Contents

L IRtroduCHON. .. ..ottt et ee e, 126
2. theramreRewew 7-35
3. Materfal and Methods.............cocoviieiiiiiiii e v, 36264
3L Plant Materfal..........c.ocoiiiiiiiiiiciver e e e 36
3.2 Fungalculture 36
3.3. Isolation of microorganisms from Mandarin rhizosphere...................... 38
3.4. Isolation and Identification of AM spores from rhizosphere soil... ........... 38
3.5 Screening of root for mycorrhizal infection................oovieeevieeeeennn. 39
3.6 Inoculation techniques and disease assessment.............c..eeeeevvenuennnnen. 39
3.7, Assessment of mycelial growth................coiiieei e, 40
3.7.1, Solid media. .. c...ov it oo e 40
372, Liquid media.......ooceviive i e e ee e e B
3.8. Biochemical tests of miCroOTZANISINS. ............vevvvvvniiniicervereeeeeneenens 41
3.8.1. Gramreactom. ... ..o veeiiiiieiieire et v e rr e et e 41
3.8.2. Endospore Staiml............ooviiiiirieeiie e e e een e 41
3.83. Catalase........ccoooirviiinien et e e e e e 4]
3.84, Ureadigestion.....ocoeieeioiiiiiiiee i veeeer e ere e e e 41
3.8.5. Casein hydrolysis.......c.ocooiiiiivniiriiiii v e vee e 41
3.8.6. Starch hydrolysis..........cocoouiriiiiiiveiviniiniiiine e 42
3.8.7. Indoletest. .. .c.oovvienieieee e e e e e e e e e 42
3.8.8. Siderophore production............cocove e 42
3.8.9. Chitinase production..................c.iveiviini i 42
3.8.10. Cellulase Production..........c.cooevevesiiiiiinnimn e ccneen veeenn 42
3.8.11. Protease production... .........vvviiinieranniiniirseneeivenvin s ee 42
3.8.12. HyS production.........vevieiiiiinciicinias e riere e eain saa s ans 42
3.9. In vitro testing of rhizosphere microorganisms for antagonism towards
TOOL PAthOZEIL. .. et it e e e 43
3.9.1.1. Solid meditmm.......ccoveveiiieiiiiien e enreeeceeeeener e 43
3.9.2Bacteria. .. ..iiii i e e e e e e e 43
" 3.9.2.1 Solid MEGIUM. ......ovveseeceeeeeesi e e e 43
3.9.2.2. Liquid medinm ..........ccooiiviiiiii i cannnn 43
3.10. Scanning Electron Microscopic observation of selected beneficial
IECTOOTEANISINIS ....oevveiee veseaeeieeeevenees s ranerevennaernecunaasnerannenesesns B4
3.11. Assessment of bacterial growth............c.oi i e 44
3.12. In vitre Screening and Evaluation of phosphate solubilizing activity of isolated
TUCTOOTEAIISIIIS .. vuuveiesenaeion cee eeeaaneaeaeees seeerevenanneennasnasneennerresesdD
3.12.1. SCI€EMINE ...evivinars i et v vemiaeaes e eemrma mvn e s v srnan s e 45



3.12.2. Evaluation............c.coceevevein e ceeeeee e 45

3.13. Application of PGPR..........cccoocvveei et e e e 46
3.13.1. Soildrench...... ... e 46

3.13.2. FOlIar SPIAY......oocvienieiii e e et s ee e e et e vvneemeveannn, A6

3.14. Inocula preparation and application of biocontrol fungi........................ 46
...................................................................... 46
3.15. Extraction and estimation of soluble proteins .............cccoovencvvvenier e 47
KN G B T T T PRPURRRPURY” ¥

352, R00L .. .cviiriie et et et e e e e e e s e 4T

3.15.3. Estimation of protein content .............occovviiiciiiiiniiicennn, 48

3.16. SDS-PAGE analysis of soluble proteins... ...... e e e e e e 48
3.16 .1. Preparation of stock solution...............ccoceeveeeivneneenn . 48

3.16.2. Preparationof gel....................... e e raa 49

3.16.3. Sample preparation.......c.coccee et vemvineiniiiernans cesiessenneeennne 90

3.16.4. ElectrophOresiS.. . ... ..vvvuveeeemienarieeneeneen s sernersensee senenn v 90

3.16.5. Fixing and stainming.........cc.ccecoevieinieerinsvrncreeneneereseennnnn 50

3.17. Immunological StAIES. .. ....oviveiirnccirirriieiereeeeeirer et envrnasreeaneaens 0
3.17.1. Preparation of antigen.........c..cocovvivin il 30
3.17.1.1. Fungal antigen............coecieier v vneveeneecenneennnns. 30

3.17.1.2. Root antigen ... .c..ecvvinninicnsinenisns e ienvnnnnn 91

3.17.2. Raising of polyclonal antibodies...............ceoveveviiievin. 31
3.17.2.1. Rabbits and their maintenance......................... 51

3.17.2.2. Immunization .............. e e 51

3.17.23. Bleeding.........cuvvvinevneecvrevrire enreee s eveaans 51

3.17.3. Purification of IgG.......c.coiiiiiiiiiire i e, 32
3.17.3.1 Precipitation..........coovveeerieececee e cvsreieceeeee 52

3.17.3.2 Column preparation..............ceeecerince e vnsens 32

3.17.3.3 Fraction collection............ccovvevneneiiievecanceeen. 32

3.17.4. Immunological assays.......ccoeiiin i 53
3.17.4.1. Agar gel double diffusion..............occieneieenises 53

3.17.4.1.1. Preparation of agarose slides............. . 53

3.17.4.1.2. Diffusion.........coo v ievceniecceeeceee e, 33

3.17.4.1.3. Washing, staining and drying of slides... 353

3.17.4.2. Plate trapped antigen coated (PTA) - ELISA.......... 54

3.17.4.3.Dot immunobinding assay............cooceeevrrnnnn.. 54

3.17.4.4. Western blot analysis ..............coeevveeeenrereee. 35

3.17.4.5. Fluorescence antibody staining and microscopy... 55

3.17.4.5.1, Fungal mycelia ..........cccoceeeneeeee,. 33

3.17.4.5.2.Cross section of mandarin roots and Ieaves 55



3.18. Isolation of genomic DNA ..........cocvvvieccvieereieeveeersaeeeoeeannnnn. 56
3.18.1.PrepzirationofgenomicDNAextractionbuﬂ‘er.................. 56
3.18.2. Genomic DNA extraction '
3.18.3. Purification of genomic DNA..............ccovvveivneeennnn, 57
3.18.4. Measurement of DNA concentration using Spectrophotometry 57
3.18.5. Agarose gel eletrophoresis to check DNA quality............... 57

3.18.5.1. Preparation of DNA samples for electrophoresis... 57
3.18.5.2. Run gel electrophoresis for DNA fraction............ 58

3.19. RAPD PCR analysis...........ccoeeieriuniresiiiieeeeciciieeeeiie e eneaeeeenean. 98
3191 PCRPIMEIS ..o iciiiiiiecciiie vee eeveeveecer e ee e een e e e 58
3.19.2, Amplification conditions.............cccocceevviviiee i, 58
3.19.3. Analysis of RAPD band patterns................cc.cocevvnvinannsn. 59
3.19.4. Scoring of individual bands.................ccc.ccoiiiciie i, 59

3.19.5. Reconstruction of the phylogenetic tree.............ccccovveeen.... 59
3.19.6. UPGMA method. .. ... vvvvvvivniiieie e e aeeenn. 39

3.20. ITS PCRAAIYSIS..............ooveeer s ereeeveassasneseserseessenessene oo renens 59
3. 201 PCRPIIINEIS ..oovvvvie i eiecer e cevae vervs cae i cenmnssen e sanne 00
3.20.2. Amplification conditions.............. e et e e et rs e e 60
3.20.3. Sequencing of IDNA gene...........ocov e vivvrviserinierinnenn, 60
3.20.4. Sequence analysis... ... .c..cocoviviieiiiiini e e e 60
3.20.5. Chomatogram of SEQUENCE. .. .......veveiveesresireencenceccaranenne, 00
3.20.6. Editing and alignment of sequence data...............c............ 61
3.20.7. BLAST analysis of Sequences..........coueevereviiieninniann, ..... 61
3.20.8. Submission of IDNA gene to NCBI genbank...................., 61

3.21. Denaturing Gradient Gel Electrophoresis (DGGE)..........c..c.civievnienn. 61
3211 Materfals.......coie e s e e e eeeceeen e B
3.212. Methods... .oocovicievecniecevee e e e e e e mnncenmenes. O]

3.21.2.1, Creating the gel sandwich (DCode System BioRad). 61
3.21.2.2. Preparing the gel..........cooiiiiiiiii s 62
3.21.2.3.Runningagel...............‘.............................. 62
3.21.2.4, Staining of gels and photography............ccovvvvnn., 63

3.22. Extraction and Assay of defense enzyme activity .............coceviviinen,, 63
3.22.1. B-1, 3- glucanase (E.C. 3.2.3.39)....ccccivve crevereriieeeeineeennnn. 63
3.22.2. Chitinase (E.C. 3.2.1.14) .. ...c.iviiiiri i vinceiee e 63
3.22.3. Phenylalanine aminonia lyase (PAL) (E.C. 4.3.1.5)............ ... 64
3.22.4. Peroxidase (E.C. 1.11.1.7).c e iveierins it 64

4 EXPErIMENAL, ., ... et cerirniiniinies ceeeiet et ree s s aas s crm ernarecnsar s ar e s et en s 65-160

4.1 Survey of prevalent diseases of Citrus reticulata caused by pest

and PAthOBENS ... ... ... vevvre e et et e e e e s e e e ans O3
4.2 Root rot diseases of Citrus refictlatar... ... ... . oo v v v v 73



4.3 Cultural conditions affecting growth of the pathogen (M. phaseolina)...... 77

4.3.1. Effect of incubation time..............ceeeeememeer oo eeees oo 77
4.3.2. Effect of pHon growth............ooccciiei e e, 77

4.3.3, Effect of temperature on growth ................cc.ceevvvevnen.. 78
4.4 Isolation of microorganism from mandarin rhizosphere and their
Identification. ......... ..ot i i e 79
4.4.1.Analyses of soil samples of mandarin orchards..................... 79
4.4.2Fungal isolates ..........cooviviin e v, 19
4.4.3. Bacterial is01ates ... ... i 84
4.5. Occurrence of Arbuscular Mycorrhizal fungi in rhizosphere of mandarin
4.6. In vitro screening of fungal and bacterial isolates of mandarin rhizosphere
for phosphate solubilizing activities ............oooeeeiee i, 91
4.6.1, Screening in PVKmedium ... .............c.ciniinvn i e, 91
4.6.2. Evaluation in liquid media ..........c..cc.oooeivieiiiiiininiieean. 93
4.7. In vitro interactions of rhizosphere microorganisms of mandarin plants with
Mo Phaseoling ... ... ... ... o i o o e e cee et e e e e e e s e 98
4.8. Serlogical and molecular detection of M. phaseolina ........................... 100

4.8.1. Soluble protein ..........c..ccceeeeeeinees e e 100
4.8.2. Immunological SSaYS .......ceevrrrevereiirieeereresinenereenenean 100
4.8.2.1. Immuno-diffusion .............cccoei i e 100

4822 PTA-ELISA ... iicrieeieeeenaenne, 102
4 8.2 3, Dot immunobinding assay .............cccevvvvnenven.n 103

4.8.2.4. Western blot analysis .........cooovviiviii i 103
4.8.2.5. Indirect immunoflourescence ................ccceeueren. 105
4.8.3. Molecular detection on M. phaseofina ......................... JON 105
4.8.3.1. ITS- PCR amplification ..............eeeeeseveerenesn. 105
4.8.3.2. DGGE analysis ........cccoveeeieiiniiieiceaneeeen 107

4.8.3.3. Sequencing of 188 rDNA and their phylogenetic
Analysis ...t 109

4.9. RAPD-PCR and phylogenctic analysis of microorganisms of mandarin
THIZOSPRETE ... oot ce e e e e cer et eer e se e es see e ereaar e erae 115
4.9.1 Fungal pathogen of mandarinroots .............c.coveenieennnn.n. 115
4.9.2, Fungal isolates of mandarin rhizosphere ........................ 117
4.9.3. Bacterial isolates of mandarin rhizospl'lere e e 120
4.10, Morphological and molecular identification of a potential BCA isolate 125
4.10.1. Scanning electron MiCroSCOPY -..cvoveevrrvvnvarvrncarenriaeenas. 125
4,10.2, 185 r DNA SEqUENCING ....cevvevniiininiriiiniineeeeeeceeneeeenne 127
4.10.3. Analysis of IDNA gene sequences ..................ccceenuen e 128
4.11. Morphological and molecular identification of a potential PGPR isolate. 133



4.11.1. Scanning electron MICLOSCOPY .........ccevervmrrinneaevnerneanes
4.11.2. 165 r DNA sequencing .........ccooivveeviein i e,
4,11.3. Analysis of IDNA gene sequences ..........c.ccovvvvenennoeeaane,
4,12, Effect of Bioinoculants on suppression of charcoal rot disease of
Cllrus relicul@l@ ... ..........coooiv et e e e e
4.13.Activation of defense response of Citrus reticulata following application

of bioinoculants against M. phaseolina and associated changes in

efense ENZYINES ........ovvnrevieiit i cee ceecvn e e et emeae vrssrn e aee aee

4.14.Cellular Location of chitinase in root and leaf tissues of Citrus reticulata
following induction of feSiStance .........ceeeeeimeier e e

b o1 T T ) o O PP

T REICTCIICE .. ...eover. v oo eeeaea steeasaetaessns sea eaeesassessnnas ahe et e saeeee et eat s

135
135
137

142

152

159

161-173
174-176
177-201



