Contents

List of contributors xi

1. Regulatory role of
phytohormones in plant growth and
development 1

Priti Pal, Shamim Akhtar Ansari, Syed Uzma Jalil and
Mohammad Israil Ansari

1.1 Introduction 1
1.2 Phytohormones and their impact
on plant growth and development 2

1.2.1 The significance of auxin in plant
growth and development 2
The significance of cytokinins
in plant growth and
development 4
Gibberellic acid and its
significance in plant growth and
development 4
The significance of abscisic acid in
plant growth and development 5
The significance of ethylene in plant
growth and development 5
The significance of
brassinosteroids in plant growth and
development 6
The significance of jasmonates in plant
growth and development 6
The significance of salicylic
acid in plant growth and
development 7
Strigolactones and their involvement in
plant development 7
The significance of triazoles in plant
growth and development 8
1.3 Phytohormones cross talk and regulation of

biotic and abiotic stresses 8

1.4 Conclusions and future perspectives 10
References 11

1.2.2

1.2.9

1.2.10

2. Deciphering the physiological and
molecular functions of phytohormones 15

Manvi Sharma and Ashverya Laxmi

2.1 Introduction 15

2.2 Shoot apical meristem maintenance and
activity 16

2.3 Flower development 17

2.4 Root growth and development 20

2.5 Senescence 25

2.6 Conclusion 30

Acknowledgments 31

Conflict of interest statement 31

Author contributions 31

References 31

3. Regulatory role of phytohormones in
the interaction of plants with
insect herbivores 41

Pritha Kundu, Paramita Bera, Shruti Mishra and
Jyothilakshmi Vadassery

3.1 Introduction 41

3.2 Insects of different feeding guilds 42

3.3 Plant defense responses against insect
herbivory 43
3.3.1 Direct defenses 43
3.3.2 Indirect defenses 43

3.4 Early signaling events prior to activation of
phytohormones pathways 45

3.5 Role of defense hormones in plant—insect
interactions 45
3.5.1 Jasmonic acid 45
3.5.2 Salicylic acid 50
3.5.3 Abscisic acid 51
3.5.4 Ethylene 52

3.6 Growth phytohormone—mediated defense
responses in plant—insect interaction 53
3.6.1 Auxins 53
3.6.2 Cytokinins 54



V1 Contents

3.6.3 Gibberellins 55 5.8 Salicylic acid -mediated responses under
3.6.4 Brassinosteroids 56 osmotic stress 100
3.7 Conclusions 57 5.9 Jasmonic acid—mediated responses under
Acknowledgments 57 osmotic stress 101
References 57 5.10 Strigolactone-mediated responses under
osmotic stress 102
4. Role of phytohormones in regulating 511 Conclusion 102

agronomically important seed traits in References 103

crop plants 65

6. Role of phytohormones in plant
Rubi Jain, Namrata Dhaka, Pinky Yadav and Rita Sharma

response to drought and salinity

4.1 Introduction 65 stresses 109
4.2 Role of auxins 66 Tanushree Agarwal and Sudipta Ray
4.3 Role of gibberellins 72
4.4 Role of cytokinins 73 6.1 Introduction 109
4.5 Role of brassinosteroids 75 6.2 Abscisic acid 110
4.6 Role of ethylene 76 6.3 Salicylic acid 112
4.7 Role of abscisic acid 77 6.4 Jasmonic acid 113
4.8 Role of jasmonic acid 79 6.5 Ethylene 114
4.9 Role of strigolactones 80 6.6 Gibberellin 116
4.10 Conclusions and future perspectives 80 6.7 Cytokinin 116
Acknowledgments 82 6.8 Auxin 117
References 82 6.9 Brassinosteroids 118
6.10 Strigolactones 119
5. Phytohormone signaling in 6.11 Crosstalk of phytohormones 119

6.12 Conclusion 122

osmotic stress response 89
P References 122

Riddhi Datta, Ananya Roy and Soumitra Paul

51 Introduction 89 7. Regulation of plants nutrient
5.2 Abscisic acid—mediated responses under deficiency responses by
osmotic stress 89 phytohormones 129

5.2.1 Regulation of stomatal closure and

Deepika Deepika, Kamankshi Sonkar and Amarjeet Singh
ion homeostasis 90

5.2.2 Inhibition of seed germination 92 7.1 Introduction 129

5.2.3 Promotion of leaf senescence 92 7.2 Major macronutrients for plants 130
5.3 Ethylene-mediated responses under osmotic 7.2.1 Nitrogen 130

stress 93 7.2.2 Phosphorous 131
5.4 Auxin-mediated response under osmotic 7.2.3 Potassium 132

stress 94 7.3 Hormonal regulation of N deficiency

5.4.1 Regulation of root growth 95 responses 133

5.4.2 Regulation of halotropism 95 7.3.1 Root system architecture 133

5.4.3 Cell wall modification 96 7.3.2 Leaf expansion and branching 135
5.5 Gibberellic acid—mediated responses under 7.3.3 Early flowering 135

osmotic stress 96 7.4 Hormonal regulation of P deficiency
5.6 Cytokinin-mediated responses under osmotic responses 136

stress 98 7.4.1 Root system architecture 136
5.7 Brassinosteroid-mediated response under 7.4.2 Shoot branching 138

osmotic stress 99 7.4.3 Citrate exudation 138



Contents vii

7.5 Hormonal regulation of K™ deficiency 10. Brassinosteroids in plant growth and
responses 138 development 185
7.5.1 Root growth 138
7.5.2 Phloem transport 139
7.6 Conclusions 139

Ritesh Kumar Yadav, Loitongbam Lorinda Devi and
Amar Pal Singh

Acknowledgment 140 10.1 Introduction 185
References 140 10.2  Brassinosteroids and development of
above-ground plant organs 186
8. Extended role of auxin: reconciliation 10.2.1 BRs in cell size determination
of growth and defense responses under during hypocotyl elongation 186
biotic stress 147 10.2.2 Role of brassinosteroids in regulating

organ boundary and floral organ
development 188

8.1 Diversity of auxin biosynthesis 147 1023 dBrasslinOSterOidsliSI; et
8.2 Disease resistance or growth 149 evelopment

8.3 Counteracting effects of salicylic acid and 10.3 Brassmostero%ds tn root developmegt 190
auxin 149 10.3.1 Brassinosteroid in root meristem

. . . . . maintenance 190
8.4 Interactions in jasmonic acid- and auxin- ) o
10.3.2 Brassinosteroids in root vasculature
regulated plant responses 154

Gyéngyi Major and Gabor Jakab

8.5 Pathogens produce and degrade auxins 156 develppment- 1_95
. ) 10.3.3 Brassinosteroids in lateral root

8.6 Stimulation of plant cell growth 156

. Lo development 196
8.7 Auxin as signaling molecule 156 ) L i

. 10.3.4 Brassinosteroids in root hairs
8.8 Modulation of defense responses 157
. development 197

8.9 Conclusion 159 104 Conclusi qf . 19
References 159 .4 Conclusions and future perspective 7

Acknowledgments 198

Further reading 165 References 198

9. Jasmonic acid biosynthesis pathway and

its functional role in plants 167 11. Understanding the

role of phytohormones in
governing heat, cold, and freezing

9.1 Introduction 167 stress response 205

9.2 Release of .lln()lenlc acid for jasmonic acid Mohan Sharma, Harshita B. Saksena, Halidev Krishna Botta and
biosynthesis 168 Ashverya Laxmi

9.3 Lipoxygenases 169

Ankit Ankit, Saravanappriyan Kamali and Amarjeet Singh

9.4 Allene oxide synthase 171 11.1 Introduction 205

9.5 Allene oxide cyclase 172 11.2 Regulation of high and low temperature

9.6 OPDA reductase 173 responses by growth promoting

9.7 Activation of OPC8:0 before peroxisomal hormones 206

B-oxidation 174 11.2.1 Role of auxin in regulating ambient

9.8 B-Oxidation 174 temperature and heat stress

9.9 Acyl-CoA oxidase 174 response 206
9.10 Peroxisomal multifunction protein 175 11.3 Role of auxin in regulating cold and freezing
9.11 Keto-acyl thiolase 176 stress response 210
9.12 Jasmonate resistance 1 (JARL) 176 11.3.1 Role of cytokinin in regulating heat
9.13 Conclusions 178 stress response 210
Acknowledgment 179 11.3.2 Role of cytokinin in regulating

References 179 cold and freezing stress response 211



viii Contents

11.3.3 Role of brassinosteroids in regulating
high ambient temperature and
heat stress response 212
11.3.4 Role of brassinosteroids in
regulating cold and freezing stress
response 212
11.3.5 Role of gibberellic acid in regulating
heat stress response 213
11.3.6 Role of gibberellic acid in regulating
cold stress response 214
11.4 Regulation of high and low temperature
responses by defense hormones 215
11.4.1 Role of abscisic acid in regulating
heat stress response 215
11.4.2 Role of abscisic acid in regulating
cold stress response 215
11.4.3 Role of ethylene in regulating heat
stress response 216
11.4.4 Role of ethylene in cold and freezing
stress response 216
11.4.5 Role of jasmonic acid in regulating
ambient and heat stress
response 217
11.4.6 Role of jasmonic acid in regulating
cold and freezing tolerance 218
11.4.7 Role of salicylic acid in heat
stress 219
11.4.8 Role of salicylic acid in regulating
cold and freezing stress
response 220
11.4.9 Role of strigolactones in regulating
heat stress 221
11.4.10 Role of strigolactones in regulating
cold stress 222
11.5 Conclusions and perspectives 222
Acknowledgments 223
Conflict of interest statement 223
Author contributions 223
References 224

12. Drought-induced plant miRNAome
and phytohormone signaling
cross-talk 235

Bhuvnesh Kapoor, Pankaj Kumar, Rajnish Sharma and
Mohammad Irfan

12.1 Introduction 235
12.2  Drought-responsive miRNAome 237

12.3 Drought-induced miRNAome as mediator of
phytohormonal signaling cross-talk 239

12.4 Drought stress—induced miRNAome and
epigenetic regulation 243

12.5 Conclusion 244

References 244

13. Interaction between the key
defense-related phytohormones and
polyamines in crops 249

Agnes Szepesi and Péter Podr

13.1 Introduction 249

13.2 The main steps of polyamine
metabolism 250

13.3 Salicylic acid and polyamines 252

13.4 Jasmonic acid and polyamines 253

13.5 Ethylene and polyamines 254

13.6 Conclusions 257

Acknowledgments 258

Conflicts of interest 258

Author contributions 258

References 258

14. Interplay between phytohormones
and hydrogen sulfide regulates
plant growth and development under
normal and abiotic stresses 265

Harmanjit Kaur, Tashima, Sandeep Singh and
Sofi J. Hussain

14.1 Introduction 265
14.2  Cross talk of phytohormones with H,S 267
14.2.1 Cross talk of auxin with H,S 267
14.2.2 Cross talk of gibberellins with
H,S 272
Cross talk of abscisic acid with
H,S 272
14.2.4 Cross talk of ethylene with H,S 273
14.2.5 Cross talk of salicylic acid with
H,S 275
14.2.6 Cross talk of jasmonate with
H,S 275
14.2.7 Cross talk of brassinosteroids with
H,S 276
14.3 Conclusions and future prospects 276
References 277

14.2.3



Contents ix

15. Emerging trends in plant metabolomics
and hormonomics to study abiotic stress
tolerance associated with rhizospheric
probiotics 283

Gaurav Yadav, Priyanka Prajapati, Devendra Singh, Sandhya Hora,
Sneha Singh, Kanchan Vishwakarma and Iffat Zareen Ahmad

15.1 Introduction 283
15.2 Metabolomics: a comprehensive tool to
study metabolites 285
15.3 Plant—microbe interactions: a metabolome
insight 286
15.4 Abiotic stresses and its impact on plants 289
15.5 Plant metabolic responses to individual abiotic
stresses 290
15.5.1 Metabolite responses to drought
stress 290
Metabolite responses to salt
stress 292
Metabolite responses to heat
stress 293
15.6 Plant hormonomics 293
15.6.1 Strigolactones—class of hormones
specific to plant synergies 294
Plant hormone profiling through
hormonomics 298
Profiling of phytohormone-related
compounds by ultrafast high
performance liquid

1552

1553

15.6.2

15.6.3

chromatography—mass
spectroscopy 298
15.6.4 Method validation 299
15.6.5 Phytohormone quantification in
plants under salinity stress 299
15.7 Conclusion 299
Acknowledgments 300
References 300

16. The main fungal pathogens and
defense-related hormonal signaling in
crops 307

Nadeem Igbal, Zalan Czékus, Attila Ordég and Péter Podr

16.1 Introduction 307

16.2 Salicylic acid 309

16.3 Jasmonic acid 313

16.4 Ethylene 315

16.5 Abscisic acid 317

16.6 The interplay among salicylic acid, jasmonate,
ethylene, and abscisic acid in the defense
responses of crops 319

16.7 Conclusions 321

Acknowledgments 321

Conflicts of interest 322

Author contributions 322

References 322

Index 333



	Contents



