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INTRODUCTION

CPR 512: Crop Evolution and Adaptation is a twoddranit course for
students offering B. Agriculture in the School ofricultural Science.
The course consists of Four (4) modules that areleti into1l6 units.
These units will educate the student that evolui®rthe force that
shapes the living world. He will also be informéatt countless different
kind of plants pack the earth and each specietseff composed of a
wide range of morphologies and adaptations.

The course material has been developed to suitrgratkiate students
in Agriculture at the National Open University ofgdria (NOUN) by
using an approach that provides the student wijbisge knowledge in
crop evolution and adaptation. A student who swsfaélg completes the
course will know that in its simplest sense, evoluis a change in gene
frequency over time. He will also understand thenegic variability is
produced by mutation and then shuffled and sortgdthe various
evolutionary forces. The student will also compreh¢he fact that the
way organisms evolve is dependent on their gerobtacacteristics and
the type of environment the live in and get adapted

The Course Guide tells you briefly what the coussabout, what course
materials you will be using and how you can workiryavay through
these materials. It suggests some general guideforethe amount of
time you are likely to spend on each unit of theirse in order to
complete it successfully. It also gives you somiglgice on your tutor-
Marked assignments. Detailed information on Tutarkéd
Assignment is found in the separate assignmentwitech will be
available in due course.

WHAT YOU WILL LEARN IN THIS COURSE
On successful completion of these modules, youldhzeiable to:

1. State and explain the theory of evolution.

2. Understand and describe the process and mechdraeslation.

3 Explain the Role of hybridization, recombinationdanatural
selection in crop evolution.

4. Describe isolation mechanism and its contributian plant
speciation.

5. Enumerate different types of speciation and expthm part it
plays on the evolution of plant.

6. Discuss the concept of primary and secondary ceofesrigin of

cultivated plants.

7. Know the Origin of commonly cultivated crops

8. Explain the concept of genetic variations and ffece in the
population
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9. Understand genetic drift and its role in speciation
COURSE AIMS

The course is designed to enable student understendoncept of
evolution and the role it plays in shaping cropnpdawith a wide range
of morphologies and adaptations. It will also pdwevistudent with the
knowledge of adaptation as a dynamic evolutionagcgss that fits
organisms to their environment, enhancing their visat and

reproduction in nature.

COURSE OBJECTIVES

The aims of the course stated above can only Bisedahrough a set of
objectives. Each unit of this course also haspecsic objectives that
are enumerated at the beginning. You will needotthgough and have a
grasp of the objectives before you start workinguigh the unit. You
are encouraged to refer to them periodically tackhlen your progress in
learning and assimilating the content. On comphetiba unit, you may
re-examine the objectives to ensure that you lagrihias taken place
and knowledge was acquired. This will enable yoack your progress
and assess if the requirement of the unit has besin Consequent on
the above and in line with stated aim, the couras the following
specific objectives:

1. Explain the theory of evolution.

2. Know the process and mechanics of evolution.

3 Describe the Role of hybridization, recombinatiamd anatural
selection in crop evolution.

4. Understand isolation mechanism and its contributionplant
speciation.

5. State different processes of speciation and exptlae part it
plays on the evolution of plant.

6. Distinguish between primary and secondary centeiigin of

cultivated plants.
7. Understand and describe the Origin of commonly icatd

crops

8. Comprehend the concept of genetic variations amsd rale
evolution

9. Know genetic drift and its role in speciation

WORKING THROUGH THE COURSE

To successfully complete this course, you are requio read the study
units, reference books and other materials thdtguide and assist you
achieve the objectives of course. Each unit coataielf-assessment
exercises in addition to Tutor- Marked Assignmenvp). The TMA

Vv
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will eventually form part of your continuous assassit; therefore, you
will be required to submit the assignment for assest. At the end of
the course there will be a final examination. Toairse should take
about 15 weeks to complete and some componentseotdurse are
outlined under the course material subsection.

COURSE MATERIALS
The major components of the course are:

Course Guide

Study Units

Textbooks and References
Assignment File
Presentation Schedule

aghrwpE

STUDY UNITS

The course is divided in to four modules each ofcWicontains four
units. Each unit should take you two to three hdorsvork through.
Each unit has a table of contents, introductiorcs objectives, and
summary. The following are the study units contdimethis course:

Module 1 Evolution and Adaptation

Unit 1 Definition and ConceptBiolution and Adaptation
Unit 2 Theory of Evolution

Unit 3 Evolution by Natural Setien

Unit 4 Evidence of Evolution

Module 2 Evolution of Crop Plants

Unit 1 Mechanism of Crop Evadut

Unit 2 Forces of Evolution

Unit 3 Role of Speciation iretBvolution of Crop Plants
Unit 4 Role of Hybridization @rop Evolution

Module 3 Origin of Cultivated Crops

Unit 1 Plant Genetic Variatimna Population

Unit 2 Origin of Commonly Cwéited Crops

Unit 3 Centers of Agriculture

Unit 4 Domestication of Plants

vi
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Module 4 Crop Adaptation

Unit 1 Evolutionary Adaptation

Unit 2 Adaptation of Crops tovitonment

Unit 3 External Factors ReguigtCrop Adaptation
Unit 4 Adaptive Response of |Cto Environment

TEXTBOOKSAND REFERENCES

Every unit contains a list of references and Furikeadings. Try to get
as many as possible of those textbooks and matelisted. The
textbooks and materials are meant to deepen yoawlkdge of the
course.

Barton, N. H. (2010). Genetic linkage and naturalestion.

Philosophical Transaction of the Royal Society 85,3559-2569

Benjamin, E. G., Federico, R.& Hopkins,R. (201'Hybridization in
Plants: Old Ideas, New Techniques. Plant Physigldfgy. 173,
pp. 65-78, www.plantphysiol.org _ 2017 American i8tc of
Plant Biologists

Corinto, G.L. (2014). Nikolai Vavilov’'s Centers @frigin of Cultivated
Plants With a View to Conserving Agricultural Biwdrsity.
Human EvolutionVol. 29 n.4 (000-000).

Erik, D. A. (2012). Theory of the Origin, Evolutipand Nature of Life.
Life 2012, 2, 1-105; doi:10.3390/1ife2010001.
www.mdpi.com/journal/liférticle

Evans, L.T. (1996). Crop evolution, adaptation ameld. Cambridge
University Press, UK. ISBN 0-521-29588-0, 500 pp: Field
Crops Research 55 (1998) 283 -291.

Gepts, P. (2004). Crop domestication as a long-tesatection
experiment. Plant breeding reviews, Vol. 24, parddes Janick.
(Ed.). John Wiley & Sons, Inc.

Hancock, J. F. (2012). Plant Evolution and the @rmf Crop Species,
(3rd Eed.)ition. CAB International, Nosworthy WayaWngford
Oxfordshire OX10 8DE UK

http://unaab.edu.ng/wp-
content/uploads/2009/12/480CROP%20EVOLUTION%20AND
%20TAXONOMY.pdf

http://www.fao.org/tempref/docrep/fao/005/y4391894e02.pdf

https://cdn.csu.edu.au/data/assets/pdf_file/00@&288/Chapter3_Kell
eher.pdf
https://courses.lumenlearning.com/boundless-aptel/apurces-of-
genetic-variation/
https://plato.stanford.edu/entries/origin-descent/
https://psfaculty.plantsciences.ucdavis.edu/gepS/pdf

James, T. C. (2009). The Darwinian Revelation: ihgthe Origin and

Evolution of an Idea BioScience  Vol. 59 No. 10

vii
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Jeffrey, R. I, Morrell, P. L& Brandon,S. G. (Z0Plant
domestication, a unique opportunity to identify tpenetic basis
of adaptation. The National Academy of Science (BNASA,
Vol. 104, Suppl. 1, 8641-8648:
www.pnas.org_cgi_doi_10.1073 pnas.0700643104

Kenneth, M. O.&Jonathan,F. W. (2013).:Crop plaass models for
understanding plant adaptation and diversificati®tant Sci.
Vol.; 4: 290. Published online 2013 Aug 1.

Paul, G. (2004).Crop Domestication as a Long-terrale&ion
Experiment Plant Breeding Reviews, Volume 24, Partlules
Janick (Ed.). ISBN 0-471-46892-4. John Wiley & Solns.

Rachel, S. M. & Michael, D. P. (2013).Evolution ofop species:
genetics of domestication and diversification. Mdlem
Publishers. www.nature.com/reviews/genetics Limited

Ridley, M. (2004). Evolution. (3rd ed.). Blackwelbcience Ltd.
Blackwell Publishing company. 350 Main Street, Malgd MA
02148-5020, USA Pp 1-733

Sing, M. P. & Kumar,S. (2012). Genetics and plargeding. New
Delhi: APH PulishingCoporation

Singh, S. &Pawar,l. S. (2014). Genetic basis andhous of plant
breeding. CBC publishers and distributors PVT. LTRew
Delhi, India

Sterrett, S. (2002). Darwin’s analogy between iaiéif and natural
selection: How does it go? Studies in History ahddBophy of
Biological and Biomedical Sciences 33: 151-168.

Wikipedia (2021). AdaptationFrom Wikipedia, the drencyclopedia.
https://en.wikipedia.org/wiki/Adaptation

Zirah, K. (2010). Genetics & Evolution: Introduatido Evolution &
Natural Selection, Ziser, Lecture Notes, 2010.61pA.0.

Zirah, K. (2010). Genetics & Evolution: Introduatido Evolution &
Natural Selection, Ziser, Lecture Notes, 2010.61pd.0.

ASSIGNMENT FILE

In this file, you will find the details of the work you must submit to your
tutor for marking. The marks you obtain will form part of your total
score for this course.

ASSESSMENT

viii
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There are two components of assessment for thisseodhe Tutor
Marked Assignment (TMA) and the End of Course Exwtion. Your
assessment will be based on Tutor-Marked AssignriEMiA) and a
final examination which you will write at the enfitbe course.

TUTOR-MARKED ASSIGNMENT (TMA)

There are many assignments in this course and we@xpected to do
all of them. You should follow the schedule prelsed for them in terms
of when to attempt the homework and submit samefading by your
Tutor.

Assignment questions for the 15 units in this cewnee contained in the
Assignment File. You will be able to complete yassignments from
the information and materials contained in yourlsmsiks, reading and
study units. However, it is desirable that you destmte that you have
read and researched more widely than the requirgdmum. You
should use other references to have a broad viewpbthe subject and
also to give you a deeper understanding of theestibyvhen you have
completed each assignment, send it, together witMA form, to your
tutor. Make sure that each assignment reaches tyoarr on or before
the deadline given in the presentation file. If &y reason, you cannot
complete your work on time, contact your tutor efthe assignment is
due to discuss the possibility of an extension.egsions will not be
granted after the due date unless there are ewoaptcircumstances.
The TMAs usually constitute 30 per cent of the tateore for the
course.
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FINAL EXAMINATION AND GRADING

The final examination for this course will take two hours and have a
value of 70 per cent of the total course grade. The examination will
consist of questions which reflect the types of self-assessment
exercises and tutor-marked problems you have previously
encountered. All areas of the course will be assessed. Take time to
revise the entire course before the examination. The examination
covers information from all parts of the course.

PRESENTATION SCHEDULE

Your course materials give you important dates for attending tutorials
and the timely completion and submission of your Tutor-Marked
Assignment. Do remember that you are required to submit all your
assignments by the due date. You should guard against falling behind in
your work.

COURSE MARKING SCHEME

The following table lays out how the actual marking scheme is broken

down.

Table 1: Course Marking Scheme

Assessment Marks

Assignments 1 -4 Three assignments count 10%
each = 30% of course marks

Final Examination 70% of overall course marks

Total 100% of course marks

HOW TO GET THE MOST FROM THIS COURSE
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In distance learning, the study units replace the conventional university
lecturer. This is one of the great advantages of distance learning; you
can read and work through specially designed study materials at your
own pace, and at a time and place that suit you best.

Each of the study units follows a common format. The first item is an
introduction to the subject matter of the unit and how a particular unit
is integrated with the other units and the course as a whole. Next is a
set of learning objectives. These objectives let you know what you
should be able to do by the time you have completed the unit. You
should use these objectives to guide your study. When you have
finished the unit, you must go back and check whether you have
achieved the objectives. If you make a habit of doing this you will
significantly improve your chances of passing the course.

FACILITATORS/TUTORS AND TUTORIALS

There are 20 hours of tutorials (ten 2-hour sessions) provided in
support of this course. As soon as you are allocated a tutorial group,
you will be notified of the dates, times and location of tutorials,
together with the name and phone number of your tutor.

Your tutor will mark and comment on your assignments; he/she will
keep a close watch on your progress and on any difficulties you may
encounter and provide assistance to you during the course. You must
mail your tutor-marked assignments to your tutor well before the due
date (at least two working days are required). They will be marked by
your tutor and returned to you as soon as possible.

Do not hesitate to contact your tutor by telephone, e-mail, or via the
discussion board if you need help. The following might be
circumstances in which you would find help necessary.

Contact your tutor if:

° you do not understand any part of the study unit
° you have difficulty with the assignments/ exercises

Xi
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° you have a question or problem with your tutor's comments on
any assignment or with the grading of an assignment.

You should try your best to attend tutorials. This is the only chance to
have face to face contact with your tutor and to ask questions. You can
raise any problem encountered in the course of your study. To gain the
maximum benefit from the tutorials, prepare a list of questions before
hand, you will learn a lot from participating actively in the discussions.

xii
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MODULE 1 EVOLUTION AND ADAPTATION

Unit 1 Definition and Concept of Evolution and Axation
Unit 2 Theory of Evolution

Unit 3 Evolution by Natural Selection

Unit 4 Evidence of Evolution

UNIT 1 DEFINITION AND CONCEPT OF EVOLUTION
AND ADAPTATION

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Definition of Evolution
3.2 Concepts of Evolution
3.3 Definition of Adaptation
3.4  Concept of Adaptation
3.5 Basic Genetic Concepts

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Evolution is the force that shapes the living wotbuntless different
kind of plants and animals pack the earth and espeties is itself
composed of a wide range of morphologies and atiapta These
species are continually being modified as they faeerealities of their
particular environments. Evolution means changeangbk in the form
and behavior of organisms between generations. Tdrens of
organisms, at all levels from DNA sequences to wsmopic
morphology and social behavior, can be modifiednfrihose of their
ancestors during evolution.

Evolution is the process by which nature seleatsmfthe genetic
diversity of a population, those traits that woutthke an individual
more likely to survive and reproduce in a continslguchanging
environment. Evolution stresses the relatednesdl dife rather than its
differences.

Adaptation is defined as dynamic evolutionary pescethat fits
organisms to their environment, enhancing theirlgianary fithess
until the population reached a stable state duttregprocess. It is also

1
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defined as a phenotypic trait or adaptive traithva functional role in
an organism, which is maintained and has evolvedutih natural
selection. Adaptation is related to biological &&s, which governs the
rate of evolution as measured by change in gee ércies.

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

define evolution

describe the concepts of evolution

define adaption.

discuss the concept of adaptation and give examples
organism’s adaptation to environment.

30 MAINCONTENT

3.1 Definition of Evolution

Evolution means change in living things by desceith modification.
Evolution is the change in inheritable traits inpapulation over
generations. Change in traits is caused by changbe genes (in DNA)
that code for those traits.

Evolution means change, change in the form and \belna of

organisms between generations. The forms of orgemisit all levels
from DNA sequences to macroscopic morphology araakbehavior,
can be modified from those of their ancestors duemolution.

3.2 Conceptsof Evolution

The concept of evolution stresses the processeshafige between
generations within a population of a species. Wienmembers of a
population breed and produce the next generatioa, @an imagine a
lineage of populations, made up of a series of f[aijons through time.
Each population is ancestral to the descendantlgbpu in the next
generation: A lineage is an “ancestor—descendarmi®s of populations.
Evolution is then change between generations withirpopulation
lineage.

Evolution is the process by which nature seleatsmfthe genetic
diversity of a population, those traits that woutthke an individual
more likely to survive and reproduce in a continsilguchanging
environment. Over many years and many generattbesfull diversity
of life on earth is expressed. Evolution is ongh#f most fundamental
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organising principles of the biological scienced as such is the single
most dominant theme in biology today.

Evolution stresses the relatedness of all life aatthan its differences
and its important because:

1. it provides a framework (unifying principle) forgtway that we
study and understand the living world and
2. it's a way of bringing together many diverse aspeut life’'s

tremendous complexity
3.3 Definition of Adaptation

Adaptation is a defined as dynamic evolutionary cpss that fits
organisms to their environment, enhancing theirlianary fithess
until the population reached a stable state duttregprocess. It is also
defined as a phenotypic trait or adaptive traithva functional role in
an organism, which is maintained and has evolvedutih natural
selection.

In biology, adaptation has three related meaniigstly, it is the
dynamic evolutionary process that fits organismshtr environment,
enhancing their evolutionary fitness. Secondlyisift state reached by
the population during that process. Thirdly, itaigphenotypic trait or
adaptive trait, with a functional role in each widual organism, which
is maintained and has evolved through natural 8etec

34 Conceptsof Adaption

Adaptation is related to biological fithess, whigbverns the rate of
evolution as measured by change in gene frequenGiften, two or
more species co-adapt and co-evolve as they dewlaptations that
interlock with those of the other species, suchvils flowering plants
and pollinating insects.

One of the “characteristics of life” is that orgemis adapt to their
environment as it changes from year to year example

1. same species of plant adapts to dryer conditiomm@part of its
range and wet conditions in another
2. same species of plant or insect may have one g@rerm

northern part of its range or two, even three, gaiens in the
southern part of its range.

3. virtually every bacterial pathogen has become attlsomewhat
resistant to antibiotics over the past 60 years
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Over time, these populations may change in thg@eapnce and other
visible characteristics and will surely change heit genetic structure
example:

1. For example many unrelated species often adapiriias was
when subjected to the same environmental conditions

Over long periods of time these changes could dgeifgiantly different

from what you started with yet, no one has evenegsed the origin of a
major new animal or plant group, as is reportedat@® approximately
10,000’s or millions of years. We do however have iacreasing

amount of fossil data that shows the evolution oé species from
another, step by step and today with molecular nigcies we can
actually observe and measure the rate of evolutiomany species.
There is generally no controversy surrounding eiatu within the

scientific community.

3.5 Basic Genetic Concepts

Crops are plants that are grown and utilised faonemic gain. In order
to understand the diversity among crop species, havd they evolve,
adapt and were domesticated and improved througédbrg, we need
to know how important characteristics are transdittfrom one
generation to the next. In part of this lecturewik review some basic
terms and concepts in Genetics, which is the stfdynheritance and
variation among organisms.

Gene:- The fundamental physical and functional unit ofeladty, which
carries information from one generation to the next

L ocus:- a specific place on a chromosome where a geneasdd.

Allele:- one of the different forms of a gene that canteaisa single
locus. The form of the gene is determined by itsAD&¢quence. When
an individual has different forms of an allele atlacus, it is a
heterozygote. When its alleles are the sameaihismozygote.

Central dogma of biology:- DNA from alleles at a genetic locus is
transcribed into RNA, which in turn is translatedtoi proteins.

Structural proteins are used to construct the cellsd enzymatic

proteins provide the basis for cellular machinery.

Genotype:- The sum total of all the alleles at all the lotain organism,
Considered as a measure of ‘breeding value’ forlugem and crop
improvement efforts. The term is also used to refehe specific alleles
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that an individual possesses at a particular lotue allele comes from
the male parent, and one from the female parent.

Phenotype:- The external and observable expression of thegyera
the result of genes interacting with the environm&he appearance of
individuals,

Phenotype (P) = Genotype (G) + Environment (E) XKEp

An individual's phenotype can be viewed as the stithe effects due to
genes, the effects of the environment, and intemastbetween the
genes and the environment (GXE).

Heritability:- The proportion of total phenotypic variance at the
population level that is contributed by geneticiaace. If a trait is
largely determined by environmental factors, tHenteritability will be
low. Traits that are largely controlled by geneséna high heritability
and consequently are more likely to change in nespdo selection.

In higher plants, chromosomes occur in cells in blogous pairs.

Members of a pair contain the same loci, but mayehdifferent alleles

at any given locus. One chromosome from each pairecirom the male
parent, and one from the female parent. Each pipeties has a
characteristic number of chromosomes in its cells.

Genome:- The entire complement of genetic material in aoofosome
set. The number of chromosomes in one nuclear gensrdesignated
'n', which is equivalent to the haploid number.

Diploid species have one set of homologous chromespairs, so their
total number of chromosomes is 2n. Some speciepdyploid which

means that they have multiple sets of n chromosdiniefids are 3n,
tetraploids are 4n, etc.).

Populations:-A population is a community of individuals that sha

common gene pool. It is 'a breeding group' of imhials that may
intermate. The genetic constitution of a populati®mescribed by the
array of gene frequencies and alleles that areepted each locus.

SELF-ASSESSM ENT EXERCISE
Define evolution and explain the concepts of evotut

Define adaption and discuss the concept of adaptatvith
specific examples.

40 CONCLUSION
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In this unit, we define evolution as a change, geam the form and
behaviour of organisms between generations, a ehamgnheritable
traits in a population over generations and a clandiving things by
descent with modification. It was also demonstraked Evolution is the
process by which nature selects, from the genetersity of a
population, those traits that would make an indigidmore likely to
survive and reproduce in a continuously changingirenment.
Similarly, you have learned the fact that one & thharacteristics of
life” is that organisms adapt to their environmastt changes from year
to year or from generation to generation.

The unit also defines adaptation as dynamic ewlatly process that
fits organisms to their environment, enhancingrtegolutionary fithess

until the population reached a stable state dutiregprocess. We also
understand that adaption could be a phenotypicaptave trait, with a

functional role in an organism, which is maintainaad has evolved
through natural selection. You have also been iméa that one of the
“characteristics of life” is that organisms adapttieir environment as it
changes from generation to generation.

50 SUMMARY

Evolution means change in living things by desceith modification.

Evolution is the change in inheritable traits inpapulation over
generations. Change in traits is caused by changbe genes (in DNA)
that code for those traits. Evolution means chaegange in the form
and behavior of organisms between generations. ddrecept of
evolution stresses the processes of change bewararations within a
population of a species. When the members of alptpn breed and
produce the next generation, one can imagine admef populations,
made up of a series of populations through timechBaopulation is
ancestral to the descendant population in the gexeration. Evolution
stresses the relatedness of all life rather treadifferences.

Adaptation is a defined as dynamic evolutionary cpss that fits
organisms to their environment, enhancing theirleianary fithess
until the population reached a stable state duttregprocess. It is also
defined as a phenotypic trait or adaptive traithva functional role in
an organism, which is maintained and has evolvedutih natural
selection. One of the “characteristics of life"tigt organisms adapt to
their environment as it changes from year to y€arer time, these
populations may change in their appearance andr othgble
characteristics and will surely change in theirgenstructure.

6.0 TUTOR-MARKED ASSIGNMENT
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Define and explain the term evolution.

Explain the concept of evolution and adaptation.

3. Define adaption and give two examples of organisad'aptation
to environment.

N =
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1.0 INTRODUCTION

In the early modern period, European naturalistekimg in centralized
botanical gardens and national zoos, investigatedurprecedented
variety of animal and plant specimens. After ser@ssystematic
investigation of the fossil remains of various omngans and compare
these with living organisms. They then come todbeclusion that there
was evidence to suggest that there was a large-bialbgical change
going on among species of animal and plants.

Although there was a lot of disagreement about timge changes had
taken place, and what they implied, by Darwin’sdjrmost naturalists
accepted that there had been some changes in icmllogpecies.

However, even if we accept that there has been geham species

throughout the history of the earth, we might haeveral different

theories about how this change occurred.

All of the theories advanced before Darwin argued dome kind of
directed change — in some sense responding to,hande directly
influenced by, the environment and the actions rganisms. Darwin
tried to distinguish his theories from these byuamg that evolutionary
changes were based only on naturally occurringge®ses — processes
that are still occurring around us now. This urg@scribes the history of
evolution as a scientific theory and discusses vigous theories of
evolution proposed by different scientist.

20 OBJECTIVES

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

. explain the history of Evolution as a Scientificebny
. describe the Various Theories of Evolution
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30 MAINCONTENT

3.1 Higory of Evolution asa Scientific Theory

Theories are evidence-supported explanations fturalaphenomenon.
To exist, theories must have abundant evidence frany well-tested
hypotheses. Theories grow from evidence! Theorizitgout evidence
is not Science. While many people associate ewrlutwith Darwin,

other scientists were talking about organic chaogg before Darwin
published his theory of natural selection.

| Buffon (species created, then evolve) I

| Hutton (gradual geologic change) I
I Lamarck (mechanism of species change)]
Cuvier (catastrophism) |
‘Smith (sequence of fossils) |
Lyell (very old Earth) |
| Darwin (evolution, natural selsction}l
| Wallace (evolution, natural selection)
| ] | ] |
1700 1750 1800 1850 1900

The history of evolution can be traced to the histdse of evolutionary
biology that can be sketched in four main stages:

Evolutionary and non-evolutionary ideas before Darw
Darwin’s theory (1859).

The eclipse of Darwinc{ 1880-1920).

The modern synthesis (1920s to 1950s).

PO PE

Many thinkers before Darwin had discussed the pdggithat species
change through time into other species. Lamartkasbest known. But
in the mid-nineteenth century most biologists bedi that species are
fixed in form. Darwin’s Theory of Evolution by Nat Selection
explains Evolutionary Change and Adaptation. Daisvaontemporaries
mainly accepted his idea of Evolution, but not &planation of it by
Natural Selection.

Darwin lacked a theory of heredity. When Mendeltedas were
rediscovered at the turn of the twentieth centdalngy were initially
thought to count against the Theory of Natural Selea. Fisher,
Haldane, and Wright demonstrated that Mendeliaedigr and natural
selection are compatible; the synthesis of the iveas is called neo-
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Darwinism or the synthetic Theory of Evolution. hg the 1930s and
1940s, neo-Darwinism gradually spread throughrafs of biology and
became widely accepted. It unified genetics, syatempaleontology,
and classic comparative morphology and embryology.

3.2 Various Theoriesof Evolution

Aristotle (384-322 B.C.) viewed the living world afxed and
unchanging. All living things could be arrangedaitadder from inferior
to superior, with humans on top. Aristotle’s viemdluenced thought
for over 2000 years.

George Louis LeClerk, Compte de Buffon (1707 - 1788ught a
naturalistic explanation for fossils. Buffon devisene of the first
theories of organic change. However, Buffon’s ide&se grounded in
logic rather than in evidence from the natural Wpds much science
was at the time.

Buffon suggested that organisms had a basic fdim;ibterior mold,”
which could be shaped by the environment.

James Hutton (1726 - 1797) and Charles Lyell (1798B75). These
two naturalists are best known for the theory ofiftdmitarianism,
proposed by Hutton and expanded by Lyell. Unifoamgnism states
that the physical laws that now shape the eartle bbways done so, and
that the past can be understood by studying theepteBoth suggested
that the Earth is very old.

Georges Cuvier (1769 - 1832) was a student of Byffaut disagreed
about organic change. Cuvier was an anatomist. dietqr out that
animals had features that helped them survivloldé features changed,
wouldn’t that be harmful? Cuvier studied fossilslddentified several
new animals based on fossils. However, he had s explanation for
fossils.

Jean-Baptiste de Lamarck (1744 - 1829) was alsodest of Buffon.

Like Buffon, Lamarck sought a naturalistic explanatfor the diversity

of modern organisms and the animals seen in thel f@zord. Lamarck
used the theory of Inheritance of Acquired Charssties, a widely-held

belief at the time, to explain change in organismkcksmiths, for

example, were thought to pass their well-developght arms on to
their sons. Lamarck’s Organic Theory of Developm@nganisms are
shaped by their environment. Change is goal-dideet®rganisms have
an internal drive to become more and more complex.

11
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Charles Darwin (1809 - 1882) and Alfred Russell Mt (1823 - 1913)
Darwin and Wallace, working separately, devised adeh for organic
change that was based on their observations ofgivand fossil
organisms over many years. Natural Selection wasfitst evidence-
based mechanism for evolution that was proposed.

Darwin and Wallace observed that change did nopé&agqually to all

members of a population, as Buffon and Lamarck ghoulnstead,

Darwin and Wallace proposed that selection hapmaas generation.
Some individuals have traits that help them suraré reproduce, while
others have traits that put them at a disadvantager generations, the
number of individuals with favourable traits incsea while those with
unfavourable traits decrease.

SELF-ASSESSMENT EXERCISE

Enumerate the four main stages of evolutionaryohysthat are
linked to the rise of evolutionary biology.
Describe the Various Theories of Evolution

40 CONCLUSION

In this unit, we explained that theories are evagesupported
explanations for natural phenomenon and that tstei#ieories must
have abundant evidence from well-tested hypothed¥e. have
understood that the history of evolution can beddato the historic rise
of evolutionary biology that can be sketched inrfonain stages. We
have also seen that many thinkers before Darwin diadussed the
possibility that species change through time irtttenpspecies. But that
in the mid-nineteenth century most biologists hedi that species are
fixed in form. Similarly we know that Darwin’s Thgoof Evolution by
Natural Selection explains Evolutionary Change aAdaptation,
however his contemporary scientist mainly acceptesl idea of
Evolution, but not his explanation of it by NatuBslection.

We were informed in this unit that various theorgdsevolution have
been developed by scientist including; Aristotl843822 B.C.), George
Louis LeClerk, Compte de Buffon (1707 - 1788), Buif James Hutton
(1726 - 1797) and Charles Lyell (1797 - 1875), @esrCuvier (1769 -
1832), Jean-Baptiste de Lamarck (1744 - 1829) ahdrl€s Darwin
(1809 - 1882) and Alfred Russell Wallace (1823130

50 SUMMARY

Scientific theories are evidence-supported expianat for natural
phenomenon and to exist; theories must have aburadhence from

12
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many well-tested hypotheses. Theories grow fromdenwe thus
proposing a theory without evidence is unscientifithile many
thinkers before Darwin believed that species chahgeugh time into
other species, in the mid-nineteenth century howewest biologists
believed that species are fixed in form. Darwintedry of Evolution by
Natural Selection explains Evolutionary Change Addptation.

Darwin proposed the Theory of Natural Selection leshMendel
developed a theory of heredity. These two ideasweerged to gather
and called neo-Darwinism or the synthetic Theorf§weblution. During
the 1930s and 1940s, neo-Darwinism gradually spiteadigh all areas
of biology and it unified genetics, systematic,quaitology, and classic
comparative morphology and embryology. Various thesoof evolution
have been developed by scientist including; Arist§884-322 B.C.),
George Louis LeClerk, Compte de Buffon (1707 - )78ffon, James
Hutton (1726 - 1797) and Charles Lyell (1797 - 187%Georges Cuvier
(1769 - 1832), Jean-Baptiste de Lamarck (1744 9)1&hd Charles
Darwin (1809 - 1882) and Alfred Russell Wallace438 1913).

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the history of Evolution as a Scientifiecdhy

2. Describe the history of evolution in four stageskéd to
evolutionary biology.

3. Explain the theories of evolution as proposed by:

e Jean-Baptiste de Lamarck (1744 - 1829)
e Charles Darwin (1809 - 1882) and Alfred Russell Mz
(1823 - 1913)
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1.0 INTRODUCTION

The theory of evolution by natural selection asedeped by Darwin and
Wallace is a theory about the mechanism by whiaiugon occurred.

The theory states that biological change takeseplaith two basic

characteristics; Variation and Struggle for existen Evolution by

natural selection stress the fact that for livingamism, there are no
traits that are better in any absolute sense -e thex only traits that are
better suited for a particular set of circumstand&sthin a species,

individuals specialise at exploiting the environmienvarious ways, and
over long periods this specialisation creates deece.

Darwin concept of evolution by natural selectionswageveloped and
published in a book “The Origin of Species, in 1858e concept of his
theory for the evolution of plants and animal speds as follows: 1)
Artificial select of preferred character from Plaartd animal carried
over many generation produce very different typlearomals (varieties
of the same species). 2) A similar selection ocaarsature and 3)
Individual organisms and species are all in a sfieifpr existence. The
struggle referred to as the “survival of the fittés

Excess fecundity, and consequent competition toiwirin every
species, provides the preconditions for the procdeaswin called
Natural Selection that requires four conditions: R@production 2)
Heredity 3) Variation in Individual Characters argothe members of
the population and 4) Variation in the fithess eofanisms (heritable
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character). If these conditions are met for anypprty of a species,
Natural Selection automatically results.

This unit discusses the theory of evolution by rat$election, explains

Darwin’s concept of evolution by natural selectiand describes the
condition necessary and sufficient for natural g to occur.

20 OBJECTIVES

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

. define natural selection
o explain the concept of evolution by natural setacti
. describe the condition for natural selection

30 MAINCONTENT

3.1 Natural Seection

Living things produce more offspring than the fnresources available
to them can support, so they face a constant de&ugg existence. The
individuals in a population vary in their phenotgp@and some of that
variation is due to genetic differences. Fitnedhésrelative ability of an
individual to survive and transmit its genes to tlext generation. A
population undergoes selection when certain all@tesfound at greater
frequency in a new generation because they impanedter fitness to
the parent. The forces of natural selection actphenotypes but
evolution occurs only if there is a change in thenagypes in a
population.

There are several ways that fithess can be achieved

1. Survival or mortality selection - ability to sur@vto a
reproductive age

2. Mating success or sexual selection - in plants,efample, this
could refer to the likelihood that a female floweill receive
male pollen

3. Family size or fecundity selection - number of pfiag
produced.

Evolution involves two related phenomena:

1. Adaptation - refers to genetically determined chemastics that
enhance an individual's ability to cope with itwieonment.

2. Speciation - a single species can give rise to twomore
descendant species when isolated by geographyatogscally
divergent space.
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Evolution may be caused by a 'lack of fit' betwaepopulation and its
environment. A species evolves when gene frequeraiange and the
species moves to a higher level of adaptation fepecific ecological
niche.

If environmental conditions are constant for a lqmegiod of time, a
population may reach equilibrium, where optimurmdgs is attained
and there is little change in gene frequencies foora generation to the
next.

Changes in environment may result in ‘lack of éif’a static population.
Many factors, biotic and abiotic, can act to charfgaess. The
maintenance of adaptation requires that naturaécsieh operate
constantly in every generation to maintain theofia population to its
environment.

3.1.1 The Effects of Selection on Populations

Directional selection

When one extreme of a population is favored overthaer, selection
will tend to move the mean of the population inttti@ection. Changes
may be small between one generation and the nektyii accumulate
over time. Examples include traits such as yieldstility, stress
tolerance, and disease tolerance.

Change due to Selection

Frequency

Trait value

Stabilising selection

Natural selection often works to weed out individuavith extreme
phenotypes. Stabilising selection reduces variaitioa population and
favors individuals with an average phenotype ower éxtremes. This
mode of selection is often referred to as optingsselection. Examples
in plants include maturity, seed size, and planmgtite
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Disruptive selection

Disruptive selection acts against the individualsthe middle of the
range of phenotypes and tends to favour individuathe extremes. In
the long term, disruptive selection can create thsiinct gene pools
from a single gene pool. Such a force is requiggdtie origin of new
species.

Effect of Disruptive Selection

Frequency

Trait value

3.1.2 Responseto Selection
Heritability (h?) measures how well offspring resemble their parent

the amount of additive genetic varianeg?j as a proportion of the total
variance among phenotypesA):

B - T
P

The selection differential is an indicator of sélet intensity:

S = mean after selection — mean before selection

If expression of a trait is due to a large numblepaygenic loci, then
Response to selection is a function of both thé@dtslity of a trait (i.e.,
additive genetic variance) and the strength ofctiele on the trait
(selection differential).

Response =3x s

With either low heritability or weak selection, pesise to selection is

slow. Conversely, with a high heritability and highlection pressure,
response to selection will be rapid.

18



CRP 512 MODULE 1

Artificial selection

Modern food crops would not have evolved underuradtconditions or
processes’ without man’s selection and interferenidee process of
domestication has led to striking changes in mogioal traits of

plants. This is continuing through modern plantdirg.

Plant breeding is a means by which artificial sebecis imposed on
plant populations to change morphological trait&rease tolerance to
biotic and abiotic stress, and improve agronomitgoeance.

3.1.3 Speciation

A species is a group of organisms that are capableterbreeding

freely with each other. They do not interbreed vather species even
when they have the opportunity (or if they do mtte offspring are

sterile).

How do new species originate? What is the mechéhiBhere are two
theories proposed:

1. Phyletic gradualism - change due to natural seleas gradual
and progressive (Darwin's view)
2. Punctuated equilibrium - sudden changes puncteatg periods

of little change. (Gould and Eldridge). Small, eteld populations
may evolve more rapidly.

The formation of two or more species often requigegraphical
isolation of subpopulations of the species. Onlgnthcan natural
selection or perhaps genetic drift produce disitirecgene pools.

In general, a stimulus like an environmental chacayeses the evolution
into a new species. The organism must either:

1. Adapt to changing conditions if possible

2. Survive by changing habits or migrating into anothrea

3 Go extinct.

3.2 Condition for Natural Selection

Excess fecundity, and consequent competition toiwirin every
species, provides the preconditions for the procdeaswin called
Natural Selection. The argument, in its most gdrferan, requires four
conditions:

1. Reproduction. Entities must reproduce to farmew generation.
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2. Heredity. The offspring must tend to resembieirt parents:
roughly speaking, “like must produce like.”
3. Variation in Individual Characters among thenmbers of the

population. If we are studying natural selectiorboly size, then
different individuals in the population must haviéetent body
sizes.

4. Variation in the fitness of organisms accordioghe state they
have for a heritable character.

If these conditions are met for any property of peces, Natural
Selection automatically results. And if any are, niotloes not. This also
implies that when the four conditions apply, thetites with the
property conferring higher fithess will leave mas#fspring, and the
frequency of that type of entity will increase iretpopulation.

3.3 Theory of Evolution by Natural Selection

The theory of evolution by natural selection ishedry about the
mechanism by which evolution occurred in the pasid is still
occurring now. The basic theory was developed bth Hoarwinand
Wallace, however, Darwin gave a much fuller argutndime theory
states that biological change takes place withltegic characteristics:

1. Variation: Random variations occur in the traits indlividual
organisms and are passed on to their offspring.

2. Struggle for existence: There is an existential getition that
insures advantageous traits are preserved andvdis@deous
traits are eliminated.

A key result of evolution by natural selection lst it forces us to look
at various binaries such as advantage and disaafy@nsuperior and
inferior from a local perspective. This means ttere cannot be traits
that are better in any absolute sense — there ehnbe traits that are
better suited for a particular set of circumstances

Within a species, individual's specialise at exphg the environment in
various ways, and over long periods this speci@tisa creates
divergence. For example a group of birds with lorggaks might prefer
worms, while a group with stronger beaks might @refuts. Or being
attractive to, and interacting with, mates of thgpasite sex is an
exploitation of local circumstances.

3.4 Darwin, Natural Selection & Evolution

Charles Darwin published his book "The Origin oE8ies" in 1859. He
presented two major arguments:
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1. The theory of evolution - all species alive todaydescendants
from earlier species. Life is continually changing.

2. The mechanism of evolution is natural selectioswwival of the
fittest. Changes occur gradually over time.

His findings generated a storm of criticism, somevbich continues to

the present. The concept of evolution was distgylinpeople because it
seemed to contradict the literal interpretatiorthef story of creation in

the Bible, and because it implied that humans hedved from some

apelike ancestor. From a scientific standpoint, wials ideas ran

counter to the prevailing paradigm of fixed specthat had been

proposed by Carolus Linnaeus in the 1700's. Tottheyguestion we ask
is not so much whether evolution occurs, but hoesdboccur?

3.5 Darwin Concept of Evolution by Natural Selection

After an intensive and detailed observation of tlaiation existing
among plans and animal species, Darwin spent owean developing
the argument which he published in a book “The @ra@f Species, in
1859. The concept of his theory for the evolutidrplants and animal
species is as follows:

1. Plant and animal breeders artificially select pmefe
characteristics from domestic populations (maizeg, rpigeons,
cows, dogs, etc.) in which there are a lot of randaariation.
When this process is carried over many generati@set small
differences produce very different types of anim@aerieties of
the same species).

2. A similar selection occurs in nature. The naturemdcies is that
the demarcation between different species andrdiftevarieties
is difficult. A well-marked variety is an “incipi¢rspecies” — that
is, newly forming, or emerging.
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3. Individual organisms and species are all in a ggflel for
existence. Life is a complex struggle resultingttmal selection.”
The struggle referred to as the “survival of thee§t.”

The core of Darwin’s Theory of evolution by natusalection includes:

1. Nature varies, randomly.

2. Some of variations are more advantageous thansother

3 Because there is a struggle for existence, anyradga will be
important, however slight.

4. In the long run, those organisms that have a sliginiate
advantage will survive more often than those tlmahat, passing
on their advantages to their offspring.

Through this mechanism, Darwin argued that a pamuawill change
by the accumulation of small, but favorable advgesa over vast
periods of time. Again, he referred to artificialection, calling natural
selection “unconscious artificial selection.” Buitice that nature does
not chose preferred traits in the way that a breddes.

SELF-ASSESSMENT EXERCISE

Define natural selection and explain the concepdwafiution by
natural selection
Describe the necessary conditions for natural 8elec

40 CONCLUSION

We learn from this unit that the theory of evolatioy natural selection
was developed by Darwin and Wallace as a theory éixplain the
mechanism by which evolution occurred. We were @dormed that
the theory states that biological change takeseplaith two basic
characteristics; Variation and Struggle for existenlt was also stated
that evolution by natural selection stress the fHwt for living
organism, there are no traits that are better ynadrsolute sense — there
are only traits that are better suited for a paldic set of circumstances
or environment.

This unit also thought us that Darwin concept obletion by natural
selection was developed and published in a booke“Drigin of
Species, in 1859. We also know that the core ofwdes Theory of
evolution by natural selection was that nature egrirandomly with
some of variations being more advantageous thaer@ttDue to a
struggle for existence, any advantage will be ingdy however slight.
Consequently, those organisms that have a sligtaténadvantage will
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survive more often than those that do not, passmtheir advantages to
their offspring.

The unit further highlighted that excess fecunddgd competition to
survive in every species, provides the precondstider the process
Darwin called Natural Selection which requires fozonditions: 1)

Reproduction 2) Heredity 3) Variation in Individu@haracters among a
population and 4) Variation in the fithess of orgams (heritable

character). Conclusively natural selection autooadliy occurs when

these conditions are satisfied.

50 SUMMARY

The theory of evolution by natural selection ishedry about the
mechanism by which evolution occurred in the pasid is still
occurring now. The basic theory was developed byidaand Wallace.
The theory states that biological change takeseplaith two basic
characteristics: a) random variations in the trafterganisms passed on
to their offspring and b) struggle for existencéhefiefore, within a
species, individuals specialise at exploiting theimnment in various
ways, and over long periods this specialisatiomater® divergence.

Darwin concept of the theory of evolution by natwselection explains
that: 1) Artificial select of preferred characteorh Plant and animal
carried over many generation produce very diffetgpes of animals
(varieties of the same species). 2) A similar g&lacoccurs in nature
and 3) Individual organisms and species are allairstruggle for
existence that is referred to as the “survivahef fittest.”

Excess fecundity, and competition to survive inrg\apecies, provides
the preconditions for the process Darwin calleduRatSelection which
requires four conditions: 1) Reproduction 2) Herged) Variation in
Individual Characters among a population and 4)afian in the fitness
of organisms (heritable character).

6.0 TUTOR-MARKED ASSIGNMENT

1. State the theory of evolution by natural selectand its key
takeaway.

2. Discuss the Darwin’s concept of evolution by natsedection.

3. Explain the core of Darwin’s Theory of evolution atural
selection.

4. Outline the four conditions required for naturdeséon.

7.0 REFERENCESFURTHER READING
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1.0 INTRODUCTION

A number of evidence showed that species have edolivom a
common ancestor, rather than being fixed in fornd areated
separately. On a small scale, evolution takes piaceature, such in
breeding agricultural varieties. Natural variatioan cross the species
border, and new species can be made artificialyinathe process of
hybridization and polyploidy by which many agrieutal and
horticultural varieties have been created. Theeetlaree main types of
evidence for evolution that include: a) direct alvaéon on the small
scale; b) Homology; and c) the order of the maiougs in the fossil
record.

Evolution is described as the change in inheritadstin a population
over generations. However, evidence of evoluticat thclude fossils,
molecular data, and other evidence indicates that genetics of a
population do evolve over time. Natural Selectitre one mechanism
for evolution, is well-supported by evidence. Tlaet§ put forward as
evidence for the existence of selection in natocdudes the following:
a) artificial Selection; b) selection acting on iaions and c)Selection
not cause new variations. This unit explains amaitdies the three main
types of evidence for evolution. It further enumesaand discusses the
facts presented as evidence for the existencdeaxtsm in nature.
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20 OBJECTIVES

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

o list and explain the evidence for evolution.
. enumerate and describe the evidences for the pgest®f
selection in nature.

30 MAINCONTENT

3.1 Evidencefor Evolution

A number of lines of evidence suggest that spdwae® evolved from a
common ancestor, rather than being fixed in fornd areated

separately. On a small scale, evolution can be s$aking place in

nature, such as in the color patterns of moths,imradtificial selection

experiments that are used in breeding agricultvealeties. Natural
variation can cross the species border, for exainplee ring species of
Salamanders, and new species can be made afljffi@alin the process
of hybridization and polyploidy by which many agrtural and

horticultural varieties have been created.

In summary there are three main classes of evidragvolution, they
include those from:

1. Direct observation on the small scale;
2. Homology; and
3. The order of the main groups in the fossil record.

3.1.1 Direct Observation on Small Scale

Observation of evolution on the small scale, coraBinwith the
extrapolative principle of uniformitarianism, sugtge that all life could
have evolved from a single common ancestor. The llstae
observations work most powerfully against the idéapecies fixity; by
themselves, they are almost equally good evideniceviolution and for
transfornism. They show, by uniformitarian extragimn, that evolution
could have, in theory, produced the whole histdriyfe.

3.1.2 Homology

Homologous similarities between species (undersasosimilarities that
do not have to exist for any pressing functionasom), suggest that
species descended from a common ancestor. Univessablogies such
as the genetic code found in all living things sesjghat all species are
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descended from a single common ancestor. The meoently

discovered molecular homologies, such as the usavegenetic code,
extend the argument to the whole of life a and faxmlution over both
transformism and creationism

3.1.3 TheOrder of the Main Groupsin the Fossil Record

Stronger arguments for large-scale evolution coroenfclassification
and the fossil record. The fossil record provideme direct evidence of
the origin of new species. The order of successfanajor groups in the
fossil record is predicted by evolution, and codicts the separate
origin of the groups. The geological successiothefmajor groups and
most classic morphological homologies strongly ssgghat these large
groups have a common ancestor.

3.2 Evidencefor Selection

Evolution is the change in inherited traits in applation over
generations. However, Fossils, molecular data, atiter evidence
shows that the genetics of a population do change tme. Natural
Selection, one mechanism for change, is well-supgddry evidence. To
construct his theory, Darwin had to gather and emanevidence to
discover whether selection happens in nature. Re&sezontinues to
refine our ideas of how selection happens and \efffatts it has on
species. The facts put forward as evidence foeiigtence of selection
in nature includes the following:

3.2.1 ArtificialSelection

Darwin knew from his studies of pigeon breedingt teelection can
change organisms, sometimes rapidly.

Human selection created many breeds of dogs frdthdeigs or wolves
as humans chose to breed those animals with tizdis the humans
wanted.
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3.2.2 SelectionActson Variations

Studies have shown that guppies living in pondé Watv predators are
more brightly coloured than those living with mamgdators.

In both populations there are guppies with genedmmght colors. Why
are dull colours favoured in ponds with many preds2 Why are bright
colours favoured in ponds with few predators?

3.2.3 Selection does not Cause New Variations
Studies on Anole lizards showed that long, fastimgpviegs were

favored where trees had thicker branches, whiletehanore agile legs
were favored where trees were flimsier.

Earen, nre

14-1% Biotogy: Lifs or

If lizards from places where trees had thin brascivere moved to a
place where trees had thick branches, those wiéh ltimgest legs
survived better. Each generation had more indivgluwath longer legs
because the genes for longer legse already in the population.

SELF-ASSESSMENT EXERCISE
List and explain the evidence for evolution.

Enumerate and describe the evidences for the axsteof
selection in nature.
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40 CONCLUSION

Information presented in this unit indicated thatuanber of evidence
showed that species have evolved from a commonstrceather than
being fixed in form and created separately. We almoe to know that
evolution takes place in nature on a small scatample in breeding
agricultural varieties. We were thought in thistuhat natural variation
can cross the species border, and new species hare dreated
artificially, as in the process of hybridisationdapolyploidy by which
many agricultural and horticultural varieties hdneen developed. It was
shown that the three main types of evidence fotutiem are: a) direct
observation on the small scale; b) homology; andhe)order of the
main groups in the fossil record.

This unit further described evolution as the chaingaherited traits in a
population over generations. It went on to statat tevidence of
evolution including fossils, molecular data, anbestevidence indicates
that the gene of a population do evolve over titheias also explained
in this unit that the mechanism for evolution (wWhis natural selection)
is well-supported by evidence. In addition we werl®rmed that the
evidence for the existence of selection in nature: &) artificial
selection; b) selection acting on variations andetection not causing
new variations.

50 SUMMARY

Evidence suggests that species have evolved freomanon ancestor,
rather than being fixed in form and created sepfraOn a small scale,
evolution can be seen taking place in nature, elamp breeding
agricultural varieties. When natural variation a@s the species border,
new species can be made artificially such as in pinecess of
hybridization and polyploidy. This process resutisthe creation of
many agricultural and horticultural varieties.

There are three main types of evidence for evaiutiwat include: a)

direct observation on the small scale; b) Homolagyl c) the order of
the main groups in the fossil record. Fossils r@spmolecular data, and
other evidence showed that the genetics of a ptpalaan change over
time. Natural Selection, one mechanism for chaisggeell-supported by

evidence. The evidence for the existence of seledn nature are: a)
artificial selection; b) selection acting on vapas and c) selection not
causing new variations.
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6.0 TUTOR-MARKED ASSIGNMENT

1. List and explain in each case the evidence for wtiai and
transfornism.
2. Enumerate and discuss the facts put forward aseeal for the

existence of selection in nature.
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CROP EVOLUTION AND ADAPTATION

MODULE 2 EVOLUTION OF CROP PLANTS

Unit 1 Mechanism of Crop Evolution

Unit 2 Forces of Evolution

Unit 3 Role of Speciation in the Evolution of CrBfants
Unit 4 Role of Hybridisation in Crop Evolution

UNIT 1 MECHANISM OF CROP EVOLUTION
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content

4.0
5.0
6.0
7.0

1.0

Evolution is the force that shapes the living wotbuntless different
kind of plants and animals pack the earth and espeties is itself
composed of a wide range of morphologies and atiapta These
species are continually being modified as they faeerealities of their
particular environments. In its simplest senseJugian can be defined
as a change in gene frequency over time. Genetigbitity is produced
by mutation and then that variability is shuffleddasorted by the
various evolutionary forces. The way organisms wva$ dependent on
their genetic characteristics and the type of emvirent they must face.

The Variation that exists in a population is thesowece on which
Natural Selection works. Evolution from the origifilife to the level of
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modern diversity must have required more variatltam existed in the
original population. The extra or new variatiorgenerated by Mutation
and Recombination. Mutation introduces less vammatin other life
forms that have lower population sizes, lower rdpgtive rates, and
lower mutation rates. But in all species, Mutatisran abundant source
of New Variation, providing Raw Material for Evolahary Change.

A broad spectrum of evolutionary forces, includmggration, selection
and random chance, interact to alter natural spedieese same forces
operated during the domestication of crops. Theary requirement for
evolutionary change is genetic variability and niota generates these
building blocks. The mechanisms for crop evolutiane natural
selection, mutation and recombination.

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

define Natural selection

explain the concept of evolution by natural setacti
describe the condition for natural selection

explain mutation in the context evolution

discuss the different types of recombination preces

3.0 MAINCONTENT
3.1 Natural Selection

3.1.1 Introduction

Evolution is the change in inheritable traits inpapulation over

generations. Change in traits is caused by changbe genes (in DNA)

that code for those traits. Natural selection tetwdscrease favorable
traits in a population and decrease unfavorabitsira

Evidence from the natural world showed that chamg@pens to
organisms over time. According to Darwin and WadlaBlatural

Selection provides a natural mechanism for changk the path for
Crop Evolution. Natural selection occurs in a pagioh because of the
existence of the following forces:

1. Variation within any population:, Individuals diffefrom one
another in many ways.
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2. Inheritance: Some differences between individuase
inheritable, and can be passed from parent to rirfigp
3. Differences in survival and reproduction: In mosipplations,

more young are born than can survive. Many of theng will
die. A few will live long enough to reproduce.

4. Success is not random: While random accidents ¢gpdrg an
individual's survival depends mainly on the indiva's traits.
Those that live and reproduce may pass their ttaithe next
generation.

5. Selection favours organisms that are best adaptedthé
environment: Selection does not produce new traits,does it
make organisms “perfect.” Selection is all aboutvsal, and
those organisms with traits that help them suraireemore likely
to reproduce.

3.1.2 The Concept of Natural Selection

According to Darwin’s theory of evolution plant gpes have evolved
through the process of evolution and adaptationiléMhis theory of
natural selection proposed that crop plants haveldp through human
breeding (artificial selection) and selecting powar nature. This
selection of forms by human agency and active 8eledn the natural
world have resulted in the creation of the vargetd domestic plants
species. The process of natural selection sepacatieshose features
most beneficial to plants in relation to their eovimental conditions in
a similar action to the selection by man on cutedacrops in the
production of different hybrid varieties.

Natural selection is a grand plan that allows thecess of selection to
go on adapting crop plants to diverse ends. A thexplaining the

evolution and adaptation of cultivated plants ralgvto the concept of
natural selection is the “principle of divergencathich states that
organism under the action of natural selection w@iid to radiate and
diversify within their “conditions of life”. (i.e.the complex of
environmental and species-interaction relationghipfe principle of

divergence forms an important link between natweiation and the
conditions of existence under the action of thevidg force of

population increase.

3.1.3 Typesof Natural Selection.

Natural Selection produces evolution when the emvirent changes; it
will also produce evolutionary change in a constam¢ironment if a
new form arises that survives better than the ouificiem of the species.
Natural Selection can not only produce evolutiondrgnge, it can also
cause a population to stay constant. If the enume@mt is constant and
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no superior form arises in the population, natsed¢ction will keep the
population the way it is. Natural selection canlaxpboth evolutionary
change and the absence of change.

Natural selection will operate among any entitiegt treproduce, show
inheritance of their characteristics from one gatien to the next, and
vary in “fitness” (i.e., the relative number of ging they produce)
according to the characteristic they possess.

In evolutionary biology, it is often useful to thkirabout evolution in
Continuous Characters such as body size slightfferdintly from
Evolution in Discrete Characters such as drug teast® and drug
susceptibility. However, no deep difference existtveen the two ways
of thinking. Discrete Variation blurs into Contiru® Variation, and
evolution in all cases is due to changes in thgueacy of alternative
genetic types. Natural Selection can act in thremnnmways on a
character, such as body size, that is Continuddsiibuted. These are
directional, stabilising, or disruptive

Directional

Assume that smaller individuals have higher fitnébsit is, produce
more offspring) than larger individuals. Naturallestion is then
directional: it favours smaller individuals and will, if theharacter is
inherited, produce a decrease in average bodyBirectional selection
could, of course, also produce an evolutionarydase in body size if
larger individuals had higher fitness.

Stabilising

A second (and in nature, more common) possibilgyfar natural

selection to be stabilising. The average membetkeopopulation, with

intermediate body sizes, have higher fithess thanektremes. Natural
selection now acts against changes in body sizel, lkeeps the
population constant through time, lighter than agerdid not survive as
well as babies of average weight. Stabilising selachas probably
operated on birth weight in human populations frttra time of the

evolutionary expansion of our brains about onenio million years ago
until the 20th century.

Disruptive
The third type of natural selection occurs whenhbektremes are

favored relative to the intermediate types. Thiscadled disruptive
selection. In an environment with a bimodal reseudistribution,
natural selection drives the finch population tovédiaa bimodal
distribution of beak sizes. Natural selection isernthdisruptive.
Disruptive selection is of particular theoreticaterest, both because it
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can increase the genetic diversity of a populatiby frequency-
dependent selection) and because it can promotéasipea.

3.2 Mutation
3.2.1 Introduction

Mutation is an important source of genetic varigépithat is critical for
evolution. Genes arise from genes through divisibteredity is
maintained due to accurate gene reproduction. Tineapy requirement
for evolutionary change is that genetic variabibtyd mutation should
generate these building blocks for evolution. Aevidnge of mutations
can occur at all levels of genetic organisatiomfmoucleotide sequence
to chromosome structure.

Mutations can be classified as beneficial, harmdulpeutral. Harmful
mutations are eliminated through selection if theguce the fitness of
an individual. Neutral alleles are neither benalficior detrimental to an
individual. When the environment changes, a newtigle or a new
mutant allele may be favoured and eventually becdinee dominant
allele in that population. If a mutation is ben&fido the species as a
whole, migration must occur for it to spread toestpopulations of the
species.

Mutations can occur by

1. Point mutation - changes in a single nucleotide
2. Small insertions or deletions of the nucleotid eusege
3. Whole genes or blocks of genes could be duplicated

A mutation may be transparent (resemble an allédeady in the
population). Alternatively, it could generate artiaty new allele. Most
of these mutations will be detrimental and lost.

Gene duplication favours and facilitates mutatioredents. The
duplicated gene can undergo mutations to genenagsvagene that has a
similar, but a slightly modified function for theganism. The original
gene maintains the function that was adaptive énirtitial environment.
This type of evolution generates multigene familiEgamples: gluten
proteins and other seed storage genes, photosigngieetes in plants).

3.2.2 Typesof Mutation

Genes arise from genes through division. Heredityaintained due to
accurate gene reproduction. Occasionally gene deptmn goes wrong,
and a different gene is produced from the paremtal which is gene
mutation. Darwin’s theory of evolution, made thedubtary changes,
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very important for evolution. The sudden appearasfceew hereditary
types recorded by many plant and animal breedersefesrred as
mutation (or “sports”).

The Shirley poppy, the dwarf “Cupid” sweet pea, dmarf, cut-leaved,
double-flowered, and white-flowered varieties of npaplants have
descended each from a single mutant individual #pgteared under
cultivation. Most of these mutations in plants adom seed, but in
some instances the mutant character was found ¢orifaned to a single
branch. Such a branch, when artificially propagatethains true to its
new type. Many horticultural varieties, especidalpse with variegated
foliage, have arisen from such somatic mutationsboad sports”.

There are four major types of mutation: (i) pointutation; (ii)
chromosomal sequence alterations; (iii) chromosomdditions and
deletions; and (iv) chromosomal number changes.

Point mutation

Point mutations arise when nucleotides are altesedsubstituted.
Nucleotide changes occur spontaneously due toseimaeplication and
repair. Generally, mutations occur at rates of 10X to 10’. Mutation
rates can be increased by numerous environmengitaguch as
ionizing radiation, chemical mutagens and therrhatk.

Sequence alterations

Chromosomal sequence alterations occur when ther ofdnucleotides
is changed within a chromosome. Three types of Ds&§uence
alterations occur: translocation, inversions arghgpositions. Small
numbers of redundant nucleotide blocks may be iraslor a whole
groups of genes. Translocations occur when nudeatequences are
transferred from one chromosome to another. Traalins are wide
spread in a number of plant genera, includiAgachis, Brassica
Capasicum, Gossypium, Triticumetc

Duplications and deficiences

Chromosomal duplications and deletions are prodwdseh portions of
chromosomes are added or subtracted. Chromosomigikedeies occur
when nucleotide blocks are lost from within a chosome, while
duplications arise when nucleotide sequences altpiiad.

Chromosomal number changes

Chromosomal numerical changes arise when the numbkr
chromosomes changes. There are three primary tgpasumerical
changes: (i) aneeuploiddy; (ii) haploidy; and (@glyploidy.

3.3 Recombination
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3.3.1 Introduction

Cultivated crops have evolved with the aid of reboration through the
process of sexual, asexual and obligate meiotidrssxbrings about the
reshuffling of plant genums through a variety of ama&nisms.

Recombination is essential for the spread of faveraalleles in a

population. Thus sex and recombination are adapistivhose purpose
is to bring together new combinations of alleles.

Recombination involves the random shuffling of gerleat break up
well-adapted sets of alleles. Sex and recombinatioong plant species
facilitate natural selection by generating usefuiation. The adaptation
and domestication of cultivated crops is facilithtey recombination as
well as selection.

In addition, plant and animal breeders have longwknthe importance
of outcrossing, and the extraordinary increasesrap yield that have
been essential to feeding mankind have come from efficient

selection of large sexual populations.

3.3.2 Genetic Recombination

One of the ways that genetic variability is mainé within a

population is through recombination, a process lwing the exchange
of genetic information among different DNA moleculihat results in a
reshuffling of genes. Recombination provides a madm for

redistributing the informational changes that odoudDNA as a result of
mutation and can produce numerous new combinat@ingenetic

information. Regardless of the mechanism, recontionaresults new
combinations of alleles (during meiosis).

Recombination provides a mechanism for generatingrsity within
the gene pool of a microbial population. The get@ma of
heterogeneity, however, is restricted by the faat the exchanges must
be between alleles of the same gene or betweers deathave large
sequences of corresponding nucleotides. As a resalprocal (mutual)
exchange occurs within species, but this process aot genetically
permit genetic exchange between different species.

3.3.3 Typesof Recombination Processes

There are two different types of recombination exaie processes:
Homologous or Reciprocal recombination
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The classic type of exchange occurs between horoo®gegion of
DNA molecules, that is, between regions contairtimg same or nearly
the same nucleotide sequences, as seen in theingosser of
chromosomes (during meiosis) where pairs of chremas containing
the same gene loci pair and exchange allelic pwstiof the same
chromosomes. The term homologous indicates thatettehange is
between allele of the same gene and is not meaimdy that the
exchange of DNA segments has exactly the sameatiddesequence.

In homologous recombination, there is relativelypddase pairing of
corresponding regions of the DNA and the alignetbmiosomes may
establish duplex between homologous DNA regions.elrkaryotic
microorganisms this often occurs during meiosis, finocess whereby
homologous chromosome pairs are separated and enmden of each
pair is distributed to each of the two daughtefscéVeiosis results in
the conversion of a diploid cell into a haploidicel

A similar homologous alignment of DNA molecules eaotur when a
bacterial chromosome or a portion, there of a fearsd from a donor to
a recipient bacterium.

Non- homologous or Non- reciprocal recombination
When the recombination takes place between non- ologous
segments of DNA, is known as non- homologous recoation. Non-
homologous recombination does not mean that trereinucleotide
homology in the segments of DNA that are exchangetit does imply
that the extent of such homologous region is lichite

Non homologous recombination can be a site-speexfthange process,
that is, a process in which DNA exchange occurs @il a given
location within the genome. Non homologous recoratiam permits the
joining together of DNA molecules from differentusoes. For example,
Viral DNA may become incorporated into a bactertdromosome,
Plasmids, which may be transposed within chromosome

The difference between homologous and non- homaokgo
recombination is a matter of degree, and the distin is not always
clear. Both general and site-specific recombinatiaiters the
arrangement of the genome and introduces variatianthe gene pool
of the population.

SELF-ASSESSMENT EXERCISE
Define natural selection explain the concept of levon by
natural selection

Discuss mutation in the context evolution
Explain the different processes of gene recomlmnati
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40 CONCLUSION

We learned in this unit that Darwin’s theory of kumn states that
plant species have evolved through the process vofugon and

adaptation, while his theory of natural selectiomposed that crop
plants have develop through human breeding (adifiselection) and
selecting power of nature. It was stated that thecess of natural
selection separates out those features most behédiglants in relation
to their environmental conditions in a similar aatito the selection by
man on cultivated crops in the production of difetr hybrid varieties.
The unit explained three types of natural selectam directional,

stabilising, or disruptive

The unit further explains that genes arise fromegetrough division

with heredity maintained due to accurate gene dprtion. However,

mutation occurs when gene reproduction goes wrand, a different

gene is produced from the parental one. It wasaaxgd that there are
four major types of mutation:

(1) point mutation;

(i)  chromosomal sequence alterations;

(i) chromosomal additions or deletions; and

(iv)  chromosomal number changes.

In addition, the unit explained that recombinatiomolves the random
shuffling of genes that break up well-adapted sétalleles. While sex
and recombination among plant species facilitateira selection by
generating useful variation. We were also taulgat the adaptation and
domestication of cultivated crops is facilitatedlegombination as well
as selection. We now know that there are two difiertypes of
recombination exchange processes that include logoos or
reciprocal recombination and non-homologous or noeeiprocal
recombination.

50 SUMMARY

Darwin’s theory of evolution states that plant spechave evolved
through evolution and adaptation, while his theofyhatural selection
proposed that crop plants have developed throughahubreeding
(artificial selection) and natural selection. Naluselection process
separates out those features most beneficial tapla relation to their
environmental conditions in a similar action to geection by man on
cultivated crops in the production of different higbvarieties.

The Variation that exists in a population is thesowece on which
Natural Selection works. Evolution from the origifilife to the level of
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modern diversity must have required more variatltam existed in the
original population. The extra or new variatiorgenerated by Mutation
and Recombination. Mutation introduces less vammatin other life
forms that have lower population sizes, lower rdpgtive rates, and
lower mutation rates. But in all species, mutai®an abundant source
of New Variation, providing Raw Material for Evolahary Change.

A broad spectrum of evolutionary forces, includmggration, selection
and random chance, interact to alter natural spedieese same forces
operated during the domestication of crops. Theary requirement for
evolutionary change is genetic variability and niota generates these
building blocks. The mechanisms for crop evolutiane natural
selection, mutation and recombination.
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6.0 TUTOR-MARKED ASSIGNMENT

Define and explain the process of natural selection

Discuss the concept of evolution by natural sebecti

Highlight the necessary condition for natural setec

Explain mutation in the context evolution

Describe gene recombination and outline differeyges of
recombination process.

agkrowpE
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1.0 INTRODUCTION

Evolution is the process by which the genetic dangin of populations

is changed through time. Evolution change is a $tep- process. First,
mutation produces heredity variation and then Waaiability is shuffled

and sorted from one generation to another. The mégeces of

evolution are migration, selection and genetic tdriligration is a

movement of genes within and between populatioagpuilen or seeds.
Selection is a direct change in a population’s ggaquency due to
differential survival and reproduction. Geneticfdis a non-directional
change in a population’s gene frequency due toarmnelvents.

Migration is important in the development of plagecies, and also
played an important role in the spread of agriceltamong human
beings. Gene movement affects variation patterrisomdy between
populations, but also within populations. Limiteeing flow results in a
highly sub structured population in which only asjat plants have a
high likelihood of mating referred to as intra-ptgiion migration.

While selection is very valuable in shaping natysapulations, non-
directional forces such as genetic drift can alsaken significant

contribution to the process of crop plant evolutidme survival and
proliferation of any genotype in any populatiorsisongly dependent on
adaptation to its environment and the survivakt®progeny to maturity.
While natural selection results from directionalacbes taking place
over time in plant populations (or genotype/envin@mtal correlations),
drift is difficult to measure because it is nonetiional and often
masked by other forces. This unit defines and eéxplanigration,

41



CRP 512 MODULE 2

selection, genetic drift and their interaction aisidg forces behind the
evolution and adaptation of plant species.

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

define migration and describe its mathematicalesgntation.
explain selection and discuss the different tydesetection
describe genetic drift and its role in the evolntaf crop plants
highlight the combine effect of migration, drift drselection in
crop evolution.

30 MAINCONTENT

3.1 Migration

The influx of genes from another population carréase variability in
the recipient population if the immigrants are waq The factors
limiting the relative importance of gene flow aleetdifference in gene
frequency between populations and the rate of riagra

The rate of migration (m) varies from O to 1: m =si@nifies no
immigrant alleles and m = 1 represents a compledacement by
immigrants. This can be mathematically represeated

m = number of immigrants per generation/total

If the frequency of an allele among the nativesejgresented by.cand
among the immigrants bymqthen allele frequency in the mixed
population will be:

q=m (@ —) + o

The change in gene frequency per generation (qjaloegration is:

A =m(tn— &)

For example, if the native population originallyntains go = 0.3, and
the immigrant group is gm = 0.1, and the migratiate is m = 0,001,
then the change in gene frequency due to one g@red immigration
is:

Aq =0.001(0.05 - 0.3) = 0.0002

It is important to note that, two populations mustve different gene
frequencies to be greatly affected by gene flowd, ta@ greater the input
of novel genes, the greater the overall change.

Numerous methods of measuring migration of gene #onong plant
populations have been developed. In some, polldnsards are simply
captured in “traps” and identified, while in othetee movement of
pollinators and dispersers is closely monitoredleifoand seeds have
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also been tagged with dyes and other chemical msarkéhe most
popular method is to find unique alleles such &szgines or molecular
makers in parents, and trace their movement imagemy.

3.1.1 AgentsResponsblefor Migration

Wind-carried pollen has been found hundreds ofnkdters from its
source and insects have been shown to carry vllen for several
kilometers. Many seeds have long distance dispengghanisms such
as wings to catch air patterns, stickers that lattacanimal fur, or hard
seed coats that a survive trips through the digedtacts of migrating
animals. All these mechanisms ensure at least $mmgerange dispersal
of gene, although only a small percentage travetsenthan a few
meters from a plant.

Human beings have played an important role in pkdlution by

planting cultigens next to wild species, and byvidimg disrupted sites
for population expansion. Numerous crop speciech sas barley,

carrots, wheat, oats, sorghum and rye have beemstowohybridize with

their wild progenitors. This sexual transfer of gerto weedy relatives
has brought on concerns about the escape of emgthgenes into the
natural environment. This interspecies hybridizativas a long-term
effects.

Migration is important in the development of plagecies, and also
played an important role in the spread of agriceltamong human
beings. Gene movement affects variation patterrisomdy between
populations, but also within populations. Limiteeing flow results in a
highly sub structured population in which only asjat plants have a
high likelihood of mating referred to as intra-ptgiional migration.

3.2 Sdlection

Selection is defined as a change in a populatigaige frequency due to
differential survival and reproduction. Many facoinfluence the
persistence of gene, including germination ratedkeg survival, adult
mortality, fertility and fecundity.

The *fitness’ of a genotype is mathematically defined as theame
number of offspring left by the genotype relativethe mean number of
progeny from other, competing genotypes. It is camiypdesignated by
the letter W. Since it is a relative measure, theogype with the highest
fitness (most fit) is assigned a value of 1. Othigress values are
decimal fractions ranging between 1 and 0. Thectele coefficient is
the proportional reduction in each genotype’s Bgdue to selection.
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As an example, suppose we have the following ggmofyequencies
before and after selection:

AA Aa Aa
(genotype) (genotype) (genotype)
Gene frequency0.25 0.50 0.25
before selection
Gene frequency0.35 0.48 0.17

before selection

Then the relative reproductive contribution of egelmotype would be:

Genotype Reproductive contribution
AA 0.35/0.25 =1.40
Aa 0.48/0.50 = 0.96
aa 0.17/0.25 = 0.68

To assign the most fit a value of 1, we must divedeh genotype by the
reproductive contribution of the most successfulagpe:

Genotype Fitness (W)
AA 14/1.4=1
Aa 0.96/1.4=0.7
aa 0.68/1.4=0.5

Since the selection coefficient is given by 1 —tAén for genotype:
AA 10-10=0; Aa 1.0-0.7=0.3 aa 1.0-05=0.5

It has been reported that, Selection Coefficienthature range from
0.001 to 0.5,. Humans probably used even more ragtrealues in the
domestication of crop species.

3.2.1 Types of Selection

There are three primary types of selection: (igclional; (ii) stabilising;
and disruptive or diversifying. In directional setien, one side of a
distribution is selected against, resulting, resgltin a directional
change. Under stabilising selection, both extrearesselected against
and the intermediate type becomes more prevalentdisruptive
selection, the intermediate types are selectednagaiesulting in the
increase of divergent types. The amount of geneti@bility present in
a population and the strength of the selectionfmeft determine how
fast and much a population will change.

An example of directional selection is the domesion of maize, in
which under human guidance the size of the earimasased between
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7000 and 3500 BP (before present) from less thaera.to well over 15
cm. The fact that most plant species are definabtiies indicates that
stabilising selection is common in nature, otheenspecies lines would
be much more blurred than they are. A typical eXdengd stabilising

selection is found in the plantsnanthusandrosceusthat almost always
have five lobes per flower even though their envinents vary greatly
and there is genetic variation for the trait atrg\mte.

Many unique races of crops were developed by hubeamgs through
disruptive selection as they gathered and grew latipas from distinct
and habitats. Perhaps the most distinct alteratame in Brassica
oleracea, where several distinct crops were developed inctyudale,
broccoli, cabbage, kohlrabi and Brussels sprouiger®e races of rice,
chickpea and chili peppers also emerged in resptmssolation and
differential selection pressure from humans.

Plant breeders have on numerous occasions empldiesifying
selection to produce differences in harvest date$ quality factors.
Example, the protein quality of maize was greatlypioved by a
repeated selection process for high and low vatwes 60 generations.
In a long-term study selecting for high and low leNels in kernel oil
content, a 20-fold difference was obtained betwdgh and low lines.

3.3 Genetic Drift

Random drift or genetic drift is a random changgeme frequency due
to sampling error. Random drift occurs in small plagions because
sampling error is greater in a smaller populatibantin a larger one.
Ultimately, the frequency of one of the alleles drees zero and that of
the other allele becomes one. The allele with teguiency of one is said
to be fixed in the population because there wowdco further change
in its frequency, it may be expected that in a $rpapulation all the

genes would become homozygous, or would be fixedum course of

time. Breeding populations are generally small;deea certain amount
of genetic drift is bound to occur in them.

While selection is very valuable in shaping natysapulations, non-
directional forces such as genetic drift can alsaken significant
contribution to the process of crop plant evolutidme survival and
proliferation of any genotype in any populatiorsisongly dependent on
adaptation to its environment and the survivakt®progeny to maturity.
While natural selection results from directionalacbes taking place
over time in plant populations (or genotype/envin@mtal correlations),
drift is difficult to measure because it is nonetiional and often
masked by other forces.
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Drift operates in a population by bringing abowe fixation of one allele

in a population similar to directional selectionwd primary factors

influence the effect of drift in a population: defrequency and
population size. The more frequent an allele, tteatgr its chances of
being fixed, and the smaller the population, th&tdait will stumble

towards fixation. The probability that an allelelivine fixed is equal to

its frequency in a population. Both the force oiftdand selection are
important in maintaining variability in natural pajption. However, the
relative strengths of the two forces are dictatg@dch individual set of
circumstances.

34 Interaction between Major Forcesof Evolution

As mentioned previously the evolutionary forcesrofration, drift and
selection rarely act alone. The relative importammdethese forces
depends on the particular circumstances at hand.

Selection is directional, while drift is not. Thelative influence of these
two forces is tempered by the strength of the sekecoefficient and

the population size. Where drift is the predomirfante, alleles will be

fixed essentially at random: where selection is giredominant force,

particular allele will be favored. All bets are aiffthe intermediate zone
where neither drift nor selection strongly domirsate

Migration can act to supply variability to a poptida, but it can also act
in opposition to drift and selection if the migrarare distinct as to the
changes being imposed. In general, very small ainoiumigration can

block the effects of genetic drift. Likewise, ifehmigration rate is

greater than or equal to the selection coefficitren the importance of
selection of population differentiation becomes@dirinsignificant.

Mutation can act like migration in tempering théeefs of selection and
drift. However, its rate of occurrence is generajyte low (<1) and
therefore its greatest importance lies as a gemrecdtnew variability.
Such rare variants can be established much fastemall populations
than in large ones even if selective coefficiemésquite high.

SELF-ASSESSMENT EXERCISE
Define migration, selection and genetic drift.

Highlight the combine effect of migration, drift &rselection in
crop evolution.
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40 CONCLUSION

We learned from this unit that migration is thelomf of gene from one
population to another and that the influx of gerfesm another

population can increase variability in the recipigropulation if the

immigrants are unique. We know that the factorgtiimg the relative

importance of gene flow are the difference in géeguency between
populations and the rate of migration. It was exy@d that the agents
responsible for migration are: Wind-carrying polldrundreds of

kilometers from its source, insects carrying viaptdlen for several

kilometers and human beings planting cultigens textild species.

The unit defines selection as a change in a pdpualatgene frequency
due to differential survival and reproduction wittany factors influence
the persistence of gene, including germination, ragéedling survival,
adult mortality, fertility and fecundity. We leamhdhat the there are
three primary types of selection: (i) directiondi) stabilising; and

disruptive or diversifying.

The unit further explains random drift or genetigftdas a random
change in gene frequency due to sampling error watdom drift

occurring in small populations because samplingreis greater in a
smaller population than in a larger one. It wa® afgentioned that the
evolutionary forces of migration, drift and selectirarely act alone and
that the relative importance of these forces depemd the particular
circumstances at hand.

50 SUMMARY

Migration is the inflow of gene from one plant pdgtion to another.
The influx of genes from another population carréase variability in
the recipient population if the immigrants are waq The factors
limiting the relative importance of gene flow aleetdifference in gene
frequency between populations and the rate of riagraThe agents
responsible for migration are wind-carrying polldrundreds of
kilometers from its source and insects carryindhagollen for several
kilometers. Human beings also play an importarg mlplant evolution
by planting cultigens next to wild species.

Selection is defined as a change in a populatigaige frequency due to
differential survival and reproduction. Many facoinfluence the
persistence of gene, including germination ratedieg survival, adult
mortality, fertility and fecundity. There are thrgeimary types of
selection: (i) directional; (ii) stabilising; andsduptive or diversifying.
The amount of genetic variability present in a dapon and the
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strength of the selection coefficient determine hiast and much a
population will change.

Random drift or genetic drift is a random changgeme frequency due
to sampling error. Genetic drift occurs in smallppations because
sampling error is greater in a smaller populatibantin a larger one.
Generally, the evolutionary forces of migrationftdand selection rarely
act alone. The relative importance of these foioethe evolution of

crop plants depends on the particular circumstaatkand.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define migration and describe the mathematicalasgmtation of
the change in gene frequency per generation (gjalmegration

2. Explain selection and discuss the different types
3. Describe genetic drift and its role in the evolataf crop plants
4. Highlight the combine effect of migration, drift &rselection in

the evolution of crop species.
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1.0 INTRODUCTION

Species are populations that can be distinguishgdptmminent

morphological differences. This definition implideat species may
retain the ability to freely interbreed, and in Ityabehaving as one
genetic entity. The biological species conceptragsispecies in terms of
interbreeding. Species are defined as “groups t@frhneeding natural
populations that are reproductively isolated frotheo such groups.”
The expression “reproductively isolated” means tim@mbers of the
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species do not interbreed with members of otheciepgbecause they
have some attributes that prevent interbreeding.

The crucial event for the origin of a new specissreproductive
isolation. Generally, the members of a speciesllysdifer genetically,
ecologically, and in their behaviour and morphologthat is,
phenetically) from other species, as well as in ey will interbreed
with. Some biologists prefer to define species hgt reproductive
isolation but by other properties, such as geneiic ecological
differences. There are many different ways thatntd can be
reproductively isolated. These reproductive isogtarriers (RIBs) are
generally broken into two classes: (i) pre-mating @rezygotic
mechanisms and (ii) post-mating or postzygoticasoy mechanisms.
Prezygotic barriers typically contribute more totato reproductive
isolation in plants than do postzygotic barriers.

New species are thought to arise through a numbedifferent

pathways. One way the different modes are distsigrd is by the
degree of separation between the speciating popusatBased on this
there are four types of speciation: 1) Geographpection; 2)

Peripatric Speciation 3) Parapatric Speciation at)d Sympatric

(instantaneous) speciation. This unit defines aisgeand explains the
biological species concept, speciation, reprodecisolating barriers
(RIBs) along with the various types of speciatinrelation to their role
in the evolution of crop plants.

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

define a species and explain the biological spemesept
discuss speciation and its role in the origin ok& species
what do you understand by reproductive isolatingibes (RIBS)
explains the various mode of speciation

30 MAINCONTENT

3.1 What isa Species?

Species are populations that can be distinguishgdpimminent
morphological differences. This definition implideat species may
retain the ability to freely interbreed, and in Ityabehaving as one
genetic entity.

Biological species are defined as groups of actuall potentially
interbreeding natural populations, which are repotidely isolated
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from each other. By this definition if taxa are meguctively isolated,

they are evolving separately and therefore muse laavidentity of their

own. However, some strongly divergent groups ahtd often maintain

some degree of inter-fertility even though theyfatifat numerous loci

and are effectively evolving on their own. In aduht plants show great
ranges in fertility from obligate outcrossing tongolete selfing to

apomixes (uniparental). Example many of grain agiliine species are
highly inbred, and most of the starchy staples lianana, cassava,
potato, sugarcane, sweet potato, taro and yam e propagated

through asexual means.

In view of the above observations, scientists hdexeloped the “Gene
Pool System” to deal with the varying levels ofeintertility between
related taxa. This concept recognized three typgemic assemblages:

1. Primary Gene Pool (GP-1): hybridization easy; hgbmenerally
fertile.
2. Secondary Gene Pool (GP-2): hybridization possikbeit
difficult; hybrid week with low fertility.
3. Tertiary gene pool (GP-3): hybrids lethal or conglie sterile.
The primary gene pool is directly equivalent to thielogical species.
The recognition of GP-2 and GP-3 allows other Iswlinter-fertility to
be incorporated into the overall concept of specidsese are related
taxa which share a considerable amount of genetiwofogy with GP-1,
but are divergent enough to have greatly reducdettility. Several
agronomically important groups have been descrigdg this system
including legume, wheat and most of other cereals.

To minimize the problems associated with unipalespacies the idea
of an “Evolutionary Species” was developed, in Whicwas suggested
that a species must meet four criteria: (i) is reedige; (ii) evolved
separately from other lineargs: (iii) has its owartigular nitch or
habitat; (iv) hasits own evolutionary tendencies.

3.2 TheBiological Species Concept

The biological species concept defines speciesring of interbreeding.
Species are defined as “groups of interbreedingrabpopulations that
are reproductively isolated from other such groug$e expression
“reproductively isolated” means that members of #pecies do not
interbreed with members of other species, becaheg have some
attributes that prevent interbreeding.

The biological species concept is important becamisplaces the
taxonomy of natural species within the conceptachkeme of population
genetics. A community of interbreeding organismskenaup in
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population genetic terms, a gene pool. In thedrg, gene pool is the
unit within which gene frequencies can changehintiological species
concept, gene pools become more or less identfiall species. The
identity is imperfect, because species and pojunatiare often
subdivided. The species, in this concept, is th& oh evolution.
Organisms do not evolve but species do, and high@nomic groups
such as phyla only evolve in so far as their ctunetit species are
evolving.

The biological species concept explains why the b of a species
resemble one another, and differ from other specW®ben two
organisms breed within a species, their genes ip&sgtheir combined
offspring; as the same process is repeated evesgrggon, the genes of
different organisms are constantly shuffled arouhd species gene
pool. Different family lineages (of parent, offspgi grandchildren, and
so on) soon become blurred by the transfer of gbetgeen them. The
shared gene pool gives the species its identitycddyrast, genes are not
(by definition) transferred to other species, aniffedent species
therefore evolve a different appearance. The moméofegenes through
a species by migration and interbreeding is caliede flow. According
to the biological species concept, gene flow exgglavhy each species
forms a phonetic cluster.

3.3 Speciation

Speciation means the evolution of reproductiveaoh between two
populations. Two main processes have been suggdsyedvhich
reproductive isolation can evolve. Reproductivdagon may evolve as
a by-product of evolutionary divergence between pspulations. Or it
may be directly favored, in a process called retdment.

The crucial event for the origin of a new specissreproductive
isolation. Generally, the members of a speciesllysdifer genetically,
ecologically, and in their behaviour and morphologthat is,
phenotically) from other species, as well as in ey will interbreed
with. Some biologists prefer to define species hgt reproductive
isolation but by other properties, such as geneiic ecological
differences.

Probably no single property can provide a univesgacies definition,
applicable to all animals, plants, and microorgausis However, many
species do differ by being reproductively isolateshd even if the
evolution of reproductive isolation is not alwaysgetcrucial event in
speciation, it is certainly the key event in reshaon speciation. The
topic of this chapter is the evolution of reproduetisolation. The aim is
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to understand how barrier to interbreeding can \@vdietween two
populations, such that one species evolves into two

34 Reproductive Isolating Barriers(RIBS)

There are many different ways that plants can pedeictively isolated.
These reproductive isolating barriers (RIBs) areegally broken into
two classes: (i) pre-mating or prezygotic mechasighat prevent the
formation of hybrid zygotes; and (ii) post-mating @ostzygotic
isolating mechanisms that reduce the viability ertility of hybrid
zygotes. Prezygotic barriers typically contributeorsn to total
reproductive isolation in plants than do postzygbarriers.

In eco-geographic isolation, the habitats of twecsps are sufficiently
different that they rarely have the opportunityinterbreed. The low
bush-blueberry,Vacciniumangustifolium, is generally found on dry
hillsides and gravelly barrens, while the high-budhueberry
Vacciniumcorymbosum is located in boggy wetlandsiHis case the
species remain distinct from each other as lontheis habitats are not
in close proximity. When they come in contact wetich other, they can
hybridize and form viable hybrids that survive wham intermediate
habitat is present.

Species that are isolated temporally have distioatering times that do
not have sufficient overlap to allow hybrid forntati The blueberry
and Tradescantia species mentioned above are not only separated by
habitat, but also by bloom date. This further reduthe production of
hybrids. Floral isolation occurs when species héweers that attract
different types of pollinator®enstemon spp. In California have flowers
of different animals including hummingbird, waspsdawo different-
sized carpenter bees, species of columbines inewedtorth America
have distinct-looking flowers with nectar at thesbaof spurs that can
only be reached by specific pollinators.

One of the strongest RIBs involves gametic incombgay where
foreign pollen grains cannot germinate in anottpercges’ stigmata, or
they cannot successfully grow down the style to diaries. Species
show a broad range of interaction from no hint efngination to
successful pollen growth but failed fertilizatiofruit trees in the
subgenusAmygdalus of Prunusfreely cross, but gene transfer outside
this section is generally obstructed by pollen andivule sterility
barriers.

Hybrid sterilties occur when hybrids do not prodfizectional gametes.
The basis of these sterility barriers can be geniaature or the result of
meiotic irregularities due to chromosomal imbalanegosses between
the wild chickpea species CicerEchinospermum and

53



CRP 512 MODULE 2

Cicerreticulatumyield very few hybrids and those that are produaesd
sterile due to poor chromosome pairing.

Inter-ploidy crosses generally result in hybridritity as unbalanced sets
of chromosome are distributed to the different gasieMost banana
cultivars are triploid and produce no viable garaeféis trait is critical
to edibility, as normally pollinated diploids haflenty, teeth breaking
seeds. The final class of isolating mechanismsylsith breakdown,
where the EFor backcross hybrids have reduced viability orilfert
Low vigor is found in many of thezpopulations of interspecific bean
crosses.

Any kind of RIB reduces the amount of gene flowirsgn species, but
combinations of mechanisms results in the tightedation. Most good
species are separated by multiple combinationsIBERFor example,
the leafy-stemmedsilia of central California,G. millefoliataand G.
capitata, are isolated in five ways: 1) ecological isolatioG.
capitataoccures on sand-dunes a@dmillefoliata on flats. 2) FloralG.
capitatais larger-flowered and bee pollinated, whiBe millefoliatais
small flowered and self-polinating. 3) Seasonal lason: G.
millefoliatablooms earlier tha®. capitata. 4) Incompatibility: Hybrids
are very difficult to produce by artificial crosses the experimental
gardens. 5) Hybrid sterility: Ther plants when they can be obtained are
chromosomally sterile to a high degree, producingly oabout
onepercent of good pollen grains and aséeds.

3.5 Modeof Speciation

New species are thought to arise through a numbedifferent
pathways. One way the different modes are distsigrd is by the
degree of separation between the speciating popougat The
populations are geographically well isolated althopatric speciation,
there is no separation between populationsyinpatric speciation, and
the populations touch along one axipanapatric speciation.

Other important criteria used to describe speaiapathways are: (1)
how large the speciating groups are: and (ii) howclm genetic
differentiation precedes the formation of strongB&Il Allopatric

speciation is broken into two groupgeographic and peripatric. In

geographic speciation, large populations are thbugh gradually
diverge and form RIBs, while in small populationstheut much
differentiation. Sympatric speciation occurs whesirgyle individual or
small group arises that is reproductively isolatein the surrounding
population. Parapatric speciation is closely relat® sympatric
speciation, except that the gradually divergingaat@f genotypes is on
one side of the parent population rather than saded by it.

3.5.1 Geographic Speciation
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The most widely recognised type of speciation sgyaphic speciation.
In its first stage, there is a single populatiorurfd in a large
homogenous environment. The environment then besomartly
diversified due to physical or biotic factors andpplation becomes
isolated. These populations begin to diverge geakgfiand eventually
acquire sufficient variation to become reprodudtiveolated from each
other. Further changes in the environment allow esarh the newly
evolved groups to come back in contact, but theyndd produce
successful hybrids because of past differentiatidatural selection
against the formation of weak or sterile hybridsorpotes the
reinforcement of RIBs through additional differextiton.

3.5.2 Peripatric Speciation

This type of speciation is very similar to the gegahic mode, except
the speciating population is much smaller. Othemgeused for this type
of speciation are quantum speciation by catastmm@@lection and
founder-induced speciation. Because of reduced |ptipn size, genetic
drift becomes more important and the rate of spiecids accelerated.
Peripatric speciation can result in reproductiveblated species that are
otherwise quite similar to their progenitors or ythenay become
morphologically quite distinct depending on how magenes are
affected.

The dramatic reduction of a population due to arirenmental
catastrophe or the establishment of a founder pdpual of a few
individuals can also lead to a morphologically idist species when the
remaining sample of the gene pool is unbalances wardergoes a
genetic revolution or genetic transilience. Gendtift and changes in
selection pressure can result in a shift of mamegento new coadapted
complexes. A wide range of distinct plant speciestie Hawaiian
islands are thought to have arisen in this man&nall founder
populations do not always undergo dramatic altengtias most crop
species are based on relatively few genotypes tilhdesain a strong
resemblance and inter-fertility with their progens.

3.5.3 Parapatric Speciation

In this mode of speciation, RIBs evolve without geaphical separation.
The diversifying population is adjacent to the moigor population

(neighbouring sympatric). The process occurs whsubgroup diverges
in response to environmental challenged and iswdbiarriers begin to
form as a by-product of ecological differentiation.
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It is not clear whether populations can divergefigently without
geographical separation as portions of populatians unlikely to
differentiate enough to become genetically isolatethe face of strong
gene flow. This is particularly true among sympasubgroups where
the diverging race is completely contained wittiie parent population
and is bombarded on all sides by pollens and s@éase are, however,
numerous examples where paropatric populations hawveergone
substantial differentiation in the face of one-disienal gene flow.

3.5.4 Sympatric (Instantaneous) Speciation

Occasionally, new species arise through spontaneuuation without
any ecological or geographical separation. A neslaied type appears
in only a few generations without substantial geneifferentiation.
Most of these types face a high likely hood of goiapidly extinct due
to their low numbers, but even against these odum)y species are
known to have gotten their start in this manner.

Examples of instantaneous speciation abound int s@ecies, like the
case of polyploidy where a chromosomal duplicatiestantly isolates a
progeny plant from its parents — at least half bfptant species are
polyploid. Even the appearance and fixation of $emghromosomal
rearrangements can result in a new species.

56



CRP 512 CROP EVOLUTION AND ADAPTATION

Factors distinguishing major modes of speciatioserual plants

Mode of Speciation Separation Population Differentiation

Size Before RIBs
1. Allopatric
a. Geographic  Wide Large Much
(Type 1)
b. Peripatric Wide Small Little
(Type 2)
2. Parapatric Douching Large Much
3. Sympatric None One Little

SELF-ASSESSMENT EXERCISE

Define speciation and its role in the origin ofenspecies
What do you understand by reproductive isolatingris
(RIBs)?

40 CONCLUSION

This unit defines species as populations that astinduished by
prominent morphological differences and retain #iglity to freely
interbreed, and in reality behaving as one geregiity. It also defines
biological species as groups of actually or potdiytiinterbreeding
natural populations, which are reproductively isedafrom each other.
We were informed that the biological species cohdegfines species as
“groups of interbreeding natural populations tha¢ aeproductively
isolated from other such groups.” The unit furtiéghlights that the
biological species concept is important becauggaites the taxonomy
of natural species within the conceptual schem@optilation genetics.
The unit also explains that speciation means thelugen of
reproductive isolation between two populations.sTighlights the fact
that reproductive isolation is a crucial event fbe origin of new
species. The unit also stress that reproductivatisa may evolve as a
by-product of evolutionary divergence between tvapudations. Or it
may be directly favored, in a process called retdment. We were
informed that members of a species usually diffexnegically,
ecologically, and in their behaviour and morpholdgyn other species,
as well as in who they will interbreed with. Wealshderstand that new
species arise through a number of different patswalyat are
distinguished by the degree of separation betwden dpeciating
populations.

50 SUMMARY
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Species are populations that can be distinguishgdpimminent
morphological differences. This definition implideat species may
retain the ability to freely interbreed, and in Itgabehaving as one
genetic entity. The biological species conceptingsf species as
“groups of interbreeding natural populations tha¢ aeproductively
isolated from other such groups.” The expressioaproductively
isolated” means that members of the species doimetbreed with
members of other species, because they have soamleutas that
prevent interbreeding. The biological species cphde important
because it places the taxonomy of natural spedigsnvithe conceptual
scheme of population genetics.

Speciation means the evolution of reproductiveaoh between two
populations. Two main processes have been suggdsyedvhich
reproductive isolation can evolve. Reproductivdagon may evolve as
a by-product of evolutionary divergence between pspulations. Or it
may be directly favoured, in a process called oetdment. New
species develops through a number of different madgathways. One
way the different modes are distinguished is bydegree of separation
between the speciating populations. Based on ti@setare 4 types of
speciation: 1) Geographic Speciation; 2) PeripatBpeciation 3)
Parapatric Speciation and 4) Sympatric (instantasespeciation.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define a species and explain the biological spemesept

2. Discuss speciation and its role in the origin ofeav species

3. What do you understand by reproductive isolatingribes
(RIBs)?

4. Explains the various mode of speciation
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1.0 INTRODUCTION

The mating or crossing of two plants or a line Esdnilar genotype is
known as hybridisation. A significant proportion pfant and animal
taxa have experienced hybridisation (natural hybaitbon) and
introgression. Genetic introgression, which is thevement of genetic
material between parental types through the proolucif and mating
with hybrids increases phenotypic variation in aredcontact between
plant species. The widespread hybridisation anggnéssion existing
among plant species have significant evolutionarysequences as they
contribute to biological diversity.

Hybridisation has played an important role in thelBdtion of many
lineages through gene flow between Divergent Taxa.addition,
hybridisation has immediate phenotypic consequeribesugh the
expression of hybrid vigour and on a longer evohdiry time scales,
hybridisation leads to: 1) local adaption; 2) Tiguessive Segregation
and 3) formation of new hybrid species. Hybridisatis purposefully
employed in the breeding of domesticated plantstifial
hybridisation) to take advantage of transient hybxiigor, move
desirable variation among lineages, and generatel phenotypes.
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Hybridisation is the most important method of cioprovement. The

process of hybridisation itself is fairly simple dareasy. The chief
objective of hybridisation is to create geneticiaaon. The plants or

lines involved in hybridisation may belong to tlare variety, different

varieties of the same species, different specieth@fsame genus or
species from different genera. Based on the taxanoemationships of

the parents involved, hybridisation may be clasdifinto two broad

groups: (1) intervarietal and (2) distant hybridisa.

20 OBJECTIVES

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

o define hybridisation and explain its role in theolenion of crop
plants

o differentiate between hybridisation and introgressi

. discuss the objectives of hybridisation

. outline and describe different types of hybridigati

30 MAINCONTENT

3.1 Definition and Concept of Hybridisation

Natural variability present in self- pollinated pdations is exhausted
quickly when they are subjected to selection. Imligl plant selection
or pure line selection is the most common procedapplied to

genetically variable homozygous populations of-spéllinated crops.
Consequently, the variability is soon exhaustethadand varieties are
replaced by pure lines. For further improvemengrefore, new genetic
variability has to be created by the plant breedbrs is easily and most
commonly achieved by crossing two different punedi.

The mating or crossing of two plants or lines cfsiinilar genotype are
known as hybridisation. In plants, crossing is ddayeplacing pollen
grains from one genotype, called the male paremip ¢the stigma of
flowers of the other genotype, referred to as tmde parent. It is
essential to prevent self- pollination as well harece cross-pollination
in the flowers of the female parent. At the sameetiit must be ensured
that the pollen from desired male parent reachestigma of flowers of
the female parent for successful fertilisation I@gak). The seeds as well
as the progeny resulting from hybridisation arewnas hybrid or E
The progeny of E obtained by selfing or intermating of plants, and
the subsequent generations are termed as segregainerations. The
term cross is often used to denote the produckg/ofidisation, i.e., the
F. as well as the segregating generations.
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The three corner-stones of hybridisation and thevities to achieve
them

Corner-stone Activity to achieve (the corner-
stone)

1 Prevention of self-pollination inEmasculation of the flowers
flowers of female parents
2 Prevention of pollination of theBagging of the flowers
flowers of female parent by
pollen from undefined sources
3 Ensuring pollination by theHand pollination- Bagging of the
selected male parentnale inflorescence)
(prevention of contamination of
the pollen used for pollination-
in a crop like maize)

A significant proportion of plant and animal taxave experienced
hybridisation (natural hybridisation) and introgies. Genetic
introgression, which is the movement of genetic anat between
parental types through the production of and matmwith hybrids
increases phenotypic variation in areas of coriiatieen plant species.

The widespread hybridisation and introgression tesgsamong plant
species have significant evolutionary consequeasdhley contribute to
biological diversity. Hybridisation has played anpiortant role in the
Evolution of many lineages through gene flow betw&avergent Taxa
that:

1. Generate new phenotypic diversity,
2. Allow for adaptation to novel environments, and
3. Contribute to speciation.

In addition, hybridisation has immediate phenotymionsequences
through the expression of hybrid vigour and on r@gér evolutionary
time scales, hybridisation lead to:

1. Local adaption through the introgression of noWelles and
2. Transgressive Segregation and,
3. In some cases, result in the formation of new ltybpecies.

In natural populations, hybridisation can act ipogition to divergence,
introduce adaptive variation into a population,vdrithe evolution of
stronger reproductive barriers, or generate neeatyes. Hybridisation
is purposefully employed in the breeding of donuedéd plants
(artificial hybridisation) to take advantage ofriséent hybrid vigour,
move desirable variation among lineages, and g&nerzovel
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phenotypes. While Hybridisation between Speciesinisreasingly
appreciated to be a common occurrence, little maknabout the forces
that govern the subsequent Evolution of Hybrid Gees.

3.2 Hybridisation and Introgresson

Interspecific hybridisation contributes greatlyptant evolution. In the
middle of the last century, the role of hybridisatiwas considered to be
substantial, based on a number of morphologicalissuof native and
crop species. Hybrid speciation in different flormgstimated to ranging
from 25 to 80 per cent. It has also been repotiati16 to 34 per cent of
the families in five biosystematics floras havéeaist one pair of species
that hybridize locally and 6 to 16 per cent of gemera.

Hybridisation between native and introduced speegsoften led to the
development of new taxa and has even been impligatéhe evolution

of a number of new invasive species. It has beémated that 45 per
cent of the British flora was alien, and sevenman of those introduced
species are involved in the production of hybridsvrprominent in the

native flora. Highly invasive thistles from Europleave widely

hybridised in Australia with about 28 examples venivasiveness was
preceded by hybridisation and at least half oféhegorid lineages were
the product of native x non-native hybridisations

Many plant species retain the ability to hybridisgh their relatives,
even when they are quite distinct and have relgtigtring RIBs.
Numerous hybrid populations or “hybrid swarms” hdeen identified
where closely related species come into contaas@&lybrid zones are
often narrow and stable when hybrid fithess is lmwhe species are
adapted to very distinct habitat. However, intecsge hybridisation can
act as the nucleus for evolution if hybrids arkeast partially viable and
suitable habitats exist to support them.

Hybridisation can stimulate evolutionary changetwo ways: (i) the
adaptive potential of one or both parents mightirfmeased through
backcrossing, or “introgressive hybridisation” arfd) the hybrid
population itself may evolve unique adaptationsouigh genetic
differentiation and genomic reorganisation or “m@tonational
speciation”. This process is generally thoughtt¢ous over a number of
generations. TheiFhybrids produced tend to have unique phenotypes
that could be a nucleus for speciation, or they mayess fit than their
progenitors but in some cases the hybrids coule tégher fithess and
unique adaptation. Many hybrid species are polglbut speciation via
homoploid hybridisation is also found in severatances.
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3.3 Objectivesof Hybridisation

Hybridization is the most important method of cliagprovement. The
process of hybridisation itself is fairly simple dareasy. The chief
objective of hybridisation is to create genetic ia@on. When two
genotypically different plants are crossed, theegefrom both the
parents are brought together in BSegregation of and recombination
among the genes that are heterozygous: iwduld produce many new
gene combinations inzFand the later generations, i.e., the segregating
generations. The degree of genetic variation predurc the segregating
generations would, therefore, depend on the numibigre heterozygous
genes in the £ This, in turn, will depend upon the number of gemnes
for which the two parents, used in hybridisatioerevdifferent.

If the two parents are closely related, they akelyi to differ for few
genes only. But if they are not related, or ar¢adigy related, they may
differ for several, even a few hundred, genes. H@aneit is not likely
that the two parents will ever differ for all thgenes. Therefore, when
it is said that the s 100 percent heterozygous, it has reference tonly
those genes for which the two parents differ. Time af hybridisation
may be (1) the transfer of one or few qualitativearacters, (2) the
improvement in one or more quantitative charactrg3) the use of F
as a hybrid variety. These objectives are brieiffgualssed below.

3.3.1 Combination Breeding (the Transfer of One or few
Qualitative Characters,)

The main aim of combination breeding is the transfieone or more
characteristics into a single variety from anotheriety or other
varieties. These characters may be governed bygsiges or polygenes.
The intensity of the character in the new varistgither compatible in
or, more generally, lower than that in the pareariety from which it
was transferred. In the approach, the increaseeid pf the variety is
obtained by correcting the weaknesses in the yeldributing traits,
e.g., tiller number, grains per spike, test weigttt, of the concerned
parent variety.

A familiar example of combination breeding is thidr disease

resistance. The backcross method of breeding wasgrosl for

combination breeding, and often pedigree methoal fai§ills the same

purpose. In combination breeding, the genetic d®ece between the
parents is not the major consideration. What isoirtgnt is that one of
the parents must have in a sufficient intensity ¢haracter (s) under
transfer, while the other parent is generally aybapvariety.
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3.3.2 Transgressive Breeding (the Improvement in One or
mor e Quantitative Characters)

Transgressive breeding aims at improving yield tsr gontributing
characters through transgressive segregation. grassve segregation
refers to the appearance of such plants in ageReration that are
superior to both the parents for one or more chi@racSuch plants are
produced by an accumulation of the plus or favaajgnes from both
the parents as a consequence of recombination.

Obviously, the parents involved in hybridisation shicombine well
with each other, and should preferably be gendjiciverse, i.e., quite
different. In such a situation, each parent is etguk to contribute
different plus genes, which when brought togethgmrdcombination,
give rise to transgressive segregants. As a resludt, intensity of
character in the transgressive segregant, i.e.nélevariety, is greater
than that in either of the parents. The pedigrethatkof breeding and
its modifications, particularly the population appch, are designed for
the production of transgressive segregants.

3.3.3 Hybrid Varieties (theuse of FrasaHybrid Variety)

In most self-pollinated crops,. s more vigorous and higher yielding
than the parents. Wherever it is commercially f@asik may be used
directly as a variety; such a variety is call hgbvariety. In such cases,
it is important that the two parents should combaredl to produce an
outstanding E Hybrid varieties are being cultivated on a comeragr
scale in rice and some other self-pollinated crops.

3.4 Typesof Hybridisation

The plants or lines involved in hybridisation magldng to the same
variety, different varieties of the same specielemnt species of the
same genus or species from different genera. Basetthe taxonomic
relationships of the parents involved, hybridisatimay be classified
into two broad groups: (1) intervarietal and (Xtdnt hybridisation.

3.4.1 IntervarietalHybridisation

The parents involved in intervarietal hybridisatibalong to the same
species; they may be two strains, varieties orsatehe same species.
It is also known as intraspecific hybridisation. ¢nop improvement
programmes intervarietal hybridisation is the mosthmonly used. In
fact, it is so common that it may often appeartipalarly to a casual
observer, to be the only form of hybridisation ugedrop improvement.
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The intervarietal crosses may be simple or comgkpending upon the
number of parents involved.

3.4.2 Distant Hybridisation

Distant hybridisation includes crosses betweerersfit species of the
same genus or of different genera. When two spedidse same genus
are crossed, it is known as interspecific hybrigiga but when the
species belong to two different genera, it is tetnas intergenric
hybridisation. Generally, the objective of suchsses is to transfer one
or few simply inherited characters like diseasestarce to a crop
species. Sometimes, interspecific hybridisation may used for
developing a new variety, e.g., Clinton oat varisgs developed from a
cross betweerAvena sativa x A. Byzantine (both hexaploidy oat
species) and CO31 rice variety was developed frben drossOryza
sativa var. indica x O. perennis.

Almost all the present-day sugarcane varieties hasen developed
from complex crosses betwe&accharumofficinarum(noble canes)S.
barberi (Indian canes) and other Saccharum species,S2gpontaneum
(‘kans’). The improvement in fiber length of Indi@otton Gossypium
arboretum) has been brought about by crossing it with Anagric
cultivated cotton @. hirsutum): many improved varieties have resulted
from such crosses. Intergeneric hybridisation mésp ée used to
develop a new crop species, e.@riticale hexaploide from a cross
betweenTriticumturgidum and Secale cereal (rye). Wild species often
provide genes, which are not present in the cu#tvaspecies. For
example, many of the genes for rust resistanceheatvare derived from
related wild species. Distant hybridisation is hketo become
increasingly important in the correction of spexifiefects of crop
species. In many cases, wild species may contribateable ‘yield
genes’ as well to the cultivated species.

SELF-ASSESSMENT EXERCISE

Define hybridisation and explain its role in theokesion of crop
plants

Differentiate between hybridisation and introgressi

Explain the objectives of hybridisation

40 CONCLUSION

We were informed in this unit that the mating ovssing of two plants
or a line of dissimilar genotype is known as hylsadion. We now
know that a significant proportion of plant and raal taxa have
experienced hybridisation (natural hybridisationyl antrogression. The
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unit also describes genetic introgression as thgement of genetic
material between parental types through the proolucif and mating
with hybrids. It further explains that the widesgaehybridisation and
introgression existing among plant species haveifiiggnt evolutionary
consequences as they contribute to biological ditser

The unit highlights that hybridisation plays an ongant role in the
evolution of many lineages through gene flow betwBeévergent Taxa.
We equally understand that hybridisation has immaiediphenotypic
consequences through the expression of hybrid vigad on a longer
evolutionary time scales, hybridisation can leadljolocal adaption; 2)
transgressive segregation and 3) formation of nglwith species. The
unit also stress that hybridisation is purposefudimployed in the
breeding of domesticated plants (artificial hybsation) to take
advantage of transient hybrid vigour, move desgaldriation among
lineages, and generate novel phenotypes.

This unit explains that hybridisation is the masiportant method of
crop improvement and its chief objective is to teegenetic variation in
a plant population. We now know that the plantsolagd in
hybridisation may belong to the same variety, déife varieties of the
same species, different species of the same genusperies from
different genera. We were further informed thatdolasn the taxonomic
relationships of the parents involved, hybridisatimay be classified
into two broad groups: (1) intervarietal and (Xtdnt hybridisation.

50 SUMMARY

Hybridisation is the mating or crossing of two pgkror a line of
dissimilar genotype. Many plant and animal taxa ehaxperienced
hybridisation (natural hybridisation) and introgies. Introgression is
the movement of genetic material between parenfadst through the
production of and mating with hybrids. The widesmtehybridisation
and introgression existing among plant species haignificant
evolutionary consequences as they contribute tiodical diversity.

Hybridisation plays an important role in the evauatof many plants

through gene flow between different taxa. Furtheemdybridisation

has immediate phenotypic consequences through Xpeession of

hybrid vigour and on a longer evolutionary time lesa hybridisation

lead to: 1) local adaption; 2) transgressive segieg and 3) formation
of new hybrid species. Hybridisation is purpossfidimployed in the

breeding of domesticated plants (artificial hybsation) and is the most
important method of crop improvement.
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The principal aim of hybridisation is to create gga variation in a

population. The plants or lines involved in hybsiation may belong to
the same variety, different varieties of the sarpecks, different

species of the same genus or species from diffgggmera. Based on the
taxonomic relationships of the parents involvedhridisation may be

classified into two broad groups: (1) intervarietmhd (2) distant

hybridisation.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define hybridisation and explain its role in theokesion of crop
plants

2. Differentiate between hybridisation and introgressi

3. Discuss the objectives of hybridisation

4. Outline and describe the types of hybridisation knaw
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MODULE 3 ORIGIN OF CULTIVATED CROPS
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UNIT 1 PLANTS GENETIC VARIATION IN A
POPULATION

CONTENTS
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5.0 Summary
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1.0 INTRODUCTION

Genetic variation is a measure of the genetic mhffees that exist within
a population. The genetic variation of an entirecséps is often called
genetic diversity. Genetic variations are the ddfees in DNA
segments or genes between individuals and eachtieariof a gene is
called an allele. Genetic variation is caused eithe 1. Mutation, 2.
Random mating between organisms 3. Random fetidisar Crossing
over (or recombination) between chromatids of hagous
chromosomes during meiosis.

Despite the biochemical mechanisms that are dedigme=nsure the
fidelity of DNA replication, alterations in genetinformation can and
do occur. Variability within the genomes of an arigm provides a
mechanism for selection and evolution. Geneticalality also provides
the heterogeneity needed within a population tgattaenvironmental
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variability. In addition, Variation allows some indtluals within a
population to adapt to the changing environment.

Furthermore, Genetic variation is advantageoususecd enables some
individuals and, therefore, a population, to suevilespite a changing
environment. Gene duplication, mutation, or othepcpsses can
produce new genes and alleles and increase geragtation. Overall,
the main sources of genetic variation are the ftionaof new alleles,
the altering of gene number or position, rapid odpction, and sexual
reproduction.

20 OBJECTIVES

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

o define genetic variation and explain its concept

o describe genetic variation as a mechanism for setecand
evolution

o discuss genetic variation in relation to its rateevolution and
adaptation

o highlight the sources of genetic variation

3.0 MAINCONTENT
3.1 Key Termsand Concept of Genetic Variation

3.1.1 Key Genetic Terms

Allele:- one of the different forms of a gene that canteaisa single
locus. The form of the gene is determined by itsAD&¢quence. When
an individual has different forms of an allele atlacus, it is a
heterozygote. When its alleles are the sameaihismozygote.

Genetic diversity:-the level of biodiversity, refers to the total nuenlof
genetic characteristics in the genetic makeupspfegies

Crossing over:- the exchange of genetic material between homol®gou
chromosomes that results in recombinant chromosomes

Phenotypic variation:- variation (due to underlying heritable genetic
variation); a fundamental prerequisite for evolatwy natural selection

Genetic variation:- variation in alleles of genes that occurs bothimit
and among populations
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Genotype:- The sum total of all the alleles at all the lotain organism,
considered as a measure of ‘breeding value’ forlutiom and crop
improvement efforts.

Phenotype:- The external and observable expression of theyera
the result of genes interacting with the environtribie appearance of
individuals.

Phenotype (P) = Genotype (G) + Environment (E) XKEp

An individual's phenotype can be viewed as the stithe effects due to
genes, the effects of the environment, and intemastbetween the
genes and the environment (GXE).

Heritability:- The proportion of total phenotypic variance at the
population level that is contributed by geneticiaace. If a trait is
largely determined by environmental factors, tHenteritability will be
low. Traits that are largely controlled by geneséna high heritability
and consequently are more likely to change in nespdo selection.

Genome:- The entire complement of genetic material in aoofosome
set. The number of chromosomes in one nuclear gensrdesignated
'n', which is equivalent to the haploid number.

Diploid:- species have one set of homologous chromosoms, [sair
their total number of chromosomes is 2n. Some sgeare polyploid
which means that they have multiple sets of n clesomes (triploids
are 3n, tetraploids are 4n, etc.).

Population:- is a community of individuals that share a comngene
pool. It is 'a breeding group' of individuals thaty intermate. The
genetic constitution of a population is describgdthee array of gene
frequencies and alleles that are present at eadls.lo

3.1.2 Concept of Genetic Variation

Genetic variation is a measure of the genetic mhffees that exist within
a population. The genetic variation of an entirecséps is often called
genetic diversity. Genetic variations are the ddfees in DNA
segments or genes between individuals and eachtieariof a gene is
called an allele. For example, a population witmgndifferent alleles at
a single chromosome locus has a high amount of tigemariation.
Genetic variation is essential for natural selectisecause natural
selection can only increase or decrease frequehalfetes that already
exist in the population.
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Genetic variation is caused either by: 1. Mutatidn Random mating
between organisms 3. Random fertilisation or Crgssover (or
recombination) between chromatids of homologousordasomes
during meiosis. Out of which, the last three ofsihdactors reshuffle
alleles within a population, giving offspring comhtions which differ
from their parents and from others.

3.2 Genetic Variation as Mechanism for Selection and
Evolution

Despite the biochemical mechanisms that are dedigme=nsure the
fidelity of DNA replication, alterations in genetinformation can and
do occur. The genomes of microorganisms are sulpechange by a
variety of mechanisms. Heritable changes in theieece of nucleotide
bases of an organism, known as mutations altergtteome of the
organism and introduce variability into the gen®lpof a population.
Variability within the genomes of an organism pa®d a mechanism
for selection and evolution. Genetic variabilitys@l provides the
heterogeneity needed within a population to adapenvironmental
variability.

Once variability is introduced into the gene poblagopulation, there
are several ways in which it is maintained. Genietiormation can be
transferred between organisms, with the exchangaudf information

ensuring the passage of genetic variation fromgameration to another.
Recombination of genetic information from two difat organisms
produces progeny that contain genetic informatieniveéd from two

potentially different genomes.

In the case of eukaryotic organisms, genetic exghaturing sexual
reproduction affords a mechanism for gene re-assort within the
population and maintenance of genetic heterogeneiyen in
prokaryotic microorganisms, where reproduction isexaal or
parasexual (not involving gamete formation or aghesting diploid
state), there are genetic exchange processes #wt to the
recombination of genetic information.

3.3 Genetic Variation, Evolution and Adaptation to
Environment

Variation allows some individuals within a popudatito adapt to the
changing environment. Because natural selectios dicéctly only on
phenotypes, then more genetic variation within @utation usually
enables more phenotypic variation. Some new all@éhesease an
organism’s ability to survive and reproduce, whitlen ensures the
survival of the allele in the population. Other nealeles may be
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immediately detrimental (such as a malformed oxygamying protein)
and organisms carrying these new mutations willodie Neutral alleles
are neither selected for nor against and usuathane in the population.
Genetic variation is advantageous because it enaame individuals
and, therefore, a population, to survive despithanging environment.
The natural evolution of organisms is based on gbkection of the
genetic variants best suited for survival, andfieid manipulation of
genetic exchange between organisms can be usedetiecnew
organisms. The development of an understandinpefolecule basis
of genetics has spawned the new and exciting fieldgenetic
engineering and application of genetic engineeripgpmise to
revolutionise the industrial applications of molkecwbiology.

3.3.1 Geographic Variation

Some species display geographic variation as vgellagiation within a
population. Geographic variation, or the distineoin the genetic
makeup of different populations, often occurs wipapulations are
geographically separated by environmental barr@rsvhen they are
under selection pressures from a different enviremmOne example of
geographic variation is clines: graded changes character down a
geographic axis.

3.3.2 Sourcesof Genetic Variation

Gene duplication, mutation, or other processespraduce new genes
and alleles and increase genetic variation. Nevetyenariation can be
created within generations in a population, so pugstion with rapid
reproduction rates will probably have high gene&aciation. However,
existing genes can be arranged in new ways fromnobsomal crossing
over and recombination in sexual reproduction. @Werthe main
sources of genetic variation are the formationef ralleles, the altering
of gene number or position, rapid reproduction, sexiial reproduction.

SELF-ASSESSMENT EXERCISE

Define genetic variation and explain its concept

Discuss genetic variation in relation to its rateevolution and
Adaptation

Describe the various sources of genetic variation

40 CONCLUSION
In this unit, we explained the concept of genetiation and how it
affects the evolution of populations. You learrdttigenetic variation is

a measure of the genetic differences that exigtinvia population and
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that the genetic variation of an entire speciesfisn called genetic
diversity. It was also stated that genetic varrati® essential for natural
selection because natural selection can only iserear decrease
frequency of alleles that already exist in the papon. You have
equally been informed that genetic variation isadageous because it
enables some individuals and, therefore, a populato survive despite
a changing environment while allowing them to adipit. We have
seen that some species display geographic variasomell as variation
within a population. Final, you have learnt thdte tmain sources of
genetic variation are the formation of new allelé® altering of gene
number or position, rapid reproduction, and sexeptoduction.

50 SUMMARY

Genetic variation is an important force in evolatias it allows natural
selection to increase or decrease frequency ofesllalready in the
population. Genetic variation can be caused by timtawhich can

create entirely new alleles in a population), randmating, random
fertilisation, and recombination between homologatsomosomes
during meiosis (which reshuffles alleles within@ganism’s offspring).

Genetic variation is advantageous to a populatienabse it enables
some individuals to adapt to the environment wimiaintaining the

survival of the population.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define genetic variation and explain its concept

2. Describe genetic variation as a mechanism for Setecand
evolution

3. Discuss genetic variation in relation to its roteevolution and
Adaptation

4. Highlight the sources of genetic variation
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1.0 INTRODUCTION

The center of origin is a geographical area whieeepiarticular group of
organisms (either domesticated or wild) first arafied on earth. Many
people believed that centers of origin are alsdersrof diversity. But,

the centers of diversity may not represent theezsndf origin of crop

plants. The information on origin of crop plantsingportant in plant

breeding to locate wild relatives, related specasl new genes.
Knowledge of the origins of crop plants is impottam avoid genetic
erosion, the loss of germplasm due to the lossatiypes and habitat.

The Russian scientist Nikolai Ivanovich Vavilov aihé colleagues
visited several countries and collected a largebmmof crop plants and
their wild relatives. They used this collection Russian breeding
program of developing improved varieties. His deduns were based
on evidences from morphology, anatomy, cytologyndagies, plant
geography and distribution. He considered that tgceaters of origin
were always located in lower mountains and hillstraipical, sub-
tropical regions. He also recognises some seconcmters of origin
where two or more species crossed together.

In 1926 Vavilov published "Studies on the Origin@idltivated Plants”
which described his theories on the origins of srdfe concluded that
each crop has a characteristic primary center wérdity which is also
its center of origin. Eight areas were recognisedl uggested as centers
from which all of our major crops were domesticatibe:se centers are:
china, Hindustan, Central Asia, Asia Minor, Meditgrean, Abyssinia,
Central and South America. Later, he modified hisoty to include
"secondary centers of diversity" for some crops.
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20 OBJECTIVES

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

o explain the Center of Origen of cultivated Crops

o describe the contribution of Nikolai lvanovichVawi to the
origin of cultivated crops

o explain Vavilov, Centers of Origin/Spread of Crops

o discuss with examples primary and secondary cenfeyggin

30 MAINCONTENT

3.1 Center of Origen of Cultivated Crops

The center of origin is a geographical area whieeepiarticular group of
organisms (either domesticated or wild) first araied on earth. Many
people believed that centers of origin are alsdersrof diversity. But,

the centers of diversity may not represent theersnof origin of crop

plants. Although a few species may have been @&igih separately at
more than one place, but most species had thginaai a certain place
and then spread elsewhere. In other words, in é¢héec of origin a crop
is generally confined to one place, whereas theecet diversity may

be found at more than one place. The exact locatiarigin of species

is only a matter of speculation based on indirgdences.

The information on origin of crop plants is impartan plant breeding
to locate wild relatives, related species and neweg. Knowledge of
the origins of crop plants is important to avoichec erosion, the loss
of germplasm due to the loss of ecotypes and habitae Russian
scientist Nikolai lvanovich Vavilov and his collasss visited several
countries and collected a large number of crop tplamd their wild

relatives. They used this collection in Russianetiieg program of

developing improved varieties. His deductions weased on evidences
from morphology, anatomy, cytology, genetics, plgebgraphy and
distribution.

He considered that great centers of origin wereagbnocated in lower
mountains and hills of tropical, sub-tropical reggoHe also recognises
some secondary centers of origin where two or nspecies crossed
together. Secondary centers of origin are the pladeere natural and
artificial selection occurred on after another. $iated that plants were
not domesticated at random but it was a continpoosess.
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3.2 Vavilov, Centersof Origin/Spread of Crops

Nicolai Vavilov (1887-1943) was a Russian
scientist who headed the Lenin All-Union
Academy of Agricultural Sciences (later named
the Vavilov All-Union Institute of Plant Industry

e , in his honour) in St. Petersburg (Leningrad) from

’ ! - 1920 to 1940. He established 400 research
institutes that employed up to 20,000 people. He

/ planned to collect all of the useful germplasm

\ that had potential in the Soviet Union, to classify

it, and to use it in a national plant breeding effo

He and his colleagues conducted extensive
germplasm explorations and collections in many
parts of the world. The Vavilov Institute remains

{ !
an important resource for germplasm

maintenance, access, and utilisation.

In 1926 he published "Studies on the Origin of vated Plants" which
described his theories on the origins of crops.iavconcluded that
each crop has a characteristic primary center wérdity which is also
its center of origin. Eight areas were recognisedl uggested as centers
from which all of our major crops were domesticateater, he modified
his theory to include "secondary centers of divgidor some crops.

3.3 Primary and Secondary Centersof Origin

There is considerable evidence that the cultivgiéshts were not

distributed uniformly throughout the world. Everd&y, certain areas
show far greater diversity than others in the foohgertain cultivated

crops and their wild relatives. In 1926, N.I. Vawilproposed that crop
plants evolved from wild species in the areas shgwgreat diversity

and termed them as primary centers of origin. Latesps moved to

other areas primarily due to the activities of m@hese latter areas
generally lack the richness in variation found he primary centers of
origin. But in some areas, certain crop specieswslconsiderable

diversity of forms although they did not origindatesre; such areas are
known as secondary centers of origin of these sgeci

The concept of centers of origin was given by Mavibased on his
studies of a vast collection of plants at the tosti of Plant Industry,
Leningrad. He was director of this institute fro®6 till 1936. He also
postulated the Law of Homologous Series in Varigtithis law states
that characters found in one species also occothiar related species.
Thus diploid (2x), tetraploid (4x) and hexaploidgx] wheat show a
series of identical contrasting characters. Siryilar genus
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Secaleduplicates the variation found in genus cmti. Thus, a
character absents in a species, but found in tetefpecies, is likely to
be found in the collections of that species madenfthe center of its
origin.

Eight main centres of origin were originally propdsby Vavilov in

1926; these centres are: china, Hindustan, CeAswl, Asia Minor,

Mediterranean, Abyssinia, Central and South Ame(iable Y). Later,

in 1935, Vavilov divided the Hidustan Centre of gmiinto two centres,
viz, Indo-Burma and Siam-malaya-Java Centre of i@ri§imilarly, the

South American Centre was divided into three centramely, Peru,
Chile and brazil-Paraguay Centre of Origin. Thas, ¢ight main centres
were regrouped into 11 centres of origin. At themsatime, he

introduced a new centre of origin, the U.S.A. Ceraf Origin. Two

plant species, sunflower (Helianthus annuus) amdsdéem artichoke
(Helianthus tuberosus), are believed to have caigh in the U.S.A.
Centre of Origin.

MesoAmerica

Vavilov's Eight Centers
of Crop Origin
The centres of origin as proposed by N.I. Vavil946,1935)

Centreof origin Primary Secondary
centre of origin centre of
origin
Abyssinian Centre Barley,Triticumspp., jowar, Broad bean

bajra, gram, lentil, sem(Viciafaba)
(Dolichossp), pea, khesari,
linseed, safflower, sesame,
castor, coffee, onion, okra, etc.
Asia Minor Centre Triticumspp., rye, alfalfa, B. campedtris,
(Syn., Near East orcarrot, cabbage, oat, lettuce. nigra,
Persian Centre) apple, Pyrusspp., Prunusspp., turnip, apricot,
grape, almonds, chestnugtc.
pistachio nut, Persian clover,
etc.

79



CRP 512 MODULE 3

Central American Maize, rajma P. wlgaris), Rye (Secale
centre Hyn., Mexican lima beans, melons, pumpkingereal)
Centre) sweet  potato, arrowroot,

chillies, G. hirsutum, papaya,
guava, avocado, etc.

Central Asia CentreT. aedstivum, pea, mung, Rye

(S,  Afghanistan linseed, sesame, safflowerSevalecereale)

Centre) hemp, G. herbaceum, radish,
musk melon, carrot, onion,
garlic, spinach, pear, almond,
grape, apple, etc.

China Centre Soybean, radish, bundiéaize, rajma,
(Colocasiasp.), proso millet, cowpea, turnip,
buckwheat, opium poppysesame (til)
brinjal, pear, peach, apricot,
plum, orange, Chinese tea, etc.

Hindustan CentreRice, pigeon pea, chickpea,

[Divided into: 1. cowpea, mung, brinjal,

Indo-Burma, and 2.cucumber, Indian radish,

Siam-Malaya-Java noble canes,G. arboretum,

Centres] mango, orange, coconut,
banana, etc.
Mediterranean CentreTriticumspp., barley,

Avenaspp., lentil, pea, broad
bean, lupins, Lathyrusspp.,
chickpea, clovers, Brassica
spp., onion, garlic, beets,
lettuce, asparagus, lavender,
peppermint, etc.
South American potato, maize, limabean,
Centre [Divided into: peanut, pineapple, pumpkin,
1. Peru, 2. Chile, andG.  barbadense, tomato,
3. Brazil-Paraguaytobacco, guava, quinine tree,

Centres] cassava, rubber, etc.
U.S.A. Centre Sunflower, Jerusalem
artichoke

SELF-ASSESSMENT EXERCISE

What do you understand by primary and secondaryecerof
origin

Explain the contribution of Nikolai IvanovichVaviloto the
origin of cultivated crops

Describe Vavilov, Centers of Origin/Spread of Crops
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40 CONCLUSION

This unit described the center of origin as a gaplgical area where the
particular group of organisms (either domesticatad wild) first
originated on earth. It explains that the centdrsligersity may not
represent the centers of origin of crop plants. Wége also informed
that knowledge on the origin of crop plants is imgnt in plant
breeding to locate wild relatives, related speaesl new genes. In
addition, the unit stress that the informationtc# brigins of crop plants
is also important to avoid genetic erosion, the losgermplasm due to
the loss of ecotypes and habitat.

The unit explains that a Russian scientist NikblanovichVavilov and
his colleagues visited several countries and daltea large number of
crop plants and their wild relatives. It was aleparted that the scientist
used this collection in Russian breeding program defveloping
improved varieties. We were made to understandith4a®26 Vavilov
published "Studies on the Origin of Cultivated R$drwhich described
his theories on the origins of crops. It was furtstated that the he
concluded that each crop has a characteristic pyicenter of diversity
which is also its center of origin.

The unit also informs us that Vavilov recognised amggested Eight
areas as centers from which all major crops weraesticated; these
centers are: china, Hindustan, Central Asia, Asiad¥] Mediterranean,

Abyssinia, Central and South America. We were m@adenderstand

that the scientist later modified his theory toluge "secondary centers
of diversity" for some crops.

50 SUMMARY

The center of origin is a geographical area whieeepiarticular group of
organisms (either domesticated or wild) first araged on earth. It's
believed that centers of origin are also centedi\adrsity. However, the
centers of diversity may not represent the centérerigin of crop

plants. The information on origin of crop plantsingportant in plant
breeding to locate wild relatives, related specasl new genes.
Knowledge of the origins of crop plants is impottam avoid genetic
erosion, the loss of germplasm due to the lossatiypes and habitat.

The Russian scientist Nikolai Ivanovich Vavilov aihé colleagues
visited several countries and collected a largebmmof crop plants and
their wild relatives. They used this collection Russian breeding
program of developing improved varieties. In 192&vNov published

"Studies on the Origin of Cultivated Plants" whascribed his theories
on the origins of crops. He concluded that eaclp tyas a characteristic
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primary center of diversity which is also its centé origin. Eight areas
were recognized and suggested as centers from vallicii our major
crops were domesticated; these centers are: cHimdustan, Central
Asia, Asia Minor, Mediterranean, Abyssinia, Centrahd South
America. Later, he modified his theory to includgecondary centers of
diversity" for some crops.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the Center of Origen of cultivated Crops

2. Describe the contribution of Nikolai Ivanovich Ve to the
origin of cultivated crops

3. Explain Vavilov, Centers of Origin/Spread of Crops

4. Discuss with examples Primary and Secondary Cenfedsigin
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1.0 INTRODUCTION

Agriculture originated in at least six differenteas of the world:
Mesoamerica, the Andes of South America (includimgr piedmonts),
South Asia (the Fertile Crescent), Africa (Ethiomad the Sahel),
Southern China, and Southeast Asia. Additional saiealude North
America, North China, and Europe. In each of theseters, similar
types of crops were domesticated. For exampleagh eenter one or
more sources of carbohydrates (cereals or rooulmertcrop) and of
proteins (legumes) were domesticated. The comm@salbetween
these geographically disparate regions are: 1) Taey located in
tropical or subtropical regions; 2) Their topogrgpis generally
mountainous and 3) Have abundance of resources.

Biome is a major regional terrestrial community, gouping, with its
own type of climate, vegetation, and animal liféorBes are not sharply
separated, but merge gradually into one another what is called an
ecotone. Climatic conditions, such as rainfall &chperature, are the
major determinants of the type of biome that dgwelin an area.
Altitude is another important factor determininge thlistribution of
biomes. Most domesticated plants originated in @nigvo biomes, the
Mediterranean and the Savannah.

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

. describe the centers of agricultural origin
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o explain the similarities between the centers ofcadfural origin
and their characteristics

. define a biome and discuss its distribution

. describe the two major biomes where domesticatezhtpl
originated

3.0 MAINCONTENT
3.1 Centersof Agricultural Origins

3.1.1 Introduction

Among technological development and inventions, icagiure is
perhaps one of the few, if not the only one, thragivated independently
in more than one location. Although the number pretise boundaries
of the different centers of origin of agricultuenrain to be determined,
agriculture originated in at least six differenteas of the world:
Mesoamerica, the Andes of South America (includimgr piedmonts),
South Asia (the Fertile Crescent), Africa (Ethiomad the Sahel),
Southern China, and Southeast Asia. Additional saiealude North
America, North China, and Europe, but their imgzet been much less
than that of the aforementioned centers. In eadhede centers, similar
types of crops were domesticated. For exampleagh eenter one or
more sources of carbohydrates (cereals or roouloertcrop) and of
proteins (legumes) were domesticated.

The commonalities between these geographicallyadégp regions are:

1. They are located in tropical or subtropical regiayenerally
between 35° N. and 35° S. Lat.

2. Their topography is generally mountainous or hdgntaining a
wider range of resources compared to the areasithdbcated at
higher or lower altitudes.

3. This abundance of resources has allowed early f&antemore
easily identify plants or animals that were predsgd to
domestication.

3.1.2 Characterigicsof Center for Agricultural Origin

The prerequisite for a potential center of agrigw@t origin includes the
following:

1. Presence of wide relatives
2. An alternation of rainy and dry seasons
3. Limits to migration as an alternative to agricudtintensification
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4. Topography or territoriality that prevents popuwas from
migrating to other areas to obtain supplementargltarnative
source of food.

5. Absence of heavily forested areas, that makes @hgecsion to
agricultural land difficult.

6. The existence of different groups with differentditions,
cultures, and technology

3.2 Origin of Cropsin Biomes

3.2.1 Introduction

Biome is a major regional terrestrial community, gouping, with its
own type of climate, vegetation, and animal liféorBes are not sharply
separated, but merge gradually into one another what is called an
ecotone. A biome embraces the idea of communitgractions among
vegetation, animal populations, and soil types withregional climate.

Climatic conditions, such as rainfall and tempematuare the major
determinants of the type of biome that developsamnarea. Deserts
develop in areas with low annual precipitationgBlly higher rainfall
will favour grassland, and high yearly precipitatiovill favour the
development of a forest.

Altitude is another important factor determininge thlistribution of

biomes. Cool temperatures at high altitudes magudawa type of plant
community normally encountered at higher latitudess on record that
certain biomes or vegetative types may have beere monducive to

crop domestication than others. The Mediterrane@modiands and
tropical savannas were ideal for domestication bseahey both have
long dry seasons, which generate annuals.

3.2.2 Two Major Biomes

Most domesticated plants originated in one of twonies, the
Mediterranean and the Savannah.

The Mediterranean biome is distributed on the wasbe southern edge
of some continents or land masses, including thea around the
Mediterranean sea, southern Africa and AustralidleCand California.
Its main vegetation type is shrubby or park-likaggland. Trees include
conifers (ceder, pines) and evergreen broadleas t{euch as oaks).
Shrubs are often aromatic (such as rosemary, sagepregano). Many
plants in this biome are adapted to fire.

The Savannah biome is also a lightly forested gtaisd that merges
gradually into dry deciduous forests. It is found Africa, South
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America, India, and Australia. Trees include baolabl acacia. The
vegetation is also adapted to fire. Both biomeschaacterised by an
alternation of humid and dry seasons. In the Mediteean biomes,
rains occur primarily during the colder season, wwhse in the savannah
biome rains occur mainly in the warmer season.
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List examples of crops arranged by their biomerdafio.

Crop Biome

Date palm Desert

Wheat, barley, rye, pea, lentil, chickpedediterranean

rapeseed

Maize, rice, sorghum, cassava, swe®avannah (and tropical
potatoe, bean, peanut, yams deciduous forest)
Coconut, cabbage, beet, cotton Sea coasts

Sunflower Temperate prairies

Proso and foxtail miller, andTemperate steppes

Triticumtauschii (donor of the D genome of

bread wheat

Apple, pear, cherry, grape, walnut Temperate forest
Potato (and other root crops from thBemperate highland
Andes) andhrabica coffee

Sugarcane, banana and plantain, citrdsppical rain forest
mango, cacao

The existence of a marked dry season in the twmé&sohas constituted
an impetus for the transition from hunting-gathgrio agriculture. A

rise in population and the pressure exerted ontiegisood made the
hunter-gatherers to plant the seeds of the graipscthey were already
harvesting and consuming to increase the size efhhrvest. This

explains why a majority of the basic food crops é@stitated in these
biomes are actually annual grains.

SELF-ASSESSMENT EXERCISE

Explain the centers of agricultural origin

Describe the similarities between the centers dficatjural
origin and their characteristics

Define a biome and describe the two major biomesrah
domesticated plants originated

40 CONCLUSION

This unit explains that agriculture originated ihleast six different
areas of the world that include: Mesoamerica, thedes of South
America (including their piedmonts), South Asiae(tRertile Crescent),
Africa (Ethiopia and the Sahel), Southern Chinaj &outheast Asia.
We were told that additional areas include Northetica, North China,
and Europe. The unit also informs us that in eatlthese centers,
similar types of crops were domesticated. For examp each center
one or more sources of carbohydrates (cerealsodorauber crop) and
of proteins (legumes) were domesticated. It wath@urstated that the
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commonalities between these geographically dispaegions are that:
1) They are located in tropical or subtropical oeg; 2) Their
topography is generally mountainous and 3) Havendance of
resources.

The unit also defines a biome as a major regiara¢strial community,

or grouping, with its own type of climate, vegetati and animal life. It

also explains that biomes are not sharply separbtgdnerge gradually
into one another over what is called an ecotone w&ie also informed
that climatic conditions, such as rainfall and tensure, are the major
determinants of the type of biome that developanrarea. In addition,
the unit also describes altitude as another impoffctor determining

the distribution of biomes. We equally got to knawat most

domesticated plants originated in one of two bigntles Mediterranean
and the Savannah.

50 SUMMARY

Among technological development and inventions, icagiure is

perhaps one of the few, if not the only one, thragivated independently
in more than one location. The number and precendbaries of the
different centers of origin of agriculture is notetdrmined yet.
Agriculture originated in at least six differenteas of the world:
Mesoamerica, the Andes of South America (includimgr piedmonts),
South Asia (the Fertile Crescent), Africa (Ethiomad the Sahel),
Southern China, and Southeast Asia. Additional saiealude North

America, North China, and Europe.

In each of these centers, similar types of cropsevd@mesticated. For
example, in each center one or more sources obhgdoates (cereals or
root or tuber crop) and of proteins (legumes) waoenesticated. The
commonalities between these geographical regiors Br They are

located in tropical or subtropical regions; 2) Thébpography is

generally mountainous and 3) Have abundance otiress.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the centers of agricultural origin

2. Explain the similarities between the centers ofcadtural origin
and their characteristics

3. Define a biome and discuss its distribution

4. Describe the two major biomes where domesticateahtgl
originated
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1.0 INTRODUCTION

Agriculture has so far been able to keep pace tittnan population
growth and provides sufficient food and other nesml¢hat humans can
tend to other activities. There is a close relaiop between humans
and their domesticated plants and animals. Whereasans have had a
marked effect on domesticated plants and animatagedticated (and, in
some cases, undomesticated) plants and animalshzava significant
effect on human history. For example, exotic plafas least to the
Europeans of the 15th and 16th centuries) wereobtiee driving forces
behind the explorations of new continents.

Domestication is the outcome of a selection procesd leads to
increased adaptation of plant and animals to atibw or rearing and
utilisation by humans. Domestication is a contiguprocess. While in
the strictest sense of the definition, domesticatould refer only to the
first stages of selection that coincided with thiiation of agriculture,
selection by humans continues to this day. The radoiescientific plant
and animal breeding has greatly accelerated the glachange.

20 OBJECTIVES

Bythe end of this unit, you should be able to:

o discuss the origin of agriculture in relation tamstication

. describe the domestication process of crop plants

. explain the role of natural and artificial seleatio domestication
of plant
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. highlight the consequences of domestication
3.0 MAINCONTENT

3.1 Domestication and the Origin of Agriculture

Human beings are heterotrophs. They derive thdnitimn from plants
and animals. But man has evolved from herbivorausestors. About
two million years ago, the early Paleolithic maar&d using weapons
for hunting. Later he began eating fruits and radtsvild plants. Much
later, man started cultivating plants and raisingmals and started a
settled life.

The earliest settlements have been found to betddcen the river
valleys and plains of northern Indian. In thesegréhe soil was fertile,
plenty of water was available so, it was easy thivaie crops. As a
result of successful and plentiful agriculture oraged about 7000-
13000 years ago, somewhere in the then well-watkigidlands of the
Indus, Euphrates and Nile and Tigris rivers. Soreoprehistoric sites
of ancient agricultural activity are Tehuacanaeslin modern Mexico
and banks of Yellow river in modern china.

South East Asia was ideal for agriculture beginnberause of its
diverse vegetation to support a stable human ptpualdn these areas,
planting of vegetative parts like rhizomes, tubersbulbs which is
simpler than ploughing of seeds formed the basiagoiculture. But it
was seed-planting that led to more profound changése life of man.
All early civilisations whose diets were known te were based on seed
reproducing plants such as wheat, maize or rice.

It was reported that agriculture originated indeg®erily in several parts
of the world. The first conscious act of civilisatiwas based on finding
seeds and twigs struck into the ground. When atpianraised

consciously it is called cultivation. First, thosknts were brought into
cultivation that grow rapidly and produce crop witla season which
include the present-day cereals. Cereals werenallgi weeds, which
grew in mountain areas of Asia, Europe and Afrio& (world) and

North and South America (New world).

3.2 Domestication of Plants

The domestication of plants is the starting stefhendirection of a full-
fledged agricultural economy. A plant is termeddasnestic when its
natural characteristics are so much improved thaamnot grow and
reproduce without human involvement. Domesticai®thought to be
the result of the development of a symbiotic relaship between the
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plants and humans, called co-evolution, becausatpland human
behaviours evolve to suit one another. Humans ksanae plant
selectively based on specific characteristics tdste of the fruits, size
of the flowers and fruits and so on. Humans use siveds of these
specific plants for further growth.

List of commonly cultivated crops and the regionseyt were
domesticated

Plants name Domesticated Plants name Domesticated

at at
Fig tree Near East Chili Peppers South America
Rice East Asia Water melon Near East
Barley Near East Olives Near East
Einkorn wheat Near East Cotton Peru
Emmer wheat Near East Pomegranate Iran
Chick pea Anatolia Hemp East Asia
Bottle gourd Asia Cotton Meso America
Potato Andes mountain Cocoa South America
Squash Central America Squash North America
Maize Central America Sunflower Central America
Broomcorn East Asia Sweet potato Peru
millet
Bread wheat Near East March Elder North America
Cassava South America  Sorghum Africa
Avocado Central America Sunflower North America
Cotton Southwest Asia] Pearl millet Africa
Chocolate Mexico Egg Plant Asia
Chenopodium North America| Vanilla Central America

Majority of the plants were cultivated first durimgstorical times and
hence have very poor evidence. The paleontologieah is usually
entirely unavailable for cultivated plants and aeblogical data is very
poor and fragmented. In the beginning of 19th agnfue origin of most
of the cultivated species was not known. No spew&s common to the
tropical regions of the two hemispheres before\aiion.

Strawberry, chestnut and mushrooms were commorthern regions
of the world. A great number of species originatedEurope, India,
West Asia, Brazil, Colombia. In short, the origirdiktribution of the
cultivate species was very unequal. There was ppqgution with the
needs of the man and the number of plants cultivate

3.3 Roleof Natural and Artificial Selection in Domestication
of Plants
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With regard to domestication, Darwin made the folltg major
observations:

1. Morphological modifications selected during domesiion have
been of such magnitudes that many crop plants lysoahnot
survive in the wild anymore without human assiseéanc

2. Selection by breeders could lead to a wide arrayaoiation in
domesticated plants and animals when compared thatin wild
progenitors.

3. Selection under human cultivation happened uncoosty or
inadvertently, that is, without deliberate humaticac

Domestication is a selection process that resultthe adaptation of
plant and animals to cultivation or rearing andisgtion by humans.
However, the question arises whether this selectiook place

consciously by humans or if it was an inadvertdrgrpmenon as a by-
product of human plant cultivation or animal regrin

Proponents of unconscious selection argue thafitstefarmers could
not have possibly foreseen or set out to spedyicalect for the marked
phenotypic changes that eventually arose during edtication.
Proponents of conscious selection argue that s farmers were
actually quite knowledgeable about their environmdiey were well
aware of the life cycle and some of the biologichhracteristics of
plants and animals surrounding them well before #uwent of
agriculture. A comparison of the morphological apbysiological
differences among domesticated plants has shownatisamilar set of
traits has been selected during domestication. $étishas been called
"the domestication syndrome". Traits included iis tyndrome include
those increasing adaptation to cultivation and rdegity of human
consumption and use.

The degree of domestication in cultivated plants been observed to
vary widely. Highly domesticated plants, typified Iplants such as
maize, rice, common bean, and peanut, have a braade of
domestication traits and express these traitshégtalevel. Other crops,
encompassing a wide range of domestication pheastygan be
considered to be only partially domesticated. Creysh as soybean and
sesame also suffer from excessive shattering atirityatOn the other
hand, the African oil palm has only been subjedtedimited changes
during domestication. In general, tree and foragp< are considered to
be only partially domesticated.

3.4 Consequences of Domegtication
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There are important corollaries to the phenomenbramestication
these are:

1.

35

Plant cultivation or animal rearing is a necessaryinsufficient

condition for domestication. Thus, each crop ometibreed will

have been grown or reared for a generally undefipedod

(predomestication cultivation or rearing) duringigh selection
operated.

Certainly for plants, complete domestication letdlsa lack of
fitness in natural environments. Fully domesticgiéahts cannot
survive on their own in the wild. One of the besamples of this
situation is maize, where the husks surroundingetireand the
tight attachment of kernels to the cob preventradiispersal.

A mutualistic relationship exists between humand treir crop
plants or animal breeds. The transition from huptathering to
agriculture was an experiment in cultural evolutighat

represented a drastic change in human societies tiaeil

environment. In turn, agriculture became a necgssandition

for the development of civilisations because ityided a surplus
of food, which allowed specialisation and diversfion of

crafts, trades, and other occupations.

While fully domesticated plants and animal bredtie (atter to a
lesser extent) cannot survive on their own, it aso be argued
that humans would not be able to survive withouhdstication.

Morphological and  Genetic Changes during
Domestication

In the "Origin of Species"”, Darwin us
domesticated plants and animals as evid

to support his theory of evolution:

"Domesticated races show adaptal
not indeed to the animal's or pla ;ﬁ’
own good, but to man's use or fanc
"Very many of the most strongl y!
marked domestic varieties could
possibly live in a wild state." :
Gigantism of harvested organs: €'
seeds of domesticated plants.
Artificial ~ selection has creat @
tremendous diversity within cr &
species for the parts of the plant -
have economic value (flowers, lea\
pods, or tubers). In comparison, tr
is little variation within species fi
parts ofthe plant that are not of inter
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to man.

The process of plant domestication occut
early wildtype crops are sown from s¢
gathered from wild stands. The key
domestication is the selective advantag
rare mutant alleles, which are necessa
survival in cultivation, but unnecessary K
survival in the wild. The process of selec
continues until the mutant phenot
dominates the population. ;
Cultivation also creates selection press s
resulting in allele frequency chanc %2
gradations \thin and between speci
fixation of major genes, and improvemen
guantitative traits.

Early domestication and important plant traits

Seeds from domestic crops (in
circle) are usually larger, lighter
color, and more uniform than th
wild relatives. Clockwise from to
Peanuts, corn, rice, coffee, soybe
hops, pistachio, and sorghum.

Photo by Stephen Ausmus, USDA
Selection associated with cultivation, harvestengl food uses

Loss of seed dispersal mechanisms
seed dormancy traits are most impor
in the domestication process.

. Non-shattering erop seeds reme
- attached to the plant until harvest
e Non-brittle rachis - the rachi

(central axis of the inflorescen:
remains intact in crop species

. Non-dehiscence -ruits do no
split open to release contents
maturity

. Free threshing

- the seed is easily removed from o
parts of the plant
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Modified from Scientific American :_ Changes in growth habit

o . Compact growth habit
. Reduction in branching
. Synchronous tillering
. Synchronous flowering

Annual Teosinte

Example:  climbing
to bush habit i
beans

In the wild, ¢
climbing habi g
allows plants t™
access limited ligh#

are often favored L=

domestication. L

. Reduction it
internode
length :

. Reduction it
number o%
nodes,
branches

. Suppression
of twining
reponse

. Determinacy
(simultaneous
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flowering)

Harvesting: Increases
seed yield

Reduction ir

daylength

sensitivity -

provides  broadeseeq neads of fostail millet (righty
ad aptation (plan and its likely wild ancestor, green

. . bristle grass (left), show the
WI” ﬂOWGf at Wldel increasze in size of the seed head

latitud es); there that took place with domestication &
an adaptive valt
for daylengtt
sensitivity in  wilc
plants (ensures tk
they germinate
the right time of th
year)

Increased numb
of seeds

Reduced sterility
Larger
inflorescence size
Increased numb
of inflorescences
Increased  harve
index (weight o
harvested portion «
the plant to th
weight of the whol
plant)

Planting: increased seedling vigour
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Larger seeds

0 More carbohydrates; increased reserves
0 Fewer number, larger seeds
Non-dormant seeds

0 Dormancy has an adaptive value for the wild type,

ensuring that it germinates when environmental it

are most favourable (e.g. there is enough water or

temperatures are stable.) However, it is not araels
character for a crop. A farmer wants the seeds hieat
plants to germinate quickly and uniformly throughtue

field.

0 Conflict — lack of dormancy may cause premature
germination (e.g. sprouting of a cereal head before
harvest)

0 Correlated response: reduced chaff
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Reproductive system

. Shift from out crossing to predominantly self-podtion for
many crops

. Reduced or absence of sexual reproduction in soropsc-
banana, plantain, navel orange

. Vegetatively propagated crops - instant domestioatbecause

the selected plants can be reproduced without durtihanges
occuring through meiosis

SELF-ASSESSMENT EXERCISE

Describe the domestication process of crop plants

Explain the origin of agriculture in relation to destication of
crop plants

Discuss the role of natural and artificial selectioin
domestication of plant

40 CONCLUSION

We learn from this unit that domestication is thecome of a selection
process that leads to increased adaptation of @adt animals to

cultivation or rearing and utilisation by humanse \Wave also learned
that a plant is considered to be domestic whenataral characteristics
are so much improved that it cannot grow and rapeedvithout human

involvement. It was also demonstrated that whilendstication could

refer only to the first stages of selection thahcmled with the initiation

of agriculture, artificial selection by humanslstibntinues today.

This unit also thought us that the act of domestioacould be the result
of the development of a symbiotic relationship kedw the plants and
humans (referred to as co-evolution) because plamd human
behaviours evolve to suit one another. We also rstaled that humans
harvest a plant selectively based on specific charatics like taste of
the fruits, size of the flowers and fruits and se. @onsequently,
humans use the seeds of these specific plantarivef growth.

We now know that the degree of domestication irtivated plants has
been observed to vary widely. The unit also exglathat highly

domesticated plants, typified by plants such aszenpaiice, common
bean, and peanut, have a broad range of domestidadits and express
these traits at a high level. It further stresst tlwgher crops,

encompassing a wide range of domestication pheasfyre considered
to be only partially domesticated.
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50 SUMMARY

Domestication is the outcome of a selection procsd leads to
increased adaptation of plant and animals to @atitm or rearing and
utilisation by humans. A plant is termed as dontesthen its natural
characteristics are so much improved that it cagnotv and reproduce
without human involvement. While domestication cbuéfer only to
the first stages of selection that coincided witle tinitiation of
agriculture, selection by humans continues to ttag. However, the
advent of scientific plant and animal breeding tpeesatly accelerated the
pace of change. Thus the domestication of plantsesstarting step in
the direction of a full-fledged agricultural econpm

Domestication is thought to be the result of theveltgoment of a
symbiotic relationship between the plants and huwnasalled co-
evolution, because plants and human behavioursveva suit one
another. Humans harvest a plant selectively basad specific
characteristics like taste of the fruits, size lod flowers and fruits and
so on. Humans use the seeds of these specificsgtanfurther growth.

The degree of domestication in cultivated plants been observed to
vary widely. Highly domesticated plants, typified Iplants such as
maize, rice, common bean, and peanut, have a braade of
domestication traits and express these traitshégtalevel. Other crops,
encompassing a wide range of domestication pheastygan be
considered to be only partially domesticated. Creysh as soybean and
sesame also suffer from excessive shattering atirityatOn the other
hand, the African oil palm has only been subjedtedimited changes
during domestication. In general, tree and foragp< are considered to
be only partially domesticated.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the origin of agriculture in relation tonalestication

2. Describe the domestication process of crop plants

3. Explain the role of natural and artificial selectioin
domestication of plant

4. Highlight the consequences of domestication
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1.0 INTRODUCTION

Adaptation is defined as a dynamic evolutionary cpss that fits
organisms to their environment, enhancing theirlgianary fithess
until the population reached a stable state duttregprocess. It is also
defined as a phenotypic trait or adaptive traithva functional role in
an organism, which is maintained and has evolvedutih natural
selection.

Adaptation is primarily a process rather than aspta form or part of a
body. However, as a practical term, "adaptationterofrefers to a
product: those features of a species which result frompttoeess. The
two can be distinguished by using the temdaptation for the
evolutionaryprocess, andadaptive trait for the bodily part or function
(the product).

Adaptation is one of the two main processes thpta@gx the observed
diversity of species. The other process is speciatin which new
species arise, typically through reproductive i8ofa Thus the interplay
of adaptation and speciation is very importanthie evolution of crop
plant. All adaptations help organisms survive igittecological niches.
The adaptive traits may be structural, behaviownalphysiological.
Adaptation affects all aspects of the life of agasism.
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20 OBJECTIVES

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

give different definitions of adaption with briet@anations
discuss adaptation as process and a trait

explain adaptation, flexibility, acclimatisationcatearning
define and describe the concept of adaptednesktaess

3.0 MAINCONTENT

3.1 Definition and Key Terms

Adaptation is defined as a dynamic evolutionary cpss that fits
organisms to their environment, enhancing theirlgianary fithess
until the population reached a stable state duttregprocess. It is also
defined as a phenotypic trait or adaptive traithva functional role in
an organism, which is maintained and has evolvedutih natural
selection.

Adaptation is related to biological fithess, whigbverns the rate of
evolution as measured by change in gene frequenGiften, two or
more species co-adapt and co-evolve as they dewlaptations that
interlock with those of the other species, suchvils flowering plants
and pollinating insects. In mimicry, species evoteeresemble other
species.

Adaptation:-is the evolutionary process whereby an organisnornes
better able to live in its habitat or habitats.

Adaptedness:- is the state of being adapted, that is the dereenich
an organism is able to live and reproduce in argset of habitats.

Adaptive trait:- is an aspect of the developmental pattern of the
organism which enables or enhances the probalwfitthat organism
surviving and reproducing.

3.2 Adaptation; a Processand a Trait

Adaptation is primarily a process rather than aspta form or part of a
body. Example, an internal parasite (such as a fiue) has a very
simple bodily structure, but the organism is highdlapted to its specific
environment. However, as a practical term, "adaptabften refers to a
product: those features of a species which result fronptbeess. Many
aspects of an animal or plant can be correctlydadidaptations, though
there are always some features whose function ramaidoubt. The
two can be distinguished by using the temdaptation for the
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evolutionaryprocess, andadaptive trait for the bodily part or function
(the product).

Adaptation is one of the two main processes thpta@x the observed
diversity of species. The other process is speciatin which new
species arise, typically through reproductive i8ofa Thus the interplay
of adaptation and speciation is very importanthie évolution of crop
plant. Adaptation is not always a simple matter ngh¢he ideal
phenotype evolves for a given environment. An oigrarmust be viable
at all stages of its development and at all stagjeiss evolution. This
places constraints on the evolution of development, behavior, and
structure of organisms.

All adaptations help organisms survive in theirlegacal niches. The
adaptive traits may be structural, behavioral oyspiogical. Structural

adaptations are physical features of an organisith &s shape, body
covering, armament, and internal organisation. Bemal adaptations

are inherited systems of behaviour, whether inéeriin detail as

instincts, or as a neuropsychological capacity l&arning. Examples
include searching for food, mating, and vocalisaioPhysiological

adaptations permit the organism to perform speaacttions such as
making venom, secreting slime, and phototropisnt, &go involve

more general functions such as growth and developmemperature
regulation, ionic balance and other aspects of lostasis. Adaptation
affects all aspects of the life of an organism.

3.3 Adaptation, Flexibility, Acclimatisation and L earning

Adaptation differs from flexibility, acclimatisatip and learning, all of
which are changes during life which are not inleeritFlexibility deals
with the relative capacity of an organism to mamtéself in different
habitats: its degree of specialisation. Acclimadisa describes
automatic physiological adjustments during life;arling means
improvement in behavioural performance during life.

Flexibility stems from phenotypic plasticity, theilty of an organism

with a given genotype (genetic type) to change pisenotype

(observable characteristics) in response to chamgés habitat, or to

move to a different habitat. The degree of flexipils inherited, and

varies between individuals. A highly specialisednzad or plant lives

only in a well-defined habitat, eats a specificetypf food, and cannot
survive if its needs are not met. Many herbivones|ée this; extreme
examples are koalas which depend Eucalyptus, and giant pandas
which require bamboo.
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A generalist, on the other hand, eats a rangeauf,fand can survive in
many different conditions. Examples are humans, @tabs and many
carnivores. Thetendency to behave in a specialised or exploratory
manner is inherited—it is an adaptation. Ratherfeddht is
developmental flexibility: An animal or plant is \dopmentally
flexible if when it is raised in or transferred o new condition, it
changes in structure so that it is better fittedstwvive in the new
environment.

34 Adaptednessand Fitness

There is a relationship between adaptedness andotineept of fithess

used in population genetics. Differences in fithbssween genotypes
predict the rate of evolution by natural selectidvatural selection

changes the relative frequencies of alternativenptypes, insofar as
they are heritable. However, a phenotype with ladaptedness may not
have high fitness. While adaptation was a retraspeconcept referring

to the history of a trait, fitness predicts a tsafuture and it can be
absolute or relative.

Relative fitness:- The average contribution to the next generatipma b
genotype or a class of genotypes, relative to thrgributions of other
genotypes in the population. This is also knowiDaswinian fithess or
selection coefficient.

Absolute fitness:- The absolute contribution to the next generabipa
genotype or a class of genotypes. It is also knawrthe Malthusian
parameter when applied to the population as a whole

Adaptedness.- The extent to which a phenotype fits its locallegical
niche. Researchers can sometimes test this thraugtreciprocal
transplant.

The Fitness Landscape

In this sketch of a fitness landscape, a populatan evolve by
following the arrows to the adaptive peak at pdntand the points A
and C are local optima where a population couldobex trapped.
Sewall Wright proposed that populations occ@uiaptive peaks on a
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fitness landscape. To evolve to another, highek,peaopulation would
first have to pass through a valley of maladapiintermediate stages,
and might be "trapped” on a peak that is not oghnaalapted.
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SELF-ASSESSMENT EXERCISE

Define adaption and brief explanations the prooésslaptation
Differentiate between adaptation, flexibility, aothtisation and
learning

Discuss the concept of adaptedness and fithess

40 CONCLUSION

We learn from this unit that adaptation is definad a dynamic

evolutionary process that fits organisms to thewi®nment, enhancing
their evolutionary fitness until the population ckad a stable state
during the process. It further defines adaptati®ra phenotypic trait or
adaptive trait, with a functional role in an orgamj which is maintained
and has evolved through natural selection.

We also learnt from this unit that adaptation isnarily a process rather
than a physical form or part of a body. We haveadlgjlbeen informed
that as a practical term, "adaptation” often refers product: that is
those features of a species which result from tloegss. It was also
demonstrated that the two can be distinguished &igguthe term
adaptation for the evolutionaryrocess, andadaptive trait for the bodily
part or function (the product).

This unit also thought us that adaptation is oneth@d two main

processes that explain the observed diversity etisg. It went on to
explain that the other process is speciation, ilclvhew species arise,
typically through reproductive isolation. The ufutther highlights that
the interplay of adaptation and speciation is vemportant in the

evolution of crop plant. We were made to understhad all adaptations
help organisms survive in their ecological nich&8e were also
informed that the adaptive traits may be structukahavioural or
physiological with adaptation affecting all aspectsthe life of an

organism.

50 SUMMARY

Adaptation is a dynamic evolutionary process thatdrganisms to their
environment, enhancing their evolutionary fitnesdiluthe population

reached a stable state during the process. Isessabphenotypic trait or
adaptive trait, with a functional role in an orgamj which is maintained
and has evolved through natural selection.

Primarily, adaptation is a process rather thanysiphl form or part of a
body. In practice however, the term, "adaptatiofftero refers to a
product: those features of a species which result frompttoeess. The
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two can be distinguished by using the temdaptation for the
evolutionaryprocess, andadaptive trait for the bodily part or function
(the product).

In the context of evolution, adaptation is onehs two main processes
that explain the observed diversity of species. Ofiger process is
speciation, in which new species arise, typicaftisough reproductive
isolation. Thus the interplay of adaptation and csgg®n is very
important in the evolution of crop plant. All adapéns help organisms
survive in their ecological niches. The adaptiatsrmay be structural,
behavioural or physiological. Adaptation affectsampects of the life of
an organism.

6.0 TUTOR-MARKED ASSIGNMENT

1. Give different definition of adaption with brief pbanations.

2. Discuss adaptation as a process and a trait.

3. Explain what you understand by adaptation, flexiil
acclimatisation and learning

4. Define and explain the concept of adaptednessitres$
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1.0 INTRODUCTION

The pattern in which the production of crop is ilstted throughout the
world is governed by many factors, with the maire®teing climate,
soils, topography, insect pressure, plant diseasd aconomic
conditions. In most developed countries, segregatiocrop types into
particular production areas is largely governedpbyfit motives. The
profitability of any crop is determined by its adaion to the
environment and its ability to grow and produce srade to high yields
of acceptable quality in the area it is cultivated.

Crop adaptation is determined primarily by genotgpegironment
interaction with the suitability of the crop to aarpicular region
depending largely on the climatic features of #gon in relation to the
requirements of the crops normal growth and develyg. Hence,
climatic variables and physiological factors are firincipal elements
governing the adaptation, distribution and confieatrof the major crop
species to current production areas of the world.

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

. define adaptation and explain its concept
. distinguish between adaptation and acclimation
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. discuss plant growth and development in RelatioAdaptation
o define growth and describe its stages
o define development and describe its stages

3.0 MAIN CONTENT
3.1 Adaptation to External Environment

3.1.1 Definition and Concept of Adaptation

Adaptation may be defined as any feature of anrosga which has

survival value under the existing conditions ofrishitat. Such a feature
or features may allow the plant to make fuller asthe nutrients, water,
and temperature or light, available, or may givetgetion against

adverse factors such as temperature extremes, sagss, disease or
insect pressures. The concept of adaptation catffimult to define, as

it is used in respect to both the evolutionaryiosgf a character and its
contribution to the fitness of the plant to surviue its present

environment.

The external adaptation of crop plants depends anyniactors that
includes environmental conditions, edaphic (sail &iotic. When one
factor (e.g. water availability) dominates the @iéug conditions the
plant’s responds by adapting to the existing lexfethat factor. More
typically, adaptation is expressed as a responsa tombination of
factors (e.g. temperature and day length) and #tere of the response
then reflects the plant’s adaptation to the factoimbination. Success
of a plant in a particular environment rarely deggeonn possession of a
single adaptive character. Rather, fitness or adiapt to an
environment depends on possession of an optimumbioation of
characters that minimizes the deleterious effectd maximises the
advantageous effects.

Consequent on above, plant breeders are engageddifficult and
complex task of generally developing genotypes wath optimum
combination of adaptive characters, rather thansowéh a single
adaptive character. Whatever the growing conditicthe important
consideration is the nature of the adaptive plasponse itself and, for
commercial purposes, the consequences of thatmsspo terms of the
economic output of the crop. For example, a plaat grows well under
a given set of conditions, but fails to flower aset seed, is of little
value as a grain crop in that situation. It mayvaweer, be an excellent
forage crop under those conditions, as the econproduct (leaves and
stems) is not dependent on flowering and seed set.
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3.1.2 Adaptation and Acclimation

Adaptation is also heritable, i.e. it is determiim®dthe genotype of the
plant. Hence the definition of adaptation above banrefined to ‘the
heritable modifications to a plant which enabléoitsurvive, reproduce,
or both, in a given environment’. Reproductionwasl as survival, is a
critical consideration in the commercial productioh seed (grain)
crops, as their economic product results from sssfoé completion of
the reproductive phase of their life cycles. Instaerops, completion of
all phases of development is fundamental to ecoagraiformance. In
other crops such as sugar cane or forages, wherctmomic product is
biomass (plant dry matter) that results from veijeta growth,
development is a less important consideration gramth.

In contrast to adaptation, acclimation (or hardghis the non-heritable
modification of plant characters caused by exposuoe new

environmental conditions such as warmer or drieather. It results
from temporary modifications to the plant phenotyised by the
changing environment. Generally, plants subjectedeveral cycles of
mild water or low temperature stress suffer legsrinfrom subsequent
drought or very low temperature exposure than plavitich have not
been previously stressed.

3.2 Concepts of Growth and Development in Relation to
Adaptation

In order to discuss the ways that plants have edboto be better adapted
to their environments, it is necessary to have sicbanderstanding of
plant growth requirements. Therefore, the concegtsgrowth and
development are important to an understanding aritdaptation to its
environment.

3.2.1 Growth

Growth is the increase in plant biomass (dry mpatieer time. About 95
per centof biomass is the net result of photosyithgains and
respiratory losses, with the remaining five perta@rived from nutrient
uptake. Growth is affected by the supply and lefehvailability of all
factors that are essential to normal plant metaboknd function. The
major factors are:

. Water

. Nutrient elements

. Light (the visible component of incoming soladmtion — it
includes the red and blue wavelengths which proewergy for
photosynthesis)

112



CRP 512 CROP EVOLUTION AND ADAPTATION

. Gases, particularly carbon dioxide (§@or photosynthesis and
oxygen (Q) for respiration.

All of these are usually in finite supply and arequently the subject of
competition between plants or species in a commuigmperature is
an important factor affecting, and in many casestrotling, plant

growth. While the concept of a limited supply doest apply to

temperature (i.e. plants do not compete for i, ttiermal environment
in which a plant is grown has significant effectsgrowth rate and dry
matter yield. Adaptation to temperature is a m#gator governing the
natural distribution of plants, and is a principdéterminant in the
selection of crop species for commercial producttbroughout the
world.

Plant adaptation and response to temperature iallysdescribed in
terms of so-called Cardinal Temperatures for growthe Cardinal
temperatures for any species are:

1. A Minimum, below which growth will not occur and @e
which growth rate will rise with temperature, to

2. An Optimum, at which growth rate is maximal, anawd which
growth rate will decline with increasing temperatuno

3. A Maximum, at which growth will cease.

Cardinal temperature ranges for the major planugsoare outlined in
the Table below.

Cardinal temperature ranges (0C) for temperate ispedropical
legumes, and tropical grasses (adapted from Caifsl., (1963) and
Fitzpatrick and Nix, (1975)).

Adaptation Minimum Optimum Maximum
Temperature Temperature Temperature
{®) Q) (¢C)

Temperate 1-3 18-22 32-35

Species

Tropical 10-12 27-32 36-41

Legumes

Tropical 12-15 37-43 50-55

Grasses

3.2.2 Development

Development is the progression of a plant throunghduccessive stages
of its normal life cycle. The life cycle is bestn=idered in two main
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phases, Vegetative and Reproductive, each of wimicludes one or
more stages:

Vegetative
1. Establishment — seed germination, emergence atidyaikly,

independence of seed reserves.

2. Vegetative growth — initiation, development and axgon of
leaves, stems and roots.

Reproductive

1. Floral initiation — the transition of stem apicegdwing points)
from vegetative (producing leaf and stem primorftiads]) to
reproductive (producing inflorescence structuresd dtoral

primordia).

2. Flowering and pollination (anthesis), resultingentilised ovules
which will develop into seeds (grains).

3. Seed growth (grain filling) to a maximum wet weight
physiological maturity.

4. Seed (grain) maturation — grain dries naturallyatanoisture

content suitable for harvesting and storage.
5. Harvest ripeness — dry (12-14% moisture) grainydadharvest.

Reproductive development in plants is controlledrenby regulatory
than by assimilatory processes. The consequencethiofare that
reproductive development can proceed relativelyepahdently of

growth, and can be modified by selection more tgatian growth. In

many cases, the adaptation of crops to harsherrcemvents has
depended more on changes in the length and tinfittyeo life cycles -

allowing them to escape the most adverse conditidhan on changes
in their ability to tolerate such environments.

In contrast to those for growth, the external goireg factors for

development are principally environmental, with d&éngth and

temperature the most important. As the most regatat predictable
component of climate, day length is the most potemd universal
controlling element in the timing of life cycles dfoth wild and

cultivated plants, and the modification of theispenses to day length
has been a major factor in the spread and adaptafiomany crop

plants.

SELF-ASSESSMENT EXERCISE

Define adaptation and differentiate between admptaiand
acclimation

Explain the concept of plant growth and developmerRelation
to Adaptation

Discuss the process of growth and describe itestag
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40 CONCLUSION

This unit defines adaptation as any feature of myamism which has
survival value under the existing conditions of litgbitat. It further

explains that such a feature or features may atlwsvplant to make
fuller use of the nutrients, water, and temperaturéght, available, or
may give protection against adverse factors suchteasperature
extremes, water stress, disease or insect pressiMeesiso understand
that the concept of adaptation can be difficult&dine, as it is used in
respect to both the evolutionary origins of a ch@ma and its

contribution to the fitness of the plant to surviue its present

environment.

The unit further highlights that adaptation is alseritable, i.e. it is
determined by the genotype of the plant. Base oitlwthe previous
definition of adaptation was refined to ‘the hdsimmodifications to a
plant which enable it to survive, reproduce, orhboin a given
environment’. We also learnt that in contrast taygdtion, acclimation
(or hardening) is the non-heritable modification miint characters
caused by exposure to new environmental condigsoicd as warmer or
drier weather. The unit further states that acdioma results from
temporary modifications to the plant phenotype edusy the changing
environment.

This unit also thought us that growth is the inee& plant biomass
(dry matter) over time with about 95per cent ofrbass as the net result
of photosynthetic gains and respiratory losses, thedremaining five
per cent derived from nutrient uptake. It equatiiprmed us that growth
is affected by the supply and level of availabilitfyall factors that are
essential to normal plant metabolism and functide. also understand
that the necessary factors are: water, nutriemehs, light, and gases.
Similarly, we learned the fact that developmenthis progression of a
plant through the successive stages of its norfeatycle. The unit then
informs us that the life cycle is best consideradwo main phases,
vegetative phase and reproductive phase.

50 SUMMARY

Adaptation may be defined as any feature of anrosga which has
survival value under the existing conditions oftishitat. Such a feature
or features may allow the plant to make fuller asthe nutrients, water,
and temperature or light, available, or may givetgetion against
adverse factors such as temperature extremes, s@agss, disease or
insect pressures. The concept of adaptation catffimult to define, as
it is used in respect to both the evolutionaryiosgf a character and its
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contribution to the fitness of the plant to surviue its present
environment.

Adaptation is also heritable, i.e. it is determiimgdthe genotype of the
plant. Hence the definition of adaptation above banrefined to ‘the
heritable modifications to a plant which enabléoitsurvive, reproduce,
or both, in a given environment’. In contrast tapthtion, acclimation
(or hardening) is the non-heritable modification miint characters
caused by exposure to new environmental condigsoic as warmer or
drier weather. It results from temporary modifioa to the plant
phenotype caused by the changing environment.

Growth is the increase in plant biomass (dry mpteer time. About
95per cent of biomass is the net result of photistic gains and
respiratory losses, with the remaining five perta@rived from nutrient
uptake. Growth is affected by the supply and lefehvailability of all
factors that are essential to normal plant metaboknd function. The
major factors are: water, nutrient elements, Liglatad gases.
Development is the progression of a plant throughduccessive stages
of its normal life cycle. The life cycle is bestn=idered in two main
phases, vegetative and reproductive.

6.0 TUTOR-MARKED ASSIGNMENT

Define adaptation and explain its concept

Distinguish between adaptation and acclimation

Discuss plant growth and development in relatioadaptation
Define growth and describe its stages

Define development and describe its stages

g
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1.0 INTRODUCTION

Adaptation of cultivated plant species is a factof genotype-
environment interaction with the performance of thep in a particular
region determined by the climatic elements of tmwirenment in
relation to the requirements of the crops growthl alevelopment.
Climatic variables and physiological factors are principal elements
governing the adaptation, distribution and confieatrof the major crop
species to current production areas globally. Théereal factors
regulating the adaptation of crops to their envinent include: 1) day
length, 2) temperature and, 3) competition

Competition arises in plant communities ‘when tupEy of a single

necessary factor for plant growth falls below tleenbined needs of the
plant and its neighbours (competitors)’. It doed pnocur when the
available pool of each factor exceeds the totaldaeef the plant

community. Plants compete only for factors that aexessary for
growth — not development - and that are availaldettie plant

community. The essential growth factors for whicbpcplants compete
in the environment are: 1) water, 2) nutrients)i§t (solar radiation)

and 4) gases (carbon dioxide and oxygen).
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Adaptation to water limited conditions reflects #hiality of the plant to
either access and use limited available water at dkpense of its
competitors, or to limit transpiration water lossetter than its
competitors, or both. Adaptations which enable sssful competition
for nutrients include: extensive root growth, rappmtake and utilisation
of nutrients, meeting owns nutrient requirementderance to low
nutrient levels and tolerance to low pH or highrsgl. Competition for

light arises where one leaf shades another or eseult of superior
growth of one plant or species relative to anot@mpetition for CQ

may arise where a crop, well supplied with wated awtrients and
under high light intensity is photosynthesising at high rate.
Competition may also occur for oxygen fOtypically in waterlogged
soils.

20 OBJECTIVES

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

. outline the external factors regulating the adamaof crops to
their environment.
o discuss the response of crop plants to the effect o
1. Day length
2. Temperature
3. Competition
o explain the competition for water among crop plants
o highlight the adaptations which enable crop pldatsucceed in

competition for nutrients
3.0 MAINCONTENT

3.1 Environmental FactorsRegulating Crop Adaptation

It was previously stated that the adaptation ofivatled plant species is
a factor of genotype-environment interaction witle performance of
the crop in a particular region determined by tlraatic elements of the
environment in relation to the requirements of tmeps growth and
development. Hence, climatic variables and physjickd factors are the
principal elements governing the adaptation, diagtron and

confinement of the major crop species to currerddpction areas
globally. Consequent on the above, the externdbfaaegulating the
adaptation of crops to their environment include fthllowing:

3.1.1 Day length

The physiological response of plants to the redakidngths of the diurnal
cycles of light (day length) and dark periods ieth Photoperiodism.
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The most fundamental aspect of this response istrdresition from
vegetative to reproductive phase in photoperiodisga plants, which
includes most modern day crop species. Dependintp&in adaptation,
photoperiod sensitive species are induced to pssgrem vegetative to
reproductive phase when subjected to certain alitiay lengths. Most
species of tropical or subtropical adaptation dessed as Short Day
(SD) plants — they grow vegetatively through thaglodays of late-
spring/summer/early-autumn, and undergo floralatigdn when autumn
day length declines to a certain critical value.

In contrast, most species of temperate adaptat@m@scribed as Long
Day (LD) plants. Their vegetative phase occurs rdurihe short-day
late-autumn/winter/early-spring period, floral iatton occurring when
spring day length increases to a certain critidu®. In a third major
group, floral initiation occurs after a certain iperof vegetative growth
has been completed, regardless of day length.iaulhis photoperiod-
insensitive group are described as Day Neutral (DN)

Over the last 50 years, plant breeders have cendigtstrived to

develop improved cultivars of the major crop spedg reducing their
dependence on day length to initiate the reprodeigthase. Their aim
has been to increase flexibility in the length loé crop life cycle and
thus extend the optional range for sowing time.sThas been an
important strategy in the development of betteipaeth cultivars for rain

fed crop production, where unreliable rainfall,tlffer too low or too

high), often delays sowing. Development of modeaop@lants has seen
the manipulation of the processes regulating remtide development
by selection and breeding, with sensitivity to digngth being

considerably reduced or muted in some, and eveanasla in others.

Duration of day length (length of astronomical dayhours [h] and
minutes[m]) at selected latitudes in Australia.

Season (Southern Hemisphere)

Autum Winter Spring Summer

March June September December
Latitude h m h m h m h m
°9)
10 12 08 11 33 12 07 12 42
20 12 08 10 55 12 07 13 20
30 12 10 10 13 12 08 14 04
40 12 12 09 20 12 09 15 01

(Adapted from Gentilli, 1971, based on data fromtrésomical
Ephemeris, HMSO, London).

3.1.2 Temperature
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Some temperate crop species, particularly the ker@eheat, oats,
barley, rye and triticale) and brassicas (can@pge) have both ‘winter’
and ‘spring’ types. Winter types require a perid@xposure to very low
temperatures (0-20C) before they can respond teasmng spring day
length. In Europe, Canada and the USA they aretgdam autumn,
remain dormant through an intensely cold wintetemfunder snow,
then undergo floral initiation as days lengthenspring. True winter
types will not respond to day length until the codduirement has been
met. It can also be met by subjecting pre-soakednmating seeds to
an intense cold period (e.g. 21 days at 10C), &ga® known as
vernalisation. Spring types, in contrast, exhilmtaold requirement and
varying degrees of LD requirement for floral infitan. Modified winter
wheats have found a place as grazing and grainschopsouthern
Australia, but apart from those, practically all smalian temperate
crops are spring types that are shorter seasorioavet yielding than
their winter counterparts.

The lengths of the vegetative and reproductive ghas DN species are
temperature dependent, being shorter when condigome warm to hot
and longer when it is cold. To complete each phasestage of

development of the crop requires the accumulatiba @ertain total

number of ‘heat units’ — the warmer the environmémé more rapidly
the units are accumulated and the plant progresseshe next

developmental phase or stage. The standard heatempression is
degree days (oD), which are calculated for each akyhe average
temperature minus the base temperature for theespeccultivar.

A variation on this approach has been used sueadbs8&ir winter crop
management in southern Australia using oD summati@sed on daily
maximum, rather than average, temperature. Foetbegps, once floral
initiation has occurred, plants in all groups viilen progress through
the successive stages of the reproductive phaseatarity, provided
they are not disrupted by adverse weather, pestmsédse conditions.
The rate of progress from floral initiation to miaty depends on
subsequent temperature and day length conditions. high
temperatures, individual stages will progress rgpahd be of short
duration, leading to early maturity and usually é&wgrain yield,
because the grain filling period has been shorteimesome crop plants,
such as soybeans and many of the grain legumes]ogenrent after
floral initiation is particularly sensitive to dalength as well as to
temperature.

3.1.3 Competition
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The concept of competition is fundamental to aneusi@nding of

adaptation, particularly with crop plants that grewn in moderate to
high density monocultures. Here, competition foe @r more factors

almost always limits growth and yield in rain fedry land) production

systems. The outcomes of competition illustrate rilative adaptation
of competing plants in optimising their captureuse of essential factors
for growth that are in limited supply. Plants congenly for factors

that are necessary for growth — not development-that are available
to the plant community from a finite pool or supplhe occurrence and
intensity of competition for any factor is determihby the amount of
the factor available and the number of plants camgéor it.

At community level, competition may be interspecifbetween plants
of different species, for example weeds in a crop)intraspecific
(between plants of the same species, for examplhib@uring crop
plants). The outcomes of interspecific competitieflect the differences
in relative competitive ability between the speqeessent for the factor
in limited supply, and one species will eventuabminate the other(s).
In contrast, where intraspecific competition occuali plants are of
similar competitive ability and are affected equakind at about the
same time. At individual plant level, competitionaynbe interplant
(between different, neighboring plants) or intrap(between different
parts of the same plant).

3.2 Competition for External Factors Necessary for Crop
Growth

Competition arises in plant communities ‘when tpEy of a single

necessary factor for plant growth falls below tleenbined needs of the
plant and its neighbours (competitors)’. It doed nocur when the

available pool of each factor exceeds the totaldaeef the plant

community. Plants compete only for factors that aexessary for

growth — not development - and that are availaldettie plant

community. The essential growth factors for whicbpcplants compete
in the environment are: water, nutrients, lightdseadiation) and gases
(carbon dioxide and oxygen).

3.2.1 Competition for Water

Adaptation to water limited conditions reflects #hiality of the plant to
either access and use limited available water at dkpense of its
competitors, or to limit transpiration water lossetter than its
competitors, or both. Superior access to and useatdr usually results
from more rapid and extensive root growth, enabtirglimited pool of
available soil water to be exploited before thetsauf less well adapted
competitors can reach it. Limiting water loss undé&ess conditions
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may result from adaptive characteristics such aghdeaf surfaces that
shield stomatas, and from leaf rolling. Both lindirect stomatal

exposure to solar radiation and wind, thereby redydranspiration.

While sunken stomates and rough leaf surfacesypreat of arid zone

plants (xerophytes), some commercial crop speceég. (sorghum,

millets and maize) exhibit leaf rolling under wasgress.

Millets and sorghum also exhibit rapid stomatalsole when stress
develops, which reflects their adaptation to thé¢ hod often arid
environments of their African centres of origin. @hthe stress is
relieved, these species are able to rapidly resantiwe growth. In

contrast, crop species such as sunflower and sogb@dhibit rather lax
stomatal control, resulting in slow stomatal clesursuch that
transpiration water loss may continue for some tiafer stress is
imposed and root water uptake has ceased. As i, resmter loss

temporarily exceeds uptake and the plant lose®tywilts), closing its

stomates to prevent further water loss. Recovem fivater stress with
these species is slower, and the yield penaltyllysgeeater, than in
sorghum or millet. As will be outlined later, thesadaptive

characteristics are reflected in the geographitridigion of rainfed

commercial production of these species in Australia

3.2.2 Competition for Autrients
Adaptations which enable successful competitiomtdrients include:

1. more rapid and extensive root growth, which enabdes
competitor to access and exploit available nutsi@ttthe expense
of its neighbours;

2. the capability to take up and use a nutrient winnay be present
in the soil in a chemical form which their compati are not able
to utilise;

3. the ability to meet its own requirements for aneesisl nutrient
independently of soil supply (e.g. a legume growimg nitrogen
deficient soil);

4. tolerance of low levels of essential nutrients lie soil which
enables normal growth at levels too low for othpecses to
grow, or even survive;

5. tolerance of soil conditions such as low pH or hsglinity which
enables uptake of essential nutrient elements undeditions
where other species are unable to grow, or evenvsur

3.2.3 Competition for Light

Competition for light arises where one leaf shaatesther, regardless of
whether the competing leaves are on the same difiment plants. In
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contrast to water and nutrients, light energy canme redistributed
internally in the plant unless it has been capturgahlorophyll in the
photosynthetic tissue of the leaves or stems. lingantaneously
available, and must be instantaneously intercejpied absorbed by
chlorophyll, or it is lost.

Competition for light usually arises as the resilsuperior growth of
one plant or species relative to another, whiclguently reflects the
outcomes of earlier competition for water and/otrieats. The greater
growth of the successful competitor results in #qof its neighbours,
exacerbating the effects of existing competitionr foater and/or
nutrients. Successful competition for light mayoatesult directly from
adaptive characteristics that enable a more rapid/oa extensive
development of the leaf canopy, resulting in aryeanset of shading of
less well adapted competitors. This situation isally exacerbated with
time, resulting in increasing shading and suppoessif the inferior
plant or species. Where competition for nutrientsvater also exists,
the inferior plant or species may be completelypsagsed.

Leaf display and canopy structure are also sigmific factors,

particularly in the high density monocultures tyliof commercial

crops. The vertical leaf display of grass specieabies more efficient
capture of incoming light than the more horizontalisposed canopies
of broadleaf species, particularly at high lightemsities, which are
typical of some croplands during the summer months.

3.2.4 Competition for Gases

Competition for carbon dioxide may arise where @¢cmwell supplied
with water and nutrients, and under high light msigy conditions
around midday, is photosynthesising at a high ralaeder these
conditions, rapid uptake of GQlepletes its concentration in the air
within the canopy, causing a decline in photosymtheate. This
happens only under still conditions, where the absef air mixing by
wind prevents C@being replenished from outside the canopy. It oxcu
mainly in intensive production systems, where ategl and well
fertilised crops are grown in typically high degsionocultures.

Most modern crop species show a positive growthaese to higher air
CQ; levels than those in normal air, which reflectsitlancient origins
when air levels of C®were much higher (~0.10%) than those of today
(0.034 - 0.036%). The C4 photosynthetic pathwaya isuccessful
adaptation which enables C4 species such as msumar cane and
sorghum to maintain high photosynthetic rates eatehe comparatively
low air CQ levels of modern times.
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Competition may also occur for oxygen fOtypically in waterlogged
soils. With the exception of rice, no commerciaispecies are able to
survive continuous root inundation, although maay tolerate periodic
inundation in waterlogged soils. Water logging selxe reduces @
supply to root cells, inhibiting their respiratioand hence normal
nutrient uptake. Crop yellowing in waterlogged, ldying areas of
paddocks during wet periods is a common occurresrog usually
reflects an induced nitrogen deficiency, as upiakseverely limited or
even prevented.
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SELF-ASSESSMENT EXERCISE

Explain the external factors regulating the adamtadf crops to
their environment.

Describe the response of crop plants to the efiedDay length,
Temperature and Competition

Discuss the processes by which crop plants sucaedatieir
competition for nutrients

40 CONCLUSION

This unit describes the adaptation of cultivateahplspecies as a factor
of genotype-environment interaction with the parfance of the crop
determined by climatic elements in relation to tequirements of the
crops growth and development. The unit also expldimat climatic
variables and physiological factors are the priacglements governing
the adaptation, distribution and confinement ofrtiegor crop species to
current production areas globally. It further hights that the external
factors regulating the adaptation of crops to tleewironment include:
1) day length, 2) temperature and, 3) competition

The unit thought us that competition arises in pmmunities ‘when
the supply of a single necessary factor for plaoivgh falls below the
combined needs of the plant and its neighbours gebitors)’. It also
informed us that competition does not occur whenatailable pool of
each factor exceeds the total needs of the plantramity. In addition,
the unit stated that plants compete only for fextbat are necessary for
growth — not development - and that are availaldettie plant
community. We also know that the essential grovetttdrs for which
crop plants compete in the environment are: 1) &g nutrients, 3)
light (solar radiation) and 4) gases (carbon diexadd oxygen).

We learn from this unit that adaptation to watenited conditions
reflects the ability of the plant to either accassl use limited available
water at the expense of its competitors, or totlir@nspiration water
loss better than its competitors, or both. The umghlighted that
adaptations which enable successful competitionntdrients include:
extensive root growth, rapid uptake and utilisattdmutrients, meeting
owns nutrient requirements, tolerance to low natridevels and
tolerance to low pH or high salinity. We were alsgormed that
competition for light arises where one leaf shadmether or as the
result of superior growth of one plant or speciative to another. We
also know that the competition for G@hay arise where a crop, well
supplied with water and nutrients and under higihtliintensity is
photosynthesising at a high rate. The unit equsillyes that competition
may also occur for oxygen § typically in waterlogged soils.
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50 SUMMARY

Adaptation of cultivated plant species is a factof genotype-
environment interaction with the performance of thep in a particular
region determined by the climatic elements of tmwirenment in
relation to the requirements of the crops growthl alevelopment.
Climatic variables and physiological factors are principal elements
governing the adaptation, distribution and confieatrof the major crop
species to current production areas globally. Théereal factors
regulating the adaptation of crops to their envinent include: 1) day
length, 2) temperature and, 3) competition

Competition arises in plant communities ‘when tupEy of a single

necessary factor for plant growth falls below tleenbined needs of the
plant and its neighbours (competitors)’. Plants peta only for factors
that are necessary for growth — not development-that are available
to the plant community. The essential growth fexttor which crop

plants compete in the environment are: 1) watemujients, 3) light

(solar radiation) and 4) gases (carbon dioxideayden).

Adaptation to water limited conditions reflects #hiality of the plant to
either access or use limited available water, ofirtot transpiration

water loss, or both. Adaptations which enable sssfoécompetition for
nutrients include: extensive root growth, rapidakegt and utilisation of
nutrients, meeting owns nutrient requirements,rémee to low nutrient
levels and tolerance to low pH or high salinity.n@xetition for light

arises where one leaf shades another or as thik oéswperior growth

of one plant or species relative to another. Competfor CO, may

arise where a crop, well supplied with water andrients and under
high light intensity is photosynthesising at a higke. Competition may
also occur for oxygen () typically in waterlogged soils.

6.0 TUTOR-MARKED ASSIGNMENT

1. Outline the external factors regulating the adamiabf crops to
their environment.

Discuss the response of crop plants to the effedaplength
Describe the response of crop plants to the effe@mperature
Explain the competition for water among crop plants
Highlight the adaptations which enable crop pldntsucceed in
competition for nutrients

abrwn
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1.0 INTRODUCTION

Plants have evolved to be better adapted to tneirenment in order to
thrive and ensure the long term survival of thpedes, The important
factors required for plant growth are €@, light (quality, intensity
and duration), adequate water, nutrients (16 eisgemitrients), proper
temperature and proper pH. The three importantga®es in plants that
are essential for plant growth and development pratosynthesis,
respiration and transpiration. Generally, plantsvehadeveloped
physiological mechanisms that make them adapted their
environments.

Plant species capable of maximizing photosynthesighin the
constraints of the available resources in its pasenvironment, will
have a significant competitive advantage over o#ipecies present in
the community. The process of photosynthesis dependhe intake of
CO; through open stomates in the leaves. This intakehowever,
inextricably linked with the parallel process of teraloss when the
stomates are open, and photosynthetic rates mag\mrely limited by
partial or complete stomatal closure under watressstconditions.

20 OBJECTIVES

By the end of this unit, you should be able to:
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o discuss the physiological responses adapting crmpsthe
environment
. describe the following physiological processes:
a. Photosynthesis
b. Photoperiod
C. Vernalization
o explain plant photosynthetic pathway as an adaptigehanism
. describe the following photosynthetic pathways:

a. C3 Photosynthesis
b. C4 Photosynthesis
C. CAM photosynthesis

30 MAINCONTENT

3.1 Physiological Responses Adapting Crops to the
Environment

To thrive and ensure the long term survival ofttspiecies, plants have
evolved to be better adapted to their environm@atstated previously
the important factors required for plant growth &€&, O, light
(quality, intensity and duration), adequate warertrients (16 essential
nutrients), proper temperature and proper pH. Whhle three important
processes in plants that are essential for plaawthr and development
are: photosynthesis, respiration and transpiratitiowever, the
physiological mechanisms plants have developed thake them
adapted to particular environments are:

3.1.1 Photosynthesis (and Related Processes)

Photosynthesis

Photosynthesis is the joining together of gGEarbon dioxide) with kD
(water) to make CKD (sugar) and ©(oxygen), using the sun's energy.
The sugar contains the stored energy and serveg aaw material from
which other compounds are made. Basic photosyctpathway is:

6CC; + 12 HO --> GH1206 + 6O, + 6H0
Energy to carry out the reaction comes from lighitsabed by
chlorophyll, stored as ATP and NADH. There are ¢hitgpes of

photosynthesis: C3, C4, and CAM. The type of phgttsesis utilised
by a species influences its adaptation to diffeegnvironments.

Respiration
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Respiration is the opposite of photosynthesis e-stored energy in the
sugar is released in the presence of oxygen, asdehction releases the
COz and RO originally joined together by the sun's energy.

Photorespiration

Photorespiration is what happens under high ligidk lsigh heat, where
the enzyme (RUBISCO) that grabs carbon dioxide plootosynthesis
may grab oxygen instead, causing respiration toumdnstead of
photosynthesis, thus reducing the production of asugfrom

photosynthesis.

During photorespiration, £+ Rubp (ribulosebisphosphate, a 5-carbon
compound) are catalyzed by RUBISCO to produce ookecenle of 3-
PGA (3-phosphoglycerate, a 3-carbon organic acid)ane molecule of
phosphoglycolate.

RUBISCO
O, + 3-PGA +

Rubp g phosphoglycolate

Photorespiration can reduce photosynthetic effyenby 30%.

Furthermore, the phosphoglycolate is toxic and rhedbroken down by
the plant. Higher levels of GOor lower levels of @ will increase

photosynthesis by decreasing photorespiration.

3.1.2 Photoperiod

Many angiosperms will flower at about the same tiewery year,

regardless of when they are planted. This is aorespto daylength that
promotes cross-pollination and ensures that plaveldpment is well

synchronised with the length of the growing seas®imort-day plants
flower only after exposure to short days, long-gégnts flower only

after exposure to long days, and day-neutral plaimsv no response to
daylength.

Some plants can only be grown at certain latitudkse to
photoperiodism. Spinach is a long-day plant, anidl ivever flower if it
is grown in the tropics. Maize is a short-day plarfta tropical variety
is grown at northern latitudes it will grow verylltand may never
flower. Selection for the day-neutral charactecistas permitted many
crops, such as maize and soybeans, to be grown maueh wider
geographic areas.

Phytochrome is the plant compound that is resptesior the
photoperiod response. The rm absorbs red light during the day and
is converted to & . The Rr form can absorb far red light, and will
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spontaneously convert back to thef&m in the night. Consequently, it
is the length of the night period that is reallypmntant in determining

photoperiod response. Short-day plants should yrésdl called long-

night plants and long-day plants should be callemttsnight plants.

3.1.3 Vernalization

Vernalization in crops is the acceleration of flaing in response to a
long period of cold temperature. Winter crops regua period of
exposure to temperatures between 0 to 12 °C fariag of time from
10 to 60 days from germination to proceed intoré@roductive phase.
Vernalization requirements vary greatly among spea@nd cultivars.
Vernalization ensures that plants overwinter velgetly and flower in
the favourable conditions of spring. The majoritly avops grown in
northern Europe and Canada (wheat, barley, oilsggel and sugarbeet)
have been bred with a strong vernalization requergmto extend
geographical range or prevent bolting.

3.2 Photosynthetic Pathway as an Adaptive M echanism

A plant species that is capable of maximising pagtthesis, within the
constraints of the available resources in its p@senvironment, will

have a significant competitive advantage over o#lpecies present in
the community. The process of photosynthesis dependhe intake of
CO; through open stomates in the leaves. This intakehasvever,

inextricably linked with the parallel process of teraloss when the
stomates are open, and photosynthetic rates mag\mrely limited by
partial or complete stomatal closure under watersst conditions. The
photosynthetic pathway and capacity utilised bynfdaas an adaptive
mechanism to thrive and perform well in the envin@mt are:

3.2.1 C3Photosynthesis

Most plants use C3 photosynthesis. It is calledGBepathway because
CO; is first incorporated into a 3-carbon compound. >Cénd
ribulosebisphosphate are combined by RUBISCO, tiegulin the
production of two molecules of the 3-carbon orgaatid 3-PGA.

RUBISCO
CO, + Rubp-------- > 2 3-PGA

Photosynthesis takes place throughout the leam&® are open during
the day. Photorespiration may occur in C3 plantinduight fixation of
CO..
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Adaptive Value: C3 plants are more efficient than C4 and CAM ant
under cool and moist conditions and under norngiitlbecause they
have less machinery (fewer enzymes and no spesmiadéinatomy).

3.2.2 C4 Photosynthesis

C4 plants can photosynthesize faster under hight laeal light
conditions than C3 plants because they use an ditrehemical
pathway and special leaf anatomy to reduce phqioeg®n. The leaves
of C4 plants have Kranz anatomy. The xylem and ghloof these
leaves are surrounded by thick walled parenchyntia celled bundle
sheath cells where most of the photosynthesis {alkes.

vascular bundle
(vein) air space
beneath stoma

mesophyll Lundle sheath
cells cell

Portion of a cross section of
a leaf with C 4 photosynthesis

Source: http://www2.mcdaniel.edu/Biology/botf99/dabark/c4.htm

Stomata open in the morning. €0is first combined with
phosphoenolpyruvic acid (PEP) in  mesophyll cells by
phosphoenolpyruvate carboxylase (PEPCase). ThisvallICQ to be
taken into the plant very quickly. The 4-carbon pannd oxaloacetic
acid is produced, and then converted to malic paidE acid. These are
also 4-carbon compounds, hence the name C4 phothesys. The malic
or aspartic acid is then moved through plasmodesif@the expense of
ATP) into the bundle sheath cells.

In the bundle sheath cells, the malic or aspadid & broken into C®
and PEP. The COis "delivered" to the RUBISCO enzyme for
photosynthesis. This system allows the plant tontma a high
concentration of C@in the bundle sheath cells for photosynthesis. The
higher concentration of GQOprevents photorespiration and allows the
plant to close its stomata during the hot hourthefday.

RUBISCO
CO + e > oxaloacetic ----- malic o1----- > COx + PEP
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PEP acid > aspartic
acid
bundle sheat

mesophyll cells
phy cells

Adaptive Value: C4 plants photosynthesise faster than C3 plamdemu
high light intensity and high temperatures. C4 fdado not have a
photorespiration pathway, increasing photosynthefficiency. Water
use efficiency of C4 plants is high because PER@afase brings in
CQO; faster, so the plant does not need to keep stoopsa as much
(less water lost by transpiration) to have suffitieCC; for
photosynthesis. The C4 pathway is more expensieegetically than
normal photosynthesis, but not as expensive aoptsgiration.

C4 plants include several thousand species inaat [E9 plant families.
Examples include corn, sorghum, and many of ournseamannual
plants.

3.2.3 CAM Photosynthesis

CAM stands for Crassulacean Acid Metabolism. Stanogten at night
(when evaporation rates are usually lower) anduaually closed during
the day. The C®is converted to an acid and stored during thetnigh
During the day, the acid is broken down and the, @Oreleased to
RUBISCO for photosynthesis.

Adaptive Value: Better water use efficiency than C3 plants uretet
conditions because stomata are open at night wiaaspiration rates
are lower (no sunlight, lower temperatures, lowardaspeeds, etc.).

When conditions are extremely arid, CAM plants €&AMV-idle. They

leave their stomata closed night and day. Oxygewvergioff in

photosynthesis is used for respiration anc G®en off in respiration is
used for photosynthesis.

CAM-idling allows the plant to survive dry spellsnd to recover very
quickly when water is available again. CAM plantxlude many
succulents such as cactuses and agaves and also mwinds and
bromeliads.

The Table below summarises the features and ef@égifiotosynthetic
pathway on plant adaptation to different environtaemgrowth and
productivity.

Characteristic C3 Species C4 Species CAM Species

Leaf anatomy No distinct bundle Bundle No distinct
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sheath cell sheath cells  bundle sheath
cells
Stomata Open during th@®pen during Usually open at
day the day night and
closed during
the day
Transpiration 350 - 1000 150 - 300 50 - 100
ratio*
Optimum  temp, 15 to 25 25-35 25-35
°C
First products 3-phosphoglyceri®©xaloacetic Oxaloacetic
acid acid acid (converted
(converted toto malic or
malic or aspartic acid)
aspartic acid)
Location of Entire leaf Bundle Entire leaf
photosynthesis sheath cells
Light response** Saturated at halNot Saturated at one
of full sunlight Saturated atfourth of full
half of full sunlight
sunlight
Photorespiration Yes, 50 ppm No, 10ppmYes, 50 ppm in
& or less light
COzxcompensation
point
Photosynthesis 6 to 40 14 - 64 15t06
rate, umoles m
Maximum growth 34 - 39 50 - 54 15, up to
rate, g d
Climatic Temperate to tropical Arig tropical to
adaptation tropical Mediterranean
Crops Rice, wheat,Corn, Pineapple,
barley, soybean,sugarcane, prickly pear
peanut, potato,sorghum, cactus, many
sweet potato, millets, orchids, sisal
bean, most tropical and other
vegetables, beetgrasses, cactus, etc
cabbage, Chinese

sunflower, all fruit spinach
trees studied, etc

*The ratio kg water transpired per kg dry weighoguced (low values
indicate high water use efficiency)

**Light saturation of a single leaf is indicated ligilure of the CQ
assimilation rate to increase with an increasagit intensity
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Adapted from Sherman. 2002. Lecture notes for Agdkort 200.
University of Hawaii.
See alstttp://eee.uci.edu/99w/07350/Doc/C3C4CAM.html

SELF-ASSESSMENT EXERCISE

Explain the plant physiological responses that Enapops to
adapt to their environment

Discuss the following physiological processes: Bhgtthesis,
Photoperiod and Vernalization

Describe the plant photosynthetic pathway as anptaga
mechanism to the environment

40 CONCLUSION

We learn from this unit that plants have evolvedéobetter adapted to
their environment in order to thrive and ensureltimg term survival of

their species, We were also informed that the ingodrfactors required
for plant growth are Cg& O, light (quality, intensity and duration),
adequate water, nutrients (16 essential nutriepiper temperature
and proper pH. We have understood that the thr@ertant processes
in plants that are essential for plant growth areletbpment are:

photosynthesis, respiration and transpiration. Wewv nknow that

generally plants have developed physiological meigimas that make
them adapted to their environments.

This unit explains that plant species capable ofxim&ing
photosynthesis, within the constraints of the ald# resources in its
physical environment, will have a significant comipe advantage
over other species present in the community. Thealso highlighted
that the process of photosynthesis depends omthkei of CO2 through
open stomata in the leaves. The unit further stéted this intake is,
however, inextricably linked with the parallel pess of water loss
when the stomata are open, and photosynthetic raggsbe severely
limited by partial or complete stomatal closure emndvater stress
conditions.

50 SUMMARY

Plants have evolved to be better adapted to tieir@ment in order to
thrive and ensure the long term survival of thpedes, The important
factors required for plant growth are €@, light (quality, intensity
and duration), adequate water, nutrients (16 eisgemitrients), proper
temperature and proper pH. The three importantga®es in plants that
are essential for plant growth and development pratosynthesis,
respiration and transpiration. Generally, plantsvehadeveloped
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physiological mechanisms that make them adapted their
environments.

Plant species capable of maximising photosynthesighin the
constraints of the available resources in its pasenvironment, will
have a significant competitive advantage over o#ipecies present in
the community. The process of photosynthesis dependhe intake of
CO; through open stomata in the leaves. This intakeextricably
linked with the parallel process of water loss wiies stomataare open,
and photosynthetic rates may be severely limitegpdoyial or complete
stomatal closure under water stress conditions.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the physiological responses adapting crmpsthe
environment

2. Describe the following physiological processes:
. Photosynthesis
. Photoperiod
o Vernalization
3. Explain plant photosynthetic pathway as an adaptieehanism

4. Describe the following photosynthetic pathways:
J C3 Photosynthesis
. C4 Photosynthesis
. CAM photosynthesis
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