putting together”. In most cases, oxygen is atdeased as a
waste product. Most plants, algae, and cyanobactgrerform
photosynthesis; such organisms are called photoaptcs.
Photosynthesis is largely responsible for produ@nd maintaining the
oxygen content of the Earth's atmosphere, and mgaplost of the energy
necessary for life on Earth.

Although photosynthesis is performed differentlydifferent species, the
process always begins when energy from light ioddesl by proteins
called reaction centres that contain green chlofbpilgments. In plants,
these proteins are held inside organelles calléoraplasts, which are
most abundant in leaf cells, while in bacteria they embedded in the



plasma membrane. In these light-dependent react&omee energy is
used to strip electrons from suitable substances$) as water, producing
oxygen gas. The hydrogen freed by the splittingvafer is used in the
creation of two further compounds that serve agstdbom stores of
energy, enabling its transfer to drive other reandi these compounds are
reduced nicotinamide adenine dinucleotide phospliE#sDPH) and
adenosine triphosphate (ATP), the "energy currentgells.

2.0 OBJECTIVES
By the end of this unit, you should be able to;

e Explain the Meaning and Definition of Photosyntisesi
e Give Meaning of Photochemical Reaction
e Understand the Biochemical Step

3.0 MAIN CONTENTS
3.1  Photosynthesis

All life forms on earth require energy for maintacea, growth, and
productivity. This energy is derived directly odirectly from the sun for
most organisms, and the first step in the use laf ®mergy is the process
of photosynthesis.

Photosynthesis can be defined as the synthesisgahi compounds
(primarily sugars) from carbon dioxide (@Oand water using light
energy. It can also be defined as the process lighwight energy from
the sun is converted into chemical energy of caybcdte molecules. The
main products of photosynthesis are carbohydrateggneral chemical
formula GH120e) and oxygen gas @@ A summary of the overall process
is as follows:

6CO + 6HO= CGH1206 + 6O

Photosynthesis is the most important characteristiplants, and all
agriculture is dependent on this process direatlindirectly. There are
three major steps in the process of photosynthesis:

1. The CQ diffusion step,
2. The Photochemical step, and
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3. The Biochemical step.
In the diffusion step, C&diffuses from the air (which has about 0.04%
CQOy) into the plant tissue to the site of photosynithé€shloroplasts).
There is first a vapor phase diffusion of £@rgely through the stomata
to the intercellular spaces, followed by liquid pbaadiffusion to the
chloroplasts. We will now examine with greater detee photochemical
and biochemical steps of photosynthesis.

3.2  The Photochemical Step

The photochemical step of photosynthesis consisishat are called
light-dependent reactions that occur within theoobylasts. During this
step, light energy is absorbed by pigments withendhloroplast and used
to produce a high energy compound (adenosine tsipate, ATP) and a
strong reducing agent (reduced nicotinamide aderdimeicleotide
phosphate, NADPH). The water molecule is also dpliing this step and
oxygen is released.

3.2.1 Chloroplasts

A leaf cell may contain 40-50 chloroplasts, ande¢hmay be hundreds of
thousands of chloroplasts per square millimetedeaf surface. The
chloroplast is surrounded by a double membranecandains a dense
solution called stroma. Within the stroma anothembrane system
forms flattened sacs or vesicles called thylakoldee green chlorophyll
pigments and other pigments are located on thekbid membranes.
Groups of thylakoids are often stacked togethethenflat surfaces to
form grana (singular = granum). Within the thylad®ithere is a lumen
filled with a solution that is different from theitside stroma.

3.2.2 Photosystems

On the thylakoid membranes, certain pigments asddested proteins are
packed together to form units called photosystems.

There are two types of photosystems, designatetbBysiem | (or PSI)
and Photosystem Il (or PSII). Each photosystemal@gical pigment for
photosynthesis (called chlorophyll a) and accessmgments, e.g.,
chlorophyll b and carotenoids. The critical chldmglh a pigment is
designated P700 for PSI and P680 for PSII, indigatthe light
wavelength that is absorbed most efficiently byséhgigments. The



chlorophyll pigments absorb mainly red and bluétliggavelengths, and
reflect and transmit green wavelengths, so leangegraen. The accessory
pigments absorb light of slightly different waveigins than chlorophyll
a, and channel this energy to chlorophyll a. Inhkigplants, both
photosystems must cooperate in carrying out phatosgis.

3.2.3 The Photosynthetic Z-Scheme

To understand the light-dependent reactions ofggyothesis, it is best
to start with reactions in PSII. Light energy isgped by PSII causing an
electron from P680 to be promoted to a higher gnkrgel (an excited

state). This excited electron is rapidly transférte a primary electron-
acceptor molecule that is closely associated w&BOR If this transfer

does not occur immediately, the excited electrdls faack to its ground

state in P680, giving-off energy (fluorescencejha process. From the
primary electron acceptor, the electron is tramstéfrom one acceptor to
another within PSII. In this electron transfer chahe energy of the
excited electron is utilized to move protons (Hbnf the stroma to the
lumen of the thylakoids. Finally, a mobile electracceptor carries the
electron to PSI where it is transferred to P700e Hhotochemical

reactions can be illustrated in the Photosynth&scheme (Fig. 6.1).

As electrons move on to Photosystem |, the pigme680 (in
Photosystem 1l) is depleted of electrons and besomepowerful
oxidizing agent capable of stripping electrons framater, thereby
splitting the water molecule as follows:

2H,.O0— 4H +4€ +O,

Protons released from this reaction accumulateha lumen of the
thylakoids. P700 (in PSI) also absorbs light enemg in so doing one
electron (supplied by PSII) is promoted to the &distate. Again this
excited electron is immediately transferred toimpry electron acceptor
closely associated with PSI.

From the primary electron acceptor, the excitedted@ moves across an
electron transfer chain and is finally transfertedNADP1 resulting in
the formation of NADPH as follows:

NADP* +2e +H—> NADPH
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This reaction occurs on the stroma side of theaknid membrane.
NADPH is a powerful reducing agent, which meang thhas a strong
ability to force its electrons and hydrogen on tleeo molecules.

3.2.4 Photophosphorylation

The above reactions result in the accumulationrotgms (H) in the
lumen of the thylakoids and a depletion in thers@pwhich leads to a
large gradient in proton concentration across iyakoid membranes.
Protons flow out to the stroma through specialiseembrane proteins
(called ATP synthase) that utilize the energy o$ thlectrical flow to
synthesize ATP from adenosine diphosphate (ADP) amdganic
phosphate (Pi) as follows:

ADP + Pi + energy ATP
The plant can utilize energy stored in the triptendb of ATP at a later
time for any type of activity that requires energiperefore, ATP serves
as energy currency in the plant. The entire prodleas utilizes light
energy to produce high-energy phosphate bonds fexred to as
photophosphorylation.

o %ﬁmﬁﬁmﬁ 1 ey Photosvsten
{& m%f;m . eephr \d?ﬁmm
By, ATP y
""3@;&% ADP “ NADP
R g {%}&%
e -
BAR wt |
™ L B Ol
s L
Py SO -s BHHO,
Cidpreplyll

Figure 6.1: Diagrammatic representation of the phatchemical
reactions (the Photosynthetic Z-scheme)

3.3 The Biochemical Step

The biochemical step of photosynthesis consistghat are called light-
independent reactions that can occur in darknassn®the biochemical
step of photosynthesis, the products of the pha@wmetal step (ATP and
NADPH) are used to incorporate carbon dioxide arganic compounds.



The energy of solar radiation becomes stored isettoeganic molecules
as energy associated with chemical bonds. Durispinaion, organic
molecules are broken down to release @ the stored energy is made
available for various activities.

3.3.1 The Calvin Cycle and C3 Plants

The light-independent reactions can proceed ormeyats (NADPH and
ATP) of the light-dependent reactions are presetité chloroplast. The
actual fixation of carbon dioxide, which diffusega the leaf from the
atmosphere, occurs by a cyclic series of reacthaiied the Calvin cycle
(named after one of the pioneer researchers iratieis). A summary of
the Calvin cycle is illustrated in Fig. 6.2.
There are three major steps in the Calvin cycleb®aylation, reduction,
and regeneration. The initial incorporation of g€@arboxylation step) is
catalyzed by an enzyme called rubisco (ribulosepHusphate
carboxylase-oxygenase) which occurs in relativalsgé quantities in
photosynthetic tissues. In this reaction, d® molecule containing one
carbon atom) combines with a five-carbon compoumibulpse
bisphosphate, or RuBP) to form an unstable prothait immediately
breaks down to give two molecules of a three-carlmompound
(phosphoglyceric acid or PGA).

RuBP (5 — carbon) + CQ1 — carbon) 2 molecules of
PGA (3 — carbon)

POA (Phosphoglveenc acxd)

CO PGaldehyde {Phosphoghyoeraldehyde)
e Rubisco (Ribnlose bisphosphate
\’\ N carhony iasc/on Vs Y
Biliine- R
Rubisco - pi(""%
- e 2ATP
i e Pa,
e P
HP N e AT
Pliddpds ¥
it iy
il -
Figure 6.2: Summary reactions of the photosynthetibiochemical
step.
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Plants in which the first detectable product of fgisgnthesis is a three-
carbon compound are called C3 plants (Fig. 6.3gr&nof ATP and the

reducing power of NADPH are then used to reduce P@®A

phosphoglyceraldehyde (PGaldehyde) in the Redustiem ATP is also
needed in the Regeneration step to regenerate udedecf the original

five-carbon compound (RuBP) from molecules of tlmeeé-carbon

compound (PGaldehyde).
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Figure 6.3: Photosynthetic biochemical pathways €3, C4, and
CAM plants.

3.3.2 Photorespiration

Photorespiration can be defined as the evolutionCa: during
photosynthesis. It arises because rubisco cansagittzer a carboxylase
(incorporating CQ or as an oxygenase (incorporating).Oln the
presence of relatively high CQevels, rubisco acts mainly as a
carboxylase. However, when oxygen levels are highisco acts as an
oxygenase and incorporatesifto the five-carbon compound (RuBP) as
follows:

RuBP (5 - carbon) + © PGA(®-carbon) + glycolate (2 — carbon)
The PGA formed continues along the Calvin cyclejlevglycolate is
metabolized in the glycolate pathway involving cbjplasts and other
cell organelles. In the glycolate pathway thera iset loss of C&) and
ATP and NADPH are required. Therefore, photoresipineappears to be
a very wasteful process in which net {fation is reduced and energy
is also used up in the process. Any factor thatcesd the availability of
CQ: or increases the availability ok@ rubisco will increase the levels
of photorespiration.



3.3.3 C4 Plants

Under hot dry conditions, stomata tend to closechIsierves to restrict
water loss. However, stomatal closure restrictglifiesion of CQ to the
chloroplasts and £ levels also build up, which encourages
photorespiration. Some plants have evolved mecimmnts reduce the
levels of photorespiration under these conditibmsnany of these plants
two enzymes are involved in the incorporation oCO

In some plants the first detectable product of pgithesis is not a three-
carbon compound but a four-carbon compound. Thizsgsare called
C4 plants, and in addition to rubisco they have tlaeo enzyme
(phophoenolpyruvate carboxylase, or PEPcase) capébapturing CQ
PEPcase is present in the mesophyll cells of e \ehile rubisco occurs
only in cells (called bundle sheath cells) immesliatsurrounding the
transport tissue (vascular bundles).

PEPcase first incorporates €Onto a three-carbon compound
(phosphoenolpyruvate, or PEP) to form a four-carbmmpound
(oxaloacetic acid, OAA). OAA is not very stable aaduickly converted
to either malic acid or aspartic acid (four-carlbompounds).

The four-carbon compound formed from the activityP&Pcase diffuses
to the bundle sheath chloroplasts, where the néwdyg CC; is released
for incorporation by rubisco in the Calvin cycleftéx releasing C@ the
resulting three carbon compound returns to the ptedbcells and the
process is repeated. However, some additional gi{&TP) is required
for PEP to be regenerated. The C4 mechanism serngescentrate CO
into the bundle sheath chloroplasts, thereby reduche levels of
photorespiration. Therefore, photorespiration tendse negligible in C4
plants.

3.3.4 Crassulacean Acid Metabolism Plants

In some plants adapted to very dry (desert) camukti the stomata are
closed during the daytime and open at night. Thé&sgts are said to show
the crassulacean acid metabolism (CAM) pathway,ciwhivas first
discovered in members of the plant family Crassedac Photosynthetic
tissue of these plants contains both PEPcase bigtou During the night,
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when stomata are open, €@ fixed by PEPcase to form malic acid,
which accumulates in plant tissues.

During the day, stomata close and malic acid breake to release the
fixed CQ, this is then incorporated by rubisco in the Galeycle.
Rubisco is activated by light, and has a lowernétifi for CQ. than
PEPcase. A relatively high G@oncentration is likely to exist within the
photosynthetic tissue when rubisco is active, st finotorespiration is
generally lower than that of C3 plants.

3.3.5 Blackman’s Law of Limiting Factors

Several environmental factors influence photosyitheand the actual
rate of photosynthesis at any instant will be lediby the factor that is
either in short supply or furthest from its optimwadue. This is known
as Blackman’s Law of limiting factors (or Liebigaw of the minimum),

which can be restated as follows:

When a chemical process depends on more than ceatid condition
being favorable, its rate is limited by that factivat is nearest to its
minimum value.

For example, photosynthesis is likely to be limibadlight under heavy
shade conditions and according to Blackman’s lamno&be increased
by changes in any other factor besides light @éemperature, water
supply, or carbon dioxide concentration. When liigvels are increased
to the photosynthetic light saturation point, amotfactor becomes the
limiting factor. A good analogy to help explain Bkaman’s law is a barrel
containing holes at different points on the sidésvdlhe maximum height
to which water can rise in the barrel is determibgdhe height of the
hole nearest to the base of the barrel.

SELF-ASSESSTMENT EXERCISE (SAE)
1. Explain the meaning and definition of photosyntlesi
2. Give meaning of photochemical step
3. Give meaning of biochemical reaction/step
4. What is your understanding of Blackman’'s Law of [ting
Factors



4.0 CONCLUSION

Photosynthesis can be defined as the synthesisgahi compounds
(primarily sugars) from carbon dioxide (@Oand water using light
energy. It can also be defined as the process lighwight energy from
the sun is converted into chemical energy of caybcdte molecules. The
main products of photosynthesis are carbohydrategeneral chemical
formula GH120s) and oxygen gas (@@ Photosynthesis is the most
important characteristic of plants, and all agtietd is dependent on this
process directly or indirectly. There are threeanateps in the process
of photosynthesis: The Gd@iffusion step; The Photochemical step, and
The Biochemical step.

5.0 SUMMARY

The unit showed the meaning and definition of phgtthesis and its
steps/reactions. It also explained the meaningQ# diffusion step, the
photochemical step and biochemical steps in phatbsgis the concept
of cyclic photophosphorylation, the factors limgiphotosynthesis.

6.0 TUTOR-MARKED ASSIGNMENT
1. Explain the meaning and definition of photosyntkesi
2. List the three major steps/reactions of photosysithand explain
each
Explain the concept of photorespiration
Outline the Concept of photophosphorylation
5. Outline the major differences between the C3, @d, @AM
photosynthetic pathways.
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1.0 INTRODUCTION
Translocation is the movement of materials fronvésato other tissues
throughout the plant. Plants produce carbohyd(ategars) in their leaves
by photosynthesis, but nonphotosynthetic parthefdiant also require
carbohydrates and other organic and nonorganic riakste For this
reason, nutrients are translocated from sourcegiofre of excess
carbohydrates, primarily mature leaves) to sinlegiins where the
carbohydrate is needed). Some important sinksaats,rflowers, fruits,
stems, and developing leaves. Leaves are partiguderesting in this
regard because they are sinks when they are yawh@pecome sources
later, when they are about half grown.

Photosynthates, such as sucrose, are producee meaklophyll cells of
photosynthesizing leaves. From there they are lvaated through the
phloem to where they are used or stored. Mesogkeit are connected
by cytoplasmic channels called plasmodesmata. Biwatioates move
through these channels to reach phloem sieve-tebeeats (STES) in the
vascular bundles. From the mesophyll cells, thegdymthates are loaded
into the phloem STEs. The sucrose is actively frarted against its
concentration gradient (a process requiring ATR) the phloem cells
using the electrochemical potential of the protoadgent. This is coupled
to the uptake of sucrose with a carrier proteinledalthe sucrose-
H* symporter.

Phloem STEs have reduced cytoplasmic contentsai@ncdonnected by a
sieve plate with pores that allow for pressure@mivbulk flow, or
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translocation, of phloem sap. Companion cells asp@ated with STEs.
They assist with metabolic activities and producergy for the STEs.
Once in the phloem, the photosynthates are traasldcto the closest
sink. Phloem sap is an aqueous solution that auht#p to 30 percent
sugar, minerals, amino acids, and plant growth le¢gts. The high
percentage of sugar decreasks, which decreases the total water
potential and causes water to move by osmosis fhenadjacent xylem
into the phloem tubes, thereby increasing presdurs.increase in total
water potential causes the bulk flow of phloem freource to sink.
Sucrose concentration in the sink cells is lowantn the phloem STEs
because the sink sucrose has been metabolizeddwthg or converted
to starch for storage or other polymers, such #salase, for structural
integrity. Unloading at the sink end of the phlotroe occurs by either
diffusion or active transport of sucrose molecutesn an area of high
concentration to one of low concentration. Wateffudes from the
phloem by osmosis and is then transpired or redyake the xylem back
into the phloem sap.

2.0 OBJECTIVES

By the end of this unit, you should be able to;
e Explain the Meaning and Definition of Translocation
e Understand translocation mechanism

3.0 MAIN CONTENTS
3.1 Translocation

The transport of products of photosynthesis (aksited assimilates or
photosynthates) from Source to Sink in plants ieddranslocation. The
Source is a net exporter of assimilates (e.g..e€gawhile the Sink is a
net importer of assimilates (e.g., tubers, fruitgts, stems). A storage
tissue can become a Source when stored materialolsilized and
exported.

3.1.1 Translocation Mechanism
Translocation occurs in phloem tissue via sievemelas (with associated

companion cells) and metabolic energy is requioedHis process. Rates
of movement in the phloem can sometimes exceed demhour and



substances can move in different directions at#mee time. Movement
by diffusion is much too slow to account for suapid rates of movement
observed in the phloem. Some movement in individiede elements
may be explained by cytoplasmic streaming—this isrogational
movement of the cytoplasm around the peripheryaryrcells due to the
action of microfilaments. Cytoplasmic streamingeadily observed in
young but not in mature sieve elements, and obdeates of movement
are still too slow to explain the rapid rates ofuament that can occur in
phloem tissue.

3.1.2 Munch’s Pressure-Flow Theory

The most widely accepted explanation of the trazadlon mechanism is
given by Munch’s Pressure-Flow theory. This thesryggests that
movement in the phloem is due to mass flow alohggor (hydrostatic)
pressure gradient.

Assimilates enter the sieve tubes of the phloemabiyve transport
(phloem loading) at the Source (e.g., leaf). Theaaitc potential falls as
solutes accumulate in the sieve elements at thec&oWater is then
dragged in by osmosis from surrounding tissue dtichately from the
xylem. The pressure increases as water entergetieetsbe leading to the
mass flow of water and dissolved substances aloagieve tube under a
hydrostatic pressure gradient.

Assimilates are removed from the sieve tubes (uhhgg at a Sink
(where assimilates are utilized). The water po#twti the solution in the
sieve tube increases as dissolved substances nub\an@ the solution
becomes more dilute. Water moves out when the wvgatential of the
solution in the sieve tube becomes higher than dhahe surrounding
cells. This leads to a fall in the hydrostatic gree at that location in the
sieve tube, which serves to bring more phloemeaprd the active Sink.
Water flowing out of the sieve tubes at the Sink ultimately return to
the xylem. Translocation is therefore linked to evetow in xylem (Fig.
6.4).

There are two mechanisms that can prevent unctedrlass of phloem
sap in cases where the sieve tube is damaged:
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Formation of P-protein (phloem protein) plugs. Btpmn filaments
form a fine network next to the plasma membranesiele
elements. If the sieve tube becomes damaged, piretPin (along
with other contents of the phloem) surges towasddit end due
to the internal hydrostatic pressure. The tanglegsyof protein
filaments and protein bodies form a “P-protein”glwhich helps
to seal the cut end of the sieve tube. However alidtowering
plants have P-proteins.

Proliferation of callose. This is a carbohydratdypeer that is
synthesized by the plasma membrane especially ustiess
conditions. Callose is deposited into the tangledsrin the sieve
pores of damaged sieve tubes, which serves tofe¢he damaged
sieve elements. Callose proliferates when theagpigessure drop,
which helps to seal the sieve pores.
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Figure 6.4: Diagram illustrating the Pressure-Flowtheory

SELF-ASSESSTMENT EXERCISE (SAE)

1.
2.

4.0

Explain the mechanism of translocation
State the two mechanisms that can prevent unctedrédss of
phloem sap in cases where the sieve tube is damaged

CONCLUSION

In plants, food is prepared by the leaves by tloegss of photosynthesis.
The food prepared by the leaves is in the formropke sugars (glucose).



No other part of the plant can prepare food. Sothal parts of a plant
require food for getting energy, maintenance awoavijt. That is why; the

food prepared by the leaves is transported tdalbther parts of a plant
through phloem. The transportation of food from Ieeves to other parts
of the plant is called translocation. The food magehe leaves of the
plant is necessary to be translocated to all therqtarts of the plant so
that every part of the plant can utilize the food ébtaining energy as
well as for growth and repair.

5.0 SUMMARY

In summary, translocation is the process withimfgdahat functions to

deliver nutrients and other molecules over longagises throughout the
organism. Translocation occurs within a series @fscknown as the
phloem pathway, or phloem transport system, witlogin being the

principal food-conducting tissue in vascular plantsutrients are

translocated in the phloem as solutes in a solu@died phloem sap. The
predominant nutrients translocated are sugars,@atits, and minerals,
with sugar being the most concentrated solutearptiloem sap. Various
cell types utilize these nutrients to support tmeguirements for life or

store them for future use. Because translocatioresponsible for the
delivery of nutrients to developing seeds and $itiftis process is critical
to the achievement of optimal crop yield.

6.0 TUTOR-MARKED ASSIGNMENT
Describe transport of food in plants

2. Define translocation? Why translocation is necesgarplants?
3. What do you mean by ‘translocation’ with respectrémsport in
plants?
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1.0 INTRODUCTION

Living plant tissues can contain about 95% watad apart from being
an essential constituent for life, water also lea®gl specific roles in the
plant. Water is a very good solvent and dissolvesynorganic and
inorganic solutes, which facilitates the transpmtaof these substances
around the plant. Certain properties of water mdkescare beneficial for
the buffering of temperature changes in planteyafig plants to operate
under more stable temperature conditions.

Hydrostatic pressure in plant tissue (due to waiemtent) is very

important for plant form, movement, leaf displagdagrowth. Water also
takes part in many chemical reactions within trenplsuch as hydrolysis
reactions and photosynthesis.

However, most (98%) of the water that enters plamts is lost by
evaporation from the shoot system. The evapordtise of water from
plants is called transpiration, and this processportant for transport of
substances within the plant as well as for evap@atoling of leaves.
We will now look at the pathways for water movemé&oim the soil
through the plant to the atmosphere and the fahmddrive water flow.

2.0 OBJECTIVES

By the end of this unit, you should be able to;

o Explain the Meaning and Definition of Transpiration
o Understand environmental factors affecting traradjmwn rates
o Distinguish between root pressure and transpirgiidh
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3.0 MAIN CONTENTS
3.1 Transpiration

Transpiration is a process that involves loss akeweaapour through the
stomata of plants. The loss of water vapour froegtant cools the plant
down when the weather is very hot, and water froendtem and roots
moves upwards or is ‘pulled’ into the leaves. Whems water is available
for the plants, dehydrated mesophyll cells relethage plant hormone
abscisic acid, which causes the stomatal pordss$e and reduce the loss
of water during release of oxygen and intake obaeardioxide. Fig.
6.5 (a) shows the transpiration effect in plantshwopen and closed
stomata.

undersiche:
iusard =f leaf

=

Fig. 6.5: Transpiration effect in plahts
3.1.1 The Soil-Plant Atmosphere Continuum (SPAC) athWater
Potential

There is a continuous pathway (called the SPAC)tHermovement of
water from the soil through the plant to the atnin@sp. Water is present
in a continuous system in the SPAC, and water mewem this system
can occur by two major processes:

a) Diffusion—the net movement of a substance from pamt to
another due to the random (or thermal) motion dividual ions
or molecules.

b) Mass flow—the simultaneous movement of groups ofsior
molecules in one direction due to a hydrostaticsguee gradient.



In plants, mass flow occurs in the vascular tigsug., xylem vessels) as
a result of pressure gradients created by thegidffuof water into roots
or out of leaves. What is the driving force for aramovement by
diffusion? To answer this question, we need tooohice the concept of
water potential. Water potential of any systemnseasure of the capacity
of that system to give out water. The word “systdmfe can refer to a
cell, solution, soil, atmosphere, or any part & 8PAC. Water moves
spontaneously from a point of high water poteribabne of low water
potential in any system or across systems, onae tisea pathway for
water movement. The symbol commonly used to dewater potential
is “P” (the Greek letter “Psi”).

Water potential is actually a measure of the freergy of water in the
system, and free energy can be defined as theyeaeagable to do work.
However, absolute values of free energy are vefficdlt to determine
and it is much easier to calculate relative valu&ster potential is
defined as the difference in free energy of watemg point in a system
and that of pure unconfined water at the same temtyne. Therefore, the
free energy of water in any system is determinéative to that of pure
water, which is assigned a water potential of z&ra consequence of our
definition.

Water potential has units of pressure and is contyrexpressed as MPa
(Megapascals). Water potential has components dube effects of
dissolved substances, surfaces that attract waterpstatic pressure and
gravity. There is usually a gradient in the watsteptial across the SPAC
with values being high in the soil (-0.01 to -1.3°%) and low in the
atmosphere (-10 to -200 MPa). This gradient in wptgential provides
tremendous driving force for water movement in SRAC.

3.1.2 Water Uptake from Soll

Water is not held very strongly in the large pgraces of the soil due to
the reduced matric potential forces as the diamaftehe pore spaces
increases. Water in the largest pore spaces daaiayg readily under the
influence of gravity, and this water is not avai@alo plants. As plants
take up water from the soil, water is first removexn the largest pore
spaces that contain water. The water menisci teeade to smaller and
smaller pore spaces and uptake becomes increasiffiitylt as the soil
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dries. Additionally, the conductance of the soilntater declines sharply
as the soil dries.

Water is held most strongly in clay soils sincesthsoils are likely to
contain the smallest capillary pore spaces. Theirman water uptake
per unit root surface area occurs in the Root Haire, which occurs a
short distance (2-20 cm) from the root tip. As sage, the outer surfaces
become increasingly suberized and water uptaks deterease. However,
older roots can still take up a substantial amafnivater since they
generally make up the bulk of the root system. Wapdake is increased
by the presence of Mycorrhizae fungi that form misiptic relationship
with the roots of most higher plants. The fungallge infect the root and
penetrate the soil increasing the surface arethtoabsorption of water
and mineral nutrients. In return the plant suppliee fungus with
carbohydrates.

3.1.3 Plant Available Water

At “Field Capacity” (FC) the soil is wet and contaiall the water it can
hold against gravity. At the “Permanent Wilting RBi(PWP) the soil is
dry and the plant can no longer extract any morewahe difference in
the water content of soil between field capacity Hre permanent wilting
point gives the amount of soil water available dptake by plants. The
plant available water is expected to be greatecltyey and organic soils
compared to sandy soils. If we know the plant add water and the rate
at which this water is being depleted by crops tlvercan determine the
necessary frequency of irrigation. Apart from iatign scheduling, this
information can also be useful in the modeling adpc growth and
prediction of yields.

3.1.4 Water Flow Pathways in Plants

There are two major pathways for water flow in pdathe apoplastic and
the symplastic pathways. In the apoplastic pathweer moves in the
free spaces (apoplast) within the plant that almunded by membranes
and includes movement along cell walls and in cekular spaces. In the
symplastic pathway, water moves across the sympldsth consists of
the cytoplasm and plasmodesmata (minute connectetween the
cytoplasm of adjacent cells). The resistance t@widw is higher in the



symplastic pathway, largely due to the flow resimic imposed by the
plasma membrane.

3.1.5 Water Flow across Root Cortex

Water flows from the soil across the root epidertagér and cortex to
the root xylem, with movement occurring both in tagoplastic and
symplastic pathways. The apoplastic pathway iskadat the innermost
layer of cortical cells, the endodermis. The radral transverse cell walls
of the endodermis are suberized (embedded with alika material)
forming the Casparian strip, which prevents furthmvement of water
along the apoplastic pathway. Both water and diggbinineral ions from
the apoplast must enter the symplast at the ennasler order to proceed
further into the plant.

3.1.6 Driving Forces for Water Flow from Roots to leaves

The driving forces for water flow from roots to \es are root pressure
and the transpiration pull. Root pressure is th&sde force and is
important mainly in small plants at times when $§@imation is not

substantial, e.g., at nights.

Root pressure requires metabolic energy, whichedrilie (active) uptake
of mineral ions from the soil into the root xyleA&s ions accumulate in
the root xylem, the osmotic potential of the xylspiution falls causing

the passive uptake of water from the soil by ossogD the xylem. As

pressure builds up within the xylem due to osmuatater uptake, the
xylem solution is forced upward to the leaves bgsfiow. Root pressure
can result in the loss of liquid water from thevies during times of low
transpiration. This process is called guttation apdcialized structures
(hydathodes) in the leaves are involved. The mamimant pressure that
develops in plants is typically less than 0.2 Mé&&] this force for water
movement is relatively small compared to the tramasipn pull.

The transpiration pull is explained by the Coheshalinesion Theory,
with the water potential gradient between the Isaued the atmosphere
providing the driving force for water movement. Tiater potential of
the atmosphere is dependent on the relative hwradd temperature of
the air, and can typically range between -10 aff ¥Pa.
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Leaf water potential typically ranges between #n# -3.0 MPa. Water
evaporates from the leaf surface into the atmospldsng this steep
water potential gradient (no metabolic energy igureed). The water
potential of surface cells falls as these cells lwater and water is pulled
from successively deeper cell layers along the mpdgential gradient
created, until eventually water is pulled from xy¢em vessels (Fig. 6.6).
Water columns in the xylem vessels are pulled ugvisgrmass flow as
water is removed by leaf cells. Strong attractivecés between water
molecules (cohesion) and between water moleculdgrenwalls of the
xylem vessels (adhesion) allow the water columnst&y intact. The
typical tension (pulling force) that develops withihe xylem vessels
ranges between -2 and -3 MPa, which is about 1@gtithe force that
develops under root pressure.

Cavitation can occur under water stress, whichlt®sua snapping sound
as air enters the xylem forming an embolism thatks further water
flow in that particular xylem vessel. Air embolismmay be temporary in
some cases as air can redissolve in the xylem ishp expelled by root
pressure.

Xylem

Mesophyll cells

Epidermal
layer Sub-stomatal
chamber
v 2 l/\i V Cuticle
A <«—— Boundary
|
Stoma ey

Figure 6.6: Diagram illustrating water diffusion out of a leaf.

3.1.7 Evapotranspiration

Evapotranspiration is defined as the water logté@tmospherdrom the
ground surface, evaporation from the capillarydarof thegroundwater
table and the transpiration of groundwater by plantesehroots tap the
capillary fringe of the groundwater table.



The transpiration aspect of evapotranspiratiorsgertially evaporation
of water from plant leaves. Studies have revealest transpiration
accounts for about 10 percent of the moisture e dtmosphere, with
oceans, seas, and other bodies of wd&e§ rivers, streamsproviding
nearly 90 percent, and a tiny amount coming frorbliswation (ice
changing into water vapor without first becominguid).

3.1.8 Atmospheric factors affecting transpiration

The amount of water that plants transpire varieaty geographically
and over time. There are a number of factors thtdrchine transpiration
rates:

a) Temperature: Transpiration rates go up as the temperature goes
up, especially during the growing season, whenathés warmer
due to stronger sunlight and warmer air masses.hetlig
temperatures cause the plant cells which contrel dhenings
(stoma) where water is released to the atmospbengen, whereas
colder temperatures cause the openings to close.

b) Relative humidity: As the relative humidity of the air surrounding
the plant rises the transpiration rate falls. leasier for water to
evaporate into dryer air than into more saturated a

c) Wind and air movement Increased movement of the air around
a plant will result in a higher transpiration ra@ind will move
the air around, with the result that the more sdéd air close to
the leaf is replaced by drier air.

d) Soil-moisture availability: When moisture is lacking, plants can
begin to senesce (premature aging, which can reslgaf loss)
and transpire less water.

e) Type of plant: Plants transpire water at different rates. Some
plants which grow in arid regions, such as cactl ancculents,
conserve precious water by transpiring less whtar bther plants.

SELF ASSESSMENT EXERCISE
e Explain with examples Transpiration
e What are the environmental factors affecting trénasjon rates
e Distinguish between root pressure and transpirgtidh

4.0 CONCLUSION

In this unit we have discussed the meaning of wariterms i.e.
transpiration, The Soil-Plant Atmosphere Continl8RAC) and Water
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Potential, Water Uptake from Soil, plant availaklater, Water Flow
Pathways in Plants, water flow across root corf@stying Forces for
Water Flow from Roots to Leaves. It is also learabout
evapotranspiration and the atmospheric factorgtfig transpiration

5.0 SUMMARY

Just as you release water vapor when you breatheispdo, too —
although the term "transpire” is more appropridant "breathe." This
picture shows water vapor transpired from planiésaafter a plastic bag
has been tied around the stem for about an houhelfbag had been
wrapped around the soil below it, too, then evemenweater vapor would
have been released, as water also evaporatestHmsoil.

Plants put down roots into the soil to draw wated autrients up into the
stems and leaves. Some of this water is returnttgbtair by transpiration.
Transpiration rates vary widely depending on weatbaditions, such as
temperature, humidity, sunlight availability andeinsity, precipitation,
soil type and saturation, wind, and land slope.ifurdry periods,
transpiration can contribute to the loss of moistarthe upper soil zone,
which can have an effect on vegetation and foog@-Gedds.

7.0 TUTOR-MARKED ASSIGNMENT
1. Describe transpiration in plants
2. Distinguish between root pressure and transpirgtidh
3. State the atmospheric factors affecting transpinatates

7.0 REFERENCES/FURTHER READING
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MODULE 7: SEED GERMINATION AND DORMANCY

Unit 1: Seed Dormancy: Causes and Types
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1.0 INTRODUCTION

Dormancy is a condition where seeds will not geatereven when the
environmental conditions such as water, temperatame air are
favourable for germination.

2.0

It is observed that seeds of some fruit plants (@oarcitrus)
germinate immediately after extraction from theitfrunder
favourable conditions of moisture, temperature asction.
However, in others (apple, pear, cherry) germimatioes not take
place even under favourable conditions. This pheran is
called as ,dormancy

This is an important survival mechanism for somecgs because
these species do not germinate unless adverseticlinooenditions
end.

In some species, chilling temperature for certanqu helps in
the termination of dormancy. Often dormancy is dueeveral
factors and may persist indefinitely unless certaipecific
treatments are given.

Objectives

By the end of this unit, you should be able to:

1) Explains seed dormancy and its importance
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2)
3)

3.0

3.1

Discuss the types of dormancy
To know about techniques for breaking different efypof
dormancy

MAIN CONTENTS

Types of dormancy

Different types of dormancy include

1.
°

Exogenous Dormancy

This type of dormancy is imposed by factors outsiteembryo.

In exogenous dormancy, the tissues enclosing theryemcan
affect germination by inhibiting water uptake, pichag
mechanical resistance to embryo expansion and leadic
emergence, modifying gaseous exchange (limit oxyden
embryo), preventing leaching of inhibitor from teembryo and
supplying inhibitor to the embryo.

It is of three types:

a)

b)

Physical dormancy (seed coat dormangy Seed coat or seed
covering may become hard, fibrous or mucilagincaghésives
gum) during dehydration and ripening as a resuwdy thecome
impermeable to water and gases, which preventghizgiological
processes initiating germination This type of dammais very
common in drupe fruits i.e. olive, peach, plum,egt cherry etc.
(hardened endocarp), walnut and pecan nut (suriogrtiell). In
various plant families, such as, Leguminosae, titeroseed coat
gets hardened and becomes suberized and impetoiouser.
Mechanical dormancy. In some fruits seed covering restricts
radicle growth, resulting in dormancy of seeds. Soseed
covering structures, such as shells of walnut, gitstone fruits
and stones of olive are too strong to allow thexdoit embryo to
expand during germination. The water may be absbthg the
difficulty arises in the cementing material as inalmut.
Germination in such seeds does not occur untiLanhelss the seed
coats are softened either by creating moist andnwanditions
during storage or by microbial activity.



c) Chemical dormancy. In seeds of some fruits chemicals that
accumulate in fruit and seed covering tissues dutievelopment
and remain with the seed after harvest. It is qeot@mon in fleshy
fruits or fruits whose seeds remain in juice asitrus, cucurbits,
stone fruits, pear, grapes and tomatoes. Someeo$ubstances
associated with inhibition are various phenols, ncatin and
abscisic acid. These substances can strongly tnksbed
germination.

2. Endogenous dormancy

This type of dormancy is imposed by rudimentarymieveloped embryo
at the time of ripening or maturity. This can beddferent types such as
morphological, physiological, double dormancy anccondary
dormancy.

a) Morphological dormancy (Rudimentary and linear embryo):

Dormancy occurs in some seeds in which the emtzrymi fully
developed at the time of seed dissemination. Seekdssdo not
germinate, if planted immediately after harvestifgants with
rudimentary embryos produce seeds with little mben a pro-
embryo embedded in a massive endosperm at theainfreit
maturation. Enlargement of the embryo occurs #fteiseeds have
imbibed water but, before germination begins.
Formation of rudimentary embryo is common in vasiquiant
families such as Ranunculaceae (Ranunculus), Peguzae
(poppy). Some plants of temperate zone like hally asnowberry
have also rudimentary embryos.

b) Physiological dormancy

Physiological dormancy is of 3 types:

i. Intermediate physiological dormancy The seeds of some
species require a specific period of one-to-threatims of chilling,
while in an imbibed and aerated state, commonlgdads moist
chilling. For example, most of temperate fruit seeglquire moist
chilling to overcome seed dormancy. This requireinieth to the
standardization of world famous, horticultural pree of
stratification. In this process, the seeds arequldmetween layers
of moist sand in boxes and exposed to chilling eragres (2 to
7°C) for the period varying from 3-6 months to oveneo
dormancy.

i. Deep physiological dormancy:Seeds, which usually require a
relatively long (>8 weeks) period of moist chillisgratification to
relieve dormancy as in peach.
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iii.  Epicotyl dormancy: Seeds having separate dormancy conditions
for the radicle hypocotyl and epicotyl, is called apicotyl
dormancy e.gLilium, Hepatica antiloba and trillium.

3. Double dormancy

e In some species, seeds have dormancy due to heddceats and
dormant embryos.

e For instance, some tree legumes seed coats arevioyeand at
the same time their embryo are also dormant.

e Such seeds require two years for breaking of dooypannature.
In the first spring, the microorganisms act upansked making it
weak and soft and then embryo dormancy is brokechiliing
temperature in the winter next year.

e Combination of two or more types of dormancy is Wnoas
,double dormancy. It can be morpho-physiological i.e.
combination of under developed embryo and physio&g
dormancy or exo-endodormancy i.e. combination afgexous
and endogenous dormancy conditions i.e. hard sesdghysical
plus intermediate physiological dormancy).

4. Secondary dormancy

Secondary dormancy is due to germination conditidnss a further

adaptation to prevent germination of an imbibed dseke other

environmental conditions are not favorable. Theselgions can include
unfavorably high or low temperature, prolonged dads and water
stress. It is of two types:

a) Thermo dormancy: High temperature induced dormancy.

b) Conditional dormancy: Change in ability to germinate related to
time of the year.

Advantages

e Permitting germination only when environmental dtinds
favour seedling survival as in fruit plants of tesngte region.

e Helpful in creation of a “seed bank”

e Dormancy can also synchronize germination to aqdatr time of
the year.

e Seed disposal can be facilitated by specializedmdaocy
conditions. For example modification of seed cawgrihrough
digestive tract of a bird or other animals.

3.2  Seed Dormancy: Methods of breaking seed dormayc
Several methods are used for breaking seed dormainbwgrticultural
crops. These are briefly described hereunder:



1.

Softening seed coat and other seed coveringshis helps in
better absorption of water and gases, which ultgaeads to
better germination of the seeds. This can be aeHieby
scarification.

Scarification: Scarification is the process of breaking, scratgh

mechanically altering or softening the seed cogtinmake it permeable
to water and gases. Three types of treatments arsmonly used as
scarification treatments. These include mechanicaémical and hot
water treatments.

a)

b)

Mechanical scarification

It is simple and effective if suitable equipmenaisilable.
Chipping hard seed coat by rubbing with sand papsting with
a file or cracking with a hammer are simple methodsful for
small amount of relatively large seeds.

For large scale, mechanical scarifiers are useddsSean be
tumbled in drums lined with sand paper or in cotemixers
containing coarse sand or gravel. The sand grénelld be of a
different size than the seed to facilitate subsetjseparation.
Scarification should not proceed to the point aitlvlthe seeds are
injured and inner parts of seed are exposed.

Acid scarification

Dry seeds are placed in containers and coveredagitcentrated
Sulphuric acid (HSQy) or HCI in the ratio of one part of seed to
two parts of acid.

The amount of seed treated at any time should sigated to not
more than 10kg to avoid uncontrollable heating.

The containers should be of glass, earthenware aodwnon-
metal or plastic.

The mixture should be stirred cautiously at inté&swvhuring the treatment
to produce uniform results. The time may vary frbdminutes to 6 hours
depending upon the species.

With thick-coated seeds that require long peridkis,process of
scarification may be judged by drawing out sampesmtervals
and checking the thickness of the seed coat. Whé&edomes
paper thin, the treatment should be terminated idiately.

At the end of the treatment period, the acid isrpdwff and the
seeds are washed to remove the acid.

The acid treated seeds can either be planted inatedglivhen wet
or dried and stored for later planting. Large sesdsost legume
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species, brinjal and tomatoes are reported to respmple
sulphuric acid treatment.

c) Hot water scarification

e Drop the seeds into 4-5 times their volume of haiter with
temperature ranging from 77 to £ao

e The heat source is immediately removed, and theéssseaked in
the gradually cooking water for 12 to 24 hoursléwing this the
unswollen seeds may be separated from the swobedssby
suitable screens.

e The seed should be sown immediately after hot wegatment.

d) Warm moist scarification

e The seeds are placed in moist warm medium for nmaoryths to
soften the seed coat and other seed coveringsgihnacrobial
activity. This treatment is highly beneficial inesks having double
seed dormancy.

e The hard seeds are planted in summer or earlyvfadin the soil
temperature is still higher, that usually facigsatgermination.

e For instance the stone fruit including cherry, pluapricot and
peaches) show increased germination if planted/ esrbugh in
the summer or fall to provide one to two months vedrm
temperature prior to the onset of chilling.

Stratification

Stratification is a method of handling dormant seedhich the imbibed
seeds are subjected to a period of chilling toraffeen the embryo in
alternate layers of sand or soil for a specifidquerlt is also known as
moist chilling. However, temperate species dispiggpicotyl dormancy
(like fringed tree) or under developed embryo (likellies) a warm
stratification of several months followed by a maiilling stratification

is required.

Several tropical and subtropical species (like galnequire a period of
warm stratification prior to germination to allotvet embryo to continue
development after fruit drop. The seeds can be saften fruit drop. The
seeds can be sown immediately after stratificatiahe field.
a) Outdoor stratification
o If refrigerated storage facilities are not avaigbloutdoor
stratification may be done either by storing seedspen field



b)

conditions in deep pits or in raised beds enclosedwvooden

frames.

However it is likely that seeds are destroyed iridoars by

excessive rains, freezing, drying, or by rodeneeds are placed
in alternate layers of sand to provide and low terafure and
proper aeration in the stratification pit. The tgpcovered with

Sphagnum moss to maintain moisture level.

The pit or tray is irrigated at regular intervals maintain

appropriate moisture status.

Refrigerated stratification

An alternative to outdoor field stratification isefrigerated

stratification.

It is useful for small seed lots or valuable sabds require special
handling.

Dry seeds should be fully imbibed with water piiorefrigerated

stratification.

Twelve to twenty four hours of soaking at warm temgture may be
sufficient for seeds without hard seed coats.

After soaking, seeds are usually placed in a colewsize box in
alternate layers of well washed sand, peat mossramiculite.

A good medium is a mixture of one part of coarselda one part
of peat, moistened and allowed to stand for 24 hibefore use.
Seeds are placed in alternate layers of sand oiumed

The wusual stratification temperature is %7 At higher

temperature seeds sprout prematurity and low testyer delays
sprouting.

The medium should be remoistened. The stratifiedd ses

separated from the medium prior to sowing in nyreeds.

The stratification of seeds results in quick andarm germination and
therefore the seed should be subjected to stetdic invariably under
all conditions.

3.2.1

Hormonal changes during stratification:

A triphasic change in endogenous hormones is maeyssis as follows.

A reduction of ABA
Increased synthesis of cytokinin and gibberellins
Reduction in hormone synthesis in preparation &ngnation.

In general, gibberellins promote germination inrdant seeds,
while ABA inhibits germination.
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e Pre-sowing treatments with certain seeds not oatjuce the
stratification requirement and improve the seedngeation but
also enhances seedling growth in a number of teagéuits.

3.2.2 Role of hormones in seed dormancy:

Plant hormones affect seed germinations and dorynagcaffecting
different parts of the seed. Embryo dormancy igattarized by a high
ABAJ/GA ratio, whereas the seed has a high ABA derityi and low GA
sensitivity. To release the seed from this typel@imancy and initiate
seed germination, an alteration in hormone biosgithand degradation
towards a low ABA/GA ratio, along with a decreaseABA sensitivity
and an increase in GA sensitivity needs to occur.

e Plant regulators can be used to break or proloegdtirmancy.
Sprouting of potato tubers and onion bulbs is a room
phenomenon in storage.

e Pre-harvest spray of maleic hydrazide (MH) at 2ppth applied
15 days before actual date of harvest prolongs docayin the
above storage organs by inhibiting the sprouting.

e In fruit trees of apple, plums and figs, early flenmg is induced
by spraying Dinitro orthocresol at 0.1 % in oil esian.

e Seed treatment of tomato with GA at 1 00 ppm brethes
dormancy and increases the percentage of germmatio

e ABA controls embryo dormancy, and GA enhances embry
germination. Seed coat dormancy involves the machhn
restriction of the seed coat, this along with a lewbryo growth
potential, effectively produces seed dormancy.

e GA releases this dormancy by increasing the emlgnmvth
potential, and/or weakening the seed coat so tHealof the
seedling can break through the seed coat. Differgrs of seed
coats can be made up of living or dead cells artd types can be
influenced by hormones; those composed of livints @e acted
upon after seed formation while the seed coats osegp of dead
cells can be influenced by hormones during the &ion of the
seed coat.

e ABA affects testa or seed coat growth charactessiincluding
thickness, and effects the GA-mediated embryo drqwetential.
These conditions and effects occur during the feoionaof the
seed, often in response to environmental conditibitasmones
also mediate endosperm dormancy.



e Endosperm in most seeds is composed of living ¢ighat can
actively respond to hormones generated by the embFhe
endosperm often acts as a barrier to seed germinailaying a
part in seed coat dormancy or in the germinati@Tt@ss.

e Living cells respond to and also affect the ABA/Gd#tio, and
mediate cellular sensitivity; GA thus increasese¢h#ryo growth
potential and can promote endosperm weakening. |6Aadfects
both ABA-independent and ABA-inhibiting processeithwm the
endosperm.

SELF-ASSESSMENT EXERCISE

1) Discuss seed dormancy and its importance

2) Enumerate the types of dormancy

3) Mention and explain the techniques for breakingedsint types of
dormancy

4.0 CONCLUSION

Seed dormancy has been defined as the incapacayvaible seed to
germinate under favorable conditions since dormascyegulated at
different developmental phases, in interaction withironmental factors,
it is difficult to detect when the genetic and pbisgical differences are
established. This difficulty arises because alhtamcy assays are based
on seed germination, which is the result of thahed¢ between the degree
of dormancy and the capacity of the embryo to cwae dormancy.
Mechanistically one can distinguish factors thdluence dormancy and
germination on the basis of their effect on gerrtiam being either
inhibiting or promoting. Mutants that germinate tbetor faster can
represent genes that promote dormancy or thosedigss germination.
A further distinction can be made by defining tineing and site of action
of these factors (during maturation or during initodm of the seeds, in
the embryo, the endosperm or in the testa). Tlegaotion between these
factors and the large effect of the environmentthbduring seed
development and during imbibition, make seed dogyawery complex
trait.

50 SUMMARY

Seed dormancy allows seeds to overcome periodstbainfavourable
for seedling established and is therefore impor@anplant ecology and
agriculture. Several processes are known to bevedadn the induction
of dormancy and in the switch from the dormanti® germinating state.
The role of plant hormones, the different tissued genes involved,
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including newly identified genes in dormancy andngeation are
described in this unit, as well as the techniqundséaking seed dormancy
for successful germination.
6.0 TUTOR-MARKED ASSIGNMENT
1) Discuss
a) Seed dormancy and
b) Its importance in seed germination
2) Enumerate the types of dormancy
3) Mention and explain the techniques for breakingedint types of
dormancy
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1.0 INTRODUCTION
Germination is the crucial and final event in tfie df a seed. It represents
both the fulfillment and the completion of the lwakinction of seed -
propagation. Seed - to be sure - have other fumgtim modern
agriculture. They are the main mechanism by whictprovements
genetically engineered into plant populations aa@mgmitted from one
crop generation to another. They also function vefficiently as a
convenient means of distributing plant populatittm®ughout areas of
adaptation. The latter two functions, however, ahelly dependent on
germination. A seed that has lost its capacitygEnmination can neither
transmit genetic improvements nor function in thistribution of
desirable plant populations from one place to aoth
Seed are produced to propagate crops and othealllesplant species. A
substantial portion of the operations and actisitinvolved in seed
production and supply are designed to maintaintegtpand/or enhance
the propagative value of seed, i.e., capacity tongeite. Seedsmen,
therefore, should have a good understanding ofémmination process
and its vulnerabilities. Germination is the resumpbf active growth of
the embryonic axis in seed.
2.0 OBJECTIVES
By the end of this unit, you should be able to:

1) Explains seed germination and the various types

2) Discuss the factors affecting germination

3) Explain the concept “Mobilization of energy and doeeserves in

germination”

3.0 MAIN CONTENTS
3.1 Process of Seed Germination
The activation of metabolic machinery of seed emhsythe first and
foremost step to initiate the seed germination @sscThus, seed
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germination is the process of reactivation of tretaholic activity of the
seed embryo, resulting in the emergence of radrcait) and plumule
(shoot), thus leading to the production of a segdlir a young plant.
Seed germination is a very complex process as \Jblves many
biochemical, physiological and morphological chagéhin a seed. For
germination to be initiated, three conditions miostfulfilled First, the
seed must be viable i.e the embryo should be aivé capable of
germination. Second, the seed should be non-domesthiere should not
be any dormancy or any chemical barrier for gertiomaThird, the
environmental conditions like moisture, temperataie (&) and light
must be available in appropriate amount. If allstheonditions are
fulfilled, the quiescent embryo in the seed wilsuene growth, thus
initiating the process of germination. In the easlgiges of growth, the
embryo draws nutrients from the stored food maktémighe cotyledons
or the endosperm of Later, new shoot/leaves aresldesd, which
produce their own photosynthetic system.
3.1.2 Stages of seed germination
The process of seed germination involves severalsemitive but
overlapping events like

i.  Absorption of water,

ii. Initiation of cell enlargement and division,

iii. Increased enzymatic activity,

iv.  Food translocation to growing embryo,

v. Increase in respiration and assimilation,

vi. Increase in cell division and enlargement and
vii.  Differentiation of cells into tissue and organadfeedling.
The sequence of these events is not specific aaccwent may overlap
the other. However, the entire process of gernonatan be divided into
following different stages:

1. Activation or awakening stage:

a) Water absorption: Early seed germination begins with the
imbibition of water by the seed. Water is absorbgdhe process
of imbibition and osmosis by the dry seeds, whiztiens the seed
coat and other coverings and causes hydrationeopthtoplasm.
After imbibition of water, the seed swells and seederings
rupture, which helps protoplasm in resuming metabattivity
with the activation of enzymes. During hydratioraph, the seed
coat acts as a limiting factor and its rupture étase water uptake.
Water enters the seed through micropyler pore ahanh In



general, water absorption is very rapid initiallyt It slows down
slowly and steadily.

b) Synthesis and activation of enzymesAfter hydration, enzyme
activity begins very quickly. Activation of enzymisspartly from
reactivation of stored enzymes and partly by thermsis of the
enzymes during germination initiation process. Hyerolytic
enzymes convert complex food material into simfdems, which
can be readily translocated and absorbed by theryemf@he
oxidative enzymes are involved in respiration aekbasing the
energy for cell division and growth.

c) Cell elongation: Hydration, and synthesis and activation of
enzymes help in the elongation of cells, which ltssin the
emergence of radicle. Emergence of radicle is tret Visible
symptom of germination, which results from the gaton of
cells rather than from the cell division. It is ebged that under
fabvourable conditions, the emergence of radiclg take place
within a few hours as in non-dormant seeds or alfays after seed
sowing. The emergence of radicle is considereti@snd of stage
1 i.e. activation or awakening stage.

2. Translocation stage:

Food materials like fats, carbohydrates or proteins stored in the
endosperm or in the cotyledons. These compoundsareerted into

simpler forms and are translocated to the growioigts of the embryo.

The process of conversion of different speceswdiffath the type of food

material reserved in the seed. For example, fatalsdare converted

enzymatically to first to fatty acids and then tmars. Storage proteins
are first converted to amino acids and then t@gén, which are essential
to growing seedlings. Starch present in many seeds) energy source,
is converted to simple sugars. All these convessiare regulated by
metabolic activity of specific enzymes in a propequence.

3. Seedling growth stage:

In this stage, the development of the seedlingtplakes place from
continued cell division in different growing poird$ the embryo, which
is subsequently followed by the expansion of trezlBeg structures. The
cell division is growing point and subsequent &tingations are two
independent processes taking place in a seedlisgth& germination
proceeds, the structure of seedling soon beconidsrayv

3.1.3 Types of seed germination:
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The radicle, the growing point of root emerges frdm base of the
embryo axis and the plumule, the growing pointlaict is at the upper
end of embryo axis, above the cotyledons.

The section of seedling stem above the cotyledsritalied as epicotyl
and below the cotyledons is called as hypocotyls.

Two types of germination are commonly found in culivated plants.

1. Epigeal germination: Seed germination in dicots in which the
cotyledons come above the soil surface. In tipis,tyhe hypocotyl
elongates and raises the cotyledons above the @sunface, it is
called as epigeous or epigeal germination. Thige tyof
germination is very common in beans, gourds, cattorarind and
onion etc.
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Fig 7.1: Epigeal Germination
2. Hypogeal germination: Seed germination in dicots in which the
cotyledons remain below the soil surface. Intyp®, the epicotyl
elongates and the hypocotyl does not raise thdettigs above
ground, which is called as hypogeous or hypogeahmetion.
This type of germination is common in mango, cuktgple, pea,
gram, lotus and maize etc.



Fig 7.2: Hypogeal Germination
3.1.4 Mobilization of Energy and Food Reserves

The absorption of water by seed "turns on" andéoekerates metabolic
processes which lead to the resumption of actigevthr of the embryonic
axis in the seed and support early seedling deredop. One of the basic
processes accelerated is respiration.

Energy is required for the resumption of activevgioof the embryonic

axis — for germination and many of the processest tupport

germination. The energy required is provided byiresion. An air dry

seed at 10-13% moisture content respires but arylow rate. During

the water absorption phase of the germination m®céhe rate of
respiration increases dramatically. Some of theagneeleased during
respiration is in the form of heat, but most is \wemed from some
chemical forms to others.

The process of respiration requires a readily atéel substrata - an
organic compound which can be oxidized to releas¥gy. The basic
respiratory substrate is a simple sugar calledoglecDuring respiration
glucose is oxidized by complicated processes tooradioxide and water
with the release of a substantial quantity of epehg green plants the
organic compounds required for respiration are &atrny the process of
photosynthesis, thus the sun is the ultimate soafaenergy for plant

growth and the production of seed and the othertptaaterials that man
harvests.

Since photosynthesis is not re-established untgrafjermination is

complete and the seedling has developed to a mcesdsient, the

germination process is dependent on reserve orgamipounds stored
in the seed for energy and other materials. Someho$e organic

compounds are in the embryonic axis in readily lesdbrms, e.g.,
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sucrose, and serve as respiratory substrata foedhlg phase of the
germination process. The bulk of the reserve natgrhowever, are in
the form of complex, non-mobile (non-translocatalditems located in
specialized tissue within the seed. These compoumaist be broken
down to simple, translocatable forms to make thewailable for

germination. The reserve materials in seed occuinrige major forms:
starch and other complex carbohydrates, fats asdarid proteins. The
processes which transform these materials into leisatanslocatable
forms are termed "mobilization of reserves."

Starch is the principal reserve in cereals andradpecies of the grass
family. It is stored in the endosperm. During tharle phase of
germination, gibberellin, a hormone present ingbatellum (part of the
embryo or gem), moves into the outermost layemefendosperm and
stimulates the activity of hydrolytic enzymes whidatalyze the
breakdown of starch into glucose. One of the stepslved in the
breakdown of starch is the production of maltoskictv is, of course,
important in the brewing industry. Glucose is agensugar and easily
translocated. It moves from the endosperm intcsthuitellum where it is
converted into sucrose. Sucrose is then translddaténe active sites in
the embryonic axis for use. The mobilization ofretbstarch and other
complex carbohydrates in non-grass species sugeas is somewhat
different but the end result is the same - respiyasubstrata is made
available to the active sites of the embryonic .axis

When all plant species are considered, the mosti&net reserve material
is fats and oils. The evolutionary significancedla$ situation is that fats
and oils — or lipids - have a higher energy vahantstarch or proteins.
Fats and oils are broken down by enzymic activityfdtty acids and

glycerol. Glycerol is further broken down to simmlempounds which

can enter into the respiratory process, or it Gamborporated in "new"

fats and oils. Likewise, the fatty acids are furtiegraded into fragments
that are readily usable in the respiratory proceder re-conversion into

other materials.

The proteins stored in seed are broken down byreitzgctivity into
amino acids. The amino acids liberated are traasiide and are used for
synthesis of the new proteins required for othayeres, and new plant
material, i.e., for growth. Or, they can be oxidize provide energy.



The reserve materials stored in seed provide tleeggnand "building
blocks" needed for resumption of active growthhef émbryonic axis and
growth and development of the young seedlings. &hmaterials are
made available to the embryonic axis by "mobili@atiprocesses. As the
seedling develops, photosynthesis is re-established it becomes
independent of the reserves stored in the endospeootyledons which
decay or shrivel and drop from the seedling. Mdtivates many species
of plants for the reserve materials stored in $eetis own consumption
or for animal feed. Wheat and other cereals aréethib produce flour
for bread and pastries or for brewing. Rice is comsd directly.

SELF-ASSESSMENT EXERCISE
1) Discuss the process of seed germination
2) What are the stages in seed germination
3) Mention and explain the types of germination

4.0 CONCLUSION

In this unit, seed germination is discussed, the&ioua types of
germination and the factors affecting seed gernunatwas also
discussed. The process of seed germination, protssed germination
as well as the mobilization of energy and food mesas it relates to seed
germination was discussed in this unit. It is doded that germination
incorporates those events that commence with ttekapf water by the
quiescent dry seed and terminates with the eloogati the embryonic
axis. Water uptake by a seed is triphasic; phassid initial uptake;
phase Il plateau phase and in phase Il furtheesse of water uptake,
however, only when germination occurs. The firginsi of germination
are the resumption of essential processes, ingudmnscription,
translation and DNA repair followed by cell-elonigatand eventually at
the time of radicle protrusion, resumption of adiNision. . Physically
germination is a two-stage process, where testaumeips followed by
endosperm rupture. Following rupture of the mictapyndosperm by
the emerging radicle, germination is complete

5.0 SUMMARY
Germination is the crucial and final event in tlie bf a seed. It can be
defined as the resumption of active growth of tideyonic axis. A seed

requires moisture, a favorable temperature and exxygr germination.
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Rehydration of the seed sets in motion a chaieattions which provide
the energy and building blocks for the resumptibacaiive growth and
development of the young seedling. Germinationufailis caused by
many factors and conditions. These range from weétion of the seed
and loss of the germinative capacity to the med@nmpedance to
emergence from soil crusts formed after sowing.

6.0 TUTOR-MARKED ASSIGNMENT
1) Discuss the process of seed germination
2) Explain mobilization of energy and food reservesrespect to
germination
3)
4) Discuss the various types of germination
7.0 REFERENCES/FURTHER READING

Sharma RR & Manish Srivastav.2004. Plant Propagagiod Nursery
Management (First Edition 2004).International Book
Distributing Co. Lucknow 226 004 U.P.(INDIA).
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1.0 INTRODUCTION

Morphogenesis is defined as a process concerndd fartmation and
development of whole plant, a part of plant or ecsiic structure. During
very early developmental stages polarity is esshklil at the zygote stage
due to which a polar difference is developed ahlibe ends of zygote.
Cytological differences at the two ends determimeegtosition of first cell
division and also the fate of the structure whigh e produced by the
two cells (cells formed by division of zygote). flerent parts of plant
have different type of morphology. This diversity different parts of
plant is produced due to variation in growth rétditierent parts and also
because different parts show growth in differemiehsion. Rate of cell
division, cell elongation along with orientation piane of division and
axis of cell elongation altogether establish thenfof structure of plant.
Polarity is not limited to initial developmentalages but polarity is
maintained throughout the growth. Plant axis (shevat root tips) also
exhibits polarity, If a portion of shoot is excisécut) and allowed to
regenerate the end toward shoot tips will alwaymfehoot whereas end
towards root will regenerate roots. As in stem pbjas also exhibited in
other organs like upper and lower surface of Igaftals, sepals etc.
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During their growth and development plant, cell$ibits a specific
phenomenon called as totipotency. It is the abiditg cell to give rise to
different types of cells and eventually lead toemegration of a complete
plant. Meristematic cells get differentiated toaatt specific functions
once the cell gets differentiated. They lose thadility to divide.
However, differentiated plant cells can undergo eocess of
redifferentiation (specially during plant tissudtare) and can

2.0 OBJECTIVES
By the end of this unit, you should be able to:
e Understand basic idea of morphogenesis and conoépt
differentiation
e To know about how is polarity developed and howaffects
morphogenesis
e To understand role of totipotency in growth of g&aand in plant
tissue culture

3.0 MAIN CONTENTS
3.1  Morphogenesis and Concept of Differentiation

The word morphogenesis comes from Greek wordgphe(which means
shape) andyenesis(which means creation) to indicate a process of
formation of a particular structure with a spectfitape and size.

Morphogenesis is considered to be a biological ggeavhich causes an
organism to develop its shape. Morphogenesis isceroed with
development of particular part or structure. Plagatssess a longer period
of morphogenesis. During development plants (unékénals) do not
exhibit a distinct body plan. Plants may grow aedelop on and on till
they die. This is because plants have meristentigBae composed of
actively dividing cells which result in formatiorf more and more new
tissues, organs and structures throughout thefifgant.

The term differentiation was first of all used byarK Willhelm.

Differentiation refers to a process in which distirfdifferent) types of
cells are formed from a precursor cell. Differetiba is a permanent
localized qualitative change in size, biochemisstycture and function
of cells, tissues or organs. A cell which has abtlb get differentiated



into different cell types of an adult organism mled pluripotent. In
plants such cells are also called as meristemelis.

Different type of structural changes occurs insidell during the process
of differentiation. These changes may occur in e&lll, protoplasm or
both. For example when a cell gets differentiated tracheary elements
it loses its cytoplasm and the cells develop arstielastrong, lingo
cellulosic secondary cell wall to carry out trandpd water.

Hence, meristematic cells are group of unspecidlizedifferentiated)
cells which are capable of dividing throughout life of plant and can
get differentiated into different types of cells.h@h a cell gets
differentiated it acquires specific morphologigatysiological as well as
biochemical properties. During growth and developtmef plant
meristematic tissue give rise differentiated tissueere each cell has
specified structure and function. Differentiaticglls do not have ability
to divide. In an another process known as dedffiggéon, differentiated
tissue loses its differentiated state and becomdsferentiated.

Such undifferentiated tissue can again undergo hmecess of
differentiation known as redifferentiation and agaibecome
differentiated with specific structure and functidndedifferentiated cell
can divide and produce new cells (Fig.8.1). Dedifeiation is a
commonly observed phenomenon during secondary growtlants and
also during the process of healing of wounds.

Secondarygrowth happens when stems or branches grow out(getd
thicker) This type of growth is possible becausma@lants (like trees
and shrubs) have lateral meristem, another stehlileeltissue. Instead
of causing the plant to grow up or down, lateratisiematic tissue causes
the plant to increase in girth by adding rings odvgth. Now we know
how a plant gets taller and its roots get longart Bhat about being
wider? Even a big tree with an enormous trunk starit as a puny
seedling. So when the width of a plant or its girthreases is called
secondary growth and it arises from the lateralistesns in stems and
roots.

Secondary growth is growth at the lateral merish@whincreases the girth
of the stem. This type of growth is only found ieats and is not found

in monocots. In order to understand why it doesauaur in monocots,
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let us review the structure of vascular tissueathltypes of flowering
plants. There are two types of vascular tissuesmylwhich moves water
and dissolved minerals, and phloem, which moved fndhe plant stem.
In monocots and dicots, these structures are argdra bit differently.

In monocots, the xylem and phloem are found inquabundles and are
scattered throughout the stem. Remember that méhaoe simple
flowering plants such as grasses. However, in dieovhich are more
advanced flowering plants such as roses and apg#e t the xylem and
phloem are found in rings with the xylem on thadesand the phloem on
the outside. This organization allows for secondmowvth of plant stems.
Plant cells are totipotent and possess an inhebility to undergo
process of differentiation to give rise to differégpes of cells, which
ultimately form different organs in plant system.

& S
oy g
MERISTEMATIC (TOTIPOTENT) CELLS
DIFFERENTIATION

Formation of cllfferentlated tissue and organs
(leaves, roots, stem , xylem, phloem, etc)

l DEDIFFERENTIATION

®_
Differentiated tissue becomes undifferntiated
(meristamatic)

l REDIFFERENTIATION

& 4% Reformation of
gl /%

%\%% differentiated

tissue and organs

Fig. 8.1: Diagrammatic representation of differentation,
dedifferentiation and redifferentiation



3.2 Polarity

The term polarity means specific orientation of nplaactivity and
morphogenesis in space. Plants are multicellulgarisms made up of
cells, tissue and organs. As we already know thaa imulticellular
organism cells, tissue and organs are integratétdaomie another to bring
about overall functioning of an organism. There ragny factors which
regulate and control this integrated functioningaghg different factors
polarity is one the most important factor of plartegrity. In plants axial
polarity, dorsiventral polarity and radial polaridgye known. However,
when we talk of polarity in plants we generallyemsf to axial polarity.
Axial polarity means presence of a well definedgitudinal axis which
bears lateral organs such as lateral branchess, rigaives and flowers.
The radial axis is most clearly evident in dicotidaous species as the
concentric rings of cell layers stem, hypocotyl aadt with an increase
in size across this axis can arise from the geioeratf new cell layers
following divisions in the vascular cambium in thieer plant.

There are several factors which influence polanityplants. Physical
factors like light, gravity, electric and magnetield, chemical agents
such as plant growth regulators and ions influgralarization in plants.
Polarization is related to axial gradient of bie#le potential (BEP)
which develop from gradient of €aK*, H* etc. A change in membrane
permeability to these ions generates a dielectotergial. Results
obtained from studies conducted on plants sudkralsidopsis, Capsella
bursa-pastoridhiave made it clear that apical-basal polarity izdeined
even before the first zygotic division in the egg.

Early events of zygote polarization have been vesl studied inFucus
(brown alga). InFucuspolarization of zygote is initiated and influenced
by various types of stimuli such as unidirectiofight, temperature,
electric field or chemical gradient. Axis formulati is associated with
redistribution of plasma membrane components’™ Ga the most
important component which gets accumulated towashbend during
axial axis function.

In Arabidopsigduring axial polarization, zygote divides by anragyetric
transverse division resulting in formation of twaughter cells of unequal
size. One is the basal cell which is derived frameuolar region and is
larger in size and another cell is smaller upp#ndeich is derived from
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cytoplasmic region. Upper cell divides to form seisgor (containing six
to nine cells). Only the upper most cell of susperslled hypophysis is
actually the part of embryo proper.

There are two systems under which induction of fiylan plants have
been studied.

1) The first system of polarity in plants is ROOT- RAdID
POLARITY, this type of system studied in phaeoplayteygotes
and in pteridophytic spores. Development of poyadtccurs
parallel to ionic gradient of calcium, potassiumdasodium.
During polarization an increase influx of calciuams occurs into
the cell present in the future rhizoid pole. On tmntrary a
decreases influx of calcium ions occur in the ofiegsle.

2) Another system of polarity is SHOOT-ROOT POLARITound
in higher plants: (Development / induction of pdharin
multicellular plants)

The earliest work related to shoot-root polarityswdone by Marquis
Duhamel du monceau in eighteenth century. In hikwaistence of two
morphogenetic factors was proposed, one was a lieavgap and a light
shoot sap. Both morphogenetic factors (shoot sapraat sap) were
directed by gravity to their respective poles, vehterey got accumulated
and shoot sap initiated formation of shoots and sap gave rise to roots.
Zygote displays a specific cell polarity with a watar pole present at
micropylar site (which later develops into suspersaoot pole) and an
opposed cytoplasmic pole (embryo pole). Establghpolarity is an
important event for morphogenesis and developnigritat. Particularly
in plants polar differences can be identified atyvearly stage of
development after the formulation of zygote. Duritige process of
development of plant, polarity can also be seguiant axis i.e. in shoot
and root tips. This means that once a polaritystatdished it does not
gets altered naturally. So if a part of shoot artiis existed and allowed
to regenerate the end toward shoot tips alwaysergées into shoot and
the opposite end will develop roots. However, dgrthe process of
development either removal of one part of plantlmanges in a part of
plant significantly affect morphogenesis of onenaore other parts of
plant. This process is called as correlation angeserally mediated
through nutrient and plant growth regulators.



3.3 Totipotency

3.3.1 Basic concept of totipotency

Totipotency refers to inherent genetic potential aofplant cell to
regenerate into complete plant. Plant cells calovob developmental
pathway similar to that of a zygote resulting imnfiation of new plant.
The concept of regeneration the entire plant frogingle cell or tissue
was conceptualized by G. Haberlandt in 1902, wHa@vn as father of
plant tissue culture.

F. C. Steward along with his colleagues developegtthod for growing
carrot tissue by taking small part, from the seeogpgphloem region of
carrot root. This part was utilized as explantshie experiment. The
explants were cultured by placing it onto a ligmeédium under aseptic
conditions. During the culture process the phlomsue began to grow.
Initially some single cells and some groups ofsceécame loosened from
the surface of growing tissue and started growepagately. Some single
cells developed somatic embryos or embryoids bsoagss now known
as somatic embryogenesis. The embryo ultimately gese to shoot and
root and the complete plant was regenerated (Rig.8.

390_,@

[] C_ui oo Cells grouped
. together
Phloem piece of Carrot Cells divide and =
having non dividing grow suspension l’
Carrot  differentiated cells ailinre

Formation of
embryoid like
structure

€ L.kl Formation of
Plant plantlets and
transferred to root
soil

Fig. 8.2: Regeneration of complete plant (carrot)rbm single cell
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3.3.2 Importance or significance of Totipotency

e The most important aspect/application of totipotencs
reconstruction or regeneration of complete plasfany tissue or
organ.

e Regeneration of plants from somatic cells throulgéirtability
totipotency has been utilized for vegetative pratiag of many
medicinal, aromatic and ornamental plants with ecoic
importance.

e With the development of plant tissue culture tedbgy large
number of plants can be produced in short time rvale
Totipotency is the underlying principle of regerna of plants
through plant tissue culture. Hence, endangered, aad scarce
plants can be mass propagated through the technique

e Advancements made in plant science have resul@eMelopment
of genetically modified plants. Production of hompgaus plants,
haploid plants, somatic embryogenesis, somatic ithigation,
protoplast (fusion and) culture etc. Totipotencyhis basic of all
the above mentioned developments made in plamiceie

e In vitro regenerated cells, tissue, callus with totipotepatential
can be preserved for long periods under liquidogign. The
process is known as cryopreservation. Wheneverinetjihese
cells can be retrieved thawed and can be utilinededgeneration
(since they are totipotent)

3.3.3 Totipotency and plant tissue culture

Plant tissue culture also knowniayitro micropropagation is a technique
utilized for regeneration of plants under contmlleonditions. The
technique has been successfully utilized for regeina, conversation of
large number of medicinal, aromatic, ornamental aticer plants on a
large scale.

The entire success of plant tissue culture teclgyis based upon the
totipotency of plant cells.

Normally, we grow plants mainly through seeds or rogthods of
vegetative propagation including cutting, graftingyering etc. But
through the technique of tissue culture plants banregenerated by
culturing any part of the plant. The part of pldogll, tissue, organ)
excised to culture is called as explant. Explardgr@ansferred to a culture



medium aseptically. The cultures are then incubatader suitable
temperature with proper light.
Now, during the process of incubation the explamibich are
differentiated tissue undergo the process of dedifftiation and become
undifferentiated and totipotent. Explants now uigdethe process of
redifferentiation and start growing to regenerateesv plant. In tissue
culture process growth can be of two types direct iadirect. In direct
growth formation of organs (shoots, roots or empogzurs directly from
explant whereas in indirect growth first a calluadifferentiated mass of
cell) is formed. By further sub culturing this eedlregeneration of shoot
and roots can be obtained. The plant regeneratiatbanatory conditions
are then transferred to soil (hatural conditiomspaigh a process known
as hardening or acclimatization.
Hence, totipotency forms the basis of plant tissuieure through which
large number of plants can be regenerated in catipely shorter
duration of time.
There are several advantages of plant tissue eultur

a) Production of large number of plants.

b) Conservation of endangered species.

c) Production of hybrid plants.

d) Synthesis of secondary metabolites.

e) Production of virus resistant plants through mensculture.

SELF ASSESSMENT EXERCISE
e Explain the basic concept of morphogenesis and emnof
differentiation
e How is polarity developed and how it affects morgéoesis
e Discuss the role of totipotency in growth of plaated in plant
tissue culture

4.0 CONCLUSION

In this unit, it is learnt that dedifferentiatedlsecan again differentiate
by a process known as redifferentiation. Meristeeneglls divide and
differentiate to form different types of cells wiipecific structure and
function. A differentiated cell looses their abhjlito divide. Structural
changes occur inside a cell during the processftarentiation. These
changes may occur in cell wall, protoplasm or botifferentiated plant
cells can undergo a process of dedifferentiatioth @n again become
meristematic .There are two systems under whictatioh of polarity in
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plants have been studied, they are root- rhizoidrpgg and shoot-root

polarity. Root- rhizoid type of polarity is studieéd Phaeophyceae and
Pteridophytes. Shoot-root polarity type of polaigystudied in higher

plants. Gradient of calcium, potassium and sodiwross the cell

membrane play an important role in development aanty. Once a

polarity is established, it does not get altereiradly. Changes in a part
of plant significantly affect morphogenesis of @ranore other parts of
plant.

Totipotency is the ability of a cell to give rise different types of cells
and eventually lead to regeneration of a complé&atpTotipotency is

reconstruction or regeneration of complete plasfany tissue or organ.
Totipotency forms the basis of plant tissue cultitm®ugh which large
number of plants can be regenerated in compargtsredrter duration of
time.

5.0 SUMMARY

Morphogenesis is defined as a process concerndd fartmation and
development of whole plant, a part of plant or ecsiic structure. During
very early developmental stages polarity is essabli at the zygote stage.
Due to this polarity difference at both the endszydote is established
according to which different structures are devetbpt different poles.
Axial polarity is most significant polarity pattenm plants which is
represented by longitudinal axis which bears la@ngans such as lateral
branches, roots, leaves and flowers. Differentspafrplant have different
type of morphology. This difference develops dudifference in growth
pattern, growth rate and different dimension ofvgio

6.0 TUTOR-MARKED ASSIGNMENT
1. Differentiate between differentiation, dedifferextibn and
redifferentiation?
2. Define totipotency? Mention the significance & inmamce of
totipotency?
Enlist few applications of plant tissue culture?
4. Define polarity? Citing suitable examples mentitwowt shoot
root and root- rhizoid?
7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION
Different factors (called as morphogenetic factaaffct growth and
development of plants. These factors can be enwiemrtal such as light,
temperature, water or nutritional factor, physie@itors such as gravity,
pressure and genetic factor. Genes are consideleglthe ultimate factor
which growth but they do not regulate growth indegently. Instead
genes interact with existing environmental condiido control plant
development.
2.0 OBJECTIVES
By the end of this unit, you should be able to:

e Understand the different morphogenetic factors hod/ they

affect morphogenesis of plants

3.0 MAIN CONTENTS
3.1 Basic concept and effect of morphogenetic facto
Morphogenetic factors are physiological factors alhinduce regulate
and coordinate morphogenetic events in plants. 8 faetors can be a part
of inner or outer environment of the plants.
Morphogenetic factor can be divided into two graups

a) Environment factors

b) Genetic factors
Plants are multicellular organisms which survivainenvironment which
is complex and keeps on changing. Genetic makesmofge/total genes
present in nucleus) remains unchanged except falyrabccurring
somaclonal variation. Now, even since there is hange in genetic
constitution of plant but plants do exhibit phemmtychanges i.e. their
appearance changes or gets modified with changi®inenvironment.
Such phenotypic changes which occur in plants ansidered to have
occurred due to environmental factors. Howeves iquite difficult to
judge whether the morphogenetic change occurringlant is due to a



genetic factor or an environmental factor sincé@wivironmental as well
as genetic factors are operating simultaneouslysp®eses such as
flowering, thickness of cuticle, height of planeagreatly influenced by
environment and get altered according to the clmangnvironment
(change in temperature, pH, light, moisture etcd)evéas characters such
as formation of pits on side walls of vessels, rageanent of leaves etc do
not change with the change in environmental comaiéti The degree of
lobbing in leaves is greatly influenced by changeemperature.
Another class of factors which influence plant giiowr morphogenesis
are nutrients. They act as chemical factors, camee plant body from
outside and participate in biochemical process wewinside the plant.
There are several growth substances which signilicainfluence
morphogenesis in plants.

There are three possible attributes of action of mghogenesis
factors.

1) Itis not necessary that a morphogenetic factor diagtly result
in a response but it may act as a stimuli to tnigdleer biochemical
reaction in an organism.

2) One morphogenetic factor can significantly influerar modify
the action of another factor. No factor can actepehdently;
response mediated by each factor is dependent upen
environment as well as on the status of plant.

3) Aplantis not a constant system i.e. charactptanft changes from
one phase of life cycle to another and also from part of plant
to other part of the plant. Hence, plants may ekhiifferent
response to same morphogenetic factor in diffepbiases of life
cycle. And also different part of plant may respaliifierently to
same morphogenetic factor.

3.1.1 Morphogenetic effect of light

As we all know that light is one of the most crudactors for growth,
development and survival of plants. Light is reqdiby the plants for
vital processes such as photosynthesis, photo rageptesis etc. Beside
these processes, light also influences severalr ofiftgsiological
processes. One of the most prominent effect ot laghmorphogenesis
factor is that any plant reaches its maximum heigtit optimum growth
only when the plant is exposed to sufficient amaiight. If insufficient
light is provided the plants exhibited retardedvgto even if supplied
with sufficient water, nutrients and temperature.

There are three aspects of light which influenaawin of plants:
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a) Intensity: It is the measure of brightness of light or other
illumination i.e. actual energy of the radiation.

b) Quality: It refers to wavelength of the light perceived lhgrs.

c) Duration: By duration it means the length of lightness (cayi
darkness (night) to which a plant is exposed.

The effect of light can have different effect offfelient parts of plant.
Some of the effects of light on plants are:

e Rate of photosynthesis generally increases withrease in
intensity of light to a certain extent.

¢ Intensity of light also affects qualitative tragach as strength of
stem, development of xylem and phloem etc.

e Plants grown in shade have comparatively small sgstem.

e Light intensity is directly proportional to widtHf etem.

e Some herbaceous plants show zig-zag growth pattdight but
grow straight if same plants are grown in darkness.

e Whenever we think of light and plants, we get aagethat light
is required for photosynthesis by plants. But lightlso needed
by plants which lack chlorophyil.

o Etiolation is an important effect of light intensiPlants grown in
darkness are somewhat with pale leaves, weak ayatspoorly
developed xylem and phloem.

e Longer wavelength of light (red light) enhancesnefation cells
and tissues whereas blue light tends to presengatmn.

¢ Quality of light also effects flowering in plants.

e Beside quality duration of light (photoperiodismlsa effects
flowering in plants.

e The length of photoperiod may also effect differaimin of sex
e.g. in Cannabis sativa, when 16 hour photoper®diven
flowering occurs within 4-6 week. About half plarsiee male and
half females. However, same plants when providdatl &ihours
photoperiod, enhanced and fast development occuith w
flowering occurring within 3-4 weeks and about rh¥ plants are
hermaphrodites and half females.

3.1.2 Morphogenetic effect of water

Water is another important morphogenetic factor cwhinfluences
growth, development and morphogenesis in plantgekiNa one of the



key requires for photosynthesis to occur. Deficjeat water results in
phenomenon known as xeromorphy. On the contrarsepiee of excess
amount of water result in small roots. Poor develept of mechanical
and vascular tissue, leaves become then stomateduweed or absent.
These traits are generally regarded as adaptatiGurvive in aquatic
environment. It has been found through severalistudonducted by
different scientist that there exists a definiterel@tion between the
amount of water passing through the vascular tissuethe amount of
vascular tissue developed.

Water also exerts other morphogenetic effects. Dpweent of positive
hydrostatic pressure generally occurs at earlyrapdl leaf growth and
leads to formation of larger leaves. When the hgtdric pressure is low
at later stage smaller leaves are developed.

3.1.3 Morphogenetic effect of temperature

For all living organisms including plants temperatis a crucial factor
which influences morphogenesis as well as metapaticesses occurring
inside the organism. A peculiar feature about tewrmpee is that most of
the responses mediated by temperature are eqtigityed by light. The

most important effect of temperature is on the ghoof plant. Like any

other living organisms plants also need an optimemperature for

growth and development. However, the optimum teapee may vary

from one plant species to another, same plant regyire different

temperature during different phase of life cyclel amoreover optimum

temperature may be different for different regidplant.

As we study the concept of photoperiodism similatiyere exists
thermoperiodism. It refers to daily rhythm in reantto temperature. If
plant is provided with constant temperature thraugt?4 hours, many
plant show slow growth as compared to the growttaiobd when the
same plants are grown in comparatively warmer dagscooler nights.

A plant usually contains many buds out of whichesalbuds do not
develop. Significant amount of study has been cotatlito find out
which factors or growth substances decide that livbhied will develop

and which will not. Temperature is one the crudattors which

influences breaking of bud dormancy. Low temperaisrconsidered to
be an effective treatment for breaking dormancy.
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Another morphogenetic effect of temperature is oles® in form of
vernalization. Vernalization is a process of prawidlow temperature for
induction or acceleration of flowering. For somargb vernalization is a
must for flower to occur. In Horticulture practicgeds and seedlings are
intentionally given treatment of low temperature iteduce early
flowering. In a study conducted by Burstrom (1986yas found that
exposure to high temperature results in reductiolength of root cells.
This is due to shorter period of cell elongation.

3.1.4 Morphogenetic effect of mechanical factors

Physical factors such as compression, tension, ibgrand swaying,
gravity also effect growth and development of pdarithese factors are
also referred to as mechanical factors. These mactmy be called as
mechanical but they are quite simple in charactercampared to
temperature and light. Mechanical factors influemoerphogenesis
indirectly by affecting the physiological procesorring in plants.

There are plants which display thigmotropism (resgeoto contact). This
type of response also involves morphogenetic clanger example,
when a tip of a tendril is touched by another bhanc wire any other
material tendril tends to coil around the wire carixh to provide support
to the plant. This response involves enhanced dgraittendril in the
direction of the support. When the stem of herbasguant bents, smaller
cells are formed on convex side where as thickedlatklls are formed on
concave side. This difference is due to mechasicain. Cells on convex
side are under tension and cells on the concave si@ under
compression.

Gravity is another factor which influences growftptants. Unlike other
morphogenetic factors gravity is continuous, undiag in intensity and
also constant in direction. Downward growth of pamy root, upward
growth of main stem, etc are considered to be rastafions of geotropic
growth reaction. Effect of gravity and light appeto be indistinguishable
from one another. A change in relation to one gahgoroduces a change
in relation to the other. However unlike light (whidirectly affects
morphogenesis) gravity exerts an indirect effegt (b

Influencing other factors) on plant. Gravity is alknown to play an
important role in distribution of growth substances



3.1.5 Morphogenetic effect of chemical factors

Chemical factors also affect morphogenesis in pladbrmally chemical
factor are known to execute their effect on phymjaial processes
occurring inside an organism but beside this theyaffect form and
structure of plant. Till now we have studied abfagtors such as light,
temperature, water, gravity which execute theie@ffon plant through
external environment. But chemical factors influenmorphogenesis
through external as well as internal environment.

There is another peculiar feature of chemical fiactbat their effect can
be localized to a particular part of plant insteddaffecting the whole
plant. Effect of chemical substance varies fronetimtime and from one
phase of plant life cycle to another. Differentneémts are required by
living organisms for several physiological functoElements such as O,
N, K, Mg, C, Ca are considered to be macro elemeitsce they are
needed in larger amounts on the other hand elensaotsas B, Cu, Zn,
Co, Mn are known as microelements (trace elemastf)ey are required
in micro quantities by living organisms.

Nitrogen is essential constituent of all the pnogeiNitrogen is also
reported to enhance growth of plants. In a stusylooted by Burkholder
and Mc Veigh in maize plant displayed better mensitic growth and
enhanced length and diameter of stem when cultivate presence
sufficient quality of nitrogen. Nitrogen is also dwin to enhance
differentiation in phloem with increased growthstéve tube and vessels.
The ratio of C/N is also known to affect morphoggse Nitrogen is
known to support vegetative growth hence plantsrigalow C/N ratio
tends to possess few flowers or fruits. Whereaswihe ratio of C/N is
high abundant flowering and fruiting occurs. Stsdtenducted have also
related C/N ratio to the ratio of shoot length analt length.

Phosphorus is another element which is a primetitoast of nucleic
acid (DNA and RNA). Besides being an important pAPNA and RNA,
phosphorus also promotes cell division in roots lhag little effect on
elongation of stem. If we compare effect of phosphkdo that of nitrogen,
elongation of stem is promoted by nitrogen butogien does not directly
affect cell division.
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Calcium is known to support formation of cell watlowever, calcium is
not directly a part of composition of cell wall btiproduces its effect by
bringing changes in cytoplasm. Zn is a trace elérenis known to have
an indirect effect on maintaining auxin in its aetistate. Boron is also
required for cell wall formation. Deficiency of Bar causes hypertrophy
and hyperplasia of tissue.

Plant hormones better known as plant growth regrdadlso control and
coordinate morphogenesis in plants. Auxin and agiokemain to be the
most significant plant hormones, along with themmykeine is crucial for
fruit ripening, Gibberellic acid for germination. IrAost all the

morphogenesis response or growth shown by plante@iated by one
or the other hormone.

3.1.6 Morphogenetic effect of genetic factor

Genes are known to have specific response to #ispsovironment. We
are very well familiar with George Mendsllaw of genetics. In his first
law called as Law of dominance he described howeriténce of genes
governs formation of tall or short plantsRisum sativumBoth types of
plant (tall and short) can be easily differentiatexn one another based
upon their genetic composition. Transcription arahslation of genes
leads to synthesis of enzymes which directly regutat control growth
and morphogenesis in plants. Generally any morphetge trait is not
entirely controlled or affected by a single gend many genes or
polygenes collectively affect morphogenesis. Onehefkey effects of
genes on morphology is seen in extent of growthiedkas on distribution
of growth. Several examples are available wherpesbéleaves, flowers,
fruits is inherited and controlled by gene expr@ssi

Some plants develop perfect or complete flower f@avboth male
(staminate) and female (pistillate) flowers. Sulchwers are also known
as hermaphrodite or bisexual and when male andléeiboavers develop
on the same plant i.e. some flowers will be matk some flowers will be
female such plant is called monoecious and theitonds known as
monoecism whereas when male and female flowerslajeoa separate
plant as seen in case of animals and the plaralisdcdioecious and the
condition is known as dioecism In this case a m&lat will develop only
male flowers and female plant will develop only Eeflowers. Some
common example of dioecious is strawbeffyagaria). These types of



sexual development in flowers are controlled bycgmegene. However,
environmental factors equally contribute to develept of sex of

flowers.

Genes also play a crucial role in production argliritution of growth

substances which in turn affects morphology of pl&enes also control
photoperiodic effect which regulates flowering ilugs. As a result of
gene mutation, the flower time and season may/|tgred.

Most plant are haploid i.e. two sets of chromosameach nucleus. In
some plants number of sets of chromosome is mgdipSuch plants are
called polyploids (triploid with three set of genéstraploid with four set
of genes and so on). Polyploids plants are beligeedxhibits better
growth in terms of leaves size, enhanced numbersaedof fruits and

flower etc. But this increase is restricted to @iertevel only.

SELF ASSESSMENT EXERCISE

. Explain the different morphogenetic factors
. How does these factors affect morphogenesis otplan

4.0 CONCLUSION

In this unit, Morphogenesis is defined as a proosmscerned with

formation and development of whole plant, a parplaht or a specific

structure. This difference develops due to difiee2in growth pattern,
growth rate and different dimension of growth. Bifint factors called as
morphogenetic factors affect growth and developnodémilants. These
factors can be environmental such as light, tentpexa water etc,

Physical factors and mechanical factors also affeatphogenesis in
plants. Beside environmental factor, genetic fa¢tmnes) also control
and regulate morphogenesis. Genes are considerbd the ultimate

control agent of growth and development. Howevenes alone do not
control growth instead they interact with prevajlirenvironmental

conditions to regulate growth.

5.0 SUMMARY
Different factors called as morphogenetic factoffeca growth and
development of plants. These factors can be emviemtal such as light,

temperature, water etc, Physical factors and mechldactors also affect
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morphogenesis in plants. Beside environmental fagienetic factor

(genes) also control and regulate morphogenegibt is one of the most
crucial factors for growth, development and surlieé plants. Light

influences flowering, height, strength of stem,elepment of xylem and
phloem etc. Plants also need an optimum temperdéurgrowth and

development. However, the optimum temperature nmey rom one

plant species to another. Physical factors suctoagpression, tension,
bending and swaying, gravity also effect growth a®Vvelopment of
plants. Chemical factors also affect morphogengsiplants. Several
elements are required by plants for normal forrmatmd growth of

tissues and organs. Nitrogen enhances differemtiaitn phloem and
increases growth of sieve tube and vessels. Tioea&a€/N is also known
to affect morphogenesis. Phosphorus also prometedicision in roots.

Boron is also required for cell wall formation. @&snremain to be the
most crucial factor governing growth and developtresthey control
and regulate complete morphogenesis of plant gtétom establishment
of polarity, vegetative growth and reproductivegtio.

6.0 TUTOR-MARKED ASSIGNMENT

1. Mention about significance of vernalization in heutture?

2. On what parameter effect of gravity differs fronieef of other
morphogenetic factors?

3. Length of photoperiod can also affect sex of pl&@ite a suitable
example in support of the statement?

4. Explain the meaning of morphogenetic factors. Mentabout
different types and function of morphogenetic fasto

7.0 REFERENCES/FURTHER READING

Souter M and Lindsey K (2000). Polarity and signgliin plant
embryogenesislournal of experimental Botarbi: 971-983.

Medvedev, S.S. (2011). Mechanisms and physiologudalof polarity in
plants.Russian Journal of Plant Physiolo§9:502-514.

Ramage, M.C. and Williams, R.R. (2002). Mineralrition and plant
morphogenesisn vitro Cell developmental Biolog38:116-124.
Textbook of Plant Biotechnologhl.S Chawla



MODULE 9: EMBRYOLOGY

Unit 1: Male Gametophyte
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UNIT 1: MALE GAMETOPHYTE
CONTENTS
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1.0 INTRODUCTION

A living organism cannot survive forever. For egiste each species has
to continue and for it, each member must reprodiscewn kind. Dear
students you all know that plants reproduce by askewegetative and
sexual means.

Asexual reproductiors the formation of new individuals from the cell/s
of single parent. The offspring will be exact genebpies of the parent
except in specific cases of ‘automixis'. Asexupteduction is of various
types (fission, sporulation, budding, fragmentatiparthenogenesis) and
vegetative propagation is one of asexual reprodadiipes. Regeneration
of plant from any vegetative part of it i.e. stentting, rhizome, tuber,
bulb, leaves etc. is known as vegetative reprodobiegetative
propagation.

2.0 OBJECTIVES
By the end of this unit, you should be able to:
1) Explains the male gametophyte?
2) What do you understand by the term ,microsporogsifes
3) Is there any difference between the terms sporayenand
microsporogenesis?
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4) What is the process of development of male gamgtepim
Angiosperms?

3.0 MAIN CONTENTS
3.1 Male Gametophyte

Asexual reproduction including vegetative one isaanessory mean of
propagation and do not involve genes from diffecatitineages whereas
in sexual reproduction, fusion of two dissimilarngates from two
different parents leads to formation of new combareof genes.
If we are talking about the life cycle of floweripéants, it is characterized
by an alternation between a dominant sporophyti@gsion and a highly
reduced gametophytic generation. Dominant sporaplggneration is
diploid and reduced gametophytic generation isdidpl
The normal sexual cycle (amphimixing) involves twmportant
processes:

1) Meiosis and

2) Fertilization

In meiosis also known as reduction division, a aighlsporophytic cell
(SMC,; spore mother cell) gets converted into foaplbid gametophytic
cells. (“2n* number of chromosomes becomes half i.€. npomber of

chromosome)
Meiosis - @ @
Diploid sporophytic cell Haploid gametophytic cells

In fertilization, two haploid gametes of opposiexguse to form diploid
sporophytic generation.

@ - @ Fertilization
—_

Haploid gametes Diploid sporophytic cell



So we can say, in a sexual cycle a diploid germrafsporophytic)
alternates with a haploid generation (gametophytic)

The major function of diploid sporophytic generatitss to produce
haploid spores, which are the products of meidgmres undergo cell
proliferation and differentiation to develop intargetophytes. The major
function of gametophytic generation is to produaplbid gametes.
During the Angiosperm life cycle, the sporophytedarces two types of
spores, microspores and megaspores. These spoegigg to male
gametophytes and female gametophyte, respectifélg. Angiosperm
gametophyte develops within sporophytic tissued ttanstitute the
sexual organs of the flower.

The male gametophyte, also referred to as the rmpodieain or
microgametophyte, develops within the stafisesnther and is composed
of two sperm cells encased within a vegetative @¢dCormick, 1993,
2004).

The female gametophyte, also referred to as therymisac or
megagametophyte, develops within the ovule, whscfoiind within the
carpel's ovary.

In Angiosperms the gametophytic generation is saod is represented
by embryo sac (on the female side) and microsparesllen grains (on
the male side).Remaining part of the life cycle is sporophytic
generation.The sporophyte eventually produces flswe

Stigma

Style
\Anther

Stamen
Filament
Petal Pistl
L
- ~ Sepal
. ~Ovule
Thalamus |~ Ovary \

Pedicel
Fig. 9.1: Flower showing reproductive organs
Production of spores and formation of gametesmap®rtant events in the
sexual reproductive cycle that take place in thevdr.
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The floral organ concerned with male sexual repetida is the stamen,
and the part of the stamen where events of maleasesproduction occur
is the anther. Similarly the floral organ concerneith female sexual
reproduction is the pistil (carpel), and the pdrthe pistil where events
of female sexual reproduction occur is the ovukada the ovary (Fig.
9.1).
Now it is clear to you that Angiosperm plants aidald sporophytes i.e.
spore bearing plants and haploid spores are dea@ltyy meiosis or
reduction division. The male spores or microspaes developed by
meiosis within the microsporangium (pollen sac)le/ithe female spores
or megaspores are developed by meiosis within tbgasporangium
(ovule). These, in their turns, develop the malel ahe female
gametophytes which are endosporous (developindertbie spores).
The process of development of the spore is termep@rogenesis. When
it is microspore (pollen), it is termed as microgmenesis. When it is
megaspore, it is termed as megasporogenesis (Big. 9

Diploid sporophyte generation 7

Petals
— B

Flower

Sporophyte (1) 3-_"":" b o~

Seed /

germination

“ WAL Microspores (1) (' Gametaphyte
-
f Filament i)

Megasporangium
(2n)

Fig. 9.2: Life cycle of a typical Angiosperm (examie - a pea plant).

The sporophyte is the dominant generation, buticalialar male and
female gametophytes are produced within the flowéthe sporophyte.
Cells of the microsporangium within the anther ugdemeiosis to
produce microspores. Subsequent mitotic divisiaesliited, but the
end result is a pollen grain. The megasporangiumprasected by two
layers of integuments and the ovary wall. Withie thegasporangium,
meiosis yields four megaspores-three small andange. Only the large
megaspore survives to produce the embryo saclifFaron occurs when



the pollen germinates and the pollen tube growsatdvthe embryo sac.
The sporophytic generation may be maintained inoemdnt state,
protected by the seed coat

3.2  Structure of Anther

The fertile portion of stamen is called anther.adly the stamen is a
slender organ and consists of the proximal stpel, the filament (stalk)
bearing at its distal end a fertile part, the anthetypical anther has two
anther lobes connected by a connective and eadteralube has two
pollen chambers (microsporangia/pollen sacs). Rollgrains
(microspores), which contribute the male gametss,paesent in each
microsporangium or we can say are formed withiruather.

Microsporangum
Microspores
Tapetum
et p
— Anther
.b 4
Pollen
| erains e
\ Polen ' .
\ sacs 1"
Anther ’ ;
\ | }
/| —Filament | '
Filament

Fig. 9.3: Stamen showing dithecous anther

When the anther has two lobes then it is termetitascous(two lobed)
as inCitrushaving four microsporangia (Fig. 9.3). Sometimehanmay
have single lobe instead of two, at this conditarther is termed as
monothecous (one lobed) as inHibiscus rosa-sinensifiaving two
microsporangia. A young anther comprises a massndffferentiated
thin-walled cells bounded by epidermis.

Flowers are structures of sexual reproduction. &sgential organs of
flower are stamens (microsporophylls) - which méileeandroecium, and
carpels (megasporophylls) - which together form glgoecium or the
androecium represents the male reproductive elendrihe flower and
gynoecium, the female reproductive elements ofltveer.
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3.2.1 Microsporangium (pollen sac/pollen chamber)

The microsporangium is a structure in an anthercwigroduces the
microspores and eventually the male gametophytmigosporangium
or future pollen sac is a cylindrical sac which e circular in
transverse section. It consists of two parts, owvatl and central
homogeneous mass of sporogenous tissue. Microggiatavell has four
types of layers:

1) Epidermis (common anther covering)

2) Endothecium

3) 2-3 middle layers and

4) Tapetum

3.2.1.1Development of Microsporangium

During the development of microsporangium, the @nth seen initially
as a homogeneous mass of meristematic cells, oblargss section and
surrounded by a well defined epidermis (Fig. 9.4 W}then becomes
more or less four lobed and in each lobe some hgqmoal cells become
more prominent than the others because of thejetasize, more deeply
staining cytoplasm and conspicuous nuclei. Thedis censtitute the
archesporial initials (archesporium) (Fig.9.4 Bhefe may be only one
archesporial cell in each of the four lobes asBwerhaavia. The
archesporial cells divide by periclinal divisiom @ plane parallel to the
outer wall of the anther lobe), cutting off primgarietal cells toward the
epidermis and primary sporogenous cells towardhtieeior of the anther.
Then the cells of parietal layer forms 2-5 layefsaather wall by
undergoing a series of divisions, both periclirailgell as anticlinal. The
primary sporogenous cells either directly or afeaw mitotic divisions
functions as microspore mother cells or pollen raoitells (MMCs or
PMCs).

A rchesporiz=l ‘i:r_l:i'l:?ia_ls . =
Fig. 9.4: In cross section anther is showing - A: éimogenous mass of
meristematic cells surrounded by epidermis; B: Arckesporial
initials



3.2 Microsporogenesis

“Microsporogenesis means development of microsppodsen grains”.
The process of development of the microspore (pdplis termed as
microsporogenesis. During microsporogenesis thelenac of each
microspore mother cell or pollen mother cell (2mdargo meiosis or
reduction division, giving rise to four haploid gs®ssing ,1i number of
chromosomes) microspores. At the end of meiosisr fbaploid
microspores are enclosed in a common callose Wadl.individual spore
lacks a wall of its own and it is a callose pastitwhich separates spores
from each other. Aggregates of four microsporesalled as microspore
tetrads. Later on each spore forms its own wad.(8i5).

Secretion of Walls

Meiosis I Meiosis II
& N
s — o e—Peie—)0 @
Y L
Pq]ler? mother cell Tetrad of four haploid Seperate pollen grains
(diploid) pollen cells

Fig. 9.5: Microsporogenesis
3.3 Development of Male Gametophyte in Angiosperm
3.3.1 Gametogenesis

Process of development of male gametophyte is krasngametogenesis
and haploid microspores or pollens formed from adglMicrospore
Mother Cell (MMC) as a result of meiosis are thstfcell (mother cell)
of male gametophyte. Therefore MMC could be cabedlast cell of
sporophytic generation or sporophyte. Soon micreespoeleased from
the tetrad and are referred to as pollen grains.

The development of the male gametophyte is remérkabiform in
Angiosperms. Microspore is the first cell of a mgkemetophyteThis
cell undergoes only two divisionsThe second division is concerned with
generative cell only and this division may takecpl&ither in the pollen
grain or in the pollen tube. The life of the magetophyte is very short
as compared to that of the sporophyte.
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3.3.1.2Pre-pollination development

Pollen grains begin to germinate before pollination

A pollen grain divides mitotically (first divisionjo form two unequal
cells, a smaller generative cell and a larger \asyet cell (also known as
tube cell) (Fig. 9.6).

Pollen grain

1* mitotic division /\

Larger vegetative cell (tube cell) Smaller generative cell

In over 60% of flowering plants, mostly dicots, leal grains are shed
from the microsporangium at 2-celled stage (tubetcgenerative cell)

for pollination. Generative cell divides after podition and in the

remaining species, pollen grains are shed at 8atstiage (tube cell + two
male gametes). Generative cell divides before ipetilon.

3.3.1.3Post-Pollination development

Once the pollen grain reaches the receptive stidomameans of
pollination, it germinates.

On the stigma the compatible pollen grain absorbgewand nutrients
from the stigmatic secretion through its germ poréke tube or
vegetative cell enlarges and forms a long slend#em tube by coming
out of the pollen grain through one of the gerngsott secretes pectinase
and other hydrolytic enzymes to create a passageifothe style if the
latter is solid. The pollen tube absorbs nourishinfiem the cells of the
style for its growth.

As the pollen germinates and the pollen tube cayaéghrough the germ
pore, the generative cell soon divides mitotic&dly the second time to
form two non-motile sperms (male gametes). This iacknown as
spermatogenesis. The generative cell or its praduct. two male
gametes and the tube nucleus migrate into the rpalibe which now
represents the mature male gametophyte.



3.3.2 Pollination

It is the process of pollen transfer from antherstigma of a flower.
Therefore for pollination the first and very impamt requirement is the
release of pollen grains from the pollen chambédrfanreleasing pollens
anther must dehisce.

Anther dehiscence

For dehiscence of anther three types of specialcadid are required-
stomium, septum and endothecium. The opening throngich the

pollen grains are discharged from the pollen samiled stomium. The
septum, that separates the two lobes of an arireaks down at a later
stage. The cells of endothecium are thin walledh@ladhe line of

dehiscence of each anther lobe. On maturity ofamther, a strain is
exerted on the stomium due to the loss of waterth®y cells of

endothecium, with the result the stomium ruptures @éhe anther
dehisces. Mature anther, generally dehisces by sneaslit or apical

pores.

SELF-ASSESSMENT EXERCISE
1) Explains the male gametophyte?
2) Explain the term ,microsporogenesis”?
3) Differentiate between sporogenesis and microsporesje?

4.0 CONCLUSION

In this unit we have discussed the meaning of wariterms i.e.
gametophyte, male gametophyte, microsporogendsisaed about the
structure of anther. We also learnt about the pm®ceof
microsporogenesis, and various steps of gametoptgteslopment.
Alternation of generation is a remarkable aspedheflife cycle of all
higher plants. Angiosperm plants are diploid spbyops i.e. spore
bearing plants and the haploid spores are develop@deiosis. In some
plants gamete formation takes place after the seled pollen from the
anther, it is called ,the pollens are shed at theelfed stagé while in
some plants gamete formation takes place whilepibleen are still
confined to the anther, it is called ,the pollems ahed at the 3-celled
stagé.
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50 SUMMARY

Gametophyte is the haploid generation producingegasin plants. Male
and female reproductive organs in plants are staareh carpel, the
necessary parts of floweilhe male spores or microspores (pollens) are
developed by reduction division or meiosis withie microsporangium
(pollen sac). Each mother cell undergoes meiosisdirction division to
form four microspores (pollen grains). The procafsgevelopment of the
microspore (pollen) is termed microsporogeneditie pollen grain or
microspore is the first cell (mother cell) of thale gametophyte. Male
gametophyte is endosporous i.e. developing inslie gpores.At
maturity, pollen grains released and through variagents i.e. wind,
water, animal etc. reach the compatible stigmaéeiof the same flower
or another). This is known as pollination.

6.0 TUTOR-MARKED ASSIGNMENT
1) What is gametogenesis? Explain development of male
gametophyte
2) What are the pre-pollination and post pollinatidgaps in male
gametophyte development
3) Write explanatory note on development of microspgnam.
4) What do you understand by microsporogenesis. Howadtirs?

7.0 REFERENCES/FURTHER READING

Elaine Lopes Pereira Nunes, Cleusa Bona, Maria’lzede Chiara
Moc,0 and Alessandra Ike Coan. (2009) Releasewdldpmental
constraints on tetrad shape is confirmed in inapat¢ pollen of
Potamogeton Annals of Botany. Page 1 of 5
doi:10.1093/aob/mcp160, available online at
www.aob.oxfordjournals.org

Jonathan Yam and Whitney Hagins.Seedless fruit emedhods of
Parthenocarpyl Experimental Secondary Scienpp 1-3

Raghavan,V. (2000). Microsporogenesis and formaténthe Male
Gametophyte. InDevelopmental Biology of flowering Plan{sp
186-215

Singh,V., Pande, P.C. and Jain, D.K. (2008)Text Book of Botany
Rastogi Publications, Meerut.



UNIT 2: FEMALE GAMETOPHYTE
CONTENTS

1.0 Introduction
2.0 Objective
3.0 Main Content
3.1  Structure of ovule
3.2 Megasporogenesis
3.3 Development of the female gametophyte with i@aler
reference td?olygonuntype
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Life cycle of plants alternate between multicelihaploid gametophyte
and multicellular diploid sporophyte and both diffeorphologically as
well as functionally.

According to Gifford and Foster (1989), in a lifgcte of a plant:

e Diploid sporophyte produces haploid spores as ailtresf
reduction division (meiosis).

e Spores develop into gametophytes.
e Gametophytes produce haploid gametes.

e The fusion of female gamete (egg) and male gameés gise to
the zygote.

e Zygote is the beginning of diploid sporophyte.
When we are talking about the life cycle of Angiesps:

¢ Diploid sporophyte produces two types of sporesraspores and
megaspores.

e Microspore develops into male gametophyte as dsstlsn
previous unit and megaspore produces female gamgp/hich
we will study in this unit.
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The gametophyte in Angiosperms develops within gploytic tissue —
the sexual organs of the flower. The male gametaplueveloping pollen
grain composed of two sperm cells encased withiregetative cell)
develops within the anther, fertile part of therséa (McCormick, 1993,
2004). The female gametophyte (embryo sac) develaién the ovule
which is found within the ovary.

Gynoecium or pistil represents the female repradaairgan in a flower
and carpel is a unit of it. A carpel consists baaal swollen ovary bearing
one or more ovules, a receptive stigma, and oftestak-like style
between them (Fig. 9.7). Ovules as you have reade@aclosed by the
ovary wall. The part of the carpellary tissue toiskhthe ovules are
attached is called placenta and the distributioowafles in the ovary is
described as placentation.

Ovule also known as megasporangium is the pladerofation of the

megaspores and the female gametophyte. The lafter, fertilization

produces the embryo and endosperm, while the em@&gasporangium
with its enclosed structure becomes the seed angrtigenitor of the next
generation.

2.0

Stigrma

Stvile

COwrar -

Fig. 9.7 Gynoecium
OBJECTIVES

By the end of this unit, you should be able to:

What is ovule?

How many types of ovule are there and on what bhgyg are
differentiated?

What is megasporogenesis?

Are all megaspores responsible for female gametephy
formation?



e Is there any difference between female gametopbytembryo
sac?

e ExplainPolygonuntype of embryo sac.
3.0 MAIN CONTENT

3.1  Structure of Ovule

The megasporangium or ovule consists of nucellus it protective
coats, the integuments. It is attached to the placen the inner wall of
ovary by a stalk called funiculus (funicle) and fi@nt of attachment of
the body of the ovule to the funiculus is calleldim.

A mature ovule, ready for fertilization, consistsrucellus enveloped
almost completely by one or two sheaths, knowmgguments, leaving
a small opening at the apical end. This openingh®wvn as micropyle.

The basal region of the ovule where it is attacteedhe placenta by
funicle, is called chalaza and so this side is km@s chalazal end. Its
opposite end is termed as micropylar end, the pagsage for the entry
of the pollen tube into the ovule. In the nucelliggale gametophyte is
present, also known as embryo sac.

Nucellar tissue is parenchymatous and represergswdll of the
megasporangium. The nucellus is mostly consumethéydeveloping
embryo sac or endosperm. Each ovule has only ocellns. However,
two nuclei may occur as abnormality within a commfmd of

integuments as has been observeflagle marmeloéFig. 9.8).

The ovule with a single integument is called unitég with two

integuments is called bitegmic and without integnfrig called ategmic.
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Fig. 9.8: Structure of ovule
3.1.1 Parts of the ovule:

Funiculus or Funicle: A stalk by which ovule isaathed to the
placenta

Nucellus: the body of ovule

Integument: the protective covering of nucellus

Micropyle: small opening formed by two integumerdser
nucellus

Chalaza: basal part of the ovule

Hilum: region where ovule fuses with funiculus

Embryo sac: female gametophyte located in the iussel
developed from megaspore

3.1.2 Types of ovule

On the basis of the position of the micropyle wihpect to the funiculus,
mature ovule can be classified into six main tygésese are:

1.

SO REN AN

Orthotropous
Anatropous
Campylotropous
Amphitropous
Hemianatropous
Circinotropous

Depending on the extent of development of the uge@nd on the basis
of position of sporogenous cell, ovule can alsed&tegorized as:



1. Tenuinucellate type

2. Crassinucellate type

e Tenuinucellate type The archesporial cell directly functions as
the megaspore mother cell so that the sporogenellisscalso
hypodermal. Such ovules, where the sporogenous isell
hypodermal and the nucellar tissue around it remaimgle-
layered, are calleténuinucellate

e Crassinucellate type The hypodermal archesporial cell divides
transversely, forming outer parietal cell and ameinsporogenous
cell. The parietal cell may either remain undividedundergo a
few divisions (both periclinal as well as anticiinao that the
sporogenous cell becomes embedded in the masstedlusl The
sporogenous cell may be embedded in the massivellusidy
divisions in the nucellar epidermis. All such owilehere the
sporogenous cell becomes subhypodermal, by eitheveatwo
means, are calledrassinucellate

3.2 Development of Ovule

The ovule at first arises as a primordium on ttee@hta in the cavity of
the ovary. Later due to meristematic activity o€ thells of ovular
primordia, the protuberance become prominent andiginto a mass of
tissue, the nucellus. The initials of two integunsearise at the base of
the nucellus. The inner integument which is usufaltyned first, initiates
from the epidermal layer and the outer integumeninitiated either
dermally or subepidermally. With the differentiatiof integuments the
ovule begins to curve and by the megaspore tetagk st assumes its
final shape. Although the integuments initiate lakey grow faster than
the nucellus. The integuments soon cover the nugielkaving a small
opening at the tip, the micropyle.

Fig. 9.9: Stages of ovule development and megaspgemesis. A.
Protuberance of placental tissue and differentiatia of
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archesporium (shaded); B. Parietal cells and megaspe mother cell
(shaded). One integument is developing; C. Lineaetrad of
megaspores (shaded); D. Disintegration of the thragpper
megaspores and enlargement of the functional megase. Both
integuments have developed.
Female gametophyte development occurs in two phases
1. Megasporogenesis
2. Megagametogenesis
The developmental pattern exhibited by most spesiesferred to as the
Polygonuntype because it was first describedwlygonum divaricatum
(Strasburger, 1879; Maheshwari, 1950).

3.2.1 Megasporogenesis
“Development of the megaspore within the ovule (aspgprangium) is
known as megasporogenesis.”

A hypodermal cell in the nucellus (at the micropyéad) differentiates
and functions as the archesporium (archesporil tak distinguishable
from the other cells as it becomes more prominlean its surrounding
cells due to its large size, dense cytoplasm amye laucleus.

As it is now clear to you from the previous sectihat ovule can be
categorized into two types (tenuinucellate and ssnasellate), on the
basis of position of sporogenous cell. So hereemuinucellate type of
ovule, the archesporial cell directly functionsrasgaspore mother cell
(MMC) and in crassinucellate type of ovule the asporial cell do not
directly behave as MMC and instead of that it d#gcpericlinally into

two cells. An outer primary parietal cell (ftowarsidermis) and an inner
primary sporogenous cell. Now this primary sporagencell functions

as the megaspore mother cell.

Megaspore mother cell is also known as megaspardegving diploid
(2n) chromosome number. It undergoes meiosis eguation division.
As a result of this four haploid megaspores amnéat. After first meiotic
division, the wall is laid down transversely, fongia dyad. The second
meiotic division in the two dyad cells is also s&arse. In this way a row
of four haploid megaspore cells (linear tetradprsned. Meanwhile, two
integuments develop from the base of the ovule.



Functioning megaspore

During megasporogenesis, the diploid megaspore enattll undergoes
meiosis and gives rise to four haploid nuclei. Arsgierms exhibit three
main patterns of megasporogenesis, referred tooa®$sporic, bisporic,
and tetrasporic. The three types differ mainly imether wall (cell plate)
formation occurs after these divisions, thus deteimg the number of
meiotic products that contribute to the formatidnttte mature female
gametophyte.

Pollination

Dear students after reading male gametophyte uditthis unit about

female gametophyte, you should have learnt by n@at/rhale gamete is
contained within the microspore which develops adengametophyte
while the female gamete (egg) is contained withire tfemale

gametophyte which is the embryo sac develops wittermegaspore and
is located within the megasporangium or ovule. I8® riext biological

phase is pollination.

You are also familiar about the term pollinationiethmeans the transfer
of the pollen from the anther to the receptiversagvhether of the same
flower or of a different flower.

Based on the destination of pollen grains, two sype&pollinations are
there:

1) Self-pollination: If the pollen is transferred froanther to the
stigma of the same flower, it is called self pdlion or autogamy
as in pea, wheat and rice. When the pollen oflomeer pollinates
the stigma of different flower, but on the samenplat is called
geitonogamy.

2) Cross-pollination: If the pollen is transferredrfraanther to the
stigma of the another flower, it is called crosdlipation or
allogamy as in hemp and willow. Cross pollinatiothhn a species
(may be inter-varietal) is termed as xenogamy.

Pollination leads to fertilization and productiohseeds and fruits which
ensure continuity of plant life.
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Agents for pollination
Pollination process can occur by different agencisch can be
classified into two categories:
1) Abiotic such as wind (anemophily or anemophilous)l avater
(hydrophily or hydrophilous) and
2) Biotic such as insects (entomophily or entomopls)pibirds
(ornithophily or ornithophilous), and bats (cheiteqphily or
cheiropterophilous).

SELF ASSESSMENT EXERCISE
e \What is ovule?

e How many types of ovule are there and on what btheg are
differentiated?

e What is megasporogenesis?

e Are all megaspores responsible for female gametephy
formation?

4.0 CONCLUSION

In this unit we have discussed the structure ofewypes of ovule on the
basis of the position of the micropyle with respgedhe funiculus, as well
as on the basis of dependency on the extent of@f@went of the nucellus
and on the basis of position of sporogenous caltthier development of
ovule along with megasporogenesis, female gameteptigvelopment
with particular reference tdPolygonumtype was described. After
development of male and female gametophyte, thebielogical phase
is pollination, which is must for fertilization. Hioaation means the
transfer of the pollen from the anther to the réiwepstigma whether of
the same flower (self-pollination) or of a diffeteflower (cross
pollination). Abiotic (wind and water) and biotim§ects, birds and bats)
agents are responsible for pollination. On the $adi these agents
pollination may be anemophilous (by wind), hydrdpbs (by water),
entomophilous (by insects), ornithophilous (by bjrd and
chiropteriphilous (by bats). Pollination ends irapious dusting of the
stigma surface with pollen grains.



5.0 SUMMARY
The whole unit is summarized in the following keyimts:

e Gametophyte is the haploid generation producing egas in
plants.

e When we are talking about female then it is saidbé¢ofemale
gametophyte.

e The female gametophyte (embryo sac) develops witterovule
which is found within the ovary.

e A carpel consisting of a basal swollen ovary beaone or more
ovules, a receptive stigma, and often a stalk-fiikde between
them.

e Ovule consists of nucellus surrounded by integusient

e Ovule, on the basis of the position of the micrepyith respect to
the funiculus, is of 5 types - Orthotropous, Anptos,
Campylotropous, Amphitropous, Hemianatropous.

e Ovule depending on the extent of development ohtieellus and
on the basis of position of sporogenous cell, is2ofypes -
tenuinucellate and crassinucellate.

e Female gametophyte (embryo sac) located in the liosce
developed from megaspore.

e Female gametophyte development occurs in two phases
megasporogenesis and megagametogenesis

e The process of development of the megaspores imeter
megasporogenesis.

e The female spores or megaspores are developed NG by
reduction division or meiosis within the megaspaiam (ovule).

e The functional megaspore now forms the female gophste
(embryo sac).

e Development of the female gametophyte is completely
endosporous means within the megaspore.

e During megagametogenesis, the functional megasgioss rise
to the mature female gametophyte.

o After development of male and female gametophyie, next
biological phase is pollination, which is must fertilization.
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¢ Pollination means the transfer of the pollen frdra &nther to the
receptive stigma whether of the same flower (selfipation) or
of a different flower (cross pollination). Abiot{evind and water)
and biotic (insects, birds and bats) agents arporesble for
pollination.

6.0 TUTOR-MARKED ASSIGNMENT
Briefly discuss the history of Crop Physiology base the following
headings;

1. State the different types of ovule.

2. Explain the patterns of megasporogenesis and meggggenesis
in Angiosperms.

3. “Agents of pollination”, throw light on this sentem
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1.0 INTRODUCTION

In this unit we will discuss about fertilization darpost fertilization
developments along with some very important phemaneccurring in
the life cycle of Angiosperm plants i.e. apomixaslventive embryony,
polyembryony and parthenocarpy.

The capacity to reproduce is one of the most ingmrtharacteristics of
life and is aimed to sustain the individual speciksproduction methods
are mainly of two types- asexual and sexual. Iwdong plants sexual
method of reproduction requires fusion of two gasebne from male
organ and other from female organ of the plant. dreeluct of the fusion
of two different gametes is zygote and this fugiwacess is known as
fertilization.

In Angiosperms fertilization initiates with the cpatible type pollen

(male gametophyte) reaching the stigma and endistiagtfusion of male
and female gametes in the embryo sac (female gaimgs). The pollens
received by the female reproductive organ i.e. ggnan are held at the
stigma.

There is no such way by which the pollen (male gajnean reach to the
egg (female gamete) in the embryo sac. So to omezdhis difficulty
pollen germinate on the stigma and forms poller twhich penetrate the
stigmatic tissue, grows down the style, entersothary and finally finds
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its way into the embryo sac (female gametophytejuph ovule. Here it
releases two sperms (male gametes) in the vianfittye female gametes.
Out of the two sperms, one fuses with the egg @yng and forms
zygote. The other one fuses with the polar nucléhe secondary nucleus
(triple fusion) and forms primary endosperm nuclellss phenomenon
is known as double fertilization and is a charaster unique feature of
the Angiosperms. After series of divisions primandosperm nucleus
forms endosperm, endosperm is very nutritive tighia¢ nourishes the
developing embryo. Zygote or oospore forms embryther
dicotyledonous or monocotyledonous embryo, as ése cmay be.

2.0 OBJECTIVES
By the end of this unit, you should be able to:
e What is fertilization?

e About the different ways of entry of pollen tub¢oithe ovule.
e What is syngamy?

e What do you understand by triple fusion?

e What comes in post fertilization developments?

e Also become familiar with terms like apomixis, freahogenesis
etc. What is polyembryony and on what basis it learclassified
into different types?

e Define parthenocarpy.

3.0 MAIN CONTENTS
3.1 Fertilization

“Fertilization is the process of fusion of two drmegar reproductive units,
called gametes.” In flowering plants, the procafsiertilization was first
discovered by Strasburger in 1884. As describediegathe female
gametophyte (embryo sac) of Angiosperms is situatdtie ovule, at a
distance from the stigma. There is no such deveeeldped in the
gynoecium (pistil) which facilitates transfer ofljgm from stigma to
embryo sac. Therefore the pollen after reachintpeostigma produces a
pollen tube which facilitates transport of male gi®s deep into the
embryo sac from stigma.



In Angiosperms, the fertilization is being completd as follows:
e Germination of pollen grains and growth of pollen tibe

When the pollen is shed from anther it has usualtycells:
1) A generative cell

2) A vegetative cell (tube cell)

The generative cell forms two male gametes. Onegdilen has landed
on compatible receptive stigma as a result of pation, its germination
starts. On the surface of stigma the pollen hydraidis means pollen
absorbs water from the surrounding and swells.rAfiat the vegetative
cell forms a pollen tube. The stigmatic fluid séedeby the stigma
contains sugars, lipids and resins, etc. which ipes/suitable medium
for the germination of pollen grains. Pollen graasswell as pollen tube
contain an enzyme cutinase which helps in the pat@t of pollen tube
into the stigmatic tissue. Cutinase as the nameates degrades the cutin
of the stigma at the point of contact with the polltube. The entire
content of the pollen including two male gametegeferative cell move
into the pollen tube (Fig. 9.10).

The growing pollen tube penetrates the stigmaisie and pushes its way
through the style and then down the wall of therpv@he style may be
hollow or solid. If it is hollow, then the polleutie grows along the
epidermal surface but in case of solid style, thléep tube travels through
intercellular spaces between the cells which ligspath.

Germinating polien
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J |' II Stvis
H Pollen tube

3\ Antipodal cell
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Ege cell
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Fig. 9.10: Longitudinal section of a flower showingrowth of pollen
tube

3.1.1 Entry of pollen tube into ovule

After arriving in the ovary, the pollen tube finds way into the ovule.
The pollen tube may enter into the ovule via theées;
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1. Through the micropyle
2. Through the chalazal end
3. Through the integument

On that basis of modes of entry and place of pdilére into the ovule,
three terms are given as follows:

a) Porogamy: When the pollen tube enters the ovuleutiir the
micropyle, the condition is known as porogamy. Tikithe most
common mode of pollen tube entry into the ovule smdhe most
common type of fertilization.

b) Chalazogamy: When the pollen tube enters the atwmtrigh the
chalazal end, the condition is known as chalazogdinig type of
pollen tube entry into the ovule and so the typéedilization is
observed in Casuarina, Betula and Juglans regia The
chalagogamy was first reported by Treub (189 asuarina

c) Mesogamy: When the pollen tube enters the ovuleutyir the
integument or through the funiculus, the conditisrknown as
mesogamy. This type of pollen tube entry into thele and so the
type of fertilization is observed irCucurbita (through the
integument), anéPistacia(through the funiculus).

Porogamy Chalazogamy Mesogamy

Fig. 9.11: Modes of entry of pollen tube into the\ale
3.1.2 Entry of pollen tube into the embryo sac

It does not matter through which way pollen tubgeeninto the ovule; it

always enters in the embryo sac from the micropstad means entry of
pollen tube in the embryo sac is irrespective diigootube entry into the

ovule (Fig. 9.11). Again the entry of pollen tubéoi the embryo sac after
passing micropyle may be via different passagesal be:



1. Between the egg cell and one of the synergidsFagopyrum

2. Between the wall of the embryo sac and one or aiireergids.er.
Cardiospermum

3. Directly penetrates one of the synergids @xglis

So we can say that synergids not only play an itapbrrole in
determining the entry of pollen tube in the emlsgo but they also affect
dissemination of male gametes in the embryo sac.

3.1.3 Discharge of male gametes from pollen tube

After reaching the embryo sac the pollen tube baitrés tip and deliver
the (two) male gametes. Just prior to bursting @fem tube the tube
nucleus disorganizes. Immediately after releaghymale gametes show
amoeboid movement and one male gamete moves tatvardgg and
other one move to the polar nuclei (Fig. 9.12).

Polar nuclei

Central cell #- w

Egg
nucleus \

— Male
gametes

Vegetative nucleus

Fig.9.12: A: Enlarge view of an egg apparatus showgy path of
pollen tube growth; B: discharge of male gametes into a synergid
and the movement of the male gametes, one into tegg and the

other into the central cell

3.1.4 Syngamy- fusion of gametes

As the one of the male gametes reached the dgges with it. As a result
of this fusion diploid zygote/oospore (2n) form&¢huse you know the
egg and the male gamete, both are haploid). Therfusf male and
female gametes is known as fertilization. Thid$® &nown as syngamy.
One of the most significant discoveries was mad8tbgsburger in 1884,
as mentioned above. He observed the actual fudidmeomale gamete
with the female gamete (egg) Monotropa.
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Since two male gametes are released by the paits tvhat happened
to the second male gamete? The answer was promd8dG.Nawaschin
(1898). He showed that the one male gamete fused thie egg
(syngamy) and the other male gamete with the pulalei (triple fusion)
while working with Fritillaria and Lilium. So thisvas the discovery of
double fertilization.

3.2  Post Fertilization Developments

Atfter fertilization, development of the embryo ath@ endosperm within
the ovule goes side by side. The oospore (zygtejed as a result of
fusion of one male gamete with the egg, develofestime embryo while
the primary endosperm nucleus- product of tripleido, develops the
endosperm. The other nuclei or cells within the gmtsac (synergids,
antipodal cells) disorganize sooner or later.

3.2.1 Development of the Endosperm

The primary endosperm nucleus is a product of drifulsion. This
undergoes a series of divisions and ultimately forendosperm. The
Angiospermic endosperm is a triploid (3n) tissué product of triple
fusion. It is formed either by the fusion of oneglwad male gamete and
one diploid secondary nucleus (fusion product ob thaploid polar
nuclei) or by the fusion of three haploid nucleiéamale gamete belongs
to male gametophyte and two polar nuclei belongsth® female
gametophyte).

It is therefore distinct from the endosperm of hetporous Pteridophytes
and Gymnosperms where the endosperm is a simpleitigp) tissue of
the gametophyte not involving any triple fusionelikn Angiosperms.
Endosperm is a highly nutritive tissue which pre@gdourishment to the
developing embryo.

Depending upon mode of development three typesddgperm has been
recognized:

1. Nuclear endosperm
2. Cellular endosperm
3. Helobial endosperm



Of these nuclear endosperm is the most commonwypeh occurs in
about 56% families of Angiosperms. It is followegdellular endosperm
(reported in 25% families of Angiosperms) and thiey helobial

endosperm (reported in 19% families of Angiosperms)

1. Nuclear endosperm

In this type of endosperm the division of primanglesperm nucleus and
number of subsequent nuclear divisions are notmapenied by wall
formation and the nuclei thus produced remain inethe cytoplasm of
the embryo sac. They remain in the peripheral lafethe cytoplasm
surrounding a large central vacuole. Wall formatameurs at later stage
around nuclei. The wall formation is mostly cengtigl i.e. from the
periphery towards the centre and usually begins fitee basal periphery
e.g.Arachis hypogea.

In some cases the central vacuole may not be filedven in the mature
seed. This is seen in the palr@®.cus nuciferas the classical example of
this type of nuclear endosperm. Development of epdon in it deserves
special mention. The primary endosperm nucleusngogs a number of
free nuclear divisions. Then the embryo sac géésifivith a clear fluid
(watery liquid endosperm) in which numerous nuftét. It is known as
liquid syncytium.Gradually nuclei start settling at the peripherghvihe
beginning of peripheral cell wall formation. Th@ins the coconut meat.
In mature coconuts the liquid endosperm becomekymilhe watery
endosperm of coconut contains growth promoting goat milk factof*
and that is why it is used as a nutrient mediunplant tissue culture
experiments. Nuclear endosperm is commonly foungaiypetalous
dicotyledons (Fig. 9.13).

PEN (Primary Endosperm Nucleus)

Fig.9.13: Nuclear endosperm formation
2. Cellular endosperm
In this type of endosperm, division of the primandosperm nucleus is
immediately followed by wall formation so that teedosperm is cellular
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from the beginning. The first wall is laid down risversely but the
subsequent divisions are irregul&doxa, Peperomia, Villarsiatc. are
some common examples (Fig.9.14).

)

® (¥

® ele ’
PEN =5 » 5 To—IH

Fig.9.14: Cellular endosperm formation
3. Helobial endosperm
Among members of Helobiales (eMallisneria, EremurusLimnophyton
etc.) there is type of endosperm the developmemthmMs intermediate
between the nuclear and the cellular type. Herditeedivision of the
primary endosperm nucleus is accompanied by thendton of
transverse wall. This divides the embryo sac unigguato two
compartments - a small chalazal chamber and atargepylar chamber.
This step is followed by free nuclear division iatl the chambers but
there are relatively more free nuclear divisionsiiicropylar chamber in
comparison to chalzal one. The chalazal chambenafegenerates. The
free nuclear divisions in the micropylar chambez fnillowed by wall
formation and thus a cellular endosperm tissueiméd and usually
found in the members of the order Helobiales (Figh®

Micropylar
Cell

Apparatus )
Fig.9.15: Helobial endosperm formation

3.2.2 Development of the embryo

After fertilization, a series of changes occurthia ovule and finally seed
is formed. Side by side with the development of @melosperm, the
oospore (zygote, the fertilized egg) is developthg embryo after a
period of rest.



The process of development of mature embryo fropiodi oospore is
called embryogenesis.

Both dicotyledons and monocotyledons begin embeyxetbpment in the
same way but there is considerable difference ter ldifferentiation.
Before proceeding let us discuss about the dicotyleus and
monocotyledonous embryo.

The dicotyledonous embryo as the name reflects,tWwascotyledons
attached laterally to an embryonical axis, whereas the
monocotyledonous embryo, the embryonical axis hsisgle cotyledon
at its apex. Due to this organographic differeniteis very easy to
distinguish the two types of embryo but there isurmlamental difference
in their early stage of development. The develognerery similar till
the globular stage.

In all Angiosperms the embryogenesis starts wiéhdivision in oospore
and it divides to develop a two-celled proembryddayning a transverse
wall. The cell near the micropyle is termed thedba=®ll and the cell
facing towards the centre of the embryo sac igddhe terminal cell. The
basal cell forms the suspensor and may or may owtribute in rest
activities so sometimes called as suspensor chéreas terminal cell is
responsible for further development of embryo deedsembryo cell.

3.2.3 Types of embryo development

On the basis of plane of division of the termirgll also known as apical
or embryo cell) in the 2-celled proembryo and thietdbution of the basal
cell and terminal cells in the formation of embnymper, six types of
embryogeny (embryo development) have been repditjedohansen
(1950) among the Angiosperms. They are;

1. Onagrad or Crucifer type (e.g. Annonaceae, Brassicaceae,
Onagraceae, Pedaliaceae, Ranunculaceae, Scrophets).
2. Asterad type (e.g. Asteraceae, Balsamianceae, Violaceae,

Vitaceae).

3. Solanad type (e.g. Campanulaceae, Linaceae, Solanaceae,
Theaceae).

4. Caryophyllad type (e.q. Caryophyllaceae,

Crassulaceae,Haloragaceae).
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5. Chenopodiad type(e.g. Boraginaceae, Chenopodiaceae).
6. Piperad type(e.g. Loranthaceae, Piperaceae).

3.3  Apomixis
“Reproduction without fertilization”

Apomixis in flowering plants is defined as the asgXormation of a seed
from the maternal tissues of the ovule, avoidirgghocesses of meiosis
and fertilization, leading to embryo development.

The term Apomixis was first coined by Hacke in 188Bomixis, derived
from two Greek word "Apo” (away from) and "mixisddt of mixing or
mingling). Winkler (1908) explained the term apomias the substitution
of sexual reproduction (amphimixis) by any suchhodtwhich does not
involve meiosis and syngamy or we can say that Wimnbksed the term
apomixis to signify any asexual method of propamatiot involving the
normal production of embryo by fertilization. It clades even
propagation by bulbils.

The first discovery of this phenomenon is credited eeuwenhoek as
early as 1719 irCitrus seeds. When we are talking about asexual
formation of seed, in this sense apomixis is symooys with
agamospermy: seed formation without fertilizatidntloe egg cell. In
some plants meiosis [which converts a diploid spbytic cell into four
haploid gametophytic cells] and fertilization [wkdwo haploid gametes
of opposite sex fuse to re-establish the diploidrgphytic generation],
the two very important necessary processes of $eyake (amphimixis)
are interrupted. Even then a viable embryo if fanresulting into
asexual seeds. When these asexual seeds prodat® igentical to the
female parent are called apomictic seeds and teegohenon is known
as apomixis.
The plants showing apomixis are known as apompiaats. It is most
common in Poaceae, Asteraceae, Rosaceae and Rutacea
When apomixis is the only method of reproductioa plant species, it is
known as obligate apomixis. When gametic and apienieproduction
occurs in the same plant, it is known as faculéatipomixis.
Apomixis is of the following types as suggestedisheshwari (1954):
i) Non-recurrent apomixes: Non-recurrent means wharmot be
repeated. In this type of apomixis, the megaspoother cell
undergoes normal meiotic division and one of the foegaspores
thus formed develops into haploid female gametaphfyte.



embryo sac). However, there is no fertilization dhd embryo

arises directly from normal egg-cell (n). Since emgg cell is

haploid, the resulting embryo will also be haplaid so sterile,

therefore the process cannot be repeated in thtegearration.
Haploid parthenogenesis (the embryo develops flenunbfertilized egg)
and haploid apogamy (the embryo develops from soiiner cell of the
embryo sac like antipodal cell or synergid celle aron- recurrent
apomixis. Such types of apomixis are of rare o@nwoe.

i) Recurrent apomixes: Recurrent means which can pesated. In
recurrent apomixis, the nuclei of the embryo sae asually
diploid. Such embryo sac may arise either from bk aethe
archesporium due to disturbance in meiosis (generapospory)
or from some other cell of the nucellus due tordegyration of
megaspore mother cell (somatic apospory).

The embryo subsequently develops directly from diptoid egg-cell
without fertilization. Somatic apospory, diploid rgeenogenesis and
diploid apogamy are recurrent apomixis. However,plaid
parthenogenesis/apogamy occurs only in apospooimgsc) embryo-
sacs.

iii) Adventive apomixedn it, the development of embryo takes place
from any diploid cell of the ovule lying outsideetembryo sac.
Since it takes place outside the embryo sac,nbiggrouped with
recurrent apomixis, though this is regenerated withaccuracy.
In addition to such embryos, regular embryo withi& embryo sac
may also develop simultaneously, thus giving rise t
polyembryony condition as Bitrus, Opuntia.

iv) Vegetative apomixedn some cases likBoa bulbosaand some
Allium, Agaveand grass species, vegetative buds or bulbilsadst
of flowers are produced in the inflorescence. Thag also be
reproduced without difficulty. However, Russian wers do not
group this type of vegetative reproduction with @mpas.

Apomixis does not involve meiosis, so there is mgregation and
recombination of chromosomes. Therefore it could useful in
preserving desirable characters for indefiniteqeeri

3.3.1 Parthenogenesis

Parthenogenesis means development of an embryctidifiom an egg
cell or a male gamete or it may be defined as déwelopment of female
gamete into a new individual without fertilizatioRarthenogenesis may
be haploid or diploid as the case may be.
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i) Haploid parthenogenesis Generally, normal haploid egg
develops into an embryo, so the embryo and reduftiamt are
haploid. This type of parthenogenesis is termedhaploid
parthenogenesis e.@enothera, DaturaPlants thus produces are
sterile.

ii) Diploid parthenogenesisWhen the cells of embryo sac including
egg cell are already diploid as a result of apogp®his diploid
egg when develops parthenogenetically into diplembryo,
termed as diploid parthenogenesis &ayaxacum.
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through different ways

3.4  Polyembryony and Parthenocarpy

After fertilization, ovules mature into seeds. larmal case, a single
embryo is present in each seed but sometimes inaneone embryo may
present in a seed. When a seed contain more tharemmbryo, this
condition is termed as polyembryony. Thereforeypoibryony has been
defined by many workers as the occurrence of nmfwae bne embryo in
a seed or “The development of several embryos mithé same ovule.”
Polyembryony is very common among Gymnosperms heanwwe are
talking about Angiosperms, it is very rare. You damd it in Citrus
species like lemons, oranges (Fig.9.17) and aldevwwQuercusspecies.
Additional embryos do not always mature. They mageaherate during
the course of development. The mature seed thusrigone embryo.
The first case of polyembryony was reported by Ant@an Leeuwenhoek



in 1719 in certain orange see@nce then it has been observed in large
number of plants.

Fig.9.17: Multiple seedlings grow from a single magharin orange
seed as the result of polyembryony
3.4.1 Classification of Polyembryony
In broad sense it is of two types:
i) Spontaneous- includes instances of naturally owaurr
polyembryony.
i) Induced- includes instances of experimentally imdlc
polyembryony.
Ernst (1901, 1910) divides spontaneous polyembirtioytwo categories:
i) True polyembryony- development of two or more emlirysame
embryo sac
i) False polyembryony - development of embryos in ntba: one
embryo sac within the same ovule
There are number of factors responsible for polysory in
Angiosperms and they are:
1) Cleavage of proembryo

2) Formation of embryos by cells of the embryo sa@othan the
€gg

3) Development of more than one embryo sac withinstiree ovule

4) Activation of some sporophytic cells of the ovule

On the basis of these above factors the followingr ftypes of
polyembryony have been recognized in Angiospernmayis, 1859).
1) Cleavage polyembryony resulted due to cleavagplittirsg of the
proembryo.

2) Embryos from cells of the embryo sac other tharetige
3) More than one embryo sac in the same ovule.
4) Activation of some sporophytic cells of the ovule.
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3.4.2 Parthenocarpy
The term was introduced by Noll (1902). According tim,
parthenocarpy means the development of fruits witpollination or any
other stimulus.
According to present concept- “Parthenocarpy isfémmation of fruits
without fertilization” (Nitsch, 1965). ThereforedHruits which develop
without fertilization are called parthenocarpicifsuand the phenomenon
is described as Parthenocarpy.
On the basis of requirement of pollination stimulisan be categorized
into two categories:

i) Stimulative parthenocarpy: In this type the parthenocarpic

development of fruit may require the pollinatiomstlus.
i) Vegetative parthenocarpy: In this type the parthenocarpic
development of fruit may occur in unpollinated fiens.

Nitsch (1963) had recognized three types of padbarpy:

1) Genetic

2) Environmental

3) Chemically induced

e Genetic parthenocarpy
When many of the plants cultivated for their fristsow seeded as well
as parthenocarpic varities. This type of parthermcas known to arise
due to either mutations or hybridization. Exampeedless navel
orangesgCitrus, Cucurbita, Musa, PunicandVitis.

e Environmental parthenocarpy
Variations in environmental conditions such as tfrdsg, temperature
interfare with the normal functioning of sexual ang and causes
parthenocarpy. Example- Seedless olives due toyhiemy (Campbell,
1912), pears due to freezing temperature for 3dlfh(Lewis, 1942).

e Chemically induced parthenocarpy
Plant growth regulators like auxins and gibbersllinave been
successfully use to induce parthenocarpy in a nurabglants which
normally bear seeded fruits e.g. parthenocarpicatomblackberry,
strawberry, figsCitrus etc.
SELF ASSESSMENT EXERCISE

e What is fertilization?

e About the different ways of entry of pollen tub¢oithe ovule.

e What comes in post fertilization developments?



e Also become familiar with terms like apomixis, eahogenesis
etc. What is polyembryony and on what basis it learclassified
into different types?

e Discuss parthenocarpy.

4.0 CONCLUSION

In this unit we have discussed about fertilizatipathway of pollens to
their destination for fertilization. After that wieave also learnt post
fertilization development process. Along with thésgics light have been
thrown on apomixis, adventives embryony, polyembgyas well as on
parthenocarpy.

50 SUMMARY
Summary of all the topics covered in this unit igeg in the following
key points:

e Once the pollen grain reaches the receptive stigma, result of
pollination, it germinates producing a long slengetlen tube.
Two male gametes and the tube nucleus migrateti@qgollen
tube which now represents the mature male gametephy

e Pollen tube penetrates the stigmatic tissue anthgsugs way
through the style and then down the wall of thergva

e After arriving in the ovary, the pollen tube mayeamnto the ovule
through  micropyle (porogamy), through chalazal end
(chalazogamy) or thrugh integuments (mesogamy).

e lIrrespective of the route of the entry of the poltebe into the
ovule, it always enters the embryo sac from theopigar end.

e After entering into the embryo sac, the tip of pledlen tube bursts
and the two male gametes are released.

e Out of the two male gametes one male gamete fugbkdtve egg
nucleus and result in the formation of zygote ospmre (2n).
Second male gamete fuses with two polar nucleiyltiag into
primary endosperm nucleus (3n). This phenomendarised as
double fertilization.

e After series of divisions primary endosperm nucldosms
endosperm. Endosperm is very nutritive tissue tioatrishes the
developing embryo.

e Zygote or oospore forms embryo.
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e On the basis of plane of division of the termirgll i the 2-celled
proembryo and the contribution of the basal call mminal cells
in the formation of embryo proper, six types of ewlgeny
(embryo development) have been reported by Joha(i€s0)
among the Angiosperms i.e. Onagrad or Crucifer,erst,
Solanad, Caryophyllad, Chenopodiad and peperad.type

e Reproduction without fertilization is referred gsoaixis.

e Development of several embryos within the sameeisiknown
as polyembryony.

e Parthenocarpy is the formation of fruits withoutifezation.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define briefly the endosperm developmenCiocos nucifera.

2. Describe in detail the post fertilization developrseand explain
the development of different types of endospermnigiosperms.

3. Types of embryo development.

4. Define different types of apomixes and classifyypaibryony.
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