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Tropical countries, including India, are rich in biodiversity with a high
incidence of endemism. For the sake of short-term gains, vast areas of wilder-
ness have been destroyed. However, the sustainability of whatever biodiver-
sity is still available in various ecosystems is seriously threatened by
continuing human need. Unless effective measures are taken to salvage
biodiversity, a large number of species would become irretrievably lost.
According to some conservation biologists, we are soon heading towards the
sixth mass extinction in evolutionary history. Successful reproduction is the
basis not only for the stability of the species in their natural habitat but also
for the productivity of our crop plants on which humans and their domesti-
cated animals are dependent. Studies on reproductive ecology are, therefore,
important for the effective management of our dwindling biodiversity and
improvement of yield in the crop plants. Unfortunately, knowledge of repro-
ductive ecology of wild and crop species in the developing countries is mea-
gre. This constitutes a major limitation that hampers our efforts to conserve
biodiversity and optimize crop yields and animal production.

Contrastingly, there is enormous information available on reproductive
ecology of wild and cultivated species growing in countries with developed
economies. Therefore, they have been able to manage their biodiversity and
optimize crop yields in a substantial way than their counterparts in develop-
ing nations. Also because of the availability of baseline data on reproductive
ecology on their plant resources, most of their present studies on reproductive
ecology are aimed at formulating hypotheses, testing their validity and
preparing mathematical models on reproductive events. Tropical countries do
not have even the baseline data on most of the species. Therefore, there is
urgent need to initiate and emphasize research on reproductive ecology in
tropical countries, where population pressure is acute and malnutrition is
rampant, for effective management of biodiversity and to improve the yield
and nutritional quality of the crops.

One of the limitations of initiating research in this area is lack of mentors
and more importantly authentic manuals to motivated and enterprising young
plant biologists for conducting research on various aspects of reproductive
ecology. Reproductive Ecology of Flowering Plants: A Manual is the first
attempt in this direction. K.R. Shivanna and Rajesh Tandon have been
working in this field throughout their research careers. This handbook covers
the total range of reproductive ecology starting with a thorough study of
plants and sites of their occurrence, phenology, breeding system, record of
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reproductive events including dispersal of diaspores and ending with seed
viability, dormancy and finally seedling recruitment, the ultimate step in the
sustainability of populations. This manual will be extremely useful to those
who are residing in areas with rich flora but lacking in essential laboratory
facilities. I am confident that the manual would encourage the younger
generation to take up research in this important discipline of production and
utilization of plant resources.

\ ol
Motar R
Sriram Institute for Industrial Research H.Y. Mohan Ram

Delhi, India
6 June 2014
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The stability of any species in its natural habitat is dependent on its successful
reproduction and recruitment of new individuals to sustain populations.
Erosion of biological diversity is one of the most challenging issues of our
times. Although overexploitation, habitat destruction and climate change are
the proximate causes for erosion of biological diversity, the ultimate driving
force for pushing any species to endangered category is its inability to produce
enough number of seeds and to recruit new individuals to sustain populations.
Tropical countries are rich in biodiversity with a high proportion of endemic
elements, and presently many plant species in tropical rain forests are at max-
imum risk of reproductive failure. One of the major problems in conservation
and management of tropical forests is lack of baseline data on their reproduc-
tive ecology. This is particularly true for a large number of endemic, endan-
gered and economically important species. This lack of knowledge is largely
because very few laboratories in tropical countries, particularly in south and
south-east Asia, are working on reproductive ecology. In the absence of such
data, any conservation efforts are arbitrary and remain ineffective. Therefore,
it is necessary to initiate extensive studies on reproductive ecology of our
plants as a requirement for their effective conservation and sustainable utili-
zation. Also, in most of our crop plants, fruits and seeds are the economic
products and any constraint in reproduction reduces their production. For
sustenance and improvement of yield in the crop species, an understanding of
reproductive ecology is an essential prerequisite. Thus, reproductive ecology
has direct relevance to conservation biology, agri-horticulture, forestry and
plant breeding.

Several workshops and training programmes conducted in India during the
last few years on reproductive ecology have shown an enormous enthusiasm
amongst young researchers to initiate research. A major limitation for the
beginners to take up research is absence of simple work manuals that provide
the basic steps used in studying reproductive ecology. A few manuals avail-
able so far deal largely with pollen biology and pollination biology, and there
is no manual covering the whole spectrum of reproductive ecology including
seed biology, seed dispersal and seedling recruitment which are important in
sustaining the populations and species in their natural habitat.

The major aim of this manual is to fill this void and provide the essential
working steps involved in studying all aspects of reproductive ecology. The
intention is to keep the volume small, and therefore the methods described
have been selective (based on the need and our own experience) and does not
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aim to give a monographic coverage of all the available techniques. Each
chapter gives a concise conceptual account of the topic before describing the
protocols. Important relevant references are cited to help the user to get more
theoretical information in the subject. The manual covers over 60 protocols.
Each protocol lists special requirements followed by detailed working steps
so that the researchers do not find any difficulty in conducting investigations.
Appendices provide the details of preparation of fixatives, stains and a few
other relevant requirements. Most of the protocols presented in the manual
require minimum facilities which are generally available in colleges, univer-
sity departments and research institutions. This is important since most of the
biodiversity in developing countries in the tropics is located where only a
limited number of well-established laboratories are present.

The manual caters to teachers, students and researchers who deal at any
level of reproductive ecology of flowering plants — botanists, zoologists, ento-
mologists, ecologists, agri-horticulturists, foresters, plant breeders and con-
servation biologists. We hope that this manual would stimulate youngsters to
undertake studies on reproductive ecology and generate useful data over the
years which would be invaluable for conservation and management of our
plant diversity.

We are grateful to Prof. H. Y. Mohan Ram, for his collaboration in some
of our studies on reproductive ecology over the years, encouragement
throughout our career and also for writing the foreword for the manual. We
sincerely thank Prof. N. S. Rangaswamy for encouragement and counsel,
which have been invaluable. Palatty Allesh Sinu, Department of Animal
Science, Central University of Kerala, Kasaragod, has critically gone through
the chapters on seed dispersal and seedling recruitment. We express our
indebtedness to him. Dr. Mamta Kapila, Publishing Editor, Springer (India)
Pvt. Ltd., took special interest in the publication of this manual.

We are appreciative of the tremendous help extended by Priyanka
Khanduri, Yash Mangla, Vineet Kr. Singh, Kadambini, Chandan Barman,
Divya Mohanty, Anjali Chaudhary, Remya Krishnan and Banisha Phukela,
research scholars at the Department of Botany, University of Delhi, during
the finalization of the manual. We specially thank Dr. Milind M. Sardesai and
Dr. Vishnu Bhat for providing some of the photographs.

KRS thanks the Indian National Science Academy for the award of posi-
tions as INSA Senior Research Fellow (2003-2008) and INSA Honorary
Scientist (2009—to date), and the Ashoka Trust for Research in Ecology and
the Environment (ATREE), Bengaluru, for providing facilities. It is a pleasure
to thank Giby Kuriakose and Manju Vasudevan Sharma who were associated
with research activities of KRS during the past 10 years.

Bengaluru, India K.R. Shivanna
Delhi, India Rajesh Tandon

Preface



INtroduCtion .............oooovviiiiiiiiiic e 1

1.1  Reproductive Ecology and Conservation Biology................
1.2 Reproductive Ecology and Crop Productivity ...................... 4
1.3 Reproductive Ecology and Release of Transgenics............... 6
1.4 Some General Guidelines on Protocols ........c..ccecceerueeeeennee. 7
1.4.1  Familiarity with Study Plants, Study Sites
and Relevant Literature...........cccccoceevveneevcncennennen. 7
1.4.2  Special Requirements ..........ccoceeeeveerierveeeneeneeenneen. 8
1.4.3  Sample SiZe ...ccceevvieviieiiiniieieesieeeeee e 8
1.4.4  Stage of Flower Buds........ccoeeeeviiinieniiiiiienieeene 8
1.4.5 Temporal Details of Observations
and FiXations........cocccveevevievieinieinineneseeseeeeee
1.4.6  Recording of Data........cccccecevirveninincncnenienieeennee 9
1.4.7  Photography ........ccccceeeeieieieinieneninenenesieieeenen 9
1.4.8  Statistical ANalySes ......ccceceevererverenenrerenenenieniennes 9
REfEIONCES....cvieiieiieie e 9
Study Plants and Sites ...........c.cccccceviiniininininincccene 13
2.1  Labelling of Plants and Flowers.........c..cccccccevvveninieniniennenne 14
2.2 Isolation of Flowers, Inflorescences and Plants.................... 14
23 Field Kit .o 16
REfEIeNCes......c.evviiiiiiiiiiiiciciccccc e 17
PRENOIOZY ......ceeoiiiiiiieiieie ettt 19
3.1  Population Phenology .........cccccoceevememnineinenienenicnienieniene 20
3.2 Floral Phenology ......ccccoccevirviiniiiniiniinieiiiientesieseeieeeeee 20
3.3 Community Phenology .......c.ccocceveniininiinenienenieienieee 21
3.4 PrOtOCOIS ..ottt 21
3.4.1 Phenology of Populations............cccceeveerureveeneencnne. 21
3.4.2  Phenology of FIOWETS ......ccccceevereririneneninienienns 22
REfEIONCES....oeieiiieeieie et 23
Floral Morphology and Sexuality.............cccccccecerveniininnincncnnens 25
4.1  Morphology of FIOWET .......cccccovieriiiiniiniiiiieiicceceeeeeee, 25
4.2 Sexuality of Flowers, Plants and Populations....................... 27
4.3 Cryptic SeXUAlILY ..cceervrierieriieienieente ettt 29
4.4 Reproductive AllOCAtioN ........cccceevreerieecieenienieenieesreeneenaees 29



4.5 ProtoCOls ...c.coveieieiiiiieicieeceeeeeee e
4.5.1  Morphology of FIOWer........c..ccceverienenienienienene
4.5.2  Sexuality of Flowers, Plants and Populations.........
4.5.3 Identification of Cryptic/Functional Sexuality .......
REfEreNCeS. ..cueeeieieiiee e
Pollen BiolOgy ..........ccccoiiiiiriniinineniciciceeeeeeeeeeeeeeeee e
5.1 Pollen Production..........c.cceceeuieceeninienieicneeneneeieneeieneens
5.2 Pollen Fertility and Viability......c..cccooevvieniiriinnieniieeneennen,
5.3 Pollen VIOUT ...cc.coviiiiiiriiiiieieeieeiteeeete et
5.4 Pollen Morphology .......cccceevuierieriiiiniiniienie e
5.5 Protocols ......ccoceeiiiiiniiniiiinieeeece
5.5.1  Estimation of Pollen Production in Anthers
with Limited Number of Pollen Grains ..................
5.5.2  Estimation of Pollen Production in Anthers
with Large Number of Pollen Grains......................
5.5.3  Estimation of Pollen Fertility...........ccccceceerrrunnne
5.54  Acetolysis of Pollen Grains .........ccccceeeeeerenenennns
5.5.5 Mounting of Pollen Grains in Glycerin Jelly..........
5.5.6  Acetocarmine Squash Preparations
to Study Pollen Cytology.......cccceevveeveienieinieeneennne.
5.5.7  Feulgen Squash Technique to Study
Pollen Cytology ....ccceevveerieerieriienieeiienie e
5.5.8  DNA Fluorochromes to Study Pollen
CYLOLOZY oottt
5.5.9  Tetrazolium Test for Pollen Viability......................
5.5.10 In Vitro Germination Test for Pollen
VADILILY .o
5.5.11 Fluorescein Diacetate Test for Pollen
VADIIILY .o
5.5.12 In Vitro Germination Test for Pollen
VAZOUT .
References........cccovvviviiiiiiiiiiiiiicciccccc
Pistil BiolOgY .........cccooviiieiieieieeeteee e
6.1  Stigma ReCePLiVILY ...ccvveerieiiienieeiierieeieete et
6.2 Ovule RECEPUVILY cuuvvvvieiieeiieiecieeeecete e
6.3 Protocols ........coceeiriiiriiniiienieeeece e
6.3.1  Morphology and Anatomy of the Stigma
AN SEYIE oo
6.3.2  Estimation of Ovule Number in Species
with Large Number of Ovules .........ccccceceevreienne.
6.3.3  Cytochemical Localization of Stigma-Surface
ESETases ....occveeruiiiiiiniiiiieenieeeeseeeee e
6.3.4  Demonstration of Peroxidase Activity
on the Stigma Surface..........cceceeveervienieenienneennen.

6.3.5 Assessment of Stigma Receptivity Based
on Pollen Germination..........c.cceeeveerieerieerieerieennnenn

Contents



Contents

Xi
6.3.6  Pollination of Excised Flowers/Pistils
for Stigma Receptivity .......ccceveeieneriiinennicncee, 58
6.3.7  Assessment of Ovule Receptivity .........ccccoververuennee 59
6.3.8  Clearing of Ovules to Study Embryological
DetailS .....ccoueeeieieeeeee e 59
RELEIENCES ... e 61
Pollination Ecology .............ccccocoiinininiiiiiiniiiinncecneneseeene 63
7.1 ANemOphily.....coooiiiiiiiiiiiie e 64
7.2 Hydrophily ..coceoevioniiiiiiiiieeeeeeeeeee e 64
T3 ZOOPNILY .ooiiiiiiieiiiie et e 65
7.3.1  Floral Attractants and Rewards.............c.c.cceuvrenneen. 67
7.3.2  Nocturnal Pollination.............ccccceeevvreenreeeecneeeennnen. 71
7.3.3  Pollination by Ants .....c..cccceevveveriieneenienieienceeee 71
7.3.4  Non-mutualistic Pollination...............ccccceeeeeueeeennnen. 71
7.3.5  AmbOphily .oceooiiiiiiiii 72
7.3.6  Floral Visitors and Pollinators ..............cccccccveene... 72
7.3.7  Restriction to Pollinators ..............ccccoeeevuveeecneeeenne.. 73
7.4 Pollination Efficiency........cccceeeveeirverenenicncnincnencncnienens 75
7.5  Pollination Limitation ...........ccccueeeeevireriiieeeiieeesieeeeieeeseiee s 75
7.6 Pollen Travel and Gene FIOW..........ccccccceiiviiienciiieeiiee e 75
T.T PrOtOCOIS c.ueviieiiiicceee ettt et aa e eaae e 76
7.7.1  Estimation of Nectar Volume and Concentration
of Total Sugars in Nectar .........ccceeeeveneenincenncnne. 76
7.7.2  Floral Visitors and Frequency of Their Visits.......... 77
7.7.3  Identification of Pollinators Based
on Pollen Transfer to the Stigma .........cccceceveenenne. 80
7.7.4  Pollination Efficiency Under Field Conditions....... 82
7.7.5  Estimation of Pollination Efficiency
Using Spear’s Pollination Index ...........ccccocevveenennee 83
7.7.6  Estimation of Pollination Limitation ...................... 83
7.1.77  Trapping of Flower ViSitors ..........cccceccereevueneencnne. 84
7.7.8  Estimation of Pollen Load on Floral Visitors ......... 85
7.7.9  Estimation of Density and Diversity of Insect
POINALOrS ...eeeeiiieeiiie et 86
7.7.10 Demonstration of Nocturnal Pollination
Based on Day/Night Exposure of Flowers ............. 87
7.7.11 Demonstration of Nocturnal Pollination Based
on Direct Observations ..........ccccceeeeeveeeecieeeecnveeennen. 88
7.7.12 Demonstration of Ant Pollination........................... 89
7.7.13 Demonstration of Wind Pollination........................ 91
7.7.14  Use of Slide Traps for Airborne Pollen................... 92
RELEIENCES ... 93
Pollen—Pistil Interaction ...................cccocceeviieiiiiiicceee e, 97
8.1  Evolutionary Significance of the Pistil...........cccccoccevenenne 97
8.2  Pollen Germination and Pollen Tube Growth....................... 98

8.3  Pollen Tube GUIdAnCe........ccccuvveeeeeiuveeieeeeiiieeeeeeeeireeee e 99



Xii

10

8.4  Double Fertilization .............cccoueeeeiiieeiiieeeiee e
8.5  PrOtOCOIS ...ooieeiiieeiiicee e
8.5.1  Aniline Blue Fluorescence Method
to Study Pollen Germination and Pollen

Tube Growth in the Pistil..........ccccoooeiiiiiiineee
8.5.2  Temporal Details of Pollen Germination
and Pollen Tube Growth .........cccccoceeviininninnnncnne.
8.5.3  Semi-Vivo Technique to Study Pollen—Pistil
INteraction.........cccevveviiiiiiiiiiiiiiicc e
References........coeiviviiiiiiiiiniiiiiciccicc e
Breeding SYStems ..........ccccoooiiviiiiiienieiiieeccee e
9.1  Outbreeding DeviCes........ccccevuereeniirienenienenienenieneeeeene
9.2 Self-Incompatibility .........coceevuerieniiniieninieniiieneeenceeeene
9.2.1  Heteromorphic Self-Incompatibility......................
9.2.2  Homomorphic Self-Incompatibility............c..c.......
9.3 APOIUXIS ceeviueriintiienienteteteteeetet ettt st
9.3.1  Nonrecurrent APOMIXiS ....c.cceeveeerererrererenennenne
9.3.2  Recurrent APOMIXiS......cccoceevuereevueneecieneereneeneens
9.4  Pollen:Ovule Ratio and the Breeding System......................
9.5 Reproductive Assurance Through Autogamy ......................
9.6 Protocols ........ocoeuiviniiniiiiiiiiii e
9.6.1  Controlled Pollinations...........cccceceveririnuinnennenene
9.6.2  Identification of Dichogamy
(Protogyny and Protandry)........c.cceccevvereenencenncnne.
9.6.3  Estimation of Pollen:Ovule Ratio
in Bisexual and Monoecious Species..........c...c......
9.6.4  Analysis of the Breeding System
Of the SPeCies......ccovivieriiiieirieeee e
9.6.5 Estimation of Reproductive Assurance
Through Autogamy ...........cceceeveeriieeneeniiernieneenne
9.6.6  Estimation of Inbreeding Depression ....................

9.6.7  Confirmation of Self-Incompatibility
and Identification of Inter-compatible

Individuals .......coeevienieiiiniiiiniiiececee e

9.6.8  Analysis of Interspecific Incompatibility...............
REfEIeNCES. ..cueeveiiiieiieicec e
Fruit and Seed Biology .............ccoocvviiiiiiiniiiniieeeeeeeeees
10.1  Types of FIUIts ......cooerieiiiniieiiniieieeeeeeeceteeee e
10.1.1  Simple Froits.......ccocooirieniiiinieeneeeeeeee

10.1.2  Aggregate Fruits.........ccoooevieienienenieneeieeeieee

10.2  Seed Viability and Germination............ecceeeeeereereerueeeennen.
103 Seed DOrmancy .........cccceceeeeceeeeecuineenieeeeneeeese e
10.3.1 Impermeable Seed Coat.........c.cceceerervreneereneenenns

10.3.2 Mechanically Resistant Seed Coat.............ccuue....

10.3.3  Presence of Inhibitors ........cccccoeevueneevienienieneennenne

10.3.4 Rudimentary Embryos.........ccocceevieviieenieenieenieennnn.

10.3.5 Physiological Immaturity of the Embryos.............

Contents



Contents

11

12

Xiii
10.4 Methods to Overcome Seed Dormancy ..........ceceeeeveenncenee. 128
10.4.1 Scarification of Seed Coat ........cccccevereerereenennens 128
10.4.2  Soaking Seeds in Water ..........ccceveevevveeeenenennenne. 129
10.4.3  Stratification.........coceeeereeierieiereee e 129
10.4.4 Chemical Treatments .........ccccceeeereereereeneseenennnnns 129
10.4.5 Light Treatment ..........cccceeveevuieieeniencncenieneenennens 129
10.5  ProtoCOIS .....ooviiieieriieieieeeneceeeeteeeee e 129
10.5.1 Estimation of Per Cent Fruit Set..........cc.ccccceeeuee. 129

10.5.2 Estimation of Moisture Content of Seeds
and Its Relation to Loss of Viability ...................... 130
10.5.3 Germination Test for Seed Viability ..........c.......... 132
10.5.4 Tetrazolium Test for Seed Viability .........c.cccoueueee. 132
REfEIENCES.....ouveiiiiiiiiiiiie et 133
Seed Dispersal.............cccoooveeiiiiiieniecieeeee e 135
11.1  Dispersal AZENLS ......cccueeueeieruienienienieniiere st se st 135
T1.1.1T  AULOCROTIY .eouvieiiiiieiieiieieeee e 136
11.1.2 Anemochory.........ccccooiiiiiiiiiiiinicicncccecees 136
11.1.3  HydroChory .......cccccceeieiieiiiniiinicccceseeeeens 136
11.1.4  Z0OChOTY ....c..eoiiiiiiiiiiiieeeeeececcreee e 136
11.1.5 MyrmecoChOry........ccecueevierieisiienieeieesieeree e 137
11.2 Seed Rain c..coeeviiiiiiiiiiiieiicciccccecece e 138
11.3  Soil Seed Bank.........cccceeeeviinieniiniiininienicieeneneenccieeenns 138
11,4 ProtoCOIS .c..eouveiirieieeiinieeteeeeteeeetc et 138

11.4.1 Estimation of the Proportion of Fruits

DiISPersed ......cocevuereenieneenienieeee e 138
11.4.2 Identification of Seed Dispersal Agents................. 139
11.4.3 Analysis of Seed Rain........coccoeeeveininininincnes 140
11.4.4 Analysis of Soil Seed Bank...........cccccoceeviniennnnnes 141
REfEIONCES....c.eieiiieiee et 142
Seedling Recruitment...............cc.ocooininininincniniicceeeeencens 145
12.1 Constraints for Seed Production .............cceceeveeriieenienneennne. 145
12.1.1 Predation of Flower Buds and Flowers.................. 145
12.1.2  Pollination Limitation.........ccccecceveevercencreenennns 146
12.1.3  Pre-dispersal Seed Predation ..........cccceceevvveneennen. 146
12.1.4 Abortion of Ovules and Developing Fruits............ 147
12.2  Constraint for Seed Dispersal .......c.ccoccevereenenieencniienennns 147
12.3  Constraints for Seed Germination..........c..cecceveeeereeneeneeenne. 148
12.3.1 Post-dispersal Seed Predation..........cc.cceeuereenuennes 148
12.3.2 Lack of Safe Sites for Seed Germination .............. 148
12.3.3  Loss of Seed Viability..........ccccververrenrerercercenennenne. 149
12.4  Constraints for Seedling Establishment............c.cccecceuenenee. 150
12.4.1 Herbivory ...c..ccccooiiiiiiiiiicirecceeeeees 151
12.4.2 Competition and Availability of Resources ........... 152
12.5 Climate Change..........ceeeveeriieriersieenieeieeneeesieeseesieeniee e 152
12.5.1 Uncoupling of Phenological Adaptations.............. 152
12.5.2  Species Migration ...........ceeceeecveenieesieeneessveeneennens 153
12.6 Raising of Plantlets in the NUrsery ........cccccoeceevvervieennennnen. 153



xiv
12,7 ProtoCols .....ccceouieuivieniiiiieieieieieteeeee e
12.7.1 Estimation of Predation of Flower Buds
and Flowers by Insects.........ccocceverieniineencncenene.
12.7.2 Estimation of Pre-dispersal Seed Predation...........
12.7.3 Estimation of Pre-dispersal Insect Predation
by Using an Insecticide..........c.cccocerveriinieiininnncne
12.7.4 Estimation of Post-dispersal Seed Predation.........
12.7.5 Estimation of Predation of Experimentally
Placed Seeds ..o
12.7.6 Estimation of Seedling Mortality...........cccceerueenee.
12.7.7 Estimation of Predation of Experimentally
Placed Seedlings ......c..cevereevereenenienienienenieiene
12.7.8 Analysis of Regeneration Pattern.........c..ccccceceeueeee.
REfEIENCES.....ccuiiiiiiiiiictieeccecec e
APPENAICES ........ooeiiiiieiieeiiecie ettt ettt se e eeaeeaee s
A.1  Preparation of Some Common Fixatives and Stains............
ALl FIXAUVES ..oouieieiieieeiieie et
AL SHAINS.cooiiiiiieiieeceeeec et
A2 Preparation of Buffers..........cceceeiiiininiinininiiee
A2.1 Tris HCIBuffer.....ccccoooveniniininnineniienceeenee
A.2.2  Phosphate Buffer..........ccccccovviiriiininniiiniiiieniee
A2.3  Acetate Buffer.......c.cocooooiiiiiininnii
A.2.4 Benzoate Buffer..........cccooerviniinininncniiiinicnene
A.3  Preparation of Agar Plates and Glycerin Jelly ...................
A3l Aar Plates ....cccoovevieniniiniiiineeesieeeeeeeeee
A32 GlycerinJelly....cooeeniniiinieienieeeieceeeeeeee
A4 Composition of Commonly Used Pollen
Germination Media.........cccoeeeririereenieneee e
A.4.1  Standard Medium.........ccceeeeienienenienceceeeeene
A.4.2 Brewbaker and Kwack’s (B&K) Medium .............
A.4.3 Polyethylene Glycol (PEG) Medium.....................
A.5 Simple Humidity Chamber ........c.cccooveriiiniiininniinieeeeee.
A6 Field Kit ..o
AT INSECE TTAPS covveenveeiieeiieeee ettt s
ATl Sweeping Net....ocooocevirienenniinenieneeieneceeeeiene
AT.2 ASPITALOL.c..eouiiiieiieiieieeeenieeteseee et
A.7.3  Wide Mouthed Vial of Suitable Size......................
A.8 Commonly Used Fluorochromes and Their
Excitation Filters.........ccocoririininiinieeeceec e
REfEreNCeS. ..c..eieeiieieeeee e

Contents



K.R. Shivanna formerly Professor and Head, Department of Botany,
University of Delhi, is now associated with Ashoka Trust for Research in
Ecology and the Environment, Bangalore, as INSA Honorary Scientist and
Honorary Senior Fellow. He has been doing research on reproductive biology
of flowering plants for over 50 years. He has published over 150 original
research papers in refereed journals and authored/edited five books on pollen
biology and biotechnology. He has worked at the Royal Botanic Gardens,
Kew, UK, Welsh Plant Breeding Station, Wales, UK, University of Melbourne,
Australia, University of Siena, Italy, and University of Saskatchewan,
Saskatoon, Canada, as a Visiting Scientist/Professor. He is a recipient of
many awards including Panchanan Maheshwari Medal, and a Fellow of the
Indian National Science Academy, Indian Academy of Sciences, National
Academy of Agricultural Sciences and National Academy of Sciences, India.

Rajesh Tandon is currently working as Associate Professor at the Department
of Botany in University of Delhi. He did his Ph.D. in 1998 from the University
of Delhi. Since then he has been teaching and conducting research at the
Department of Botany, University of Delhi, and his research interests have
been plant reproduction, developmental biology and conservation biology.
He has published over 30 research papers in reputed international journals
and contributed chapters to several books. He is a recipient of Dr. Y. S. Murthy
Young Scientist Award by the Indian Botanical Society.

XV



Reproductive ecology covers all aspects of
reproductive events and their interactions with
biotic and abiotic components of the environment.
Although reproductive strategy of all organisms is
to maximize reproductive success and genetic
diversity, they differ in the means of achieving
these goals. The main reproductive strategies in
plants are largely dictated by their immobility.
They have to use other agents particularly animals
to perform some of their reproductive functions.
A large number of flowering plants follow a dual
strategy of reproduction through seeds as well as
through vegetative propagules (asexual/vegetative
reproduction); this dual strategy maximizes
fitness by combining the advantages of both the
types of reproduction. Important means of natural
vegetative propagation are the production of:
bulbs (onions, lily and tulip), corms (Gladiolus,
Crocus and Freesia), stem tubers (potato),
tuberous roots (sweet potato, dahlia, Canna and
turmeric), rhizomes (iris and ginger), suckers
(chrysanthemums), runners (strawberry) and
bulbils (Agave). Vegetative reproduction facili-
tates colonization and local dominance of the
population in well-adapted niches by rapid
lateral expansion. However, it limits genetic
variability due to lack of gene exchange and
also dispersal benefits. Increased homozygosity
in the species also becomes an impediment for
long-time survival, as it hinders the competitive
ability of the plants to adapt to new niches in
changing environments and thereby restricting
the populations to specialized habitats.

In many commercial crops, vegetative
reproduction is induced through human interven-
tion. Horticulturists have been able to propagate
desired varieties through various methods such as
stem cuttings, grafting, layering and budding in a
number of crops (McKey et al. 2010). In micro-
propagation, tissue culture technology is used to
produce a large number of plants by culturing
practically any part of the plant body and induc-
ing organogenesis (root and shoot formation) or
embryogenesis (formation of somatic embryos).
Micropropagation at a commercial scale is being
practised in a number of species such as orchids
and bananas (Kozai 1991; Chugh et al. 2009;
McKey et al. 2010; Mudoi et al. 2013). In all the
above methods of asexual reproduction, seeds are
not the units of reproduction. However, in a few
species, there is another unique method of asex-
ual reproduction, termed apomixis, which results
in seed formation without fertilization (Richards
1986, 2003; Koltunow 1993; Ozias-Akins and
Van Dijk 2007; Barcaccia and Albertini 2013).
The progeny resulting from all methods of asex-
ual reproduction, including apomixis, are the
clones of the parent plant.

Sexual reproduction is the only method which
permits genetic recombination (through meiosis
and fertilization) and results in heritable varia-
tions, the raw materials for evolution. Sexual
reproduction in flowering plants is more complex
than in the other groups of plants. Flowers are the
units of sexual reproduction. Therefore, the first
event in sexual reproduction is the initiation and
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development of the flower. Although they show a
high degree of variability in structural features,
flowers of all species essentially bear the stamens
and/or the pistil, representing the male and
female partners, respectively. Stamens are diffe-
rentiated into the filament and the anther. Anthers
produce pollen grains, the male partners in sexual
reproduction. Pollen grains represent highly
reduced male gametophytes. Mature pollen
grains are shed from the anthers following their
dehiscence. The pistil is divided into the stigma,
style and ovary. The stigma is the recipient of
pollen grains, the style is the conduit for the
growth of pollen tubes carrying male gametes,
and the ovary is the container of ovules which
harbour the female gametophyte.

Pollination is the transfer of pollen grains
from an anther to the stigma. Flowering plants
have developed amazing adaptations to achieve
pollination. Following compatible pollination,
pollen grains germinate on the stigma, and the
resulting pollen tubes grow through the tissues
of the stigma and style and enter the ovary and
eventually the ovule. These events from pollina-
tion up to the entry of pollen tubes into the ovule
are termed pollen—pistil interaction. The pollen
tube eventually enters the embryo sac, the female
gametophyte, located in the ovule, and releases
the two sperm cells. One of the sperms fuses
with the egg to give rise to the zygote, and the
other fuses with the fused polar nuclei (second-
ary nucleus) to give rise to the primary endo-
sperm  nucleus. Following incompatible
pollinations (self-pollen in self-incompatible
species and cross-pollen from the reproductively
isolated species), pollen grains are unable to
complete pollen—pistil interaction, and thus pol-
len tubes fail to reach the ovary resulting in the
failure of fertilization. Some interspecific crosses
show post-fertilization barriers; fertilization
occurs, but the zygote or young embryo aborts
and no viable hybrid is realized.

The zygote develops into an embryo, and the
primary endosperm nucleus (resulting from the
fusion of one of the sperms with secondary
nucleus) produces the endosperm, a nutritive tis-
sue for the developing embryo. The details of the
development of the embryo and endosperm have
been well investigated (Maheshwari 1950, 1963;

1 Introduction

Johri et al. 1992; Raghavan 1997; Ramawat et al.
2014). Fertilized ovules develop into the seeds
and the ovary into the fruit. Following the matu-
ration of the fruits, the seeds are dispersed by
various agents. Eventually the seeds land on the
soil and, under suitable conditions, germinate
and produce seedlings. A large number of seed-
lings perish due to predation, competition or abi-
otic stress, and only a very small proportion of
them eventually grow into new adult plants, com-
pleting the cycle of sexual reproduction.

In cultivated species, seed is generally consid-
ered as the end product of sexual reproduction.
However, in wild species, sexual reproduction
also includes events leading to natural recruit-
ment (seed biology and seedling recruitment).
Thus, sexual reproduction in flowering plants
broadly involves the following sequential events:
» Flower initiation and development
e Production of functional pollen grains and

ovules
» Transfer of pollen grains from the anther onto

a receptive stigma (pollination)
¢ Pollen—pistil interaction and fertilization
¢ Development of seeds and fruits
» Dispersal of seeds and their germination lead-

ing to the establishment of viable offspring

Any break in these sequential events results in
the termination of reproductive events. Various
aspects of reproductive ecology may be pursued
interdisciplinarily by integrating techniques
employed in several major disciplines such as
ecology, population biology, genetics, physiol-
ogy, molecular biology, biotechnology and con-
servation biology. Depending on the rationale,
relevant techniques from these areas may be
appropriately used in studies on reproductive
ecology for achieving both fundamental and
applied objectives. However, for generating base-
line data on reproductive ecology, field studies
with limited laboratory facilities are satisfactory.

1.1 Reproductive Ecology

and Conservation Biology

Effective management of biological diversity is
going to be a major challenge in the coming
decades (Sodhi and Ehrlich 2010; Shaanker et al.



