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CAM photosynthesis pathway 367, 390
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– impacts on WUE 14
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– morphology 13
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carbohydrates 708
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– assimilation 30, 367
– in bioenergy crops 361, 362
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assessment 366
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– cycle 346, 350, 351, 364, 366
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– – from soils 352
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– life cycle assessment 385–387
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– managing land-use change 379–381
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loss 377–379
– in photosynthesis activity 349
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– reserves 375, 397
– roles 348
– as scarce commodity 349, 350
– in second-generation bioenergy crops

364–367
– sequestration 69, 71, 72, 345, 356, 366, 367,

370, 373, 376, 388, 393, 399, 401, 402, 883
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– storage, forests 882
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priorities 398–403
– temporal changes 360, 361
– tracking and accounting process 385
– uptake (see carbon uptake)
carbon dioxide (CO2) 4, 28, 251, 320, 507

– concentrations, increase with 13
– effects on RuBisCO 30
– effects on stomatal conductance 14
– effects on tolerance of photosynthesis to heat

stress 121
– elevated evels, and plant response 30
– enrichment and nitrogen management, on

grain quality 18
– flux 366, 401
– global increase of 251
– increase ET from canopies 14
– intercellular concentration 14
– plant productivity 15
– predictive rise 508
– and rising temperature 345
– sequestration 368
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– soybean grown in controlled environment
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carbon monoxide (CO) 507
carbon uptake
– aspartate aminotransferase (AspAT) 911
– carbon sequestration 910
– climate change scenario 910
– – major concern 910
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– – results 910
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– mechanism to fix higher CO2 912
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– photosynthesis 910
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– photosynthetically active radiation
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– – activation state 911
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catalase (CAT) 141, 145, 146, 148, 149, 176,

177, 195, 200, 232, 234, 235, 443, 709, 714,
732, 959, 966, 970

catastrophes, of changing climate 589, 590
CAT1 enzyme 442
CBF1, CBF2, and CBF3 proteins 564
CBF/DREB regulon 609–611
CBF/DREB transcription factors 594, 595
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CBF expression
– downstream regulators 569
– – COR 569
– – SFR6 569
– negative regulators 568
– positive regulators 567
– – FIERY 568
– – HOS1 568
– – ICE 567
– – LOS4 567, 568
– – MYB15 569
CBF genes 447, 448
CBF3 integrates activation of multiple

components, of cold response 569, 570
– eskimo1 (ESK1) gene 570
CBF proteins 565
CBFs/DREB proteins 564
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– CCAFS CSV initiative 76
– impact pathway approach, national and

regional programmes 76
– partnership 76
Cd-induced genotoxic stress 267
Cd toxicity in plants 147
– exogenous NO, role in 147, 148
cell death 257, 686
– regulation 948
cell growth regulation
– Arabidopsis genome 948
– cross-talk, phytohormones 948
– plant defense responses 948
– transcriptional regulator NPR1 948
cell-to-cell signaling 268
cellular dehydration 522
– ABA-mediated ABRE-dependent gene

expression 529, 530
– major ABA signaling components in

response to 522
– SnRK2-AREB/ABF pathway, central role

in ABA-mediated gene expression in
response to 528, 529

cellulose 96
cellulosic feedstocks 365
cell wall compounds 95
Centaurea tuzgoluensis 190
cereal crops 438
– abiotic stress-tolerant 785
– agronomically important 1020
– Al toxicity 802
– enhancement of abiotic stress tolerance

through 793–800
– haploid production 788
– ideotype 373

– recalcitrant to recombinant techniques 785
– research on polyamines in 42
– salt tolerance 174
– yield, likely to be reduced due to 61
Ceriops tagal 201
cesA7 (irx3-5) mutant 96
chaperone machinery, operates in cytosol 430
chaperones 439, 471, 591
chaperonin family proteins 429
checkpoint kinases (CHKs) 270
chemical mutagens 787
Chenopodiaceae 686
Chenopodium album 687
Chenopodium quinoa 691
Chernobyl nuclear disaster 274
chickpea. see Cicer arietinum L.
chilling stress 150, 151, 715
chilling tolerance 315
Chlamydomonas reinhardtii 263, 277
Chlorella pyrenoidosa 263
chlorofluorocarbons 251, 295
choline dehydrogenase 42
choline monooxygenase 731
chromatin 44
Chrysanthemum morifolium 150
C2H2 ZF protein 597
Cicer arietinum L. 840
– growth ranges 842
– – optimal temperature 842
– new cropping systems 841
– production areas 841
– production constraints 840, 841
– reproductive phase 842
– shift in production area, India 841
– – graph 841
– source of 840
cis-elements 556
9-cisepoxy carotenoid dioxygenase 3 83
Citrus aurantium 141
c-Jun N-terminal kinase 268
CLEL peptides 333
Cleome gynandra 231, 235
Cleome spinosa 231, 235
climate change, Himalaya 907, 908
– air temperature, increase 908
– average precipitation 908
– – biannual 908, 909
– – seasonal 908, 909
– biodiversity, impact on 908
– increased temperature 907
– – coupled with 907
– IS92a future scenarios, greenhouse

gas 907, 908
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– location-specific data, accurate
predictions 908

– long-term meteorological data analysis 908
– mean temperature 908
– – annual 908, 909
– – seasonal 908, 909
– normalized difference vegetation index 908
– permanent monitoring plots 908
– precipitation data 908
– regional climate model 907
– scenarios 907
– second-generation Hadley centre regional

model (HadRM2) 907
– surface albedo associated 907
– warming 907
climate change impacts, organic carbon storage

in forests 894–896
– climate change impact, determination 894
– hill forests 896
– – high-density trees 896
– – total biomass content 896
– mangrove forest ecosystems 894
– – high-density mangroves 894
– – low-density mangroves 894
– – organic carbon storage 894
– – saline zone 894
– – salinity 894
– organic carbon storage, village forests 896
– plain land sal forests 896
– – high-density trees 896
– – sal coppices 896
– – total biomass content 896
– Sundarbans
– – bush fires 895
– – intense tropical cyclones 895
– – organic carbon stock loss process 895
– – sea level rise impacts 895
climate changes 706, 882, 933. See also climate

change, Himalaya; climate change
scenarios, Bangladesh

– affects 882, 883
– agriculture 816–820
– and ecological destruction 786
– effect of
– – developing countries 816
– management 75
– threats 882
climate change scenarios, Bangladesh

887–889
– anthropogenic greenhouse gasses 887
– climate change models 888
– climate change policies 888
– droughts 888

– floods 888
– future projection 888
– GCM projections 888
– – changes in precipitation 888
– – changes in temperature 888
– global climate change 887
– inter-model variations, scale of change 888
– monsoon change 887
– national adaptation program for action

(NAPA) 888, 889
– – general circulation models (GCM)s 889
– – main objective 889
– observed climate change phenomena 887
– projected sea level rise 888
– rising trend of 887
– winters 888
climate-resilient agricultural system 66
climate-smart agriculture (CSA) 59, 63
– community-based actions 73
– Crisis Management Plan 73
– development 73
– FAO definition 63
– Government of India, initiatives 73
– location-specific, and community-based

activities 73
– South Asian Programme of CCAFS,

establishing CSVs 74
– – components of system at village/farm

level 74
– technologies and strategies 63
– – adaptation 64–67
– – sustainable productivity enhancement

63, 64
climate stresses 4
climate warming 346
cloning, Aloe vera (ghee-kanwar/gwar-

patha) 868
– Aloe plantation industry 868
– Aloe products use 868
– history of uses 868
– micropropagation protocol 868
C-neutrality 352
C:N ratio 402
Cnx1 gene 532
cold/freezing stress 150, 151
cold stress 715
– MYBs and 618, 619
cold stress pathway 662
cold tolerance 447–449
collective changes, in climate 6
comparative genomics, of moss 277
comparative qRT-PCR assays 335
Compositae 366
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conditioning hormesis 263
consultative group on international agriculture

research (CGIAR) 934
Convolvulaceae 366
COP13 Climate Change Conference 76
COP1 gene 298
copper 608
coral bleaching 62
COR gene expression 569
corn/soybean rotation
– high-yielding management zones 15
coronatine insensitive 1 (COI1) 330
CO2 sequestration 353, 368
cotton grown, under high temperatures 18
C3 plants 127, 231
– growth 13
C4 plants 127, 231
crassulacean acid metabolism (CAM) 367
Craterostigma plantagineum 473
C-repeat transcripts (CRTs) 441
Crisis Management Plan 73
crop diversification 71
crop domestication 654
– barley domestication 656, 657
– genetic changes 654, 655
– maize domestication 654
– monogenic traits 654
– – examples, genetic loci 654
– – genetic tools, crop improvement 654
– phenotypes 654
– rice domestication 655, 656
crop improvement 665–672, 666
– blue revolution 666
– increased yield, harvest 666
– long and winding road 665–672
– model 668
– observed, drought tolerance 672
– one trait acquisition 665
– relationship, phylogenetic distance 668
– timetree database 668
– transgenic plant 669
crop management 403
cropping intensity 73
cropping systems 16
crop plants
– genotypic variability 210
– as sessile organisms 210
crop production 4, 17, 352
– affect of climate change 830
crop productivity, under stressful

environments 252
crop resistance, to insects 786
crop responses, to climate change 7

crop water demand 6
crop yield 29
cross-breeding, mutation-assisted

breeding 787
CRT-binding factor (CBF) 438
Cruciferae 366
CSA. see climate-smart agriculture (CSA)
cultures establishment, Aloe vera clonal

Shoots 868–871
– additives, MS medium 871
– antioxidant-treated shoots 871
– axillary shoot segment, explants 871
– botanical survey of India (BSI), Jodhpur 868
– multiplication, clonal shoots 868–871
– surface-sterilized explants 871
– – culture, agar-gelled semi-solid MS

medium 871
– in vitro produced shoots 871
customized fertilizers 71
Cu toxicity
– exogenous SNP application 148
cyclophilin-like protein PiCypA 469, 470
cyclophilins 469
Cynara cardunculus 367
Cynodon dactylon 372
Cynodon spp. 365
CYP707A3 genes 423
cytokinins 328, 332, 712
cytoskeleton-associated proteins 267

d
Datura innoxia 787
deforestation 16, 376, 380, 397
dehydration-responsive element-binding

protein (DREBs) 424
dehydration-responsive element/C-repeat

(DRE/CRT) cisacting element 256
dehydration-responsive elements (DREs) 441
dehydrins 31, 710, 711
dehydroascorbate reductase (DHAR) 255
desert crassulacean acid metabolism (CAM)

succulents 121
desiccation tolerance 277
detoxification 203, 235
diamine oxidase 142
diazotrophic bacterial endophytes 1020–1022
– agronomically important 1020
– Azospirillum seropedicae 1020
– – physiological characteristics 1020
– Burkholderia spp 1021
– – Burkholderia brasilensis 1021
– – Burkholderia vietnamiensis 1021
– DNA and rRNA hybridization analysis 1021
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– graminaceous plants 1020
– Herbaspirillum frisingense 1020
– Herbaspirillum rubrisubalbicans 1020
– most widely studied diazotrophic

bacterium 1020, 1021
– nitrogenase structural genes, nif 1020
– – nitrogen fixation regulation 1020
– nitrogen-fixing bacterium 1020
– plant growth-promoting activity 1021
– Saccharobacter nitrocaptans 1021
– saccharolytic activity 1021
Dicer-like (DCL) proteins 277
dicot plants 307
dicyandiamide 71
disordered stress proteins 473
diversification
– production 934
divinyl ether synthases (DESs) 328
DL-a-difluoromethylarginine (DFMA) 1054
DNA damage 257, 263, 267, 270, 272
DNA demethylation 276
DNA hypomethylation 277
DNA lesions
– induced by ROS 265
DNA ligase 271
DNA methylation 267, 274, 275, 321, 498
– RNA-directed 277
DNA methyltransferases 272, 276
DNA polymerase 257, 267, 271
DNA repair 264, 267, 270, 271, 272, 278, 296
DNA replication 271
dog1 mutants 535
doubled haploid (DHs) 787
double-strand break (DSB) repair 263
D0-pyrroline-5-carboxylate synthetase

(P5CS) 148, 315
DREB1A, DREB1B, and DREB1C

proteins 611
DREB2A overexpression 95
DREB2A protein 443, 564, 565
DREB1A-targeted genes 571, 572
DREB2A transcription factor 442
DREB2B protein 564, 565
DREB1/CBF homologs 563
DREB factors 595
DREB1 gene 670
DREB genes in plant species
– CBF/DREB1 genes of Arabidopsis and rice
– – functionally different 576, 577
– discrepant expression in monocots and

dicots 576
– overexpression of 572
– – heterologous expression 573, 575, 576

– – in transgenic Arabidopsis 572, 573
DRE-binding protein (DREB) 256, 438,

562, 563
DREB1 proteins 564
DREB2 proteins 564
DREB transcription factors 609
drought 58, 142–146, 210, 305, 326, 713, 818,

819, 917
– ABA-dependent pathway 659–662
– ABA-independent pathway 662, 663
– antioxidant defense system in plants

under 232
– – enzymatic components 234, 236
– – non-enzymatic components 233, 234
– ascorbate peroxidase (APX) 917
– chaperones 917
– drought-downregulated genes 917
– drought-modulated expressed sequence

tags (ESTs) 916
– drought-responsive root transcripts 917
– drought-tolerant clones 916
– drought-tolerant plants 819
– early signaling events 658, 659
– genes conferring tolerance 67
– major tea-growing areas 916
– molecular response 916, 917
– and oxidative stress 229–231
– Palmer drought severity index (PDSI) 819
– – indication 819
– from perception to gene expression

657, 658
– plant transcriptomes 916
– polyethylene glycol (PEG) 917
– possible effects in plants 211
– PR-5 gene 917
– proteomic approach 917
– – desiccation-responsive proteome 917
– reasons for 818, 819
– resistance of ICC4958 335
– sensitive variety 336
– signaling 82
– strategies, tolerate drought stress 819
– stress induceABAaccumulation inplants 83
– stress-responsive mechanisms 916
– tolerance (see drought tolerance)
– UPASI tea research foundation 916
– water-deficit-induced genes 916
drought and salinity
– environmental changes 657
– gene expression 657, 658
– greenhouse gases 657
– – cellular homeostasis 657
– – global warming 657
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– – ion and osmotic homeostasis
imbalance 657

– – roots 658
– – stomatal closure 657
– plant families 644, 645
– – Arabidopsis 644
– – Caenorhabditis elegans 644
– – DNA-binding domains 645

– – Drosophila melanogaster 644
– – Saccharomyces cerevisiae 644
drought tolerance 81, 440–443, 823, 824
– crop performance analysis 823
– definition 823
– polyamines 823
– – biosynthetic pathway 823
– resurrection plants 823
– transgenic approaches 823
– transgenic rice plants 823
– – adc (arginine decarboxylase) gene 823
– water stress proteins 824
– – aldose reductase 824
– – induction pattern 824
– – late embryogenesis abundant (LEA)

dehydrin 824
– weed 823
– – molecular dissection 823
– – Oropetium thomaeum 823, 824
– – Physalis minima 823
dry habitats plant resource, aloe 860–863
– aloe-emodin, interferon-inducing agent 862
– aloe products use/utilities 862
– aloes 861
– characteristics, aloe 861
– chemical ingredients 862
– – classification 862
– critical role, plants 860
– family Xanthorrhoeaceae, aloe 861
– field-based solutions 860
– gel 862
– global warming, to ameliorate 861
– medical use, aloe 861
– medicinal products, aloe leaves 861
– – bitter exudates 861, 862
– nurse plant 863
– Socotra aloe, commercial potential 861
– therapeutic use, aloe species 861
– world-wide use 862
dsm1 mutants 424
dust 251

e
early signaling events
– drought and high salinity stresses 658, 659

– mutant yeast 658
– – histidine kinase 658
– – osmosensor proteins, SLN1 and SHO1 658
– – phytohormone ABA 659
– – plasma membrane 658
– osmosensor protein, ATHK1/AHK1 658
– osmotic stress 658
ecosystem 347
– productivity 110
– response, climate change 904
– services 387, 859
– – constraints 859
– – fertilizers 859
– – human-induced climate changes 859
– – world�s major challenges 859
– – World Water Day 859
effector-triggered immunity (ETI) 326
EF-hand motif-containing Ca2þ-binding

proteins 269
Elaeis guineensis 357
electric conductivity 194, 686
electric power 62
electrolyte leakage rate (ELR) 194
electron transport 29
electrostatic forces 686
E3 ligases 516
endopeptidase 140
endophytes 1041, 1042
– characterizing fungal endophytic

classes 1042
– – class 1 clavicipitaceous endophytes 1042
– – class 2 endophytes 1042
– – class 3 endophytes 1042
– – class 4 endophytes 1042
– – symbiotic criteria 1042
– definition 1041
– DNA based detection technology 1041
– microbial associations with plants 1041
– symbiosis 1041
energy, from biomass 363
energy impinging onto the soil 15
energy return on investment 354
engineered rice OsWRKY13 38
engineering plants 31
engineering superoxide dismutase
– climate change 913, 914
– drought stress 913
– engineered thermostable 913, 914
– – implications 913, 914
– thermostable PotSOD 913
– transgenic plants 913
environmental stress factors 933
ERD1 gene 662
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EREB proteins 607
ERECTA gene 742
ERF/AP2 proteins 564
ERF-associated amphiphilic repression (EAR)

motif 610
ERF gene 608
ERK (extracellular signal-regulated

kinase) 267
Eruca sativa 201
Escherichia coli 693
espimo1 mutant 448
ethylene 142, 326, 328, 536, 608, 739
ethylene-responsive genes 332
ethyl methanesulfonate (EMS) 263
Eucalyptus camaldulensis 368
Eucalyptus globulus 368
Eucalyptus grandis 368
Eucalyptus rudis 369
Eucalyptus urophylla 368
Euglena gracilis 263
Euphorbiacea 366
evaporation 5
Evergreen Revolution 830
excess water (flooding) tolerance 826, 827
– alcohol dehydrogenase activity 827
– anaerobic conditions 826
– Echinochloa crusgalli 826
– – metabolic characteristics 827
– – studies 826, 827
– ethanol production 826
– Pasteur effect 827
– pentose phosphate pathway 826
– respiratory metabolism, study 827
– seed germination, study 827
– – alcohol fermentation, anaerobic

condition 827
– submergence tolerance 827

f
F-box protein COI interaction 330
F-box proteins 516
fermentation 364
Ferocactus acanthodes 112, 119, 121
fertilizers 306, 787
firewood 363
Flacourtiaceae 366
flood-prone rice-growing areas 66
floods 63
Florin, DH wheat variety 788
flowering 950, 951
– amino-oxyacetic acid, treatment 950
– Arabidopsis plants 951
– – late-flowering phenotype 951

– – salicylic acid-deficient 951
– aspirin, exogenous application 950
– chelating agents 951
– cumulative effect, salicylic acid 950
– flower-inducing property, salicylic acid 950
– fruit yield enhancement 950
– metal-chelating property 951
– non-photo-inductive light cycle 950
– phloem-transmissible factor 950
– salicylic acid 950
– salicylic acid, exogenous foliar spray 950
– thermogenic plants 951
– – inflorescences 951
– transcription factor HAHB10 951
flu mutant 93
fodder 363
food consumption, seasonal reduction in 62
food insecurity 57
food production 27
food security 59
forage quality 18
forestry 346
forests, Bangladesh 883–887
– Bangladesh forest department 883, 884
– classification, classes 884
– – based on 884
– – key ecological attributes 884
– – topographic conditions 884
– climate change, effects of 884
– forest area 883
– forests-depleting factors 884
– negative change rate, forests 884
– unclassed state forests (USF) 884
– UN food and agriculture organization

(FAO) 883
– – forests definition 883, 884
– – report 883
fossil fuels 28, 251, 346, 348, 352, 360
– energy production 352
Fragaria ananassa 19
freezing stress 150, 151
freezing tolerance 277
fungicides 786
Fusarium oxysporum 43

g
galactinol 94
Ganges 62
Garden Orache 42
GDP 62
gene discovery
– approaches, forward and reverse

genetics 663
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– mutant 663
– – approaches, crop improvement 664
– – Escherichia coli 664
– – gene selection 663
– – genomes 663
– – transgenic model organisms 665
– stress responses 663–665
genetic diversity, importance of 934
genetic engineering 96, 787
– engineered plants, for overexpression of

antioxidant enzymes 261, 262
– improve abiotic stress tolerance

in crops 32–34
– intervention to build crop plants 30, 31
– plants enhanced to accumulate

osmolytes 41
genetic models 373
genetic network regulating systemic response
– miR399 1000
– – biological significance 1000
– – expression level 1000
– – long-distance movement 1000
– – overexpressing plants 1000
– miRNAs 1000
– Pi accumulation 1000
– Pi homeostasis 1000
– Pi starvation 1000
– Pi-sufficient conditions 1000
– ubiquitin- conjugating E2 enzyme

(UBC24) 1000
Genetic Resources Information Network

(GRIN) 348
genetic variability
– adverse climatic conditions effects 847
– chickpea germplasm 847
– – large genotypic variability 848
– – screening 847
– drought-tolerant genotypes 847
– heat stress affected traits 848
– heat tolerance 847, 848
– heat tolerance index (HTI) 848
– – variations 848
– heat tolerant, chickpea genotypes 847
– – kabuli types 847
– heat-tolerant line ICCV 92944 848
– pod-filling period 848
genome–environment interactions 791
genome hypermethylation 274
genome protection
– genes and proteins, induced by abiotic/

genotoxic stres conferring 265, 266
genomics 326
genomics, bacterial endophytes 1029

– endophytic bacterial genomes
sequencing 1029

– genes encoding type 1029
– GENOPAR consortium of Parana state 1029
– quorum sensing system 1029
genotoxic adaptation
– role of DNA damage response in 269–272
– role of MAPK, and calcium signaling

267–269
genotoxic stress 260
– adaptive response to 260, 263–265
– signal transduction from abiotic stress

perception to gene activation 273
– tolerance, epigenetics of 272–274
germplasm 18
– collection 402
– and genetic resource databases 348
GHG balances of bioenergy crops 353
GHG emissions 353, 356, 365, 367, 387, 392,

397, 399, 401
– and loss of biodiversity 380
– released during plant growth 363
GHG mitigation
– intermittent drying 72
– options potential and constraints 72
– site-specific N management 72
GHG net GHG exchange 379
gibberellic acid 713
gibberellic acid insensitive (GAI) 665
gibberellins 332, 427, 487, 536, 739
global average mean water vapor 5
global climate changes 305, 521
– mitigation 363
global dimming 5
global ecological crisis 903
– climate change 903
global hydrological cycle 5, 858
– under pressure from 858
global temperature 252
global warming 30, 58, 62, 109, 252, 346, 396,

507, 903
– effects on roots and plant–soil links 129
– potentials 353, 357
– –ofCH4 andN2Ounder alternatewetting and

drying 70
glucose-6-phosphate dehydrogenase 140
glutathione 255, 330
glutathione peroxidase (GPX) 177, 255, 709
glutathione reductase 235, 255, 330
glycerophosphodiesterase-like protein

(NtGPDL) 267
glycine betaine 42
Glycine soja 88
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glycophytes 687
glycosylation
– of NHX1 protein 693
GmERF3 transcription factor 608
Golden Rice 787
Gossypium hirsutum 465
G-protein 447
grain production 4
greenhouse gases (GHGs) 4, 58, 109, 251, 346,

507, 818
– elevated temperatures due to 29
– emissions 58
Green Revolution 28, 57, 65, 306, 320, 786
ground water 63
– depleted 63
growth
– Brassica juncea 945
– bud formation inhibition 946
– growth-promoting responses 945
– high-salinity stress 946
– – effects 946
– presowing seedsoaking 945
– salicylic acid 945, 946
– – effects 946
– – exogenous application 946
– – inhibitory effect 945
– – proline accumulation regulation 946
– – spray 946
growth-inhibitory effects 327
growth rate 947, 948
– Arabidopsis NahG transgenic plants 947
– – tumor-like growth 948
– at lower temperatures 947
– wild-type plants 947
guaiacol peroxidase 714, 966
guard mother cell (GMC) 89
GUS signals 617
Gypsophila oblanceolata 202

h
HadCM3 global climate model 252
HaHB1 gene 671
Halliwell–Asada pathway 255
halophytes 190, 348, 368, 369, 686, 687
– expressed sequence tag (EST) databases 687
– salt-tolerance mechanism 687
– tissue-specific adaptation 687
– – salt exclusion 689
– – salt-saturated organs 689
– – salt-secreting hairs 689
– – salt secretion by bladder cells 688, 689
– – salt secretion by salt glands 688
– – succulence 687, 688

Haloxylon salicornicum 686
Hal2p protein 466, 467
hard inheritance 274
HARDY (HRD) gene 608
hardy (HRD) gene 595
HD family
– eukaryotic lineages 653, 654
– HD-ZIP I subfamily 654
– helixes 653
– Knotted-1 gene 653
– Medicago truncatula 654
– SELEX (systematic evolution of ligands by

exponential enrichment) 654
– whole-genome sequences 653
– yeasts 654
HD-ZIP proteins 556, 561
heat/drought combination 29
heat resistance 277, 278
heat sensitivity, of labile-enzymes 29
heat shock factors 445
heat shock proteins (HSPs) 31, 91, 429–431,

439, 470, 471, 710, 822
heat stress 109, 148–150
– chronic vs. acute heat stress 121, 122
– conceptual model of observed/predicted

effects 130
– direct vs. indirect effects on roots and

shoots 122, 123
– effects on nutrient relations 123–125
– effects on root respiration and carbon

metabolism 125, 126
– effects (excluding nutrients), on roots

112–115
– – root growth 116, 119
– effects, on roots, nutrient-related 117, 118
– effects on root water relations 126
– interactionswith other global environmental-

change factors on roots 126–128
– on plants, direct vs. indirect effect 116
– and root-soil interactions 128, 129
– roots vs. shoots, effects of 119
– shoot and root vs. root-only vs. shoot-only

heating 119–121
heat stress, chickpea 842, 843
– adverse effects on 843
– heat shock conditions 843
– high-temperature conditions 843
– – earlier phenology 843
– high-temperature tolerance 842
– morphological processes, impact on 842
– photoperiod 843
– physiological processes, impact on 842
– plant phenology, modification 842
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– plant–water relationship 842
– pod development, effects on 843
– pollen germination 843
– related symptoms 842
– sensitive organs 843
heat tolerance 445–447
– defined 431
heat tolerance, screening techniques 844–846
– cell membrane thermostability (CMT) 845
– – correlated with 845
– cellular membrane systems 845
– electrolyte leakage 845
– – leaf disks 845
– International Crops Research Institute for

the Semi-Arid Tropics (ICRISAT) 844
– – long-term average temperatures 844
– – reproductive-stage heat tolerance

screening 844
– late-sown crop (ferbruary) 844
– normal-sown crop (october) 844
– pod set difference 844, 845
– – heat-sensitive line (ICC 4567) vs. heat-

tolerant line (ICC 15614) 844, 845
– pollen viability tests 845, 846
– – Alexander�s stain 845
– sorghum (Sorghum bicolor (L.) Moench),

study of 845
heat waves 4
heavy metal
– contamination 146, 147
– exogenously applied NO, protection from

toxicity 147
– role of NO in stress 146
– toxicity, SNP-induced alleviation 148
heavy metal stress, abiotic stress 268, 965, 966
– aluminium tolerance 965
– antioxidant enzymes 966
– cadmium 965
– – hazards to plants 965
– lead toxicity 966
– lipoxygenase activity 965
– salicylic acid 965
– – ameliorative role 965, 966
– – exogenous application 965
– – heavy metal toxicity alleviation 965
– – seed-soaking treatment 965, 966
– signaling response 966
Helianthus annuus 44, 119, 212, 263, 661
– Hahsp17.6G1 expression 611
hemicelluloses 383
hemoglobins 152
– detoxification of excess NO 152
herbicides 787

heterochromatic siRNAs (hc-siRNAs) 277
heterologous expression, of key genes 42
– chimeric bifunctional TPSP 42
– TPP 42
– TPS 42
heterologous systems 31
Hibiscus moscheutos
– exogenous SNP application 148
– exposed to toxic Al3þ levels 146
high altitude plants, clues 914–916
– ABA-independent pathway 916
– gene expression 916
– – kinetics 916
– growing season temperature 915
– high altitude 914
– high altitude, evident characteristic

features 915
– jasmonate signaling pathway 915
– Kibber, natural habitat of high altitude 915
– late embryogenesis abundance (LEA)

protein 915
– – upregulation 915
– lipoxygenase gene 915
– low-temperature-inducible QM gene 915
– low-temperature-responsive genes 915
– mRNA-mediated gene expression

analysis 915
– photosynthetic acclimatory response
– – low-temperature-mediated 916
hill forests 886
– biological diversity 886
– dominant trees 886
– ecosystem importance 886
– map 885
– species distribution 886
– total area 883
– types 886
– USFs 886
Himalaya, mountain ranges 904, 906, 907
– annual precipitation 907
– biological diversity 905
– Cenozoic era 904
– classification 905
– ecoregions 905
– flower diversity 906
– – India 907
– glaciers 904
– land cover 904
– major ecosystem services 906
– major zones, India 906
– – central Himalaya 906
– – eastern Himalaya 906
– – western Himalaya 906, 907
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– map 905
– physical diversity 905
– rainfall pattern, summer monsoon 907
– restricted migratory routes 906
– as sink, carbon dioxide (CO2) 906
– snow cover 904
– sustainable development 906
– topographical features variations 906
– various ecosystem services 906
– water tower of Asia 904
histidine 469
histidine kinase 82
homeostasis 620
homologous recombination (HR) 263
homologous systems 31
Hordeum vulgare 263, 608, 610
– salt tolerance in 731
hormonal regulation, of root architecture

315–317
hormones 326
hos9 and hos10 mutants 596
9-HPOD hydroperoxy fatty acids 337
HsfA3 factor 611
HT1 gene 86
ht1 mutants 86
human hCyp33 protein 469
humanity 391, 403
humidity 305, 380
HvRAF gene 608
hydrogen (H) 349
hydrogen peroxide (H2O2) 190, 209, 210, 317,

327, 431, 739
hydrogen sulfide (H2S) 142
hydroperoxide lyases (HPLs) 328
hydroperoxy fatty acids 336
12-hydroxy-JA (12-OH-JA) 330
hydroxyl radicals 210
hydroxyurea 271
HY5 gene 298
hyl1 gene 487
hypermethylation 277
hyperoxia 271
hypothetical model depicting, general abiotic

stress response in plants 439
hypoxia, in plants 151, 608
– NO levels 151

i
IAA. see indole acetic acid (IAA)
ICE1 protein 595
Indo-Gangetic plain 65
– agro-ecological regions 65
– potential adaptation strategies 65

– rainfall 65
– temperature 65
indole acetic acid (IAA) 332, 426, 427, 592
– mediated signaling pathways 147
induced systemic tolerance (IST) 426
induced systemic tolerance, to salt and

drought 332
industrialization 73
information and communication technology-

based agro-advisories 75
– Digital Green 75
– IFFCO Kisan Sanchar Limited (IKSL) 75
inositol 31
insecticides 786
interannual variations, in crop yields 6
Intergovernmental Panel on Climate Change

(IPCC) 252
– special report on emissions scenarios 252
intergovernmental panel on climate change

(IPCC) 816
international board for plant genetic resources

(IBPGR) 934
International Crops Research Institute for the

Semi-Arid Tropics (ICRISAT) 844
International Rice Research Institute

(IRRI) 66
– studies on GHG emissions on flooded rice

reveal 70
intersimple sequence repeat (ISSR)

marker 867
intracellular ion homeostasis 686
intrinsically unstructured proteins 473
in vitro cultures establishment 936
– arid environment plants 936
– juvenile explants 936
– – cotyledonary nodes, seeds 936
– mature explants 936
– – nodal shoot segment 936
– in vitro mass multiplication 936
in vitro produced shoots rooting 871
– auxin-treated shoots 871
– culture composition 871
– ex vitro rooting 871
ion toxicity 326
ion transporters 690
– plasma membrane transporters 690
– – plasma membrane Hþ-ATPase 692
– – SOS1 690, 691
– vacuolar transporters 692
– – Hþ-PPase (V-PPase) 695–697
– – NHX1 692–694
– – vacuolar Hþ-ATPase 694, 695
IPCCFourth Assessment Report 59
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Ipomoea campanulata 508
irrigation 62

j
Jacquemontia pentantha 508
JAR amino acid synthetase 330
jasmonate
– pathway 336
jasmonate–ABA balance 91
jasmonate biosynthesis pathway 328–330
jasmonates 327, 711
jasmonate ZIM domain (JAZ) repressors 330
jasmonic acid 142, 327, 330, 336, 608
– in abiotic stress response 333
– biosynthesis pathway 329
– signal transduction in roots 333, 334
jasmonic acid signaling 960, 961
– Arabidopsis 961
– – ESR gene, dual function 961
– jasmonic acid-inducible protein 960
– – epithiospecifier senescence regulator

(ESR) 960
– senescence regulation 960, 961
– transcription factor WRKY53 960
– – expression 960
– – salicylic acid-inducible 961
– – suppression 961
jasmonic acid signaling, regulation 336, 338
jasmonic acid synthesis 333
jasmonoyl derivatives 330
Jatropha 379, 396
Jatropha crucas 368
Jatropha curcas 366, 709
JAZ proteins 330

k
Kþ channels 86
ketoacyl-CoA thiolase (KAT2) 329
Kosteletzkya virginica 140
Krishi Vigyan Kendras 68
Kþ transport systems 464

l
Lactuca sativa 465
land management 346, 381
late embryogenesis abundant proteins

(LEA) 31
latent heat 6
– of vaporization 12
lateral roots formation 999
– auxin perception complex 999
– – transport inhibitor response 1 (TIR1) 999
– auxin role 999

– Pi deficiency 999
Lauraceae 366
leaf area index (LAI) 13
leaf relative water content 14
leaf size 110
leaf temperature 12, 14
leaf transpiration 12
leaf turgor 190
leaf water potential 14
LEA proteins 39, 423, 591
LEA (late embryogenesis abundant)

proteins 710
Legume–rhizobia symbiosis 331
Leguminosae 366
Lens culinaris 201
Leptochloa fusca 369
lignification 96
lignin 368
lignocellulose 348, 364
lignocelluloses 360
Limonium bicolor 611
Limonium latifolum 688
Limonium sinense 687
linkage-based phenomenon 31
linolenic acid (9-HPOT) 333
linolenic acid (18 : 3) 328
lipid epoxides 202
lipid peroxidation 190
lipoxygenases (LOXs) 328
livestock
– adversely impacted by climate change 62
– as emitters of CH4 71
Lolium temulentum 432
low altitude plants, clues 916–919
– molecular response, drought 916, 917

(See also drought)
– molecular response, temperature 917–919

(See also temperature)
low-oxygen environmental conditions 151
– plant tolerance to 152
low temperature (cold stress) 150, 151
LOX sequences 334
LRR (leucine-rich repeat) proteins 267
Lupinus albus 378

m
macrophyta adaptation
– salicylic acid 971
Macrotyloma uniflorum 687
maize domestication
– apical dominance 654, 655
– teosinte branched 1 (tb1) gene 654
– – alleles 655
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– – axillary meristems, branch elongation 655
– – genes, cell cycle 654
– – SBP (squamosa promoter-binding

protein) 655
– – TCP (TB1, cycloidea, PCF-domain

protein) 654
– – teosinte 655
– – teosinte glume architecture 1 (tga1) gene 655
malondialdehyde 194, 468
Malus baccata 610
Malus hupehensis 230, 233, 236
Malus prunifolia 230, 233, 236
Malus pumila 19
Malvaceae 366
mangrove forests 884, 885
– Bay of Bengal 884
– – map 885
– dominant trees 884
– Royal Bengal Tiger 884
– Sundarbans 884
– – ecosystem 884, 885
– – reserve forests 884
– – species distribution 885
– – zones 884
– total area 883, 884
mangroves 191
manuring 71
MAPK cascade 267
MAPK cascades 272
MAPK, in genotoxic adaptation 267
MAPKKK-MAPKK-MAPK module 267
MdSlMYB1 gene 44
mechanical tillage 16
Medicago sativa 365, 608
Medicago truncatula 88, 144, 146, 147, 231,

314, 318, 333, 335, 488, 491, 513, 514, 608,
613, 654, 743, 916

– miR169 downregulated in 514
– model legume, transcriptome analysis 335
– transient downregulation of miR169 and

miR166 513
– upregulation in miR398 514
mediterranean climate 5
melatonin 713
membrane transport systems 591
meristemoid mother cell (MMC) 89
Mesembryanthemum crystallinum 445, 686
mesophyll conductance 12
Mesorhizobium ciceri 335
metabolic activity 686
metabolic adaptations, to environmental

stresses in plants 707
metabolic networks 948, 949

– apical dominance 949
– Arabidopsis plants 949
– – cpr mutants 949
– – transcriptomic analysis 949
– auxin-deficient/auxin-insensitive

mutants 949
– auxin indole acetic acid (IAA) 949
– – endogenous levels 949
– auxin-overproducing mutant yucca 949
– cell division rate, increased 949
– gibberellin pathway 949
– photosynthetic efficiency 949
– salicylic acid-accumulating mutants 949
– salicylic acid and auxin signaling 948, 949
– salicylic acid, high doses 949
– transcription factors OBP1 949
– – salicylic acid-inducible DOF 949
– wild-type plants 949
– – auxin sensitivity 949
– – exogenous treatment, salicylic acid 949
metabolic pathway 940, 941
– salicylic acid 940, 941
metabolite, changes during abiotic

stresses 729
– carbohydrates 733–735
– glycine betaine 729–733
– – biosyntheticpathway 732
– polyamines 735, 736
– proline 729–733
– – model proposed for 730
– – multiple functions of 732
metabolite modulation, stress tolerance

770–774
– ABA metabolic pathways 773
– abiotic stress-resistant transgenic plants 771
– abiotic stress-tolerant cultivars 770
– adaptation process 770
– antioxidant system 773
– Arabidopsis 772
– – heat-tolerant transgenic 772
– betaine aldehyde dehydrogenase (BADH)

gene 771
– – transgenic bread wheat 771
– biotechnology advancement 770
– choline monooxygenase (CMO) gene 772
– – transgenic cotton 772
– classical breeding programmes 770
– – major limitations 770
– – stress-tolerant plants 770
– compatible solutes 770
– – accumulation 770
– – biosynthesis 770
– de novo synthesis, choline 772
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– – glycine betaine synthesis 772
– D1-pyrroline-5-carboxylate reductase (P5CR)

gene 772
– gene pyramiding/coexpression 773
– gene(s) overexpression 770
– glycine betaine
– – accumulation constraint 772
– – overproduction 771
– heat stress-tolerant transgenic tobacco

plants 773
– main abiotic stresses 770
– mannitol content, enhanced 772
– modulated main metabolites, plant stress

response 771
– osmoprotectants 771
– phytochelatin synthase (PCS) 774
– – genes encoding 774
– – heavy metal hyperaccumulators 774
– – heavy metal response 774
– polyamine levels 771
– – modification 771
– resurrection plants 772
– salinity tolerance, enhanced 773
– stress-resistant transgenic plants 770
– transgenic chickpea 772
– – P5CSF129A expression 772
– transgenic technology 770
– trehalose gene overexpression 773
– wild–type plants 772
– yeast TPS1, transgenic tomato 772, 773
metabolome 439
– analysis 94, 95
metabolomics 728, 729, 755, 756, 757
– comprehensive plant metabolic profile 756
– different study approaches 756, 757
– limitation 756
– metabolites
– – ever-broadening range 756
– – structural diversity 756
– plant metabolomics research,

approaches 756, 757
– – gas chromatography (GC) 756
– – liquid chromatography (LC) 756
– – mass spectrometry (MS) 757
– – nuclear magnetic resonance (NMR) 757
– vs. proteomics 756
– vs. transcriptomics 756
metagenomics, rhizospheric microbes

1029–1031
– culture-independent analysis 1030
– culture-independent methodologies 1030
– culture-independent PCR-based

amplification 1030

– DNA-based methods 1030
– DNA sequencing 1030
– endophytic microbial communities 1030
– environmental microorganisms 1029
– genomic analysis 1030
– nitrogen fixation
– – DNA-based analysis 1030
– – mRNA-based analysis 1030
– – nifH genes 1030
– potential 1030
– rice endophytic community 1030
– ubiquitous microorganisms 1029
metal toxicity 210
methane (CH4) 251, 252, 299, 507
– emissions 59, 69
3-methyl-adenine DNA glycosylase (AAG) 265
methyl glyoxal bis-guanylhydrazone

(MGBG) 1054
methyl jasmonate 31
methyl-jasmonate (Me-JA) 330
methyl methane sulfonate (MMS) 271
micro aggregation 71
microalgae function 368
microalgal bioenergy systems 353
microorganisms
– role in plant drought stress tolerance

426, 427
microRNAs (miRNAs) 277, 336, 337, 432, 482,

522
– in abiotic stress, role of 742, 743
– artificial 494
– biogenesis 483–485
– – and function, in plants 509–511
– differentially regulated, in response to

climate change-associated stresses 512
– downregulation of miR398 under ozone and

UV-B stress 515
– drought-responsive, identified in plants

species 513
– heat stress, to alter expression in 511
– miRNA responses during ozone and UV-B

stress 515
– and nutrient homeostasis 490–492
– in response
– – to cold and heat stress 488, 489
– – to drought stress 487, 488
– – to hypoxia and oxidative stress 489, 490
– – to salt stress 488
– – to UV-B radiation 490
– role in plant stress responses for adapting to

climate change 486
– stress-miRNA networks for adapting to

climate change 494–497
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Millennium Development Goal (MDG) 1 786
miR159 expression 487
miR156, overexpression 513
miR319 signaling molecule 337, 338
Miscanthus (Miscanthus · giganteus) 365, 366
mismatch repair (MMR) 263
mitigation 69
– CH4 emission from rice cultivation 70
– – strategies 70, 71
– of CO2 emissions 71
mitogen-activated protein (MAP) 438
mitogen-activated protein kinases

(MAPKs) 87, 142, 257, 424, 591, 741
molecular biomarkers 44
molecular chaperones 591
molecular genetics 326
molecular reprogramming events, mitigate

environmental constraints 590–592
monocot plants 307
monodehydroascorbate (MDHA) 230, 234
monodehydroascorbate reductase

(MDHAR) 255
monosaccharides 94
Moraceae 366
mountains ecosystem 904
– altitudinal dimensions 904
– environmental variations influence 904
– genetic diversity 904
– Himalaya, mountain ranges 904
– land cover 904
– valley exit jet 904
– weather-associated specific niches 904
mtlD gene 42
MtNAC969, NAC transcription factor 314
mulching 71
multifunctional bioenergy

agroecosystems 387
multigene phenomenon 31
mutations
– in epigenetic regulator SWP1 321
– in OsWOX11 307
MYB family
– biotic, abiotic stress, example, transcription

factors 646–648
– classified, subfamilies 645
– DNA binding and protein interaction

645–648
– MYB proteins 645
MYB1 gene 44
MYB33 gene 497
MYB (myeloblastosis)-like proteins 556–558
MYB-like transcription factor

(StMYB1R-1) 620

MYB transcription factors 327
– and cold stress 618, 619
– and salinity tolerance 619–621
MYC (myelocytomatosis)-like basic helix–

loop–helix (bHLH) proteins 556
MYC-like bHLH proteins 558–560
– vs. MYB proteins 560, 561
MYC/MYB transcription factors 593, 594,

615–618
MYC2-regulated gene transcription 620
myelocytomatosis oncogene 592, 607
Myrcaceae 366

n
Naþ absorption ratio 686
NAC and ZF-HD proteins 595, 596
NAC family
– C-terminal domain 650
– DNA-binding domain 650
– five subdomains (A–E) 650
– plant-specific transcription factor

families 650, 651
NaCl-induced genotoxic stress 276
NaCl stress 620
NAC transcription factors 611–614
NADþ breakdown 272
NADPH oxidase 297
Naþ/Hþ antiporter 689, 692, 693
NahG gene 738
Naþ/Kþratio 140, 141
NAM, ATAF, and CUC (NAC) 424
National Action Plan on Climate Change,

2008 73
National Agricultural Risk Fund 75
National Commission on Farmers (2006) 75
National Initiative on Climate Resilient

Agriculture (NICRA) project 67–69
– action research implementation 67, 68
– climate change mitigation options 69
– partnership 69
– technology assessment modules 68, 69
National Mission for Sustainable Agriculture

(NMSA), 2010 73, 74
National Mission on Micro Irrigation 73
natural products, endophytic bacteria 1025,

1026
– common soil bacterial genera

members 1025
– – secondary metabolic products 1026
– cultured microorganisms range 1026
– diazotrophic endophyte 1026
– fungal-based production 1026
– – antimicrobial products 1026
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– low-molecular-weight compounds 1026
– microbial bioplastics 1026
– natural products list 1026
– poly-3-hydroxyalkanoate (PHA) 1026
– poly-3-hydroxybutyrate (PHB) 1026
NCED6 expression 533
NCED3 genes 83, 423
NCED3 mutant 95
neem-coated urea 71
net new energy, produced by bioenergy

crops 354
N fertilizers 352, 353
N fixation 128, 129
NHX1 gene 693
NHX1 transmembrane domain 693
NICRA programme 76
nitraphyrin 71
nitrate 251
nitric oxide (NO) 86, 137, 138, 707, 711
– hemoglobin/NO cycle 152
– postharvest NO fumigation 151
– protection against heavy metal toxicity 147
– protection against oxidative damage caused

by ROS 151
– scavenger 152
– signaling regulation 140
nitric oxide (NO)-mediated cysteine

nitrosylation 327
nitrification inhibitors 71
nitrogen (N) 14, 191, 346
– assimilation 30
– as critical agricultural crop nutrient 18
– cycles 350, 351
– fertilization 18
– status in plants and grain quality, interaction

between 18
nitrogen dioxide 138
nitrogen fixation 957, 958, 1019
– associative nitrogen fixation
– – limitation 1019
– BNF 1019
– diazotrophic bacterial endophytes 1019
– – lives in 1019
– exogenous application, salicylic acid 957,

958
– free-living
– – vs. endophytic bacteria 1019
– metabolism 958
– nitrate/nitrogen metabolism 958
– nitrate reductase activity 958
– – enhanced 958
– – lead-induced decline 958
– nodulation inhibition 957

– nodule development 958
– non-symbiotic nitrogen-fixing forms 1019
– – limitation 1019
– – significance 1019
– obligate symbionts, leguminous plants 1019
– Rhizobia 958
– rhizobial strain 957
– Rhizobium, legume symbiosis 958
– – endogenous salicylic acid 958
– – exogenous salicylic acid 958
– – NOD factors 958
– – Rhizobia, incompatible strain 958
– salicylic acid 958
– – endogenous synthesis 958
– – foliar application 958
– – inhibitory effect 958
– symbiotic nitrogen-fixing forms 1019
– symbiotic relationship 958
– tissue-specific metabolism 958
nitrosative stress 138
nitrosylation, of cysteines 328
nitrous oxide (NOx) 251, 252, 507
N leaching 365, 394
N mineralization potential 382
nod gene 333
nodulation 128
N2O emissions 71, 353
NO-induced osmotic stress-activated protein

kinase 142
NO3 leakage 353
NO-mediated detoxification 146
non-legumes 1022–1025
– Actinobacteria, representative 1024
– BNF benefits 1022
– cereals 1022
– diazotrophic bacterial endophytes 1022
– endophytic bacteria 1024
– endophytic bacteria, diverse array 1024
– enterococcal populations screening 1025
– grasses 1022, 1024
– – bacterial diversity, nitrogen fixation

ability 1024
– – fast-growing C4 grass 1024
– – Microbacterium 1024
– – nitrogen-fixing bacteria 1024
– – plant growth-promoting bacteria 1024
– maize/sorghum 1023
– – nitrogen-fixing bacteria 1023
– – non-mycorrhizal fungal endophytes 1023
– novel bacterium 1025
– Pennisetum glaucum 1023
– – root-associated bacteria 1023
– rice (Oryza sativa) 1022, 1023
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– – endophytic bacteria kinds 1022, 1023
– – methanogens 1023
– – rice paddy soil 1023
– sugarcane (Saccharum officinalis) 1022
– – inoculation 1022
– – main products 1022
– – most frequent endophyte, sugarcane

stems 1022
– surface-sterilized tissue 1025
non-nitrogen-fixing plants 18
non-reducing sugars 42
NOS-like activity 142
NPR1 proteins 327
nuclear factor (NF)-kF 296
nuclear factor Y (NF-Y) 424
nucleotide excision repair (NER) 263
N-use efficiency (NUE) 348, 370, 372–374,

377, 389, 390, 394, 395
nutrient imbalance 326
nutrient management 18
Nypa fruticans 369

o
oil palm-based biofuel agroecosystems 366
oligosaccharides 94
omics 728
OPR gene expression 336
Opuntia ficus-indica 367
organic acids 190
organic carbon 251
organic carbon storage, sustainability 896–899
– community forestry 898
– forest types, managed by bureaucrats 898
– government-initiated co-management

approach 898
– human-induced removal of woody

biomass 898
– hypothetical policy decisions 899
– local communities, active participation 897,

898
– local community socio-economic

development 898
– long-term support, communities 898
– national forest policy 1994, Bangladesh 896,

897
– plan/forest management plan 898
– project-oriented annual development

programs 898
– REDDþ 899
– sustainable forest management 896
– – carbon sequestration objectives 897
– sustainable organic carbon storage, ways to

achieve 897

– top-down approach, forests
management 897

– unsustainable forests management 896
– – common causes 896
organic carbon storage trends, different forest

types 889–892
– biomass
– – closed forests 891
– – open forests 891
– carbon density 891
– – closed forests 891
– – open forests 891
– carbon pool, hill forests 890
– larger-diameter trees 890
– living biomass 889
– – carbon stock trend 891
– living biomass removal 892
– – factor 892
– most degraded forests, sal forests 889
– – deforestation reasons 890
– non-living biomass 889
– organic carbon sequestration 892
– smaller-diameter trees, mangrove forest 890
– standing volume of wood, different forest

types 890
– total organic carbon storage 891
– village forests, highest organic carbon

storage 891
organic matter 15, 18, 305
Oryza sativa 299, 607
– CBF1/DREB1B, introduced 575
– miR398 743
– phs mutants 737
– plasma membrane fractions 692
– up- and downregulation of miR896 513, 514
OsABA2 gene 609
OsbZIP23 gene 593
OsDREB2B expression 670
OsDREB1F gene 610
Os03g0810800 gene 609
osmolytes 31, 42, 44, 94, 308
osmoprotectant molecules 423
osmoprotectants 40, 42, 277, 334, 439, 728
osmoregulation 277
osmotic adjustment 1047
– acclimatization response 1047
– osmolyte concentration 1047
– – pattern 1047
– osmotic potential 1047
– – determination 1047
– symptoms 1047
osmotic disequilibrium 326
osmotic potential 190
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osmotic stress responses 277, 1056–1065
– alleviate osmotic stress, exogenously applied

polyamines role 1058–1061
– – Ctenanthe setosa leaves 1061
– – exogenously supplied ABA 1061
– – exogenous polyamines 1058
– – photoadaptation 1061
– – polyamine biosynthesis 1061
– – polyamines inhibitors 1058
– – salinity stress, alga 1061
– – salt-tolerant Nonabokra 1059
– – scavenging system enzymes 1059
– – stress-related effects, mitigation

1058, 1059
– – waterlogging stress 1059
– – water stress tolerance 1059
– hypo/hyper-osmotic stress tolerance, plant

response 1056–1058
– – ADC activity 1056
– – Arabidopsis 1058
– – defense genes 1058
– – drought-sensitive wheat �Yangmai 9� 1056
– – drought stress (NaCl or sorbitol)-induced

damage 1057
– – drought-tolerant �Yumai 18� 1056
– – ionic toxicity 1057
– – moderate drought stress 1056
– – more-tolerant Sahara cultivar 1057
– – NaCl stress 1057
– – osmotica 1056
– – osmotic stress adaptation 1057
– – osmotic stress-induced modulation, plant

polyamines 1056
– – polyamine biosynthesis 1057
– – polyamine biosynthetic genes 1057
– – polyamine levels alteration 1058
– – polyamines different compositions 1056
– – polyamines functions 1058
– – polyamine signaling in plants, osmotic

stress 1059
– – Put aminopropyltransferase (PAPT) 1056
– – reactive oxygen species (ROS)-scavenging

activity 1057
– – salt stress tolerance, polyamines

importance 1058
– – salt-tolerant hybrid pumpkin 1057
– – salt-tolerant rice cultivars Nonabokra 1057
– – Spd 1056, 1057
– – Spm 1056, 1057
– – transgenics expressing polyamines homo/

hetero-logously 1060
– polyamine-mediated plant osmotic stress

signal transduction 1062–1065

– – ABA-dependent transcription factor,
OsBZ8 1063

– – ABA-dependent upregulation, ADC2 1063
– – ABA-mediated osmotic stress

response 1064
– – ABA-mediated stress signaling 1063
– – abscisic acid (ABA) 1063
– – cross-talk 1062
– – ethylene signaling pathway 1062, 1063
– – functional cooperation between ABA, NO,

and ROS 1064
– – iso-osmotic stress, NaCl 1065
– – NaCl-dependent regulation 1063
– – non-ABA-mediated osmotic stress

response 1064
– – PAO 1062
– – polyamine biosynthetic pathways 1065
– – polyamine catabolism 1064
– – Put accumulation 1063
– – reactive oxygen species (ROS)

induction 1062
– – reactive oxygen species (ROS) role 1062
– – salinity-stressed plant 1062
– – salinity stress, Spd/ABA, kinase

interaction 1063
– – salt excretion process 1064
– – salt sensitivity 1062
– – steady-state ADC mRNA, transient

upregulation 1064
– transgenics, plant polyamines

research 1061, 1062
– – Agrobacterium-mediated

transformation 1061
– – Arabidopsis ADC2 gene 1061
– – enhanced antioxidant activity 1062
– – multiple abiotic stresses 1062
– – osmotic stress-induced ADC activity 1061
– – polyamine metabolism 1061
– – Put, tissue-specific accumulation 1061
– – Spd accumulation 1062
– – Spm deficiency 1062
– – tetracycline-inducible promoter 1061
– – transgenic tobacco plants 1061
osmotic stress signaling
– subclass III SnRK2s, positive regulators

in 526–528
osmotin 591
ost2-1 and ost2-2 mutant 85
Ostreococcus lucimarinus 277
Ostreococcus tauri 277
oxidation number 349
oxidative enzymes 234
oxidative stress 152, 202, 209, 326, 515
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– adaptive responses 257–259
– lignin biosynthesis 913
– Potentilla atrosanguinea
– – antioxidative mechanism 912
– – clones 911, 912
– – managing, nature�s way 911–913
– – Mn-superoxide dismutase (SOD) 912
– – photosynthesis rate 911
– – reactive oxygen species (ROS) 911, 912
– – systematic analysis 912
– – temperature-responsive plant

processes 911
– – winter dormancy 912
– PotSOD gene 913
– – benefits 913
– recombinant SOD 913
– – crystal structure 913
– subzero temperature 912, 913
– superoxide dismutase (SOD) 913
– – overexpression 913
– – superoxide radicals 913
– transgenic adaptation to 260
3-oxo-2(20-pentenyl)-cyclopentane-1-octanoic

acid 329
12-oxophytodienoate reductase 3 (OPR) 329
12-oxophytodienoic acid (OPDA) 328
oxygen (O) 349
ozone
– downregulation of miR398 under ozone and

UV-B stress 515
– levels in the preindustrial era 515
– tropospheric 515
ozone depletion 252, 295, 301
– land plant evolution 301
ozone tolerance 829, 830
– biotechnological techniques 829
– – advancement 829
– comparative studies 830
– effects of ozone 829
– elevated ozone 829
– – exposure results 829
– multifactorial environmental conditions 829
– ozone-resistance genes 829
– regulated by 829
– tropospheric ozone 829
– – concentration 829
– yellow nutsedge, weed 829
– – control 829
– – tomato productivity 829

p
Paenibacillus lentimorbus 331
Palmae 366

PAMP-triggered immunity (PTI)x 326
Panax ginseng 147, 511
– heat stress, to alter miRNA expression 511
Panicum virgatum 365
parallel pathway to CBFs 570, 571
– RAV1 (AP2) 571
– ZAT12 (zinc finger) 571
P5CS2 gene 570
Penman–Monteith model 6
Pennisetum purpureum Schumach. 365
pentose phosphate pathway 826
peptidyl–prolyl cis–trans isomerase (PPIase)

activity 469
perk4 mutant 90
peroxidase 14
peroxidation, of lipids 202
peroxisomes 203, 329
peroxynitrite 138
pesticides 306
Phalaris arundinacea 365, 367
Phaseolous trichocarpa 513
– differential expression miRNAs 513, 514
Phaseolous vulgaris 513
– upregulation of miRNS 513
phenolic compounds 709
Phleum pretense 367
phloem proteins 141
phosphatases 269
phosphate acquisition, soil solution 992, 993
– cytoplasmic Pi 992
– diffusion 993
– high/low-affinity Pi transporters 993
– Hþ/Pi cotransport system 993
– hydrostatic pressure, cumulative action 993
– physiological pH 993
– Pi concentration 992
– Pi-deficient condition 993
– Pi different routes, xylem upload 993
– Pi distribution 993
– pK values 993
– plasma membrane, hypersensitization 993
phosphoenolpyruvate carboxylase

(PEPCase) 911
phospholipases 438
phosphorus (P) 191, 991, 992
– essential macronutrient 991
– fertilizers 991
– – application 991
– orthophosphate, inorganic form 992
– orthophosphate Pi, inorganic form
– – H2PO4– and HPO4

2– 992
– Pi-acquisition efficiency 991
– Pi-use efficiency 991
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phosphorylation 267
photoinhibition 429
photomorphogenesis 38
photon conversion efficiency 368
photooxidation, of chlorophyll 82
photorespiration 203
photosynthesis 13, 42, 81, 82, 92, 368,

952–956
– chloroplast structure 955, 956
– – chloroplast volume 955
– – salicylic acid, high concentration 955
– downregulated 30
– enhanced 390
– factors effecting 29
– inhibition of 29
– leaf 955, 956
– – anatomy, alteration 955
– – ROS detoxification 956
– light acclimation, redox homeostasis

953, 954
– – antioxidant enzymes inhibition 953
– – Arabidopsis mutants 953, 954
– – Arabidopsis plants cultivation 954
– – disease resistance 954
– – endogenous salicylic acid levels 953
– – foliar salicylic acid levels 954
– – genes expression regulation 953
– – reactive oxygen species (ROS) 953
– – regulation 954
– – ROS signaling pathway 953
– – salicylic acid deficiency 954
– – salicylic acid-dependent programmed cell

death 954
– – salicylic acid signaling pathway 953
– – wild-type plants 954
– mechanisms, of plants 686
– non-selective contact herbicide,

paraquat 956
– – deleterious effect 956
– photosynthetic inhibition 728
– plant-water relations 952–956
– rate 4, 14
– related traits 953
– – exogenous application, salicylic acid 953
– – foliar application, salicylic acid 953
– – presowing seed-soaking treatment 953
– – ribulose-1,5-biphosphate carboxylase/

oxygenase (RuBisCO) 953
– – soybean study 953
– RuBisCO activity 955, 956
– – declined activity 956
– – effect of salicylic acid 956
– salicylic acid

– – chlorophyll content 953
– – foliar application 952, 953
– – low dose benefits 955
– – metabolic response, plants 952
– – pigments 952, 953
– – pigments synthesis 953
– – positive effect 956
– – seed-soaking treatment 952
– stomatal closure 954, 955
– – ABA-deficient mutant 955
– – endogenous salicylic levels 955
– – phytohormonal control 955
– – salicylic acid-deficient genotypes 955
– – salicylic acid role 955
photosynthetically active radiation (PAR) 910
Photosystem II complexes 30
Phragmites communis 141
Physcomitrella patens 487, 691
physiological mechanisms
– abscisic acid (ABA) 846
– – exogenous applications 846
– – role 846
– cellular membrane systems 846
– critical temperature, heat tolerance in

chickpea 846
– heat stress reduces 846
– heat tolerance 846, 847
– heat-tolerant genotypes 846
– high night temperature 847
– – damaging effect 847
– osmoprotectants 846
– – exogenous application 846
– oxidative injury 846
– sensitive genotypes 846
physiological processes
– salicylic acid cross-talk, germination 944
– – abscisic acid (ABA) 944
– – biosynthesis, salicylic acid 944
– – gibberellin-induced a�amylase (Amy32b)

expression 944
– – gibberellins 944
– – induced germination 944

– salicylic acid-regulated 942–945
– seed germination 943
– – under abiotic stress 943, 944
– – negative effect on 943
– – regulation 943
– – salicylic acid impact 943
phytohormone 422, 486
phytohormone abscisic acid (ABA) 522.

See also abscisic acid (ABA)
– ABRE-dependent gene expression in

signaling 530
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– ABRE functions as a major cis-acting
element 530, 532

– AREB/ABFs master transcription factors,
role in regulation 529

– bZIP transcription factors 531
– mediated gene expression, controlled by 522
– potential application of ABA signaling

components
– – to improve crop productivity 537, 538
– PYR/PYL/RCAR-PP2C-ABA receptor

complex 524–526
– role in control of seed dormancy 532–534
– – quantitative trait locus analyses, providing

novel factors for 535, 536
– – SnRK2s as central regulators in 534, 535
– role in plant adaptation, to land and

environmental changes 536, 537
– role in regulation of abiotic stress

resistance 522
– signaling components, in response to cellular

dehydration 522–524
– subclass III SnRK2s, positive regulators in

signaling 526–528
phytohormones 307, 712, 713
phytohormones, Pi deficiency 1001–1003
– auxin role, Pi deficiency 1001, 1002
– – auxin-dependent pathway 1002
– – auxin-independent pathway 1002
– – auxin response factors (ARFs) 1002
– – auxin-responsive mutants 1002
– – auxin treatment effect 1002
– – exogenous application, auxin 1001
– – Pi-deficient plants 1002
– – Pi-normal plants 1002
– – Pi-starved plants, auxin effect 1002
– cytokinin, Pi deficiency 1002
– – cytokinin receptor, CRE1 1002
– – PSI genes 1002
– – shoot growth promotion 1002
– ethylene, Pi deficiency 1002, 1003
– – Arabidopsis 1003
– – effects on roots 1003
– – ethylene biosynthesis 1002
– – ethylene biosynthesis inhibitor (AVG) 1003
– – ethylene precursor (ACC) 1003
– – ethylene responsiveness, roots 1002
– – Pi-sufficient conditions 1002
– gibberellic acid, Pi deficiency 1003
– – DELLA-deficient mutant plants 1003
– – DELLA protein degradation 1003
– – exogenous gibberellic acid

application 1003
– – gibberellic acid biosynthetic genes 1003

– – gibberellic acid-dependent pathway 1003
– – gibberellic acid-independent pathway 1003
– – MYB62-overexpressed phenotype 1003
– – Pi starvation 1003
– – PSR response repression 1003
– – role 1003
– – transcription factor, MYB62 1003
– transcriptome analysis 1001
phytoremediation 786, 1028, 1029
– benzene, toluene, ethylbenzene and xylene

(BTEX) 1028
– copper-resistant strains 1028
– ever-increasing role 1028
– genetically engineered strains 1028
– inoculated test plants 1028
– nitro-aromatic compound

degradation 1028
– potential role, bacterial endophytes 1029
– quantitative gene expression 1029
– xenobiotic degradation 1028
– xenobiotic degradation pathway 1028, 1029
Pi-acquisition/use efficiency, improvement

strategies 1003–1007
– Arabidopsis 1004, 1007
– genes involved, Pi starvation adaptation, RSA

changes 1005, 1006
– genetic regulators, plant responses 1004
– high-throughput genotyping platforms 1004
– low-Pi tolerance mechanisms 1004
– marker-assisted backcrossing 1004
– marker-assisted selection (MAS) 1004
– nutrient acquisition 1007
– Pi deficiency, plant responses 1004
– Pi deprivation signaling 1004
– Pi, low availability 1003
– Pi sensing/signaling mechanisms 1004
– – comprehensive analysis 1004
– Pi-sufficient plants 1004
– PTXD gene 1007
– root-to-shoot Pi transport 1004
Picea abies 707
– lignin biosynthetic pathway 707
Pi-deficiency 995–1001. See also

phytohormones, Pi deficiency
– local Pi responses 995–999
– – developmental responses 995
– – lateral roots formation 999
– – primary root growth, effect on 995–997
– – root hair proliferation 997–999
– – root system architecture (RSA) 995
– responses 1001
– – hexokinase-dependent signaling

pathway 1001
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– – hexokinase-independent signaling
pathway 1001

– – high-affinity phosphate transporters 1001
– – Pi deficiency increases 1001
– – Pi homeostasis 1001
– – Pi-starved conditions 1001
– systemic Pi response 999–1001
– – genetic network regulating systemic

response, Pi starvation 1000 (See also
genetic network regulating systemic
response)

– – phosphate starvation response (PSR) 999
– – Pi-containing organic compounds 999
– – Pi homeostasis 999
Pinus densata 231
Pinus sylvestris
– polyphenolic antioxidant catechin 707
Pinus tabulaformis 231
Pinus yunnanensis 231
Piriformospora indica 331, 332, 470
Pi status sensing, plants 993, 994
– external Pi level, perception 994
– phosphite 994
– Pi-deficiency responses 994
– Pi sensing 993
– Pi starvation 994
– – induced genes, PSI 994
– – local signaling 994
– – suppression 994
– – systematic signaling 994
– Pi-utilizing proteins 994
– putative Pi sensors 993
– – Pho81, cyclin-dependent kinase (CDK)

inhibitor 993
– – PhoR, membrane-associated sensor

kinase 993
– putative signaling molecules 994
– �split-root� design 994
– transcriptomic studies 994
– two-component signaling system 993, 994
Pisum sativum
– Cd-, Cu-, or Zn-exposed roots 147
– HSP18.1 471
plain land sal forests 887
– current situation 887
– located in 887
– – map 885
– main tree species 887
– total area 883, 887
– types 887
plant acclimation 28
plant adaptation, and mitigation strategies
– heat shock proteins 429–431

– for heat stress tolerance 427–429
– thermal stability of cell membranes 429
plant adaptations 28, 934
– omic architecture 934
– to salinity stress 686
– stress, in response of 934
– to thermotolerance 445, 446
Plantago maritima 190
plant biomass 81, 82
– productivity 81
plant composition 18
plant-derived organics 71
plant diversity
– conservation 934
plant domestication/cultivation 508
plant growth factors 326–328
plant growth-promoting (PGP) fungi 332
plant-growth promoting rhizobacteria

(PGPR) 426
plant growth regulation 949, 950
– Arabidopsis
– – growth 949
– – MPK6 949
– map kinase phosphatase 1 (mkp1) 949
– – growth defects 949
– mitogen-activated protein kinase (MAPK)

pathway 949, 950
– – cascades 950
– plant growth homeostasis 950
– PR gene expression 949
– protein tyrosine phosphatase 1 (ptp 1) 949
– – growth defects 949
– reactive oxygen species (ROS) 949, 950
– – signaling 950
– salicylic acid 949, 950
– – accumulation 949
– – biosynthesis 949, 950
– – induced protein kinase (SIPK) 949
– – signaling pathway 949
plant metabolome alterations, adverse

conditions 757–770
– abiotic stress 757
– – cellular level 757
– – environmental conditions 757
– – response 757
– adaptation 757
– – biochemical, plants 758
– Arabidopsis 757
– – complete genome sequence 757
– drought 763–765
– – ABA biosynthesis 765
– – ABA-dependent regulatory systems 765
– – ABA-independent regulatory systems 765
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– – antioxidant systems 764
– – carbohydrate metabolism 764
– – carbohydrate-related genes 765
– – 9-cis-epoxycarotenoid dioxygenase

(NCED) 765
– – dehydration-responsive element

(DRE) 765
– – drought-modulated different secondary

metabolites 765
– – drought-responsive metabolites 765
– – drought stress perception 764
– – fructans 764
– – mannitol 764
– – mechanical barrier, pathogens 764
– – metabolic profiling analysis 765
– – morphological structures 763
– – phytohormone ABA 765
– – proline accumulation 764
– – proline biosynthesis 764
– – stress-related genes, expression 765
– – stress-tolerant organisms 764
– – water-limiting environment 763
– heavy metals 768–770
– – adverse affects 768
– – antioxidant systems 769
– – Cr-stressed rice roots 769
– – cysteine-rich polypeptides

(metallothioneins) 769
– – metabolite content analyses 770
– – metabolite profiling 769
– – metal ion chelation, ubiquitous

mechanism 769
– – nitrogen metabolism 769
– – NMR-based metabolic fingerprinting 769
– – proline accumulation 769
– – reactive oxygen species (ROS)

generation 768
– – ROS-detoxifying antioxidant defense

machinery 769
– – toxic effects, metabolic pathways 768
– hypoxia 767, 768
– – genes downregulation 768
– – genes upregulation 768
– – hazardous effects 767
– – hypoxia treatments 767
– – metabolite accumulation changes 768
– – metabolite profiling 767
– – metabolome analyses 768
– – oxygen availability, tolerate limitations 767
– – proteins accumulation 768
– – proteome analyses 768
– – response analyses 767
– – tolerance 767

– intergovernmental panel, of climate
change 757

– light 758, 759
– – alternative protective mechanisms 759
– – Arabidopsis 758
– – chlorophyll fluorescence imaging 759
– – dark reaction 758
– – flavonoids 759
– – GC/time-of-flight-MS analysis 759
– – glycolysis 759
– – high-light stress 758
– – isoprene-expressing wild-type plants 759
– – light-harvesting antenna complexes

(LHCs) 758
– – light intensities, increment 758
– – long-term exposure, high light

intensity 758
– – metabolic adjustments 758
– – metabolite pools 759
– – photosynthetic light reaction 758
– – photosynthetic organisms 758
– – photosystem II (PSII) 758
– – RNA interference-mediated non-isoprene-

expressing poplars 759
– – time-course experiments 758
– – tricarboxylic acid cycle (TCA) 759
– – UV radiation 759
– metabolic pathways 758
– omics approaches 757
– salinity 766, 767
– – ATP biosynthesis 766
– – choline-oxidizing enzymes 767
– – constraints, salt stress 766
– – deleterious effect 766
– – differential salt tolerance 766
– – metabolite profiles 767
– – metabolites 766
– – metabolome analysis 766
– – physiological mechanisms 766
– – plant responses 766
– – salt stress signaling 766
– – Soil salinity 766
– – transgenic plants 766
– – UV detection 767
– – water-deficit-treated plants 767
– temperature 760–763 (See also temperature)
– – cold stress 761–763
– – global climate change 760
– – high temperature 760, 761
– transposon-tagged mutant lines 757
plant–microbe interactions 326
plant-microbe interactions under abiotic

stress 428
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plant molecular adaptation 422
plant productivity 15
– stomatal responses in control of 82, 83
plant resources, modifying 15
plant response, climate change parameters
– biodiversity-rich zone, Himalayan 910
– – relevant questions 910
– Himalayan flora 908–919
– increased temperature affects 908, 910
plant responses, to abiotic stress 252–256
plant response, to drought stress 211
– gas exchange 217–219
– germination 211–213
– photosynthesis 219–223
– plant growth 214–216
– plant-water relations 216–217
– reproductive development 223–225
– seed formation 223–225
– stomatal conductance 217–219
– yield attributes, and yield 226, 228, 229
– – reduction in yield, crop species 227
plant secondary metabolites 705, 706
plant signaling machinery 460–465
Plumbaginaeae 686
Poaceae 686
Poa pratensis 231
pollination 29
pollution 398
poly(ADP-ribose) (PAR) 271, 272
poly(ADP-ribose) polymerase (PARP) 265, 272
poly(ADP-ribosyl)ation (PARylation) 271
polyamine-induced NO generation 142
polyamine levels 142
polyamine oxidase 142
polyamines 31, 42, 44, 314, 708, 1053
– in abiotic stress tolerance in plants 425, 426
– biosynthetic genes 1053
– in chilling stress 715
– for chilling tolerance 315
– definition 1053
– implication in cellular events 1054
– mode of action 1054
– physiological function, research focus 1054
– in plants 1054
– spermine 1054
– in stress-induced modulation of RSA 314
polyamines metabolism, plants 1055, 1056
– abscisic acid (ABA) 1055
– desiccation tolerance 1055
– homeostasis 1055
– intracellular concentrations, free

polyamines 1055
– – conjugation 1055

– – oxidative deamination 1056
– osmotic stress effect 1055
– polyamine biosynthetic pathway 1055
– transgenic plants analyses 1055
poly(ethylene glycol) (PEG) 608
polyunsaturated fatty acids (PUFAs) 202,

328, 336
Pongamia pinnata 366
Populus euphratica 91
Populus przewalskii 231
Populus tomentosa 511
– heat stress, to alter miRNA expression 511
Populus tremula
– miRNA families to be upregulated by UV-B

radiation 490
Populus tremuloides 707
Populus trichocarpa 277, 371
Porteresia coarctata 689
postgenomic era 728, 925
post-transcriptional gene silencing

(PTGS) 482
post-translational protein modification 271
potassium 191
poverty 59
PP2C phosphatases 659
precipitation 5, 15, 252, 305
– changes in 5
– erratic intense 508
– rates 507
– variability 6
preharvest sprouting 522
primary root growth 995–997
– Arabidopsis
– – experiments 995
– – primary root 995
– ethyl methanesulfonate-induced Arabidopsis

pdr2 mutant 995
– external Pi concentration sensing 995
– Fe-mediated reactive oxygen species (ROS)

production 996
– inhibition 996
– iron uptake 996
– low-Pi patch 995
– multi-copper (Cu) oxidase-encoding

gene 996
– MYB transcription factors 996
– phosphate deficiency response 2

(PDR2) 995
– Pi-dependent root architecture

modifications 997
– Pi, local availability 995
– Pi-responsive genes 995
– Pi-sensitive checkpoint 996
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– quantitative trait loci (QTLs) 995
– RNA interference (RNAi) 997
– root apical meristem (RAM) 995
– – fine-tunes RAM activity 996
– – quiescent center (QC) identity 995
– – restoration 996
– SCR (scarecrow) protein 996
– split-root growth assay 995
Pringlea antiscorbutica 715
probiotics 58, 72
productivity, salicylic acid 945, 946
�progressive nitrogen limitation�

hypothesis 18
proline 315, 569
14-3-3 protein 591
proteinase inhibitors 591
protein carbonylation 202
protein degradation 522
protein disulfide isomerase (PDI) 469
protein kinase inhibitors 268
protein kinases 39, 40, 591, 740, 741
protein oxidation 202
proteins involved in metabolic regulation

465–469
proteins, stabilization of 469–471
proteins three-dimensional structures,

involved in abiotic stress tolerance 460
proteome 439
proteomics 729
Pseudomonas fluorescens 332
Pseudomonas syringae 330
Puccinellia tenuiflora 691
putrescine 315, 735
pyrabactin-1-like proteins (PYLs) 423
pyrabactin resistance 1 (PYR1) 423
pyruvate phosphate dikinase (PPDK) 822
– expression profile, gene coding for 822

q
quadruple squeeze 858, 859
– first squeeze 858
– fourth squeeze 859
– second squeeze 858, 859
– third squeeze 859
quantitative trait locus (QTL) analysis 307,

535, 536

r
radiation-use efficiency (RUE) 389, 395
Rad50 protein 265
raffinose 94
rainfall 14, 18, 63, 73
– amount and pattern

– – change 817, 818
– – current farming system 817
– – intergovernmental panel on climate change

(IPCC), prediction 817
– distribution 15
– impact rice production 29
– pattern 74
random amplified polymorphic DNA

(RAPD) 867
rd29A gene 575
RD29A promoter 662
RDO4 gene 535
reactive nitrogen species (RNS) 137, 138, 141,

147, 152, 190, 739, 741, 1048
reactive oxygen species (ROS) 84, 85, 88, 137,

138, 210, 296, 327, 422, 431, 432, 439, 591,
606, 686, 728, 735, 739, 942, 1048

– DNA lesions induced by 265
– generation after UV-B irradiation in plant

cells 297
– harmful effects 1048
– induce genotoxic stress 256, 257
– mutualistic symbiotic interactions 1048
– – key requirements 1048
– pathogenesis 1048
– plant–microbe interactions 1048
– reactive nitrogen species (RNS) 1048
– scavenging, and detoxifying enzymes 255
– as signaling molecules 1048
reactive oxylipins (RES) 328
recalcitrance, of soil organic matter 402
recalcitrant carbon, in bioenergy crops

354, 355
receptor-like kinases (RLKs) 88
receptor protein kinase 591
REDD (Reduced Emissions from

Deforestation and Forest Degradation) 376
Reducing Emissions from Livestock Research

Program 71
regulatory component of ABA receptor 1

(RCAR1) 423
respiration 956, 957
– alternative oxidase pathway (AOX)
– – de novo synthesis 957
– – limiting reactive oxygen species (ROS)

production 956
– – nonproton-driven carrier 956
– – overexpression 956
– – salicylic acid regulation 956, 957
– – ubiquinol oxidation 956
– alternative respiration pathway 956
– – induction 956
– de novo protein synthesis 957
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– isolated mitochondria 957
– NtAOX1 gene 956
– – expression 956
– – transcript 956
– salicylic acid
– – concentration 957
– – impact on mitochondrial function 957
– – induced inhibition 957
– – treated tobacco cells 957
– stimulation 957
– tobacco cell suspension culture 956
rhizobacteria 332
Rhizobium 486
Rhizophoraceae 686
Rhizophora mangle 689
Rhizophora mucronata 201
rhizosphere fungi 332
rhizosphere/rhizodeposition 1015, 1016
– autotrophic organisms, plants 1015
– bacteria 1015
– – plant associated 1015
– – plant interactions 1015
– definition 1015
– ecological importance, rhizodeposition 1015
– neutrophil extracellular traps 1015
– photo-assimilated compounds, 1015
– plant root secretion 1015
– root colonization 1015
– root exudates, role 1015
ribulose biphosphate carboxylase

(RuBisCO) 299
ribulose bisphosphate (RuBP) 30
– nitrogen for regeneration 30
rice
– chimeric bifunctional TPSP gene 42
– cultivation as main source of GHG

emissions 69
– DREB transcription factor 610
– expression of OsABI5 593
– OsTPP1 expression in 42
– pollen germination in 29
– protoplast, ABA require activation of 529
– submergence tolerance 66
– – Swarna-Sub1 66, 67
rice domestication
– amino acid substitution (K79N) 656
– BEL1-type homeobox gene 656
– genomic fragment 656
– MYB3 transcriptional regulator 655
– O. rufipogon 656
– O. sativa ssp. indica 656
– plant propagation 655
– progenies 655

– reducing grain shattering 655, 656
– seed 655
– seed shattering in chromosome 1 (qSH1),

QTL 656
– varieties, seed shattering 656
Rice-Wheat System
– adaptations 65
risk management 74, 75
RNA interference (RNAi) 482
– silencing 449
RNA-mediated gene suppression

methods 497
RNA polymerases 256, 606, 620
RNA, stabilization of 469–471
RNS. see reactive nitrogen species (RNS)
Rof1 gene 446
role of transcription factors
– escherichia coli 641
– gene expression 641
– – activation domains (ADs) 643
– – diagram, eukaryotic promoters 643
– – eukaryotes 641, 642
– – heterodimerization 643
– – proteins 642, 643
– – sigma 642
– historical perspective 641–644
root hair proliferation 997–999
– Arabidopsis 998
– – mutants screening 998
– – Pi-deficient roots 998
– basic helix–loop–helix (bHLH) transcription

factor, RSL4 997
– DELLA protein accumulation 999
– ethylene signaling 998
– F-box protein, FBX2 997
– gibberellic acid–DELLA system 999
– gibberellins role 998
– glycerophosphodiester phosphodiesterase

genes 998
– key regulators 997
– novel transcription factor BHLH32 997
– phenes 997
– Pi-deficiency responses 998
– Pi starvation response 997
– Pi-sufficient conditions 997
– plant hormones role 998
– proteasome-mediated protein degradation

inhibition 998
– root hair density 997
– secondary messengers 997
– soil P availability 997
– ubiquitin proteases 998
– – role 998
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– – ubiquitin-specific protease, UBP14 998
roots, as primary organ sensing soil

environment 330, 331
root–shoot communication 333
– signaling compounds 333
root �stem cell niche� 307
root system architecture (RSA) 306
– application of phenomics in stress-

associated 319, 320
– breeding approaches to improve 308
– conventional breeding approach 308, 309
– genomic approaches
– – to identify regulators, associated with

abiotic stress tolerance 311, 312
– identification of QTLs
– – associated with specific traits, and stress

tolerance 309–311
– marker-assisted selection (MAS) 308
– minirhizotrons tool, use of 320
– polyamines and osmotic regulators in stress-

induced modulation 314, 315
– RooTrak software 320
– small RNA-mediated regulation of 317–319
– traits 308
– transgenic approaches to improve, abiotic

stress tolerance 313, 314
– use of �RootReader3D� 320
ROS. see reactive oxygen species (ROS)
RSA. see root system architecture (RSA)
RuBisCO degradation 30
RuBisCO enzyme 818
– activity 818
RUS2 protein 298

s
SAAT sequences 335
Saccharomyces cerevisiae 263, 463
Saccharum officinalis 1022
SAC51 gene 43
Salicornia bigelovii 695
Salicornia brachiata 686
salicylic acid 326, 327, 608, 712
salicylic acid (ortho-hydroxy benzoic acid) 940
– derivatives 941
– structure 941
– varying basal levels 940
salinity 163, 179, 326, 368
– chlorophyll content in plant tissues 196
– genes conferring tolerance 67
– irrigation-induced 163
– soil 164
– tolerance by plants 189
salinity stress, abiotic stress 966, 967

– antioxidant enzymes 967
– – activities 967
– damaging effects salinity 967
– enhanced tolerance 966
– metabolic perturbations, plants 966
– osmolytes (proline) 966
– – accumulation 966
– preadaptation, seedlings 967
– salicylic acid 966
– – capability 967
– – effects on plants 966
– – exogenous application 966
– – preteatment 967
– salinity-stressed plants 967
– tolerance 967
salinity stress signaling 82
salinity tolerance 444, 445, 686, 824–826, 825
– comparative study 824
– controlled by 824
– effects on plant performance 824
– leaf hydrogen peroxide 826
– non-stressed rice plants leaves 826
– oxidative injury 826
– plant adaptations 825
– pokkali rice cultivation 824, 825
– – feature 825
– – rice cultivation areas survey 825
– salicylic acid 826
– – foliar application 826
– salt-induced ROS 826
– salt tolerance engineering 826
– weeds 824
– – Diplachne fusca 824
– – studies 824
salinization 334
Salsola baryosma 686
Salsola kali 686
salt concentrations (NaCl), in soil 326, 334
salt overly sensitive (SOS) kinases 438
salt stress 179, 713, 714
– defined 164–167
– perception 167, 168
– primary/secondary effects 172
– – osmotic and ionic phases 172–174
– – oxidative stress 176, 177
– – role of SOS pathway in ion

homeostasis 174, 175
– signaling 168
– – abscisic acid signaling 169, 170
– – Ca2þ signaling 168, 169
– – pH in signaling 169
– – phospholipid signaling 171, 172
salt stress sensitivity 140
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salt tolerance 38
salt-tolerant genes 687
Salvia officinalis 970
SAMDC gene 43
Sapindus mukorossi 366
Sapindus trifoliatus 366
saturated hydraulic conductivity 16
saturation vapor pressure 6
Schizosaccharomyces pombe 263
seasonality 5
seasonal water patterns in maize 15
sea waters 63
secondary metabolism impact
– catechin biosynthesis 923
– climate change scenario 919–924
– CSIR-institute of Himalayan bioresource

technology, India 922, 923
– de novo transcriptome sequencing 920
– endangered species 920
– flavonoid biosynthetic pathways 923
– – drought stress effect 924
– free air CO2 enrichment (FACE) 922
– free air temperature increase (FATI) 922
– high-altitude region confined species 919
– iridoid moiety 920
– monooxygenase activity 922
– phenylpropanoid biosynthetic pathways 923
– – drought stress effect 924
– phenylpropanoid pathways 923
– photosynthesis 919
– – primary products 919
– – secondary products 919
– Picrorhiza kurrooa Royle ex. Benth. perennial

herb 920
– – genes overexpression functional categories,

compared to 922
– – hepatoprotectivity 920
– – picrosides biosynthetic pathway,

temperature change 921
– relationship between 920
– – primary and secondary metabolism 920
– secondary metabolites 919
– stevia 923
– – diterpenoid steviol glycosides 923
– tea 923
– – catechins 923
– – climate change, response 923
– – leaves major source of 923
secondary metabolites roles
– under changing climatic conditions 706, 707
– in drought, salt, temperature, cold, and

chilling stress 713
second-generation biofuel crops 366, 367

second-generation Hadley centre regional
model (HadRM2) 907

semi-arid tropic (SAT) region 58
semideciduous forests 16
senescence 960–963, 961
– associated genes (SAGs), salicylic acid

regulation 960
– – Arabidopsis senescent leaves 960
– – genes enhancement 960
– – salicylic acid signaling pathway 960
– jasmonic acid signaling, senescence

regulation 960, 961 (See also jasmonic acid
signaling)

– occurs due to 960
– salicylic acid accumulation 960
– – probably consequences 960
– salicylic acid biosynthesis 960
– salicylic acid signaling pathway 961
– – different tissues senescence process,

conservation of 961
– – phytohormones 961
serotonin 713
Ser/Thr kinases 88, 267, 741
Sesuvium 686
severe erosion 16
sfr6 mutant 569
SHN1/2/3 genes 608
shoot culture, Aloe vera 872, 873
– shoot multiplication, enhanced rate 872
shoot multiplication 936, 937
– BAP 936
– in/ex vitro rooting 936, 937
– kinetin 936
– large scale 937
– large-scale plantation 937
– micropropagation 937
– in vitro induced shoots 937
– – Blepharis sindica 937
– – Haloxylon recurvum 937
– – Haloxylon salicornicum 937
– – Leptadenia pyrotechnica 937
13(S)-hydroperoxy fatty acids 328
signaling molecules 31
signaling molecules, role during abiotic

stress 711
signaling, salicylic acid 941, 942, 947, 948
– Arabidopsis 947
– Arabidopsis NahG transgenic plants 947
– – expression 947, 948
– – growth rate 947
– benzothiadiazole S-methylester (BTH) 948
– brassinosteroid signaling pathways 948
– cell suspension culture 942
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– complex role 948
– de novo induction 942
– de novo synthesis, proteins 942
– endoreduplication 947
– enzyme control 942
– key role 941
– methyl-salicylate (MeSA) 942
– – esterase activity 942
– – production 942
– NahG mutants 942
– radiolabeled salicylic acid 941
– salicylic acid depletion effect 947
– as signaling molecule 942
– signaling pathway 947
– – transgenic plants, characterization 947
– systemic acquired resistance (SAR) 941
– transcription factor OBP3
– – salicylic acid-inducible DOF (DNA binding

with one finger) 947
signal transduction 267
singlet oxygen 210
Sinorhizobium meliloti 333
SIPK (salicylic acid-induced protein

kinase) 268
siRNAs 482
slow anion channel-associated 1 85
small interfering RNAs (siRNAs) 277, 482
– biogenesis of 492
– role in plant stress responses for adapting to

climate change 492–494
– small RNA-mediated suppression

approaches, application of 497–499
– small RNA (sRNA)-mediated suppression

constructs 498
small non-coding RNAs in plants 508, 509
small RNAs 267, 425, 483
– classes of 483
S-methylmethionine 315
smokestack emissions 352
SNAC1 and SNAC2 gene 669
SNF1-related protein kinases 2 (SnRK2) 423,

659
S-nitrosoglutathione 138
S-nitrosothiols 138, 151
S-nitrosylation 138, 141, 151
SNP-associated alternative tags (SAATs) 334
sodium 191
soft inheritance 274
soil 63
– biodiversity 71
– C : N ratio 63
– C sequestration in soil 71
– degradation (see soil degradation)

– erosion 15, 16, 63
– evaporation 16
– fertility 17
– management 16, 17
– moisture 335
– nitrogen (N) mineralization 63
– nutrients 16
– organic C loss 71
– organic matter 15, 63
– salinity 28, 164, 686
– structure 16
– temperature 63
– water 15, 17
– – availability 15, 17
– – evaporation 15
– – holding capacity 5, 15
soil-bioenergy crops
– temporal changes of carbon 360–361
soil C, and P loss 353
soil conditions 28
soil C sink potential 366
soil degradation 15, 16
– continuous cropping practice and 16
– conventional tillage 16
– double-cropping systems 16
– eastern Paraguay 16
– Ethiopia 16
– Fraser Valley in British Columbia 16
– mechanical tillage resulted in 16
– Nepal 16
– Paudel 16
– southern Brazil 16
– Taddese 16
– Thapu 16
soil surface, exposed to direct sunlight 15
Solanum lycopersicum 114, 117, 118, 121, 122,

124, 623, 646, 773, 1057, 1062
Solanum tuberosum 514
solar radiation 4, 5, 251
– variability 6
Sonneratia alba 201
SOS1 gene 691
SOS genes 464
SOS3 mutant 445
SOS pathway 444
Soybean
– GmWRKY 21 38
– GmWRKY54 38
– miRNA expression 513
– WRKY genes 38
soybean
– free-air carbon-enrichment (FACE) study 17
Spartina alterniflora 687
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spermidine 735
spermine 142, 735
Sporobolus spicatus 688
srk2d/e/i mutant 534
starch 348
StMYB1R-1 gene 594
StMYB1R-1 transgenic plants 620
stomata
– aperture, signal mediation of 84–86
– guard cell development 86, 87
– responses in control of plant productivity

82, 83
stomatal aperture, signal mediation of 84–86
stomatal conductance 12, 13, 14
– C3 vs. C4 species 13
– effects of elevated CO2 on 13
storms 252
stress-activated protein kinase 268
stress hormones 736, 737
– ABA 737, 738
– ethylene 738, 739
– jasmonic acid 738, 739
– salicylic acid 738
stress mitigation
– salicylic acid 963–971
– – effects on abiotic stress, model 964
– – effects on biotic stress, model 964
stress proteins 710, 740, 741
stress resistance
– in plants 31
stress-resistant genes 327
stress-responsive gene expression 741, 742
stress-responsive genes 556
stress-responsive transcription 90, 91
stress tolerance 42, 43, 1025
– abiotic stresses 1025
– bacterial endophytes 1025
– cold-tolerant 1025
– host plant physiology 1025
– photosynthesis-related proteins 1025
– – production 1025
stress tolerance, endophytic fungi 1042–1046
– abiotic stress tolerance types
– – endophytes to plant species 1044, 1045
– class 1 endophyte tolerance 1042
– drought stress 1043
– – definition 1043
– – endophytic fungi infection 1043
– – endophytic symbiotic association 1043
– – photosynthetic pigments, changes in 1043
– – water stress 1043
– – heavy metal stress 1046
– – detoxification, heavy metals 1046

– – endophytic bacteria 1046
– – mitigating Cd stress 1046
– – species showing abiotic stress

tolerance 1046
– salt stress 1045, 1046
– – area under salt stress 1046
– – complex genetic traits 1046
– – plant response, salinity 1046
– – soil salinity 1045
– – symbiotic relationships 1046
– – UN environment program 1045, 1046
– – yield stability 1046
– temperature stress 1043–1045
– – antioxidant enzymes 1045
– – crop species 1043
– – endophytic bacterium, effect 1045
– – heat shock proteins (HSPs) 1043
– – response mechanisms, stress

tolerance 1043
stress tolerance mechanisms 1046–1049
– abiotic stresses, plant response 1046
– symbiotically conferred stress

tolerance 1046, 1047
stress-tolerant crops 31
stress-tolerant varieties 66, 67
strigolactones 332
Suaeda altissima 691
Suaeda corniculata 696
Suaeda fruticosa 686
Suaeda japonica 686
Suaeda maritime 686
Suaeda monoica 686
Suaeda nudiflora 686
Suaeda salsa 140, 687
submergence-tolerance genes 67
sucrose 42
sucrose phosphate synthase (SPS) 570
sucrose synthase (SuSy) 570
sugar alcohols 94
sulfate 251
– assimilation 516
sulfotransferases activity 466
summer crop 5
sunshine duration 5
superoxide 93, 190, 210, 686
superoxide dismutase (SOD) 14, 297, 694, 709
superoxide radical-scavenging

mechanisms 728
SuperSAGE data, on transcript induction 335
Swarna-Sub1 67
– adoption rate 67
– National Food Security Mission 67
– yield advantage 67
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Swarna tolerant to multiple stresses 67
switchgrass 365
symbiosis 332
symbiotic microorganisms 331, 332
– alleviate/improve abiotic stress tolerance of

host plants 332, 333

t
TaE3 gene 442
TAL-effector nucleases (TALEN) 96
Tamarix hispida 687
TaOPR1 (12-oxophytodienoic acid reductases)

gene 444
TaqMan probes 334
temperature 4, 6, 760–763, 917–919
– cell cycle/cell division 918
– cold stress 761–763
– – acclimation 762
– – Arabidopsis 763
– – chilling injury 761
– – chilling/non-freezing temperatures 761
– – chilling tolerant, temperate regions 761
– – cold acclimation 762
– – cold-induced adaptation 762
– – cold-induced gene expression 762
– – cold-responsive genes 762
– – cold-responsive transcription factor 762
– – C-repeat binding factors (CBFs) cold-

responsive pathway 763
– – cryo-damage 763
– – freezing injury 761
– – gene expression, reprogramming 762
– – low-temperature stress 762
– – maltose 763
– – perception 762
– – response 762
– – signaling events, low temperature plants

response 762
– – stress-tolerant crop plants 762
– – transcription factors CBF/DREB1,

overexpression 763
– – transgenic Arabidopsis 763
– – transgenic tobacco plants 762
– cryoprotectants, generating 919
– effect on plant performance 917
– expression of genes 919
– genes downregulation 918
– global climate change 760
– growth temperature effect 919
– high temperature 760, 761
– – abscisic acid (ABA) 761
– – alkaloids 761
– – genetic engineering approach 761

– – glycine betaine-deficient species 761
– – hormonal balance alteration 760
– – hormonal homeostasis alteration, heat

stress 761
– – low-molecular-mass organic compounds,

osmolytes 760
– – membrane fluidity changes 760
– – phenolics biosynthesis 761
– – phytohormones 761
– – secondary metabolites 761
– – secondary plant products 761
– – thermotolerance 760
– – transgenic plants 761
– histone proteins 918
– increase, effects of 841, 842
– low-temperature-responsive

mechanisms 917
– molecular response 917–919
– optimum for vegetative growth 29
– responses 7
– – annual crops 7–11
– – major challenges 11
– stress 714, 715
– stress-inducible genes, upregulation 918
– stress-responsive genes 918
– – expression 919
– tea 917
– transcriptome 919
– winter dormancy 919
temperature stress, abiotic stress 967–969
– cold stress 968, 969
– – CAT activity 968
– – chilling injury 968
– – electrolyte leakage 968
– – enhanced germination percentage 969
– – exogenous salicylic acid 968
– – hydroponic solution 969
– – treatment, salicylic acid 968
– gaseous emissions 967
– global mean temperature 967
– heat stress 967, 968
– – applications, salicylic acid 968
– – heat-stressed plants 968
– – negative effects, plants 967
– – photorespiration rate, increases 968
– – photosynthetic functions 968
– – pretreatment, salicylic acid 968
– – salicylic acid, foliar spray 968
– – treatment, salicylic acid 968
– optimum temperature, deviation 967
Teten�s equation 12
Thellungiella halophila 687
thermotolerance 821–823
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– acquisition of 822
– antioxidant defense mechanism 822
– antioxidant enzymes 823
– – ascorbate peroxidase (APX) 823
– – heat-stable isozymes of 823
– – superoxide dismutase (SOD) 823
– cool-season turfgras
– – heat-acclimated vs. non-acclimated 822
– cytosolic Cu/Zn-superoxide dismutase

(SOD) 822
– defense mechanisms 822
– Eupatorium adenophorum Spreng 821
– – vs. Eupatorium odoratum 821
– Eupatorium odoratum L. 821
– heat shock proteins (HSPs) 822
– – accumulation 822
– – synthesis 822
– heat stress 822
– maize plants 821
– – intolerance to low temperature 821
– Miscanthus · giganteus, C4 grass 821
– Mn-SOD 822
– oxidative stress 821
– – protection 822
– plant adaptation 822
– pyruvate phosphate dikinase (PPDK) 822
– – expression profile, gene coding for 822
– reactive oxygen species (ROS) 821
– – autocatalytic peroxidation 822
– – generation 822
– – reaction 822
– stress-related proteins 823
– – synthesis 823
thermotolerance factors 431, 432
thylakoid membranes 29, 297
tillage
– conventional 71
– reduced tillage on soil C content 71
TIR1 (transport-inhibitor response 1) 516
tissue culture-raised plants 867
tocopherols 255, 708
tpk1 mutant 86
TPP gene 42
TPS gene 42
TPSP gene 42
trans-acting siRNAs (ta-siRNAs) 277
transcriptional gene silencing (TGS) 481
transcription factors 31, 91, 424, 438, 515, 556
– bZIP 35
– combinatorial activity maintain root �stem

cell niche� 307
– DREB/ERF 36
– gene discovery in stress responses 663–665

– historical perspective 641–644
– modulating plant adaption, classification

of 592
– – AREB/ABF proteins 593
– – CBF/DREB transcription factors 594, 595
– – MYC/MYB transcription factors 593, 594
– – NAC and ZF-HD proteins 595, 596
– – WRKY transcription factors 596
– – ZF proteins 596, 597
– NAC 37, 38
– plant families, implicated in drought and

salinity 644, 645
– – AP2/ERF family 651, 652
– – bHLH family 649
– – bZIP family 649, 650
– – HD family 653, 654
– – MYB family 37, 645
– – NAC family 650, 651
– – WRKY family 652, 653
– role of 336
– simplified model, representing phylogenetic

distance 668
– WRKY 38
– ZF 38, 39
transcriptome 94
transcriptome analysis 914
– chaperones expression 919
– climate change scenario 914, 919
– – challenge 919
– – objective 914
– environmental cues tolerance genes 914
– environmental cues tolerance, gene

suits 914
transcriptomics 728, 729
trans-esterification 364
transgenerational inheritance 274–278
transgenic expression of HaHB4 in

soybean 671
transgenic maize plants overexpressing

ZmNF-YB2 672
transgenic plants 94
– drought-resistant, engineered by using bZIP

transcription factors as transgenes 539, 540
– functional analysis of DREB genes in 574,

575
transgenic rice plants 38
transgenic wheat plants 42
transpiration 12, 13, 328
– rate 14, 30
transport, salicylic acid 941, 942
– infection tolerance 942
– reactive oxygen species (ROS) 942
– surface-applied salicylic acid 942
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– synthesis in cells 941
trees abiotic stress tolerance, different forest

types 892–894
– biomass production 894
– climate change-induced abiotic stresses 892
– degree of tolerance 892
– dominant trees 894
– – regeneration 894
– drought sensitive trees 894
– extreme temperature trees 894
– genetic variation 892
– likely abiotic stress tolerance, organic carbon

storage trends 893
– sal coppices 894
– Sundarban trees 892
– – H. fomes (Sundri), most dominant

tree 892, 893
– – top dying of Sundri 893
trehalose 42
– biosynthesis pathway, heterologous

expression of genes 42
Trifolium alexandrinum 608
tripeptide glutathione (GSH) 709
Triticum aestivum 11, 41, 112, 113, 116, 117,

222, 231, 259, 262, 443, 460, 493, 511, 512,
575, 590, 610, 619, 1043–1045

– heat stress, to alter miRNA expression 511
– TaDREB1 gene 609
Triticum dicoccoides 317, 512–514
– drought-responsive miRNAs 513
– miRNA expression patterns 488
– upregulation miR398 514
tropical cyclones 507
tropospheric ozone 818
– agricultural yield reduction 818
– – mechanisms 818
– meta-analytic techniques, results 818
tryptophan
– in UV-B perception 299
tyrosine nitration 141

u
ubiquitin-proteasome system (UPS) 944, 945
– DELLA proteins 945
– – gibberellin signaling repressors 945
– – reactive oxygen species (ROS)

modulation 945
– – salicylic acid/jasmonic acid signaling

modulation 945
– hormone signaling pathways 944, 945
– NPR1 945
– – activity regulation 945
– pathogen-infected cells 945

– salicylic acid-induced phosphorylation 945
– salicylic acid signaling transducer 945
– – NPR1 945
ultraviolet (UV)-B 295
– effect on plants 296
– response of plant roots to 297, 298
– root evolution under a UV-B

environment 299, 300
– tryptophan in UV-B perception 299
– UV-B receptors found in roots 298, 299
ultraviolet (UV) wavelength regions 295
underground water 508
UN food and agriculture organization

(FAO) 883
UniTags 334
urban growth 73
UV-B radiation 252, 514, 819, 820
– Asia–Pacific region, effects on 819, 820
– enhanced UV-B 819
– – effects 819
– gene pool 820
– genetically engineered genomes 820
– – aim 820
– high levels 819
– – effects 819
– natural evolution, crop plant

species 820
– spring wheat, effects on 819
– stratospheric ozone layer, depletion 819
– – effects of 819
– tolerance (see UV-B radiation tolerance)
– UV-B photoreceptors 819
UV-B radiation tolerance 828
– enhanced peroxidase activity 828
– increased UV-B radiation 828
– – plant responses 828
– ozone layer 828
– plant sensitivity 828
– stratospheric ozone depletion 828
– UV-B-absorbing compounds 828
– UV-B exposure 828
– – biological responses 828
– UV-B protection, protection

mechanism 828
– weeds 828
– – exposure study 828
UV-mediated ROS generation 296, 297
UV radiation, ozone stress 969, 970
– ozone, deteriorating effects 969
– ozone exposure 969
– photochemical reactions 969
– phytohormone signaling role
– – ozone-induced cell death 970
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– protection mechanisms 969
– salicylic acid
– – accumulation 969
– – exogenous application 969
– – photochemical efficiency 969
– UV-B-stressed plants 969
UVR8 gene 298

v
vacuolar Hþ-PPase (V-PPase) 695, 696
valley exit jet 904
Vallisneria gigantea 692
vaporization 6
V-ATPase 695
vegetative growth 946, 947
– cost-beneficial phytohormones 946
– exogenous salicylic acid 946, 947
– salicylates treatment 946
– salicylic acid 946
– – antiproliferative properties 947
– – exogenous application 946
– – foliar application 946
– – growth-promoting effects 947
– – growth-stimulating effect 947
– – rooting enhancement 946
– soil nutrient solution 946
Verticillium dahliae 43
Vicia faba 263
village forests 886, 887
– biological diversity 886
– dominant trees 887
– homestead forests, Bangladesh 886
– products 886
– in situ conservation, agro-biodiversity 886
– surplus products 886
– total area 883, 886
vitamin A-improved rice 787
vitamin A, malnutrition 787
vitamin C 255
vitamin E 255
VP1/ABI3 gene 532

w
warming temperatures 4
water 62
– balance 63
– cycles 346
– demands 5
– erosion 16
– holding capacity, of plant tissue 306
– productivity 81
– responses 11–17
– salinity 63

water stress 82, 336, 970, 971
– drought stress, higher tolerance 970
– metabolic adjustment during 94
– – cell wall compounds 95, 96
– – metabolomic study of primary

metabolites 94, 95
– moisture deficit 970
– – effects on plants 970
– in plant 15
– protection mechanisms of photosynthesis

during 92–94
– salicylic acid 970
– – ameliorating role 971
– – damaging effects alleviation 970
– – efficiency depends on 971
– – exogenous application 970
– – pivotal role 970
– – treatment 970
– tolerance 82
– – key transcription factors 91, 92
– – signaling mediation by membrane-

localized proteins 87–90
– – signaling/transcriptional control 87
– – stress-responsive transcription 90, 91
water-use efficiency (WUE) 12, 81, 348,

1048
– basic equation for 12
– critical parameter in 15
– definition 1048
– endophyte-positive plants
– – vs. endophyte-negative plants 1048
– enhancement through genetic selection/crop

management 15
– evaluation 13
– growth and development processes and

17, 18
– measure of 1048
– Neothyphodium coenophialum

infection 1048
– optimizes WUE of C assimilation, in arid

habitats 367
– physical variables 14
– physiological variables 14
water vapor 6, 507
wax content 14
WCS120 gene 564
weather patterns 28
wheat
– Cor/Lea genes 448
– genes, used for raising abiotic stress-tolerant

transgenics 440
– genotypes 30
– improvement
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– – functional and comparative genomics
approaches for 449, 450

– overexpression of mtlD gene 42
– physiological and molecular adaptive

strategies in 438–440
– systems 17
– TaWRKY2 and TaWRKY19 genes 38
wild underutilized species 934
– importance 934
wilting coefficient 191
wind velocity 63
WIPK (wound-induced protein kinase) 268
woody plants, grow in intertidal zones with

high salinity 190
World Water Day 859
WRKY family
– five subgroup 652, 653
– – ABA signaling 653
– – electrophoretic mobility shift assays

(EMSAs) 653
– – homo- and heterodimerization,

proteins 653
– – immunoprecipitation 653
– – N-terminal LZ 653
– higher plants 652, 653
– W-box 652
– zinc finger-like motif, three groups 652

WRKY transcription factors 596, 624–626
WUE. see water-use efficiency (WUE)

x
x-ray repair cross-complementing factor 1

(XRCC1) 271
xylem 333
xylem biopolymers 366

y
yeast one-hybrid assays 659
yield gap 210

z
Zea mays 34, 115, 119, 261, 353, 560,

575, 590
zeaxanthin 707
ZF-HD regulon 614, 615
ZF transcription factors 596, 597
zinc 608
zinc finger homeodomain 1 (ZFHD1) 662
zinc finger nucleases (ZFN) 96
Zinc finger transcription factors 93
ZmbZIP17 gene 593
Zostera 686
Zosteraceae 686
Zostera marina 692
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