BANANA RHIZOSPHERE MICROBIAL DIVERSITY, LOW-COST TISSUE
CULTURE BANANAS (Musaspp.) MICROPROPAGATION, GENETIC
FIDELITY AND ACCLIMATIZATION USING ARBUSCULAR

MYCORRHIZAL FUNGI

WAHOME CAROLINE NYAWIRA

184/37752/2016

A THESIS SUBMITTED IN FULFILLMENT OF THE REQUIREMENTS FOR
THE AWARD OF THE DEGREE OF DOCTOR OF PHILOSOPHY
(MICROBIOLOGY) IN THE SCHOOL OF PURE AND APPLIED SCIENCES OF
KENYATTA UNIVERSITY.

MAY , 2024



DECLARATION

thesis is my original work and has not been presented or submitted for award of a
in any other University.

- ture Date: ....... 2'0 /05 / :Lo 9“.{"
ahome Caroline Nyawira

| 184/37752/2016
Department of Biochemistry, Microbiology and Biotechnology

- Declaration by supervisors

' This thesis has been submitted with our approval as University supervisors.

Signature m Date: ‘?0/05/ 20 2

Dr. John Maingi

Department of Biochemistry, Microbiology and Biotechnology
Kenyatta University

' Signature
Prof. Omwoyo Ombori
Department of Plant Sciences

Kenyatta University

!

Signaturﬁ%ﬁéﬂ-—_ Date: 420105’1292"{‘
Dr. Ezekiel Muge Njeru

Department of Biochemistry, Microbiology and Biotechnology
’ Kenyatta University



DEDICATION

| dedicate this work to my soCraig Macharia, sister Graceuthoni Wahome and my
parents Margaret Wangechi and Col. James Wahome Kariuki for the continued support
and encouragement. Special dedicatioasgio my late brother Kenneth Kariuki Wahome

for hislove andsupport.



ACKNOWLEDGEMENT

| am greatfuko my supervisors Dr. Johvlaingi, Prof. Omwoyo Ombori and Dr. Ezekiel
Mugendi Njerufor their guidance and supervision throughout my reseavork. |
appreciate the Department of Biochemistry, Microbiology and Biotechnology, and
Department of Plant Sciences, Kenyatta University for allowinganesethe TGLAB

and greenhouseéMy sincere gratitude goes to Mr. Morris Muthini, for his technical

support and valuable inpdturing my laboratory work and data analysis.

| would like to acknowledgéhe technical staffvho included Mr. Peter Ngari and Mr.
Lawrence Alarofor the technical suppoduring by research. | would like to offer my
gratitude tathe smallholder farmers of Kisii, Nyamira and Embu counties who took part

in the study for their contribution to this work.

My heartfelt gratitude goes to my family and friends for encouraging me during my
studies] would also like to acknowledge tidational Research Fund (NREhd the KU

VCs grant for financing of the project activitidggough my supervisors Prof. Omwoyo,
Dr. Maingi and Dr. Mugendiwithout whom this accomplishment would not e

possible



TABLE OF CONTENTS

I L ettt e e e e eeeb ettt e e e et e e e e e e e e e e e e s ammr e e e e e e e e e e e eeaeanaaannnannnsd |
DECLARATION .ttt ettt ettt e e e e e e e e s st e e e e e e e e e e e e e e e e s s s a s mnne s e e e s e n e i
DEDICATION .ot re ettt enes sttt b ettt e et e aeeeeeeessmmmteeeaaeaeaeeeeeesd I
ACKNOWLEDGEMENT ...ttt ceeststesvre et e e e e e e e e s smmmreeeaaaaaeeeeeeeseeeennnsnned iv
TABLE OF CONTENTS ..ottt ceees e e e e e e e e e emmmee e e e e e e aaaaaeaaaeaeeseesnmmnas v
LIST OF TABLES ...ttt ieeei ettt e e e e s st e e e e et e e e e e e e e e e e e e e e e s ammmnaaaeeeas Xii
LIST OF FIGURES .....cooiiiiiiieiii et e e et e e e e amrn e Xiv
LIST OF PLATES ...ttt ettt e e e e e sttt et e et e e e e e e e e e e e e e e e e s smmmnaaaeeeas XVi
ABBREVIATIONS AND ACRONYMS ...oiiiiiiiiiiiiiiieee ettt nmmne s XVii
Y = 1S Y I 3 X OO XiX
CHAPTER ONE ...t eeee sttt enet sttt et e e e e e e e e e e e e s sammeeeeeaaaaaeens 1
INTRODUGCTION ..ottt eee ettt e e e enes st e et e e e e e e e eeaeeeeessmamraeeeaeaeeas 1
1.1 Background Of the STUY..........ueeiiiiiiiiiiii e 1
1.3 Justification Of the STUAY.........uuiiiiiiiiiiii e 5
1.4 Research NYPOtNESES.......cviiiiiiiiiiiii e eeee ]
ST @ ] o] =Tod 11T O U 8
1.5.1 General ODJECHVE . ... .ccoiiiii e eeaeaaaan 8
1.5.2 SPECITIC ODJECHIVES.....coviiii et ereer e e et s 8
1.6 Significance Of the STUAY............oiiiiiii e 9

CHAPTER TWO ..ottt rne et 10



Vi

LITERATURE REVIEW ..t ire ettt eness s e e e e e e e e e aeeeeean 10
2.1 Importance Of DANANAS..............uuiiiiiii e errrr e 10
2.2 Propagation Of DANANAS..........cciiiiiiiiiii e 11
2.2.1 Conventional banana propagation...............oueeiiiimmereeeeeeeeeeeeeeeieii e eeeeeeeee 11
2.2.2Tissue culture teChNOIOGY.........cooeiiiiiiiiiiee e 12
2.2.3 Lowcost tissue culture technology............oovvvviiiiiiiceee e 13
2.3 Production constraints of bananas............ccccccee i eeeciiiiiiii e, 15
2.4 Somaclonal variations in VItro CUlUIE............uueiiiiiiee e eeeeeeeeeens 16
2.4.1 Inter Simple Sequence Repeat (ISSR) markers...........ccccoovvvieeeeeii e, 17
2.5 Soil microbial dIVErSItY.........oooiiiiei e e e e e e e e e e e 18
2.6 Sources of microbial contaminantSnrvitro CURUIeS...........ccceeeeeeviivviiieeen e, 19

2.7 Impact of arbuscular mycorrhizal fungi on growth and development of bananagl

CHAPTER THREE ..ottt annsn e 25
MATERIALS AND METHODS ...ooiiiiiiiiiiieee e 25
3.1 STUAY BIERL.....eiiiiiiiiiiie et eeeei ettt ettt et e e e e s emer et et et e e e e e e e e e e e e e e e e nammne e e e e e e e e e a e 25
3.2 Survey on preferred banana cultivars and production constraints..................... 26
3.3 Soil sSampling and @NAIYSES.........uuuiiiiiiiiiii e 29

3.4 Soil DNA extraction and Next Generation sequencing of soil metagenome
targeting 16S rRNA ant ITS regiONS..........uuuurermiiiiiieeeeiriiiiinns e e e e e e eeesemeneaneens 30

I I B ]\ VN 2 41 = (o1 (0 o AR 30

3.4.2Next generation SEQUENCING.......ccuviurriieeeeeeeeemee et e e e e e eeaaa e e e e eeeeneeseasa e eaaeesnes 30



vii

3.5 Lowcost micropropagation dbcal banana cultivars from Kisii, Nyamira and

EMNDU COUNTIES ..o et e et ve e anees 32

3.5.1 Production of banana plantlets using low cost tissue culture technalogies....33

3.6 Determination of clonal fidelity ah vitro regenerated banana plantlets using

ISSR MAIKEIS. ...ttt 36
3.6.1 DINA ©XITACHOMN ... .uuutiiiiiiiiiiiiieieeeeeeieee et ettt e e e e e e e e e e e s s s smmme e e e e e e e e e e e s s s ssnnneesnens s s anns 36
3.6.2 PCR amplifiCatiOn.........coiiiiiiiiiiieees s eeeea bbb e e e e e e e 37
3.6.3 Gel leCtrOPNOIESIS. ... oot ee e e e e 38

3.7 Isolation and characterization of fungal and b&dteontaminants in the tissue

CUILUIE [@DOTatory.......cceeeeeeeie e e e e e e e e e e e e aeeee s 38

3.7.1 Antimicrobial susceptibility tests for bacterial and fungal contaminants......... 40

3.8 Acclimatization efficacy of micropropagated plantlets using arbuscular

MYCOITNIZAI TUNQGL.....ciiiiieee e eeee B AL
3.9 DAta @NAIYSIS. .. uuuuuiiii i i i e ceeei et —ee e e e e e et ————————anaa——— 44
(O A el I o 1 o P 45
4.1 Banana ProdUCLION SUNVEY.........uuuuuuiieeeeeeeeeeeuuaiiaeasaeeeeeaeasseessmneaassaaaeaaesseesesmmnnnn 45

4.1.1 Sowl demographic features of banana smallholder farmers in Kisii, Nyamira

AN EMDU COUNTIES. ...ttt eereer e mnn 45
4.1.2 General farming practices in Kisii, Nyamira and Embu counties.................... 46
4.1.3Fruit production in Kisii, Nyamira and Embu counties..............coooiiiiieneneeienns 48
4.1.4Banana production in Kisii, Nyamira and Embu counties...............ccccvieeennnee 48
4.1.5 Factors affecting banana farming in Kisii, Nyamira and Embu counties......... 49

4.1.6 Banana tissue culture technology adoption..............cooevviimiiiiie e 51



viii

4.2 Soil physicechemical parameters...........ccoooviviiiiiiieeer e 52

4.3 Banana Rhizosphere Microbial Diversity determination using next generation
sequencing (NGS) of rhizospheric SOil............ouuiiiiiiiccne e 53

4.3.1 Relative abudance of bacterial phyla based on soil metagenomic analysis
targeting 16S FEQION.......ooii ittt ieeer e eeees b e e e e e e e e e e e e e e e 54
4.3.2 Hierarchal clustang of bacterial communities in banana rhizospheric soils.....55
4.3.4 Alpha and Beta diversity analysis of bacterial communities in banana
TNIZOPSNEIIC SISt e e e e e e eeene e 57
4.3.5 Relative abundance of fungal phyla based on metagenomic soil analysis.....60
4.3.6 Hierarchal clustering of fungal communities in banana rhizospheric. soils.....61
4.3.7 Alpha and Beta diversity analysis of fungal communities in banana

FNIZOPSNENIC SOIIS... .o eennees 64

4.3.8 The influence of soil physichemical parameters on microbial communities....66

4.4 In-vitro micropropagation efficiency of local banana cultivars using low cost

tISSUE CUILUIE tECNNOIOGY. .. . uuiiiiiiiiiiiiii ettt 68

4.4.2 Effect of micropogation on local banana cultivars..............ccoooeveeeeiicieeennnnn. 70

4.4.3 Shoot establishment and initiation response of local banana cultivars from
Embu, Kisii and Nymnira counties using low cost tissue culture technalogy.....70

4.4.4 Shoot multiplication response of local banana cultivars from Embu, Kisii and

Nyamira counties using low cost tissue culture p@bdgy..............cooevvviiiiiiiceen 72

4.4.5 Rooting response of local banana cultivars from Embu, Kisii and Nyamira

counties using low cost tissue culture technology...........ooooiiiiiiicee e 73

4.4.6 Clonal fidelity of micropropagated banana plantlets..........c....ccccvveeeeeevinnnen . 5



4.4.7 Genetic fidelity of Kiganda Kienyeji and N g 6 o rbanana cultivars

micropropagated using low cost tissue cult@@nology.............cccceeeeeieeieeeeeennn 75

4.5 Isolating, characterizing, and identifying microbial contaminants in the tissue

culture lab and evaluating antifungal and antibacterial susceptibility............... 78
4.5.1 Isolation of bacterial and fungal contaminants...............cccccccceeeeeveeevveevevivvnnnn 8
4.5.2. Identification of bacterial ISOIateS...........couvvviiiiiiiicee e 79
4.5.3. Identification of fungal contaminants............ccccoeeeeiireeeeiiiiiiiiee e, 83

4.5.4 Management of bacterial and fungal contamination using antimicrobial

=10 [ <] 1 TSP 89
4.5.4.1 Antibiotic sensitivity test on bacterial isolates.............ccceeviiiiceeeviiiiiiiciinnn. 89
4.5.4.2 Antifungal sensitivity test in fungal isolates................cccceiiiicceeeeiiviiiicieee e, 93

4.6. AMF use in promotion of survival and growth infvitro micropropagated

banana plantlets during acclimatizatiQn..................eeeeiieemiiiiiiiiiiiii e 97

4.6.1 Effect of Arbiscular mycorrhiza fungi on the \dual of low-cost

micropropagated banana plantlets...............eeeiiiiiieeeiiiiiiii 97

4.6.2 Effect of AMF treatment on the number of leaves of low cost micro

propagated&iganda KienyejiandN g 6 o babhama cultivars..................c.eevvvnnneee. 98

4.6.3 Effect of AMF treatment on plant height of low cost nmygropagated
Kiganda KienyejiandN g 6 o babama cultivars................ccooeivivieeen Q9

4.6.4 Efect of AMF treatment on biomass of low cost mipropagatediganda

KienyejiandN g 0 0 babama CUltIVAL..............coeeeiiiiiiieence e 101
CHAPTER FIVE . oottt ettt 104
DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS ... 104

LT I B [ o U 1o o] o PR 104



5.1.1 Survey of Kisii, Nyamira and Embu banana growing areas....................ceeuu.. 104
5.1.1.1 Banana farming practiCes.........ccoovviiiiiiiiimemee e 104
5.1.1.2 Challenges facing banana farming............ccooooiiiiccc e 105
5.1.1.3 Adoption of tissue culture technology of bananas..............ccccoviceevirinnnnns 105

5.1.2 Soil health status in Kisii Nyamira, Embu Counties and banana rhizosphere

g1 T o] o= TIe 1LY 7= T €] o 106
5.1.2.1 Soil physicochemical parameters............ccccuuvvvriiiimmmiiiiiiiiiree e eeeeees 106
5.1.2.2 Soil bacterial and fungal diVErSity............oovvuiiuiiicceeeeeeeee e e 107

5.1.3In-vitro micropropagation efficiency of low cost tissue culture technology on

10CAl DANANA CUIIVALS ... e e e e 111

5.1.3.1 Clonal fidelity of micropropagated banana dds....................coeeeeeveeeeeceennnn. 114

5.1.4 Common microbial contaminants in the plant tissue culture laboratory in

KeNYAta UNIVEISITY .. .uuuiiiiiiiiiiiiiiiei ettt rmmme e 116

5.1.5 Microbial contaminants response to antibiahd antifungal agents.................. 116

5.1.6 AMF use in promotion of growth and the survival of micropropagated

plantlets during acclimatization..................ooviiiie e 119
5.2 CONCIUSIONS. ... eeeea bbb 122
5.3 RECOMMENUALIONS ... ...uiiiiiiiiiiiii ettt eenr e e e e s e e e e e e e nneanes 124
APPENDICES. . ... .ottt st s e e et et e e e e e ee e b mmmtsa e e e e aeees 144
APPENDIX | ettt e e e e e et e e e e e et mmmreea e e e eeene 144
APPENDIX ettt et e e et e e e et e e e anmme e e e ea e ees 146

APPENDDX L reee e 158



Xi

APPENDIX IV e 159
APPENDIX V.. et e e ene e e e 160
APPENDIX Voo 161
APPENDIX VI .ttt teee e e e e e et e e mmme e e eeennnnes 162
APPENDIX VI ..ot 163

APPENDIX VX e s 164



Xii

LIST OF TABLE S

Table 1.1:Low cost media constituents and percentage cost reduction............... 14

Table 3.1: Experimental design of the treatment blocks for shoot initiation in the
micropropagton of banana cultivars.............ccccoevvviiie e 35

Table 3.2:Primers use in ISSR analysis to determine presence of somaclonal
V2= L= 0] 1S PRR R 37

Table 3.3Treatments used to determine AMF efficacy in improving in vitro
regenerated plantlets survival rate and growth............ccccccccviimeeeennnn 42

Table 4.1: Age distribution of respondents in Nyamira, Kisii and Embu counties.45
Table 4.2: Yield index of fruits in Kisii, Nyamira and Embu counties.................... 48

Table 4.3:Soil physicechemical properties of rhizpheric soil obtairg from
Kisii, Nyamira and Embu@unties............coovvvviiiiiiiiicccieeeeei s 53

Table 4.4:Alpha and Beta diversity bacterial communities analysis of banana
rhizospere soil SAMPIES...........oooviiiiiiiiiie e 60

Table 4.5Alpha and Beta diversity fungal community analysis of banana
rhizospere SOil SAMPIES..........uuuiiiiiiiiiiii e 66

Table 4.6Cost differences of conventional and lowstalternative sources of
macronutrientsmacronutrients and sucrogeed in the preparation of a
litre of tiSSUE CURUIE MEAIA. ... cen e 69

Table 4.7Cost differences of conventional and low cost akléiwe sources of
culturing materials and reagenised in the tissue culture technology....69

Table 4.8Shoot initiation response at different hormone concentrations of local
banana cultivars @m Embu, Kisii and Nyamira counties using low cost
tisSSUE CUItUre tECHNOIOGY.......uuuiiiiiiiiiiiiii e 71

Table 4.95hoot multiplication results of local banarailtivars to different
hormone concentrations in low casisSue culture micropropagation....... 73

Table 4.10n vitro response of local banana cultivars from Embu, Kisii and
Nyamira countiesn low-costrooting media supplemented with 2 mg/I
of IBA low cost tissue culture micropropagation...............cccccvvviennnsnnns 74



Xiii

Table 4.11Pairwise Population Matrix of Nei Genetic Distance...................cooeeeee. 77

Table 4.12Bacterial istate identification using colony morphology, gram staining
AN MICTOSCOPY. .. eeeettttereeeeeeeeeeesssssseseeeeeeeeeeeeeeeesammmreeeeeaaeeaaeesaaasaaanns 80

Table 4.13acterial isolate identification using microscopy and biochemical .test82

Table 4.14Colony morphology and identities of fungal isolates obtained from
various sites in the tissue culture laboratary............cccccvvvvveiieeeeennnns 85

Table 4.19Mean zones of inhibon diameters for bacterial isolates using antibiotic
SENSIIVILY TESL...eeiiiiiiiiiice e e e eeeer e e e e e e e e e e e e e e rnrnaaan ) 90

Table 4.l1@nterpretation of zones of inhibition to determine resistance (R),
intermediate resistance (IR) and samgy of fungal isolates.................... 92

Table 4.17: Mean antifungal resistance diameters of zones of inhibition for fungal
isolates obtained from tissue culture laboratary...............cccoevvieeeennnl! 95

Table 4.18nterpretation of zones of inhibition to determine resistance (R),
intermediate resistance (IR) and sensitivity of fungal isolates.............. 96

Table 4.19Results of onavay repeated measures ANOVA for the effects of AMF
treatment othenumber of leaves............oooovviiiiiiee 99

Table 4.20: Results of oneay repeated measures ANOVA for the effects of AMF
treatmenbn plant height.............ccoor s 101

Table 4.21Response and symbiotic efficiency of migpagatedKiganda
KienyejiandN g 6 o cuhivar plantlets treated with AME..................... 103



Xiv

LIST OF FIGURES
Figure 3.1Map generated from GPS -codinates showing Kisii, Nyamira ar@mbu
SAMPING SILES.. i s e e e e enaas 26

Figure 4.1Farm land allocation among the respondents in Kisii, Nyamira and Embu
(@0 01 011 46

Figure 4.2Diversity of crops grown by respondents in Kisii, Nyamira and Embu

(@011 ] 111 PP EPPPUPPR PP a7
Figure 4.3: Local banana cultivars in Kisii COUNLY............cccooiiiiiiicenie e 49
Figure4.4: Local baana cultivars in Nyamira COUNtY............ooovrviiiiiiiemnne e 49
Figure4.5: Local banana cultivars in Embu County...........cccccccoevvvimmriinneneeennnnnnn . 49
Figure 4.6: Pests and diseases as a challenge in banana farming......................... 50
Figure4.7: Lack of planting materials as a challenge in banana farming................ 50
Figure 4.8: Tissue cultured banana cultivars grown in Embu County...................... 51
Figure 4.9: Tissue cultured banana cultivars grown in Kisii COUNLY................cc...... 51
Figure 4.10: Tissue cultured banana cultivars grown in Nyamira................cccoeeeeeee. 51

Figure 4.11Relative abundance of observed bacteria kingdom pliylabanana
rhizosphere SOil SAMPIES............vvviiiiiiii e 55

Figure 4.12: Dual Hierarchal dendrogram evaluation of the taxonomic classification data,
with each sample clustered on theaXis labeled based soilmsale. .......... 56

Figure 4.13: Relative abundance of bacterial geNera.. ........cccoceeeeiiiiceciiiiiicieee e 57

Figure 4.14: Alpha diversity of bacterial microbial commigsitin soil samples expressed
asShannorAWiener and Rarefaction CUNVES...........cccovvvvvvivvieeee e 58

Figure 4.15 Principal coordinate plot of weighted UniFrac data with colors keyed on the
SAMPIEIA. ..o 59

Figure 4.16 Relative abundance of observed fungal kingdom phyla in banana
rhizosphere soil samples...........cooovuiiiiiicee e 61


Thesis%20Docs/AppData/Roaming/Microsoft/Word/Thesis%20Docs/Desktop/Nyawira%20Thesis%20Draft%2020%206%20%2022.doc#_Toc107234085
Thesis%20Docs/AppData/Roaming/Microsoft/Word/Thesis%20Docs/Desktop/Nyawira%20Thesis%20Draft%2020%206%20%2022.doc#_Toc107234086
Thesis%20Docs/AppData/Roaming/Microsoft/Word/Thesis%20Docs/Desktop/Nyawira%20Thesis%20Draft%2020%206%20%2022.doc#_Toc107234089
Thesis%20Docs/AppData/Roaming/Microsoft/Word/Thesis%20Docs/Desktop/Nyawira%20Thesis%20Draft%2020%206%20%2022.doc#_Toc107234088
Thesis%20Docs/AppData/Roaming/Microsoft/Word/Thesis%20Docs/Desktop/Nyawira%20Thesis%20Draft%2020%206%20%2022.doc#_Toc107234092
Thesis%20Docs/AppData/Roaming/Microsoft/Word/Thesis%20Docs/Desktop/Nyawira%20Thesis%20Draft%2020%206%20%2022.doc#_Toc107234090
Thesis%20Docs/AppData/Roaming/Microsoft/Word/Thesis%20Docs/Desktop/Nyawira%20Thesis%20Draft%2020%206%20%2022.doc#_Toc107234091

XV

Figure 4.17: Dual Hierarchal dendragm evaluation of the taxonomic classification
data, with each sample clustered on thaxié labeled based soil samplg2

Figure 4.18: Relative abundance of observed fungal genera iarmrhizosphere.....63

Figure 4.19: Alpha diversity of fungal microbial communities in soil samples expressed
as ShannofWiener Rarefaction CUIVes.............cccoevvvvvvviieeee e, 64

Figure 4.20: Principal coordinate plot of weighted UniFrac data with colors keyed on
the SAMPIBA.. ..o 65

Figure 4.21: Canonical correspondence analysis of bacteriatiep against soil
parameters for banana rhizospheric SQil............cccuvvviiiieeeiiiiiiiiiieeee, 67

Figure4.22: Canonical correspondence analysiBinfal species against soil parameters
for banana rhizospheric SQil..............ooouvicce e 68

Figure 4.23: Explants survival rate in lowgost tissue culture media supplemented with
different hormone CoNCENtratioONS..........cvviieeeeeeeeiieeeiceee e e 70

Figure 424: Number of Private, common bands and heterozygocity based on ISSR
ANAIYSIS . ...ttt 77

Figure 4.25: Dendogram grouping bacterial.............cooooiiiiiiccc e 81
Figure 4.26: Incidences of bacterial isolates obtained from swabs obtained from the
preparation room, culturing room, incubation room and bottles with

DANANGA CUIUIES . ... e 83

Figure 4.27: Dendagram grouping fungal contaminants isolated from various sites of the
plant tissue culture laboratory in Kenyatta University................c..coe... 87

Figure 4.28: Incidence of fungal isolates of swabs obtainesnfithe preparation room,
culturing room, incubation room and bottles with banana cultures.....88

Figure 4.29: Percentage of bacterial isolates showing resistance, intermediate resistance
and sasitivity to antibiotiCS...........cccoeviiiiiiiie 93

Figure 4.30: Percentage of fungal isolates showing resitance, intermediate resistance and
sensitivity to antifungal agentS...........ooooiiiiiiiiiicc s 97



XVi

LIST OF PLATES

Plate 3.1 Plant suckers obtained from the field in Kisii, Nyamira and Embu
(o0 11 1= PSP 32

Plate 3.2: Explant peparation and inoculation in low cost tissue culture media..34
Plate 3.3 Low cost tissue culture technology procedures...........ccccovvvvvvieemeeenn.. 36
Plate 3.4: Acclimatization of micropropagated banana plantlets using AME....... 43

Plate 4.1: Gel electrophoresis image of soil metagenomic DNA.2 % agarose
and 1 kb gene ruler (Thermofisher).........cccceeiiiiiiiiiiccceiiiiee e, 54

Plate 4.2: Plant genomic DNA of banana plantlets.............cccooooeiiiiiieecicicceeenn. 75

Plate 4.3: ISSR analysis results of UBC 826 primer of micropgaiad banana

Plate 4.4: Isolation of bacterial and fungal contaminants from the tissue culture
[ADOTALONY .. e 78

Plate4.5: Morphological and biochemical determination of bacterial contaminants
(0= ] 11§25 PSP 79

Plate 4.6: Morphological and biochemical determination of fungal contaminant
[0 =T ] 1§25 84

Plate 4.7: Antibiotic sensitivity test on bacterial isolates using disc diffusion



AMF
ANOVA
APDA
BLAST
CRD
DAMD
FAO
HSD
ISSR
ITS
LCTC
LM
MEGA
MSI
NA
NGS
PCOA
PGPR
pH
RAPD

RFLP

XVii

ABBREVIATIONS AND ACRONYMS

Arbuscula Mycorrhizal Fungi

Analysis of Variance

Acidified Potato Dextrose Agar

Basic Local Alignment Search Tool
Complete Randomized Design

Directed Amplification of Microsatellites DNA
Food and Agriculture Organization
Honestly Significant Difference
Inter-Simple Sequence Repeats
Internally Transcribed Spacer Genes
Low-Cost Tissue Culture

Lower Midland

Molecular Evolutionary Genetics Analysis
Mycorrhizal Soil Infectivity

NutrientAgar

Next Generation Sequencing

Principle Component Analysis

Plant GrowthPromoting Rhizobacteria
Potential of Hydrogen lons

Random Amplified Polymorphic DNA

Restriction Fragment Length Polymorphism



XViii

STMS Sequence Taggl Microsatellite
TC Tissue Culture

UM Upper Midland



XiX

ABSTRACT

Banana production in Kenya predominantly involves smallholder farmers, yet current
yields fall short of meeting local and international market demands due to constraints
faced by these farmeemong them being soil health and lack of clean planting materials
To address this issuthe studyassessed banana cultivation practices in Kisii, Nyamira,
and Embu counties, aiming to understand strengths and challenges withiretfiess.

In this study, rhizospheric soil physicochemical properties and the diversity of microbial
communitiesvas assessedhedding light on soil heal8tatus Furthermore, the efficacy

of a costeffective micrepropagation technique for local bananaltigars was
determined considering contamination susceptibility and acclimatization efficacy of
arbuscular mycorrhizdungi on micropropagated banana plantl@ise studyrevealed a
reliance on ineffective traditional propagation methods, with over &te smallholder
farmers facing a banana seedlings shortagéhe soil physiechemical parameters
indicated signs of degradation, with low pH and nutrient deficiencies raising concerns
with Embu County having the lowest pH measured (4.88j. metagenonai studies by

NGS showed thaproteobacteria and basidiomycota were the two most prevalent
bacterial and fungus divisions, respectively. Based on the Shannon diversity indices, the
highest bacterial and fungal community diversity was in soil samples atht&iom

Embu County and Kisii County respectively. To evaluate efficacy using low cost tissue
culture technologyselectedbanana cultivars were utilizednd results indicated the
highest survival rate of 100 % iKiganda Muraru and Kienyeji banana cultivies
established i n BAP and I AA. Ngbéombe cul
micropropagation with the highest shoot establishment (80.5 %) and shoot emergence
rates (75.5 %) producing the highest number of shoots per culture (10.61). To investigate
clonalfidelity of the tissue culture plantlets Inter Simpler Sequence Repeats (ISSR) and
the research demonstrated genetic homogeneity in banana seedlingsedeviar&iw

cost tissue cultureo the mother plant. During the micropropagation process the presence
of bacterial and fungal contaminants in the tissue culture laboratory was noted with the
most predominant bacterial and fungal contaminants bBlimgoccoccus luteusand
Cladosporium sp respectively Additionally, broadspectrum antimicrobial agents
nalidixic acid (30 pg) and carbendazim+ triadimefom (0.3 ug and 0.6 pg) exhibited
100% inhibition rates against these contaminants. To determine the response of the
micropropagated plantlets to AMEeclimatizationit was observethatKigandacultivar
respondd best taRhizophagus irregularigrhich showed the highest recorded biomass at
0.97. There is need to emphasize collaborative efforts among various stakeholders
establishing sustainable practice&dditionally, lowcost TC is a viable toolfor
producingdiseasdree seedlings anidtergratingantimicrobial agents recommended to
minimize contamination risks. Finallthe use oAMF treatmentn acclimatization with
further research needed for validation across diffeagnbecologicatonditions. These
recommendations aim to enhance productivity, sustainability, and resilience in banana
farming systems.



CHAPTER ONE

INTRODUCTION

1.1Background of the study

Standing as the fourth most impactful fruit crop globally, the banana (Musa spp.)
promisesto revdutionize food security and uplift faren livelihoods on a grand scale
(Kabungaet al, 2014 FAO, 2019. In 2014,it was reported thathe averageannual
banana production was slightly above 200 million metric tons per peditionally, the

crop is grow in 140 countriesvith a thirdoriginatingfrom the African continent (FAO,
2015). Smallholder farmers are the main banana produceEsast Africa.Even amidst
favorable conditions, the thriving commercial banana production encounters a spectrum
of hurdles, encompassing biotic, abiotic factors as web@sceconomic, and technical

factors (Arphaxaret al, 2019).

The spotlight on bananas has intensified in Kenya, driven by a surge in consumer demand
and the flourishing commercialization of this frullowever, despite the fact that
smallholder farmers form 85 % of the banana producers in Kemrgauctiondo not

meet the market demand (Okuretial, 2011). There is an excessive dependence on
conventional propagation methods that make use of akeastyng banana plants, such

as the vegetative means of suck@tss practicepromotegpest and disease transmission,
poor genetic divesity, low and unreliable yieldamong other shortcomingbljugunaet

al., 2008 Angimaet al, 2023. Tissue culture (TC)s an innovative propagation too

available for banana production that provides means of addressing the gaps associated



with the traditional mode of propagatioGeedlings free of pests and diseases may be
producedusing tissue culture technigyesith high genetic purity and improved growth
and thus, it has been globally accepted as a potential means of addressing food security,

crop productivity and income geration (Wang and Wang, 2012).

Micropropagation using tissue culture technology is an efficatitvity with a large
turnover However;the process is costtius it is a challengm laboratories with limited
resourcesLow-cost tissue culture refers to techniques and methods used to culture plant
tissues in a laboratory setting with minimal exgpento make tissue culture technology
more accessible to smatale farmers, researchers, and entrepreneurs, particularly in
resourcdimited settings, by reducing the financial barriers associated with conventional
tissue culture techniqgue3hese déw ccst options do not compromise the quality of
micropropagation help in reducing the cost of production (Gitoagaal, 2011,
Dhanalakshmiand Stephan2014. Procedures such as tlwlization of commercial
sugar in place of sucrose as a carbon sowigaificantly lowers the cost of

micropropagatiorfAgrawalet al,, 2010Q.

A significant drawback irmicropropagation using tissue culture is the occurrence of
genetic anomalies such as somaclonal variatramsh can beassociatedvith repeated
sub-culturing and use of high concentrations gfowth regulators (Koffi and Declerck,
2015). In banana tissue culture, the development of somaclonal variations that arises in
the resultant regenerated plantlets may add onto limitations in the broader outcome of

tissue alture method, hence the need for haghality, costeffective throughput



protocols.However, these variations can be a good soofdeneficial variants such as

production ofdisease resistant varietidgichnaet al, 2019.

Tissue culture is carriedut in a highly regulated environment such as research
laboratories. However, the processes involved in tissue culuoch asexplant
preparation, media preparation, culture initiation, -eulbure are normally prone to
microbial contamination that mayise at different culture stages (Omanedial, 2007).
Microorganisms particularly bacteria and fungi utilize nutrients used in tissue culture
media for their growth, therefore, reducing the quality of the output. For instance, some
of the microbes produgehytotoxins which cause tissue necrosis, and reduced root and
shoot proliferation (Msogoyat al, 2012). Bacterial contaminants includacillus
subtilis Corynebacteriunspp. AndErwinia spp., Most of the microbial contaminants
can be easily controlledy maintaining high levels of aseptic conditions (Ray and Ali,
2017). Regenerated banana plantlets face various challenges in the field. These
challenges include slow growth rate as well as low survyelwaet al, 2012). To
mitigate this, application & nature based solutions which include the use of beneficial
microrganismssuch as arbuscular mycorrhizal fungi (AMRas been employedMF
influence growth and physiological development of the plantlets during acclimatization
phaseghrough the formatiomf symbiotic associatiowith the banana roots (Koffi and

Declerck, 2015).

Soil microbial diversity has increasingly become of great interest in agricultural research.

It has been determined thsoil microbial communitiesire essential in improving sbi



health and quality. Aignificant number omicrobesare essential in soil function aade

key contributors to sustainable agricultéiheough mediation ofnany processes that are
involved in agricultural production (Lupwaiyst al, 1998;Rondonet al, 200Q Guptaet

al., 2018).Conducting a comprehensive investigation of microbial communities within
bananagrowing regions holds remarkable potential for deciphering the intricate puzzle of
soil health and status specific to these areas. This exploregionbe accomplished
through rigorous soil sampling, advanced molecular analysis techniques, and thorough
assessment of microbial diversity, offering a holistic understanding of the ecosystem

dynamics and paving the way for informed agricultural practices.

1.2 Statement of the problem

Kenya has been faced with a declindbanana production ias a result o&n increase in
banana pests, diseassnd poor agronomic practices applied by farmers (Kahetna,

2002). Common banana diseases affecting banamairfy include the fusarium wilt
(Fusarium oxysporunmf. sp. cubensg and Black and Yellow sigatoka leaf spot
(Mycosphaerella fijiens)s while major pests are the plant parasitic nematodes and
Cosmpolites sordidusveevils Gaidashovaet al, 201Q Anda et al., 2015. Other
limitations constraining banana production include shortage of clean planting banana
seedlings, genetic losses during propagation, high cost of inputs and declining soll
fertility (Parida et al, 2017). Microbial contamination durinigg vitro culturing is a
challenge in adoption of the modern micropropagation technidues.high expenses
incurred duringconventional tissue cultuicts as a major drawback in the establishment

of the practice inn rural setups and this turn creates aaed for the developmeand



introduction of lowcost tissue culture technologies that are easily adaptable by
smallholder farmers (Kalimuthet al, 2007). These limitations consequently threaten the
countryos food security reasa poverty levelsngmongn d
households depending on agriculture for survival. Low adoptiorofatécropropagated
banana seedlindgsy farmers due to limited knowledge and insufficient support from the
relevant stakeholders has also been registered assfaetpeding banana cultivation in
Kenya (Okumuet al, 2011). Conventional methods of agriculture mainly target
pathogens usingntibacterial agentpesticides and fungicides and this has the potential
of reducing the soil microbial communitiicrobial communitiesare essentiain the
maintenance oécosystem stabilityrThrough comprehensive analysis, this research aims
to unravel and address the multifaceted aspects influencing banana production:
encompassing farming practices and limitations, mictoligersity within banana
rhizospheric soil, the efficacy of cesfficient tissue culture techniques, microbial
contaminants related to lewost tissue culture, and the responsiveness of regenerated

plantlets to Arbuscular Mycorrhizal Fungi (AMF) inocudat.

1.3 Justification of the study

Banana farming holds significant global and especially national importance for the
Kenyan economy. However, the decline in banana production across Kenya can be
attributed to various factors, including soil health detation and insufficient access to

clean planting materials in East and Central Africa (Obaga and Mwaura, 2018).

t



Crucial agricultural processes are facilitated by soil microbes, playing a pivotal role in
enhancing productivity (Gupet al, 2018). Unfotunately, there's limited documentation
concerning soil health and microbial communities in numerous Kenyan regions. To
enhance banana production in Kisii, Nyamira, and Embu counties, comprehending the
influencers of microbial communities becomes impeeatgiven their pivotal role. This
understanding fosters innovative, daendly agricultural tools for sustainable practices

(Chaparrcet al, 2012; Guptat al, 2018).

Kenya's future banana output is uncertain due to decreasing production in different
regions (CIPD, 2019). A key challenge is the scarcity of planting materials. Tissue
culturebased micropropagation offers a dependable solution, allowing efficient clean
planting material generation within confined spaces (Gitatgal., 2010; Ogercet al,
2011). Yet, prohibitive costs restrict access for farmers. Documentinggitestive
tissue culture techniques tailored to local Kenyan cultivars, suitable for rural setups,

remains unexplored (Kabungaal, 2014).

Losses during acclimatization ofiecropropagated plantlets due to their delicacy pose a
challenge. Arbuscular mycorrhiza fungi (AMF) have demonstrated potential to enhance
growth and vigor (Gaidashowt al, 2010), with successful acclimatization reported by
Ortas et al (2017). Mycorrhial techniques for banana acclimatization have shown
positive outcomes in survival, growth, and performance (Jefval, 2012). Further
understanding of different AMF strains' impacts on Kenyan tissiltered banana

plantlet acclimatization is warranted.



Somaclonal genetic variations during micropropagation can lead to undesirable seedling
gualities, hampering tissue culture's adoption. Screening for these variations is pivotal in
creating lowcost, highthroughput protocols ensuring genetically purediegs (Parida

et al, 2017; Sinhaet al, 2018). This studwimed at determination of soil health status
and microbial diversity in banana growing regions in Kisii, Nyamira and Embu County.
Additionally, it aimed aproducing highquality seedlings of pferred banana cultivars in

Kisii, Nyamira, and Embu counties through affordable tissue culture methods, enabling

clean planting matial availability for farmers.

1.4 Research hypotheses
i.  Smallholder banana farmers in Kisii, Nyamira, and Embu counties diagese
preferences for banana cultivars but face varimasiuction constraints during

banana cultivation.

ii.  The microbial communities in banana rhizospheric soil exhibit significant genetic

diversity across Kisii, Nyamira, and Embu counties.

iii. The lowcost tissue culturein vitro micro-propagation method effectively

produces banana plantlets that demonstrate phenotypic and genetic diversity.

iv. There are variouspeciesof bacterial and fungal contaminarpsesentin the

tissue culture laboratomhat respondo antimicrobial agents.

v. Different arbuscular mycorrhizal fungi isolates vary in their effectiveness in

promoting the survival and growth of vitro regenerated banana plantlets



1.50bjectives

1.5.1 General objective

To determine banana production praes and their limitations, microbial diversity in
banana rhizosphier soil, efficiency of a lowcost tissue culture technology, microbial
contaminants associated with low cost tissue culture and regenerated plantlets response to

AMF inoculation.

1.5.2 Speific objectives
i.  To survey smallholder banana farmers in Kisii, Nyamira, and Embu counties to

determine cultivar preferences and assess production constraints.

ii. To characterize genetic diversity of banana rhizospheric soil microbial
communities across KisiiNyamira, and Embu counties using hitiinoughput

sequencing.

iii. To evaluate micro propagation efficacy and clonal fidelity of banana plantlets

produced via lowcost tissue culturi vitro micro-propagation method.

iv.  To evaluate thalistribution and types ofbacteria and fungi contaminating the

tissue culture laboratond their response to antimicrobial agents.

v. To assess the efficacy of different arbuscular mycorrhizal fungi isolates in

promoting survival and growth af vitro regenerated banana plantlets.



1.6 Significance of the study

Soil microbial communities are key drivers in agricultural productiorthis study, the
soil microbial diversity in relation to soil health status in Kisii, Nyamira and Embu
counties was determinedoil parameterswere olserved to impact soil microbial
communitiesd di v &hissinformatiorais esserdidl in thd devetogment
of soil improvement strategies that target improvement of soil healthmacibial
community In this study, he bananaultivars mosipreferred by smallholder farmers in
Embu, Kisii and Nyamiravere identified,and micropopagad using lowcost tissue
micropropagation.The efficiency of alternative lowost tissue culture technology to
generate high quality and efficient seedlings westaldished Additionally, the use of
beneficial microorganisms such as AMF in the acclimatization process was observed to
increase survival rate and enhance growth of the micropropagated plamtiets.
willsignificantly lower the cost of seedling produati and in turnlead to increased
seedling availability, increased yields and incashemallholder farmers in the regions
Thesecosteffectivestrategiesnay bedemonstrated to the smallholder farmers and other
relevant stakeholder for continued and sustiale provision of improved bananas in
Kenya. The studyrovides important information that will be utilizéa sensitizingthe
County governments of Kisii, Nyamira, and Embu ondigmificance as well ggotential

of low-costTC technology banas in adressing food security and poverty alleviation.
This is therefore in line with thérst and second 2030 global Sustainable Development

Goals (Gs) aimed aalleviating poverty and ensuring zero hunger (UNDP, 2022)
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CHAPTER TWO

LITERATURE REVIEW

2.11mportance of bananas

Banana is a fruit crop that is intensively produced and consumed gl¢BAIG, 2019).
Bananac ont ri butes approximately 16 % of the
than 120 million tons of the produce recorded in 2014 (FAO, 20da%)eveloping and

low income countries, banana contributed greatly to food security as a staple food and

also contribute to the household incodue tosale (FAO, 2019).

Banana fusaspp.) cultivars are grouped based on the use of their final produettss;

thoe consumed as a dessert, makiegr, roasting and cooking cultivars (Borthaktir

al., 2018). Bananas are a good source of vitaminse/n8 C, fibre content and starch
(Okumu et al, 201t JICA, 2019. In agriculture, bananas are grown thgbu
intercropping with plants such as cocoa and coffee to provide shade for the growing

plants, protect soil from erosion and to restore soil fertility (Gaidaséalg 2010).

Majority of banana cultivargrow in Kenya which can be broadly grouped ititcee, i.e.
plantains, dessert bananas and cooking bananas. Dessert bananas, the common sweet
types and cooking bananas that are consumed after being cooked. However, the major
cultivarsthat are grown are the East African highland bananas (EAHBSs) whecthar

cooking typg(Nyamambeaet al, 2020)
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Smallholder farmers are heavily reliant on subsistence systems where bananas are
cultivated alongside various food crops that include legumes, grain, tubers as well as
other fruit trees. However, there has beenexpansion of banana production with more
land allocated to banana farming compared to other food crops (Nyaneaalh&020).

Local banana cultivars contribute significantly to Kenya's agricultural diversity and food
security, feeding millions of pet® with wholesome food. They also preserve the
country's cultural legacy. Local variants are prized for their hardiness, flavour, and
nutritional value in communities all around Kenya, even if they may not necessarily be as
economically welknown as contaporary cultivars like Cavendish banarf@cimatiet

al., 2013; Marimeet al,, 202Q.

2.2 Propagation of bananas

2.2.1 Conventional banana propagation

The common techniqgues used in banana propagation are the conventional
macropropagation and plant tissugture methods (Kabungat al, 2014). Bananas are
vegetatively propagated because most of them exhibit parthenocarpic fruit development
(Karugaba and Kimaru, 1999). In Kenya, a majority of the smallholder farmers use
suckers or pulps that arise from tinederground corm or the base of the main stem for
propagation. This process often hinders farmers from fully exploiting the results of
modern propagation methods. Seedling development through tissue culture of bananas is
a modern technique used in estdbhg mass production of banana plants for research

and commercial purposes (Parataal, 2017).
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2.2.2 Tissue culture technology

Micropropagation throughdgsue culture technique can produce numerous new resultant
plantlets that are genedity similar © the mother plant, disease free aoiflers the
advantage of producing high quality plants (Ongesal, 2004; KavoeMwangi et al,
2013). Tissue cultured bananas have been cultivated ieraklocations of Kenya to
date, thesenclude the Central higtdnds, Eastern region, Rift Valley and parts of Nyanza
particularly along the Kisii highlands, which have proven to excel in commercialization

of the crop (KavoéMwangiet al, 2013).

Several certified tissue banana outlets have been in the forefropisaaling banana
productionthrough conventional tissue culture methiadthe countrysuch asKenya
Agriculture Research Livestock Organization (KALRO) centers such as Embu, Katumani
and Thika research stations. There exists a number of banana cuttrepegjated
depending on the geographical region and ecological conditions of the area (Kabunga
al., 2014). Some of the common cultivars associated with the Asian origin include
Robusta (AAA), Martaman (AAB) and Giant Governor (AAA) (Retyal, 2006). Othe
banana cultivars grown in Kenya include the Sabaki, Lacatan, Valery, Poyo, Giant
Cavendish, GreeRed, Dwarf Cavendish, Amatoke and Apple Banana while tissue
cultured bananas grown in Kenya are the Grand Naine, Williams and FHIA 17 cultivars

(Njugunaetal., 2008; Kabungat al, 2014).
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2.2.3 Low-cost tissue culture technology

Utilising tissue cultureguarantees the production of a sigrafit amount of planting
material However, high cost of production is a major demerit which limits its use and
estatishmentof an efficient low-cost tissue culture techniquéshis thereforas a major
priority in agriculture in many countrie®hanalakshmi and Stephan, 2D1¥arious
strategies have been developed to reduce the costs without compromising the fjuality o
the resultant plantlets. Some of these strategies include replacing expensive gelling agent
with low cost starctor gelrite, and use of commercial fertilizers as macronutrient and
micronutrient sourceProcedures such as tlsabstitution of sucrose withommercial
sugaras asource of carbohas been reported tignificantly reduceproductioncostby

as much as 97.1 ¥@ablel.1). These lowcost substitutes have been seen to reduce cost

significantly (Dattaet al, 2017)
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Table 1.1: Low cost nedia constituentsand percentage cost reduction

Conventional TC Low Cost Costin oneLitre of the Medium Cost
Nutrient Substitute (KShs.) _
Reduction
(%)
Conventional Low
Cost
Macronutrient
CaCb 3.3
KHPOy 1.2
KNO3 14.4
MgSOy 1
NH4sNOs 21
Sub-TOTAL 40.9
Micronutrients
CoCL.6H.O 0.011
CuSQ.5H,0 Easygro 0.009
Na:EDTA _ 0.154
FeSQ.7H.O Vegetative 0.078
H3BO3 0.17
Kl Fertilizer 0.01/
MnSO..4H,O 0.27
Na,M00O4.2H,O (N, P, K, S, Mg, 0.017
Zn, FeMn,
Cu, B, Mo 1.6
ZnSQ.7H0O 0.038
Sub-TOTAL 0.764 1.6
TOTAL 41.664 1.6 96.2
Carbon Source
Sucrose Tablesugar 105 3 97.1
TOTAL 146.664 4.6 96.9

SourceGitongaet al,, 2011

There is a significant demand for the development of-dost methods for
micropropagating higlguality banana platgts (Gitongaet al, 2010). The development

of a successful protocol for the levostin-vitro micropropagation of bananas requires
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that it is able to produce numerous pest and disease freiefslahat are genetically
uniform to the mother plant at a lower cost of productiiygzidet al, 202J). Low cost
options that do not compromise the quality of micropropagation help in reducing the cost
of production Gitongaet al, 2010; Rakshiet al, 2017. The application of lowcost

tissue culture technologies in micropropagation of local banana cultivars has not been
widely documented in Kenydence the need to develop protocols for -mst

micropropagation of local cultivars.

2.3Production constraints of bananas

The conventional method of banana production is quite $ading toa shortage of
planting materials, which in most cases does not produce high yields, and is prone to
transmission of pests and diseases from generation to genénatiogh infected suckers
(Gaidashovat al.,, 2010).The development of numerous plants in a short amount of time
in limited spaceis possible with banana tissue culture propagation, which is very
effective. (Arvanitoyannis et al, 2007j. However banana prduction through
micropropagation is limited by numerous factors and the major one being the cost of
production (Gitongaet al, 2010). Despite decades of usage of standard plant tissue
culture resourceconstrained laboratories struggle because of tha bast of tissue
production. (Rakshi et al, 2017. Establishmentof applicablelow-cost tissue culture
protocols is a promising area stfudywhich will go a long way in alleviating the high

cost of production of tissue culture plantlets (Gitoagal, 2010).
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24 Somaclonal variatiorsin in vitro culture

One of the major challengéisat arise from plant tissues that are culturgdvitro is the
developmentof somaclonal variation arising amongst the -sldmes derived from a
single mother plant (Ragt al., 2006). The genomic structure of different banana
cultivars, the choice of explant materials, t@ecific concentration and combination
present in theTC mediumutilized, as well as the duration of propagatibave been

reported to significantly adict the genetic fidelity of TC clones (Sahijratral, 2003).

Several DNAmarkersassociated techniques have largely been applied in determining
somaclonal variation and other diversigtated analyses and among them are the
Restriction Fragment LengtPolymorphism (RFLP), isozyme analysis, inseample
sequence repeat (ISSR) markers, sequence tagged microsatellite (STMS) and random
amplified polymorphic DNA (RAPD) (Thoragt al, 2017; Osenat al, 2017). These
techniques utilize random primers to gete different polymorphic patterns of DNA
fragments that can be analyzed for genetic diversity. The RAPD, ISSR and directed
amplification of microsatellites DNA (DAMD) techniques were successfully used to
determine the genetic variation of 25 genotypeswdfl Musa acuminatabananas

collected in Meghalaya province, India (Lamare and Rao, 2015).

Growth regulator concentration as well as number of subcultures is directly linked to
level of somaclonal variations (MameedRsdrigueset al, 2018). There is aeed to
establish the required concentration of growth regulatorstedumber of subcultures
that are required for minimal occurrence of somaclonal variatibis is necessary to

ensure there is production of genetically uniform local banana culéedlisgs
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2.4.1 Inter Simple Sequence Repeat (ISSR) markers

Inter Simple Sequence Repeat (ISSR) markers are molecular tools used in plant research
to assess genetic stability and diversity. ISSR markers amplify regions between
microsatellite sequences the genome, allowing for the detection of polymorphisms. In

the context of micropropagation, ISSR markers play a crucial role in evaluating
somaclonal variations and confirming the genetic fidelity of micropropagated plantlets.
Inter Simple Sequence RexigISSR) markers have been widely used to assess genetic
stability in micropropagated plantlets. Studies on various plant species have demonstrated
the utility of ISSR markers in confirming the genetic fidelity of micropropagated plants

(Mohanet al.,, 2013; Srilakshmiet al, 2016 and Ghandi, 2020).

ISSR marker markers work by producing monomorphic bands across all the
micropropagated plantlets when compared with the mother pEmsability to analyze
multiple samples simultaneously and the relatively kcost of ISSR primers make it a
costeffective option for many research and application purpbesuse of ISSR
markers therefore provides a reliable method of determining whether micropropagated
plantlets are true to type ensuring genetic stabilityamtbrmity of in vitro regererated

plants (Reddt al, 20®; Chandra Dast al., 2018).
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2.5 Soilmicrobial diversity

The intricacy of microbial interactions is related to soil microbial divergigyticularly
thosebetweermicroorganismsvith soil andplants.Soil sustains an immense diversity of
microbes, which has not been extensively explofggpe of plantandnature of soilare
assumed to act as the two main drivers of the structure of the soil microbial community in

a complex wayGarbeveet al,, 2004).

The diversity of soil microbes is crucial for sustainable agriculijpratticesandthis is

due to the fact that majority of soil borne microbes take part in the processes that promote
productivity. It has been observed that farm practices agltonservation tillagand
legumebasedcrop rotation supports soil microbial communities and may have direct

positive effects on agricultural ecosystems (Lupwaiyal., 1998; Nguyeret al,, 2018).

The changes in land use techniques have had a nefédxdé on soil microbiome. This is
becausdhese practices directiynpact thesoil physi@- chemical properties that have a
direct association with soil microbial communiti€sufptaet al., 2018. Studiescarried

out by Khoiri et al (2021) showedthat @nventional farming practices increase the
abundance of pathogenic microbe species while organic systems ppooldegationof
beneficial microbes.Metagenomics enablehe study of complete composition of
microbial populations including the neculturalde microorganismsBakshiet al, 202Q.
Therefore,metagenomicresearch on agrecosystems serves as a foundation for the
creation of sustainable systems that enhance both production and ecosystem health.

(Khoiri et al, 202).
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Microbial c 0 mmu n studiesglayd a significant role in understanding the roles of
agriculturally important microbes such as PGPBak&hiet al, 202Q. Theutilization of
inorganic fertilizers and other agrochemicals in conventional farming systems have been
reported to redwe photosynthetic potential of phyllosphere microb€so(zetet al,
2019).The adoption of organic systems of farming has been encouraged over the years.
However, the explorain of how these systems improwgcrobial communitieh av e n 6 t
been extensivelgtudied(Khoiri et al, 202). Studying microbial diversity of soil is a
major opportunity in advancing biology, biotechnology and agriculture. Advances in
molecular application in determining microbial diversity in nature show that there is a lot
of information that vas not previously accessibl€herefore, understanding the factors
that influence microbial communities can assist greatly in the innovation of new

agricultural tools for sustainable environment (Chapatmal., 2012; Guptat al, 2018).

2.6 Sources of microbial contaminants inin vitro cultures

Microbial contamination is one of the major challenges facing bananaitro
micropropagation. Microorganisms compete with banana tissue cultures for nutrients in
the growth media and some of thecrobes produce phytotoxins which cause tissue
necrosis, culture mortality and reduced root and shoot proliferation (Msagogh,

2012).
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Tissue culture contamination by fungal microorganisms su¢tusarium oxysporum, F.
culmorum, Mycosphaerella fgnsis(Odutayoet al, 2007), and bacteria likBacillus
subtilis Corynebacteriumspp., Erwinia spp. and Pseudomonas syringa@li et al,
2018) are very common in tissue culture laboratorfamgal contaminants such as
Aspergilus flavusand A. niger are associated with oxalate production and aflatoxin
poisoning that destroy tissue cultures (Omastoal, 2007).According toMsogoyaet

al. (2012) the laboratory that carries out plant tissue culatré&Sokoine University of
agriculture located infanzana had serious microbial contamination to an extent of
causing up to 40 60 % losses of banamavitro cultures annually. Fungal contaminants
such asAspergilus flavusand A. niger, are associated with oxalate production and

aflatoxin poisoning that desly the tissue cultures (Ray and Ali, 2017).

Some of the common sources of microbial contamination include insufficient sterilization
of growth medi a, explant s, w cetr &k, i20108). Tb oo | s
reduce in vitro contamination, explan materials for use in tissue culture
micropropagation are surface sterilized with sodium hypochlorite (1.0 % m/v) 80 10
minutes or using mercuric chloride solution (#0m/v) for 10 minutes. Systemic and
broadspectrum antibiotics and fungicides witbw phytotoxicity levels are used to
control epiphytic and endophytic microbial contaminants @lial, 2018). Microbial
contamination remains to be a major threat in tissue culture laboratories and therefore
contamination levels should be assessedladguand the sources of the contaminants
determined. This will therefore improve efficiency and minimize losses of cultures

(Varghese and Joy, 2016).
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2.7 Impact of arbuscular mycorrhizal fungi on growth and development ofbananas
Arbuscular nycorrhizd fungi (AMF) are fung that belong to thephylum
Glomeromycota and are crucial for nutrient uptakat form mutualistic symbiotic
relationships with the roots of most plant speciglF enhancesvater utilization and
facilitates nutrient uptake, particularl for nutrients with limited mobility. This
consequently bolsters plant resilience in challenging conditions (Bada and Fagbola,

2014).

The presence of symbiotic microorganisms within plants holds great importance in
promoting sustainable agricultural praes by enhancing plant performance in both
biotic and abiotic stress conditions (Smith and Read, 1997). This utilization of
microorganisms offers an ecologically friendly alternative, diminishing the reliance on
chemical interventions for pest and diseasstrol (Hajek and Eilenberg, 2018). These
mutualistic root endophytic fungi exhibit the ability to trigger systemic resistance against
pathogens and pests in host plants, thereby elevating crop tolerance to various biotic and

abiotic factors (Sommermarat al, 2018).

AMF havebeen documented suppresslisease progression in various crops, including
instances such dsusarium oxysporunn banana cultivation (Bawa, 2016\nene and
Declerck (2016 also reported that AMF is beneficial in the control ehmatodes. The

use of biological agents in the improvement of productivity as well as the control of
diseases is based on the principle of management of biological resources which inhibit

pathogens (Oye Andzt al., 2020).
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Plants facea lot of hardshipoutside the laboratory environment such as somaclonal
variations, lack of microorganisms that form beneficial relationships with plants as well
as issues with their physiology (Mukhongbal, 2015). The use of AMF in biological
hardening of micropropagatelantlets is recommended by Mukhorggaal. (2015) as it
reduces shock aritie loss of plathets due to their delicate nature. Howewaegording to
Mukhongoet al. (2015) there wee reduced incidences of diseatvelopment of leaf

spot disease symptorsaused by. fijiensisin previouslymycorrhized banana plantlets
compared to nomycorrhized plants. There fidbeen a report that ¢ooculation with
biocantrol agents such as saprophytic fuligichoderma pseudokonindias an effect on
spore germinatio of AMF speciesslomus mosseaand Gigaspora rosegMukhongoet

al., 2015).

AMF increase the growth and development of banana plantlets by enhancing water and
mineral uptake and more so the absorption of phosphorus (P) (defala 2012). In
addition,AMF provides protection to the host plant against root pathogens and nsitigate
the disastrous effects caused by pH, temperature variations and water streskl€¥ano

et al, 1999). The acclimatization phase, which occurs afteinthétro regeneration of
banang, is a critical stage in the physiological maturation and adaptability of banana
plantlets Despite the micro propagated plantlets being disease free at this stage, they still
lack the essential AMF that would enhance the plant growth and vigola€baveet al.,

2010), hence the need for inoculation.
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Successful AMF inoculation during acclimatization phlas been reportgeclercket

al., 2002; Orta®t al, 2017) and is suggested that the symbiosis between the banana root
system and the AMFsiuseful leading to the rigorous development of mpmapagated
banana plants. JaizRvegaet al (1997) associates the benefits of Alld&nana plant

root symbiosis to increased transpiration and photosynthetic rates, enhanced water and
nutrient absorptiorand increased stress tolerance. Various strains of AMF have been
reported to interact differently with specific banana cultivars hence the need to screen for
specific AMF strains that work with particular banana cultivars (Jeftval, 2012). A

wide ran@ of AMF strains associated with banankkiga spp.) has been documented

and different comparisons have been drawn regarding the suitability of indigenous and

exotic AMF strains for acclimatization (Declerekal., 1995; Jefwaet al, 2012).

Declerck et al. (1995) stated thatGlomus macrocarpunspecies was more effective
compared td&s. geosporunandG. mosseadén improving the growth and development of

in vitro propagated banana cultivars. Other improved parameters that have been
associated with AMF colozation include increased leaf surface area, higher stomatal
conductance and enhanced copper accumulation in the roots (Cetriagjd2017). Like

other microorganisms, AMF strains introduced into a new ecological environment are
sensitive to the new elogical conditions. Therefore, AMF strains showing adaptive
preference to the local conditions should be established or else the positive effect of AMF
inoculation on banana plantlets may not be achieved (kBwangiet al, 2013).There

is needneed forfurther research on identifying and establishing AMF strains that exhibit
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adaptive preferences to local ecological conditions when introduced to a new

environment.

Despite the existence of research evidence that AMF influences plant growth and
developmentithere is little evidence on how different AMF species affect different
banana cultivars during acclimatization. Further investigation is therefore necessary to
ascertain the viability of integrating the inoculation of AMF in the acclimatization

process ofrarious cultivars oin vitro micro propagated banana plantlets
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Study ares

In Kisii, Nyamira, and Embu counties (Figure 3.1), which are among the top counties for
banana production in Kenya, a study wasdumted to ascertain the favoured banana
cultivars. Kisii County has a 1,317 kfrarea and a typical highland equatorial climate,
with bimodal rainfall patternef 1200-1600 mm and tenperatures ranging from 19 to 30

°C on an annual averagdlakoneet al, 2015). Nyamira Countgovers an area of 912.5
km? and receives an average annual rainfall and temperatures betweep00P0M

and 1527 °C respectively (Kenyany al, 2013). Embu Countgovers an area of 2821
km?and receives annual rainfall of betweE500i 2500 mm with an anral temperature

range of 1721°C (Nyagaet al, 2014).
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Figure 3.1: Map generated from GPS -oodinates showing Kisii, Nyamira and Embu
sampling sites (APPENDIX)

3.2Survey on preferred bananacultivars and production corstraints

Structured questionnaires (Appendix IlI) were administered to 90 smallholder farmers
(Kisii-30, Nyamira30 and Embt80) who were groning over 30 stands of bananas
(Musaspp.) in selected pis of Kisii, Nyamira and Embuotinties during the monthf o

June 2019Throughout the course of this research, careful attention was given to ethical
considerations to ensure the protection of participants' rights. This included obtaining
informed consent, maintaining participant confidertiiaand adhering tguidelines.The

aim was to collect data on the banana cultivars grown by smallholder farmers in the three
study sites, adoption of tissue culture technology and other related factors affecting
cultivation of tissue cultured bananas. A simple random sagphiethod was used to

select the identified farmevgho consented to taking part in the study
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Inclusion Criteria:

T

Farmers actively engaged in agriculture: Only individuals who are currently
involved in agricultural activities will be considered eligibde participation.

Crop production: Farmers who primarily focus on crop cultivation as part of their
agricultural activitiesand have more than 30 stands of banana

All farm si zfarmers smal | hol der 6s

Different crops: Farmers cultivating a diverse randecmps, reflecting the
agricultural diversity in the region.

Various experience levels: Farmers with different levels of experience in

agriculture, including both newcomers and seasoned practitioners.

Exclusion Criteria:

1

Nonfarmers: Individuals not actdly involved in any form of agricultural
production.

Non-crop producers: Individuals whose agricultural activities primarily involve
livestock or other nowroprelated endeavors.

Specialized farmers: Individuals engaged exclusively in niche or highly
specalized agricultural activities that do not align with the scope of the survey.
Inactive farmers: Farmers who have ceased agricultural operations for an

extended period before the survey.

The sampling size of households was obtained using Snedecor ancarC¢tB389)

formuly

= 4P_C}'
(L)2
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Where p = proportion in the target population, q =i1p, n = sample size, andl =
accepted error. The population in this study refers to the number of banana growing

householdgrowing bananas

Where p = proportion in the targetpdation, g = 1i p, n = sample size, and L =

accepted error. The population in this study refers to the number of households.

Embu County household target population was 14,300 and a proportion of 363

smallholder farmers was used to determine the sanzae s

p= 363/14,300=0.025, q=(L025=0.975, L2= (0.05)2= 0.0025

n= (4x0.025x0.975)/ 0.0025=39

Kisii County target household population was 13,405 and the proportion of 255

smallholder farmers was used to determine the sample size

P=255/13,405=0.019, q=1.019=0.981, L2= (0.05)2= 0.0025

n= (4x0.019x0.981)/ 0.0025=29.8

Nyamira County target household population was 15,307 and the proportion of 279

smallholder farmers was used to determine the sample size

P=279/15,307= 0.018, q=1.018= 0.982, L2= (0.05)2= 0.26

n= (4x0.018x0.982)/ 0.0025= 28.2
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3.3 Soil sampling and analyses

The soils wereollected from thesmallholdef ar mer s 6 f i ebl2@@gnusing a
a sterile hand shovel. Soil sanmg was carried ouaicross and diagonally from 20 points

in thefield andthe samplesvere mixed to form a composite sampleioh was packed in
sterile bagsSterilizing a hand shovel during soil sample collection was conducted to
prevent crosgontamination between sampling locations and to ensure the accuracy of
soil analyses. Before sterilization, it was ensured that the hand shovel was free of any
visible soil or debris using water and a brush to scrub away any dirt or residue from the
shovel's surface. After physical sterilization, further disinfect the shovel asthgmical
sterilizing solution of sodium hypochlorite and the shovel was rinsed thoroughly with to
remove any residual chemicals. The shovel was then air dried and the sterilization

process was repeated between each sampling location.

All the soil samplesvere transportetb the Kenyatta Universitiaboratory anda portion
of the soil used in metagenomic analysis st@sed in the freezer a&801C. Soil physice
chemical parameter®r each soil samplevere determined according to the standard

procedures escribed by Anderson and Ingram (1993) and Okadelad (2002).

de|
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34 Soil DNA extraction and Next Generation sequencing ofsoil metagenome
targeting 16S RNA ant ITS regions

A metagenomic analysis on tiselected soil samplgbrough soil DNA extraton and
next generation sequencing wearried outaccording to the procedureescribed by

Gastaueet al (2019)

3.4.1 DNA extraction

DNA for metagenomic analysis wabtainedfrom thesoil samples selectdtirough the

use of asoil DNA extraction ki (Invitrogen by thermofisher scientifidJased orthe
manufact ur e AdL2 % mgamse agel avhssprepared by dissolving agarose
powder in 0.5X TBE (TridBorateEDTA) buffer. The stained DNA samples, along with

a DNA size marker (1 kb gene ruler)ere loaded into the wells of the agarose gel. The

gel was placed in an electrophoresis chamber filled with 0.5X TBE buffer. After
electrophoresis, the agarose gel was carefully removed from the gel tank and placed on a
UV transilluminator for visualization The 1 kb gene ruler, which consists of DNA
fragments of known sizes ranging from 250 bp to 10,000 bp, was used as a reference to

estimate the sizes of the DNA fragmef@aiptaet al, 2018).

3.4.2 Next generationsequencing

Next Generation SequencinlGS) employed primer sets that targeted the 16S rDNA
gene of bacteria and archaea, an internal transcribed spacer (ITS) region of fungi. This
was followed by library preparation and sequencwgs @ried out on a lllumina

MiSeq using MiSeq Reagent Kit ($olimanet al, 2017).
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The 16S rRNA primer pair, 515F GTGYCAGCMGCCGCGGTAROG6R
GGACTACNVGGGTWTCTAAT for bacterial communities and the internal transcribed
spacer (ITS) primer pair, ITSIF CTTGGTCATTTAGAGGAAGTAA/ ITS4R
TCCTCCGCTTATTGATATGC for fungal comomities were used to evaluate microbial
ecology of each sample on the lllumina NovaSeq with methods via the bTEFAP® DNA
analysis service. Prokaryotic and eukaryotic libraries were constructed and each sample
underwent a singistep 35 cycle PCR using Ho#8taq Plus Master Mix Kit (Qiagen,
Valencia, CA). The PCRmplification conditionsvere as follows: initial denaturation at
95°C for 10 minutes, followed by 35 cycles (denaturatdr5 °C for 30 seconds;
annealing at 53°C for 48econds an&longation at72 °C for 1 minute) and a final
elongation step at 72C for 10 minutes. Following PCR, all amplicon products from
different samples were purified using SPRI beads (Solietaal, 2017). Samples were
sequencedbased onthe Illlumina NovaSeq chemistry folvi n g manufactur

instruction(Gastaueet al,, 2019).

For next generation sequencinige topen source package DADA 2 running under R was
used to process the raw reads. The Q25 sequence data derived from the sequencing
process was processed using the MRA ribosomal and functional gene analysis
pipeline (www.mrdnalab.com MR DNA, Shallowater, TX)The unique sequences were
deionized and identified with illumina sequencing. PCR point errors were removed,
followed by chimera removal, thereby providing Final sequence operational taxonomic

units (zOTUs). Final sequence operational taxonomic units (zOTUs) were taxonomically
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classified using BLAST against a curated database derived from NCBI
(www.ncbi.nlm.nih.goy and compiled into each taxonomic level and compiled into bith
counts and percentages. Counts files contain the actual number of sequences while the
percent files contain the relative (proportion) percentage of segsienthin each sample
that map to the designated taxonomic classification.
3.5 Low-cost micropropagation of local bananacultivars from Kisii, Nyamira and

Embu counties
Thirty young banana plantlets (suckers) with fullg pen leaves and @D cm heigh

were obtai ned fldsio Kisii,tNhamirafared Emeiocrgiés(Plate 31)

Plate 31: Plant suckrs obtained from the field in Kisii,yddmiraand Embu ounties
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3.5.1 Production of banana plantlets using low cost tissue culture technolms

The sword suckers of the explant were cleaned using running water and the pseudostem
was cut off 30 cm above the base to expose the @@late 3.2) The outer leaf sheaths,
corm tissue and leaf bases of the explant were trimmed away until a 2 >c@rxcRbe
wasformed. The cubes were washeging Tween 20 (3 drops per litcé water) for 30
minutes and rinsed thoroughlysing four (4) changes of sterile distilled water. The
prepared explants were treated with 0.1 % carbendazim fungicide for ont® foauntrol

fungal contamination (Paridet al, 2017). The explastwere then sterilized using 3 %
sodium hypochlorite solution for 10 minutes and then rinsed three tisiegdistilled
waterthat has been sterilizednother unsheathing layer of the exipl was peeled off

and then the explant were sterilized using 2 % sodium hypochlorite for 10 minutes after
which they were rinsed six times withistilled waterthat has been sterilizedhe 30
healthy sterile meristematic cubpsr banana cultivawere citured in low cost tissue
culture establishment media (M1) containing nutrient contents described by Saraswathi

al. (2014) (Agendix Ii).
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Plate 3.2 Explant preparation andoculationin low cost tissue culture media, Explant
trimming, washingin teepo] B, Surface sterilized meristematic cube, C
Unsheathed meristematic cube, Qulture establishment in low cost initiation
media.

The experiment had four treatment blocks with different hormone concentrations and a
contol with zero hormones in the amendedv-cost media. The four treatments were

replicated 10 timegTable 3.1) The experimental design was CRD.



35

Table 3.1: Experimental design of the treatment blocks foshoot initiation in the
micropropagation of banana cultivars

Treatments Hormone Compostion No. of replicates per cultivar
T1 BAP 3.0 10
T2 BAP 4.0 10
T3 BAP 5.0 10
T4 BAP 6.0 10
T5 BAP 3.0+IAA 0.3 10
Control BAP 0.0 10

BAP, Benzyl amiopurine IAA, Indole acetic Acid

The cultures were kept afptimal growth temperatures of 25 £ 2 °C, 70 % relative
humidity and undef6/8-hour photoperiod provided by white fluorescent tubes. After a
regular interval of 3 weeks, the apical meristematic shoots wereuttwioed(3-4 time9

on shoot bud initiationrmedium, and the buds that were obtained after the fourth
subculture were transferred ttee shoot proliferation mediur(Plate 3.3) The buds were
sub-cultured 46 times and after the sixth sub culturestroot proliferatiormedium, the
apical meristematicshoots of 23 cm size were transferred onto the rooting medium
(M4). Thenumber of days to shoot initiatipnumber of shoots per explant, number of
days taken for rooestablishment were recordefihe plantlets were cultured on the
rooting medium for 40days after which those with shoots ofl8 cm length were
transferred tojars containing sterile vermiculite for primary hardening (Jefetaal,

2012)
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Plate 3.3Low cost tissie culture technology procedurd\, Initiation; B, Shoot
proliferation;C, Quality inspectionD, Rooting

3.6 Determination of clonal fidelity of in vitro regenerated banana plantlets using
ISSR markers

3.6.1 DNA extraction

Each cultivar hadt$ own mother plant as a control whose DNA was extreamedstored
in Tris EDTA (TE) Total DNA wasobtainedfrom four fresh leaves of each of the micro
propagated plantletafter 90 daysaccording to the Cetyldimethylethyl Ammonium
Bromide (CTAB) procedure described by Poreletkal (1997) with some modifations

which involved the addition of PVP to increase DNA purity
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DNA quality wasdeterminedusing gel electrophoresiand stored at 4 °C according to

Lamare and Rao (2015).

3.6.2 PCR amplification
The protocol for ISSR analysis waarried out accoidg to the procedure described by
Babuet al (2018. The genomic DNA that was extracted fré@aves ofbanana plast

were subjected to PCR amplificatioRive primers were used for the ISSR analyses

(Table 3.2.
Table 3.2Primers use in ISSR analysis todetermine presence of somaclonal
variations
Primer Primer sequence Number Annealing References
of bands temperature

UBC-811 GAGAGAGAGAGAGAGAC 7 43.3 Venkatachalan
et al, 2007

UBC-812 GAGAGAGAGAGAGAGAA 8 45 Venkatachalam
et al, 2007

UBC-820 GTGTGTGTGTGIGTGTT 11 45 Venkatachalarr
et al, 2007

UBC-825 ACACACACACACACACC 14 47 Ray et al,
2006

UBC-826 ACACACACACACACACC 8 49 Venkatachalan
et al, 2007

UBC-834 AGAGAGAGAGAGAGAGYT 13 50 Venkatachalan

et al.,2007
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The PCR amplification were carried outar25 pl volumes reaction consisting of 50 ng
template DNA, 200 nM oligodeoxynucleotide primer (both a forward and reverse primer)
2 mM Mg Chk, 13.40 ul of PCR buffer, 0.1 mM dNTP mix and 2 U Tag DNA
Polymerase. The mixture was subjected to PCR ampliicatsing a PCR thermal cycler
along with the control (without genomic DNA). The amplification conditions were; initial
denaturation carried out at 94 °C for 60 seconds followed by 40 cycles (denaturation at
94 °C for2 minutes annealing temperature 48.3-50 °C (depending on the primefor

45 seconds and a final extension at 72 °C for 5 minutes. The amplified products were

stored at 4 °C iffris EDTA (T.E) atpH8.0 for further processing.

3.6.3 Gel electrophoresis
The amplified productsvereloadedinto 1.8 % agarose gel using 1X TBE buffer and the
gels were stained with SYBR green dye. A 100 bp gene ruler was used to estimate the

band sizes. The DNA band presence @ealse was recorded as 1 amégpectively.

3.7 Isolation and characterization of fungal and bacterial contaminantsin the tissue
culture laboratory

Bacterial and fungal contaminants associated with banana tissue cultures at Tissue
Culture Laboratorylocated in the plant sciences departmerKenyatta University were
isolated and charserized based on morploultural and biochemicatharacteristics
Routine laboratory cleanup of all the surfacgsre carried outusing 3 % sodium
hypochlorite. Swabs were collected from various surfaces in the laborafdahe tissue
culture laboratoryreparation room, culturing room and incubation raanfacegfloor,

benches, laminar flow cabinets, growth racks, and jvalldditionally, swabs were also



39

collectedfrom contaminated culturedanana explantsMusa spp.). The sterile cotton
swabswere ugd to swab 4 cAof the TC laboratory surfacesere streaked onto sterile
Nutrient Agar (NA) and Potato Dextrose Agar @®Dwhich were prepared aseptically

according to the standard microbiological procedures (Odwiagh 2007).

To isolate contaminastfrom the air the prepared plates were exposed to the air in the TC
lab for 120 seconds after which the plates were covered and sealed aimtubated at

28 °C for 24 hours for bacteria and 24 °C fe@ 8ays for fungi. Pure isolates of bacteria
and fungi were stored in MacCartney bottle agar slants at 4 °C for further microbiological

analysis.

Bacteriological analysis involved assessment on nutrient agar plate, microscopy through
gram staining as well biochemical analysis which included catalasen@ske oxidase
test and TSI testMycology assessment involved observations otatp dextrose agar
plate as well as microscopy by staining with lactophenol cotton blue on a microscopic

slide to evaluate mycelia, hyphae, conidia and spores (Buller, 2014).

Bacterial contaminants were grouped based on the results obtained from colony
morphology, biochemical tests and microscopy while the fungal contaminants were
groupedbased on the results obtained from colony morphology and microscopy. These
isolates were ategorized based on the laboratory section they were isolated from which
included theoreparation room, culturing room and incubation raord thecontaminated

culturedbanana explants
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Determination of identities of bacterial and fungal isolates was basedaolony
morphology, biochemical tests and microscopy using the fungal and bacterial

identificaion manual described by Bull€2014).

3.7.1 Antimicrobial s usceptibility tests for bacterial and fungal contaminants

The susceptibility of bacterial and fgal isolateswas tested using the KirbBauer
method described biirby et al (1957) andMsogoyaet al (2012).Fungal and bacterial
suspensionsvere prepared based @b McFarland standardsstimated to contain $0

CFU/ ml of microooorganism® carry aut antimicrobial susceptibilityests A 1 ul of the
suspension was spread on petriplate and disks impregnated with antimicrobial agents
placed aftr which the plates were incubatat a temperature &8 °C for 24 hours for

bacteria and 24 °C for& daysfor fungi (CLSI, 2006).

Susceptibility to selected antibiotiegas carried out usingancomycin(30 pg), nalidixic

acid (30 pg), chloramphenicol(30 ug), ciprofloxacin (5 pg), ampicillin (25 pg),
tetracycline(30 ug), cefuroxime(30 ug) and cifotaximer davulate(40 pg). The bacteria
susceptibility test through disc diffusion involves placing antifungal discs onto agar
plates inoculated with fungal cultures. The zones of inhibition around the discs indicate
the sensitivity of thebacteria to the antibiotics Larger zones suggest greater
susceptibility, while smaller or absent zones suggest resistahiinterpretation was

aided by the table described in Appendix iv.

Susceptibility to antifungal agentarbendazimt+ triadimefom (0.3ug and 0.6ug) and

metalaxytM + mancozeb (1.25 pg and 245).The fungi susceptibility test through disc
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diffusion involves placing antifungal discs onto agar plates inoculated with fungal
cultures. The zones of inhibition around the discs indicate the sensitivity of tiietdun
the antifungal agents. Larger zones suggest greater susceptibility, while smaller or absent
zones suggest resistancehis interpretation was aided byet table described in
Appendix V.
3.8 Acclimatization efficacy of micropropagated plantlets using arbuscular
mycorrhizal fungi
This investigation was done to ascerttiie effectiveness of commercial and indigenous
AMF in establishment and development of banana plantlets prodimedyhlow cost
tissue culture technology during the aedtization gase.Three mycorrhizal isolates
Funneliformis mosseaBEG 12), Rhizophagudrregularis (BEG 44) donated by the
International Bank of the Glomeromycota INRA, France and commercial AMF
(Rhizatech)(G. mosseaeG. Intraradices G. Etunicatum and G. aggregat) from
Dudutech Kenyawere employed as inocula. They were bulked excluding Rhizateth
multiplied using sterile soil and sand 1)l and Bermuda grass the host plant for four
months Plantlets that had bean vitro regenerated were placed in plagtipots wih
sterile soil and vermiculit¢ratio 1:1) different treatmentsvere administered including
different AMF species ap@d at 5 g per pot which containadproximately 00 spores

(Table 3.3.
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Table 3.3 Treatments used to determine AMF efftacy in improving in vitro
regeneratedplantlets survival rate and growth

Treatment Composititon

Treatment 1 Soil + Vermiallite + Rhizophagus
irregularis

Treatment 2 Soil + Vermiaulite + Commercial AMF
(Rhizatech)

Treatment 3 Soil + Vermiaulite + Funndiformis
mosseae

Treatment 4 No treatment (control)

Treatment 5 NPK fertilizer (17:17:17)

AMF, Arbuscular mycorrhizal Fungi; N, Nitrogen; P, Phosphoru®?#étassium

The study was conductedin a randomzed complete block designRCBD) with five
replications for all treatment and was maintaimedreenhouseonditions for a period of

70 days(Plate 3.4) Observable features that were recorded during hardening stages
includedsurvival ratesplant height, leaf number, dry weight, shoot dry weigd root

dry weightafter complete desiccatian an oven for 48 hours at 8C of the banana

plantlets.
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Plate 3.4 Acclimatization of micropropagated banana plantlets using AMPrimary
acclimatization; B, Secondaryacclimatization;C, Growth monitoring;D,
Fully developed banana seedlings.
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3.9 Data analysis

In order to evaluate data gathered from the study suBR$S software (v22.0) was used

to summarize the data collected on banana cultivesg way Analysis of variance
(ANOVA) using Statistical Analysis Software (SAS vOwiscarried out to evaluate the

data on banana growth parameters. The dais checked fohomogeinity of variance

and transformations where feasibl@ataresponse of micpropagated banana plantlets

to AMF inoculation was analyzed usingpeat measures ANOVA and two wagalysis

of variance (ANOVA) The means were separatieadt usi ng
Difference at p<0.05. On antimicrobial susceptibility testing, datdyses comprised of
computing mean diameters of the inhibition zones and comparing them with the standard
zone diameter ranges for a particular antimicrobial agent. Data on PCIRicatigns

wasscored into binary form and anagd using GENAlex softwarversion 6.5.

Statistical analysi®f NGS datawas performed using a variety of computer packages
including XLstat (Dowcet al, 2008a), NCSS 2007 (Dovedal. , 2008b) ,et iR0 (-
al., 2017) and NCSS 2010 (Eren al, 2011 Swansonet al, 2011). Alpha and beta

diversity analysis wasarried outas described previously using Qiime 2 (Boyédral,

2018). Based on the analysis, percentages, counts and diversity indices with a P value <

0.05 were recorded as significant.
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CHAPTER FOUR

RESULTS

4.1 Banana production survey

4.1.1 Social demographic features of bananemallholder farmers in Kisii, Nyamira
and Embu oounties

The surveyconducted showed smallholder farmers in the three counties preferred
different banana cultivarg.he social demographiaformation showedhat majority of

the respondents in the three counties were mvdke Emby Kisii and Nyamira counties
recording 53.3 %, 60 % and 63.3 %, respectivitlwas noted that the respondents’ ages
differed among the three counties, with thgdaist proportion of young (185) farmers

being found in Kisii which representatbout 16.7 % of the responde(itsable 4.1).

Table 4.1: Age distribution of respondats in Nyamira, Kisii and Embu counties

Nyamira Kisii Embu
Age Frequency Percentge Frequency Percentage Frequency Percentage
group (%) (%) (%)
1825 1 3.3 5 16.7 1 3.3
2630 2 6.7 3 10 2 6.7
31-:35 2 6.7 1 3.3 2 6.7
3640 2 6.7 7 23.3 2 6.7
41-45 5 16.7 4 13.3 5 16.7
4650 7 23.3 4 13.3 7 23.3
51-55 6 20 3 10 6 20
5660 3 10 1 3.3 3 10
>60 2 6.7 2 6.7 2 6.7
Total 30 100 30 100 30 30
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It was established that0 % of the respondents had attained at least a primary school
level of education. Fifty percent of the respondents from Nyamira, Kisii and Embu had
attained a secondaryglecationwhile those with tertiary school education were 30 % of
the respondents in Kisii, Nyamira and Embu Counflée findings show that the main
occupation of over 50 % of the respondents in Kisii, Embu and Nyasouatiesis
farming while 23 % fronNyamira, 20 % in Kisii and 9 % in Embu indicated that they
were employedAdditionally, it was noted that in Kisii, 30% of respondents had their
own businesses, comparezla lower percentage in Emi§23.3 %) and Nyamira (16.7

%).

4.1.2 General farming pactices in Kisii, Nyamira and Embu munties
Farming land availability varied with 83% of the farmers in Kisii and 76.7 % of the
farmers in Nyamira had less than an acre of farm land. However, 26.7 % of the farmers in

Embu Countyhadmore than two acres farm land (Figure 4.1).
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Figure 4.1 Farm land allocation amontie respondents in Kisii, Nyamira and Embu
Counties
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It was established that 50 % of the respondents in Nyamira County used hired labour as

the main source of labour while in Embu it w7 % and Kisii 36.7 %. Respondents in

Embu County recorded the least percentage (6.7 %) involvement of family labour

followed by Nyamira (30 %) and the highest was recorded in Kisii (40Adeage

allocated to cultivation varied between the counties.

Smallholder farmers ithe three counties practice mixed farming systems in order to

provide food for the homestead and the surplus for daighty percentof the

respondents in the three countwere practicing integrated farming which includes

cultivation, livestock keeping and others such as poultry farming (Figure 4.2).
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4.1.3Fruit product ion in Kisii, Nyamira and Embu counties

Fruit farmingwas a major farnmng activity in Kisi, Nyamira and Embuaunties with
banana being thkighestranking fruit out of the five fruitcrops There was significant
difference is the production of bananas in the three counties. Kisii County was the highest
producer of banandsllowed by Embu County and lastly Nyamira County. The second
ranking fruit crop wasavocadoswith the highest producing County being Kisii County

followed by Embu County and lastly Nyamira Cou(ifable 4.2).

Table 4.2: Yield index of fruits in Kisii, Nyamira and Embu counties

Kisii Embu Nyamira P -
value

MeantSE Meant SE Meanz SE
Banana 5.80+0.12 5.47+0.2% 4.23+0.2% 0.04
Pawpaw 1.40 + 0.09 1.20+0.09 1.10+0.07 0.21
Oranges 1.10 +0.08 1.07+0.0? 1.00+0.00 0.53
Avocados 2.07 +0.18 1.83+0.19 1.50+0.18 0.02
Mangoes 1.23 +0.08 1.10+0.0? 1.33+0.18 0.08

Means are expressed as mean + standard erroe ohelan. Means within rawith the
same letters are not significantly differens i ng Tukey@0. HSD at P

4.1.4Banana producion in Kisii, Nyamira and Embu counties

Eighty-six percentof respondents in Kisiand ninety-threepoint three percent of the
repondents iMlyamira counties taplanted bananas on 6025 acresin Embu County

40 % of the respondentsagr bananas on 0.5 acres and above. It was observed that 93.3

%, 80 % and 80 % of respondents in Kisii, Nyamira and Embu counties respectively
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harvest more than 20 bunches annually averagifgb2@ys per bunch. From thaudy it

was observed that Kisivasleading inbanana production (Table 4.2).

A survey of the preferred banana cultivars in the three counties showed that in Kisii and
Nyamira, the most preferred cultivar was
(Fig. 4.3) and 90 % of the respondents in Nyamira (Fig. 4.4). However, in Embu County
the preferred cultivar was Israel with 96 % of the respondents growing it followed by

Moraru with 73 % of the respondents (Fig. 4.5).
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Fig 4.3: Local banana Fig 4.4: Local banana Fig 4.5 Local anana

cultivars  in cultivars in cultivars in
Kisii County. Nyamira Embu
- ' County.

4.1.5 Factorsaffecting banana farming in Kisii, Nyamira and Embu counties
Pests and diseases ranked as the major challenge in banana production with Embu being
the highest affected with 73 % of the respondents identifying it as a major challenge (Fig.

4.6),
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Lack of planting materials ranked as the second significant challenge that is facing these
farmers with Kisii County respondents being the most affected with 43.3 of the

respondents indicating that they had limited access to planting materials (Fig. 4.7
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Fig 4.6: Pests and diseases as Fig 4.7: Lack of planting materials as
challenge in banan: challenge in banana farming.

Availability of ready market is another factor that hasbwput into consideration.
Majority of the respondents in Embu (70 %), and Nyamira (45 %) indicated that they sold
their bananas to their neighbors while 60 % of the respusde Kisii indicated that they

sold toneighborsand atthe local trading Centre. There is limitathrket access amndith
transportationacting asa major contributorThe respondents indicated that they had
limited access to agricultural services, saslaccess to aagricultural extension officer
andthis may playssignificant role in low productivitypf bananasn the three regionsn

the counties of Nyamira and Kisii, it was determined that none of the respondents had
any interactions with agricultal extension officer&Embu County differed in that 23.3 %

of the respondents had access to services offeredghgultural extension officers.

Additionally, other challenges mentioned by farmers includetimited access to
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agrochemicals (pestes, fungcides and herbicidésThis was indicated by more than

20 % of respondents from Kisii,ydmira and Embu counties.

4.16 Banana tissue culture technology adoption

Most respondents had little or no understanding of banana tissue culture technology, with
60% of those in Kisii, 66.7% of those in Nyamira, and 63% of those in Embu County
indicating they were unaware of the practisess than 35 % dhe respondents from the
three ounties indicatedhat they hadscany knowledge on tissue culture technology.
Embu County had the highest number of respondents (36 %) (Fig. 4.8) planting tissue
cultured banana varieties, followed by Kisii County (10 %) (Fig. 4.9). Twenty percent of
the respondents who grew tissue cultured bananas in Embu preferred FHIA 17 followed

by grandnaine (6.7 %) and giant Cavendish (6.7 %) &id).

= 25 £ 8 g 3.3
£ 20 & 6 3 25
- 15 = = 2
£ 10 g 4 § 15
- 5T 2 5% 1
2 g 5 |%§ b = = 0 0 e ‘g’ 0.5 0 0 0
9E o gi o 2 0
o = g (] > X b g 2 A
s & R DS 2 & PSS 5 & PSS
© N S b 2 Q e S = > &
g ° S F g RN 2 »° ’b@Q S
g & @ < g2 &\ 3 z & & C S
T A Y < G . ¢ & &L ¢
& @"b ) (D’b L) (,’b
Tissue Culture Cultivars Tissue Culture Cultivars Tissue Culture Cultivars

Figure 4.8 Tissue cultured
banana cultivars
grown in Embu
County.

Figure 4.9 Tissue culturedFigure 4.1Q Tissue cultured
banana cultivars banaa cultivars
grown in Kisii grown in Nyamira
County. County.
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Based on the study there were various factors that infludmmegha farming and tissue
culture adoptionthis was determined frompearsons correlation tegthisrevealed that
therewas significant correlation at 0.01 level between access to agricultural services and
whether or not the respondents had received farm management training. There was also
significant correlation between access to farm management training and whether or no
the respondents had knowledge about tissue cultured banana technology, whether they
plant tissue cultured bananas, duration of tissue culture farming and availability of tissue

culture bananasi\ppendix ).

4.2 Soil physicechemical parameters

The samfes obtained from the three counties varied in soil organic carbon levels with
majority of the soil samples from Embu and Nyamira containing moderate organic
carbon levels. The study showed the average pH recorded in the soils obtained from the
Counties wa 4.94 Additionally, there was a significant difference in the pH between the
three Counties (P= 0.01)Macronutrients which are required in high amounts varied in
the soil samples from the three counties. Soil samples from Embu County had the highest
total nitrogen (TN) reported at 0.61 followed by Nyamira County at artll lastly Kisii

County at 0.16 Additionally, there was a significant difference in the total organic
Carbon (TOC) withsoil samples from Embu County having an average of 18.20 and the

lowest observed in Kisii County at 1.{Rable 4.3)
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Table 4.3 Soil physico chemical properties of rhizospheric soil obtaind from Kisii,
Nyamira and Embu counties

Embu Kisii Nyamira P- Value
pH 4.94+0.12 6.15+0.24 5.09+0.17 0.01
TN 0.61+0.30 0.16+0.0F 0.21+0.0% 0.14
TOC 18.20+11.26 1.72+0.10 2.39+0.1% 0.03
TP 37.35+7.07 36.30+3.40 32.00+3.27 0.71
TK 1.15+0.20 1.04+0.14 1.50+0.44 0.62
Ca 1.28+0.50° 3.32+0.66 1.50+0.44° 0.02
Mg 2.09+0.23 3.07+0.30 2.21+0.40 0.08
Mn 1.32+0.22 1.27+0.1% 1.10+0.33 0.97
Cu 2.39+1.12 1.84+0.24 2.52+0.63 0.71
Fe 54.70+6.50 70.76+4.08° 84.20+11.76 0.05
Zn 0.31+1.97 16.65+3.92 19.84+3.12 0.04
Na 1.40+0.70° 0.34+0.06 0.34+0.08 0.05

pH= acidity/ basicity, TN = total nitrogen, TOC =t&l organic carbon, TP = total
phosphorus, TK = total potassium, Ca =calcium, Mg = magnesium, Mn = Manganese, Cu
= Copper, Fe = Iron, Zn = Zinc and Na = Sodium. Different letters indicate sigmigican
difference within rowgP < 0.05) according to Tukey#onest nificance (HSD)}est

4.3 Banana Rhizosphere Microbial Diversity determination using next generation
sequencing NGYS) of rhizospheric soil

DNA was isolated from soils from Kisii, Nyamira, and Embu counties and visualised in

1.2% agarose tdetemine the quality of DNA(Plate 4.].
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Plate 4.1: Gel electrophoresis image of soil metagenomic ONA.2 % agarosand 1kb
gene ruler (Thermofisher). Lané&-4, DNA from Kisii soil samplesLanes 5-
8, DNA from Nyamira soil sampés and lanes 9-12, DNA from Embu soil
samples.

4.3.1 Relative abudance of bacterial phylébased on soil metagenomic analysis
targeting 16S region

The bacterial communities varied in the different rhizospheric apip$es obtained from
the three ounties The resultant420000 sequences were parsed and 335088ed
(operational taxonomic units (OTUSs), 324697 sequemgar® within the Bacteria and
Archaea domains. The dominant bacterial phyla were

actinobacteriaproteobacterigacidobacterigFigure4.17).



55

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
NIl N4 N8 C3 C3 c7 C10

N6 Cll Cl4 Cls6 CI9
Soil samples

o

Abundance

& proteobacteria ® acidobacteria ® actinobacteria & verrucomicrobia

® fimmicutes ¥ bacteroidetes B thaumarchaeota B gemmatimonadetes
# planctomycetes u chloroflexi Hnitrospirae m cyanobacteria

® euryarchaeota # chlamydiae » armatimonadetes E spirochaetes

# chlorobi » deinococeus_thermus ® ignavibacteriae = fusobacteria

® elusimicrobia ® fibrobacteres ® thermotogae

Figure 4.11 Relative abundance of observed bacteria kingdom phyla in banana
rhizosphere soil sampleslyamira County (N1, N4, N6, N8Kisii County
(C11, C14, C16, C19EmMbu County (C3, C5, C7, C10).

4.3.2 Hierarchal clustering of bacterial communities in banana rhizospheric soils

Based on the dual hierarchal dendrogram, there was a lack of distinct clustering between
the presumed sample groups N and C (Fig 4.12). There is no clear evidence of a
significant differencebetween sample groups. The heatmap obtained from the dual
hierarchal classification of the predominant genera enabled the visualization

predominant bacterial genera suchhaglobacteriunsp.
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Figure 4.12 Dual Hierarchal dendrogram evaluation of ttaxonomic classification
data, with each sample clustered on thaxi¢ labeled basesbil sample.
The heatmap represents the relative percentages of each genus. The
predominant genera are represented along the rigtxisy
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Majority of the bacterialgenera identified were those associated with soil. However,
there were planteneficial bacterial generacguasRhizobiunsp. andAzospirillumsp. as
well as plant pathogenic genera suchRadstoniasp. AndXanthomonasp. dentified

from the soil sampke(Figure 4.13).
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Figure 4.13: Relative albbndance obacterial generad, Beneficial bacterigyenera B,
disease ausing bacterial gener&oil samples from Nyamira County (N1,
N4, N6, N8), Ksii County (C11, C14, C16, C19%mhbu County (C3, C5,
C7, C10).

4.3.4 Alpha and Beta diversity analysis of bacterial communities in banana
rhizopsheric soils

The number of operational taxonomic units (OTU) at the species defgled alpha
diversity among different groups whicshowedthat different microbial species are

within the given sampleThe ShannoiWiener Index curve ploteacheda plateau at



58

approximately 2000 sequences indicating sufficient sequencing depth to characterize

bacterialdiversity (Fig. 4.14)
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Figure 4.14: Alpha diwversity of bacterial microbial communities in soil samples
expressed aShannoAWiener and Rarefaction curves calculated based upon
detection of ASVs (Amplicon Sequence Variants) using DADAAIl
samples fromNyamira County (N1, N4, N6, N8Kisii County C11, C14,
C16, C19)Embu County (C3, C5, C7, C10).

A Bray-Curtis dissimilarity matrix pncipal coordinate analysis plots of the microbial

communities showed that there appears to be phylogenetic assemidag®le group N

that is distinct from samplegup C(Figure 4.15)
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Figure 4.15: Principal coordinate plot of weighted UniFrac data with colors keyed on
the samplad. Primary vector(Axis 1) explains 45.2 % of the variation
between the sampleSoil samples from Mamira County (N1, N4, N6, N8);
Kisii County (C11, C14, C16, C1®mbu County (C3, C5, C7, C10).

The alpha diversity (Shannemveiner index) and beta diversity (Principle component

analysis)indices showing bacterial communities diversity and commungtyundance

varied in the soil saples Soil sample N6 from Nyamiradtinty had the lowest shannon
diversity, faith and PCOA indices indicating low diversity and abundance of bacterial

genera. Soil sample C5 from Embwahty had the highest shannon diversity, faith and

PCOA indices indicatig high diversity and abundance of bacterial ge(iEaale 4.4).
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Table 4.4: Alpha and Betadiversity bacterial communities analysis of banana
rhizospere soil samples

Principle component

Shannon diversity Faith Analysis PCoA

Index Index Index
Cil4 8.961142 79.44049 -0.072402585
N4 8.215836 45.39901 0.156259897
N8 9.310428 78.61191 0.291114114
C10 8.518025 75.05421 -0.070074251
Cl1 9.292135 108.6745 -0.050913035
C16 8.637193 67.11941 -0.001735964
C19 8.623961 66.22904 -0.009044414
C3 8.73809 91.60279 -0.101475774
C5 9.301601 106.0649 -0.057552317
C7 8.948829 80.48075 -0.077219799
N1 8.275062 48.58578 0.280032429
N6 5.36682 15.70566 -0.286988302

Soil samples fronNyamira County (N1, N4, N6, N8Xisii County (C11, C14, C16,
C19);Embu Coury (C3, C5, C7, C10).

4.35 Relative abundance of fungal phylabased on metagenomic soil analysis

It was observed th&14531 sequences identifiit@dm the blast analysis wewthin the

fungi kingdomand showed théungal phylain the soil samples obtaidefrom Kisii,
Nyamira and Embweounties The averagsequenceeads per sample was 26210 and the
most abundant fungal phyla was ascomycota followed by basidiomycota in all the soll

samplegFigure 4.16).
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Figure 4.16: Relative &undance of observed fungal kingdom phyla in banana
rhizosphere soil sampleyamira County (N1, N4, N6, N8Kisii County
(C11, C14, C16, CI)9Embu County (C3, C5, C7, C10).

4.3.6 Hierarchal clustering offungal communities in banana rhizospheric soils

A dual hierarchal dendrograaf the predominant genershowedclustering related to the
different groups. Based on the lack of distinct clustering between the presumed sample
groups N and CSoil associated fungal genera suctiMastierella sp. AndCryptacoccus

sp. were the most predominaRtisariumsp. Which are commonly associated with plant
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diseases had a relative abundance ranging from 0.38 to 96.06 in the soil samples fro
Kisii, Nyamira and Embu countig¢Eigure4.17)
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Figure 4.17: Dual Hierarchaldendrogram evaluation of the taxonomic classification
data, with each sample clustered on thaxis labeled based soil sample.
The heatmap represents the relative percentages of each genus. The
predominant genera are represented along the rightis Soil samples
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from Nyamira County (N1, N4, N6, N8Kisii County (C11, C14, C16,
C19),Embu County (C3, C5, C7, C10).

It was observed that there were plant beneficial fungal genera such as arbuscular
mycorrhiza fungi (AMF)Acaulosporasp. and Glomussp. Their percentage occurrence
was lower than fungal genera mostly associated with plant diseases swsdaasmsp.,

Colletotrichumsp. andvertilicillum sp (Figure 4.18).
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4.3.7 Alpha and Beta diversity analysis of fungal communities in banana

rhi zopsheric soils

The number of operational taxonomic units (OTU) atdkaus level defined thalpha

diversity among different groups which evaluated how many different microbial species

are within the given sampl@he ShannoiWiener Index curve plot rebes a plateau at

approximately 2000 sequences indicating sufficient sequencing depth to characterize

fungaldiversity (Fig. 4.19)
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Figure 4.19: Alpha diversity offungal microbial communities in soil samples expressed

as ShannorAWiener Rarefaction curgecalculated based upon detection of
ASVs (Amplicon Sequence Variants) using DADAZRoil samples from
Nyamira County (N1, N4, N6, N8Xisii County (C11, C14, C16, C19)
Embu County (C3, C5, C7, C10).
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Beta diversity analysis showed tliengal community stucture of the different soil
samples. A principal coordinate analysis A Bfayrtis dissimilarity matrixprincipal

coordinate analysis plots of the microbial communisieswedphylogenetic relatedness.
There werephylogenetic assemblage amongst samptaugrN that is distinct from

sample group @Figure 4.20)
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Figure 4.20: Principal coordinate plot of weighted UniFrac data with colors keyed on
the samplad. Primary vector(Axis 1) explains 19.5®6 of the variation
between the sampleSoil samples fom Nyamira County (N1, N4, N6, N8);
Kisii County (C11, C14, C16, C1%mbu County (C3, C5, C7, C10).
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The dpha diversity (Shannorweiner index) and beta diversity (Principle component
analysis) figures showingufigal communities divertsi. Soil sample C4 from Kisii
County showed the highest diversity with a diversity index.686194while N6 from
Nyamira County showed the lowest diversity index (Table 4.5).

Table 45: Alpha and Beta diversity fungal community analysis of banana
rhizospere soil samples

Shannon Faith Principle Component Analysi

Sample Identity Diversity index Index (PCoA) Index
N6 0.677111 3.814889 -0.000®
N1 3.26986 11.92947 0.269778
N4 3.667344 10.82037 -0.56726
N8 3.22053 8.366606 0.295455
Cl4 6.686194 52.56977 0.032562
C16 5.792565 39.74698 0.020006
C19 6.079599 31.46444 0.025211
C5 4.189097 14.2502 -0.00526
C10 5.496617 44.34761 0.03522
C11 4.805027 23.60839 -0.08128
C3 5.985529 30.4308 -0.01315
C7 6.531445 47.61447 -0.01128

Soil samples from Nyamira County (N1, N4, N€8), Kisii County (C11, C14, C16,
C19);Embu County (C3, C5, C7, C10).

4.3.8 The influence of soil pysicochemical parameters on microbial communities

There were variations in bacterial and fungal communities which closely correlated with
the soil pararaters based on Canonical correspondence analysis. These included soil pH,
total organic carbon (TOC), total nitrogen which were the main drivers of microbial

community distributior{(Fig 4.21).
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Fig 4.21 Canonical correspondence analysis of bacteriatispeagainst soil parameters
for banana rhizospheric sod, Beneficial; bPathogenic bacterial specié¥ed
arrows represent fungal species while the blue arrows represephgsico
chemical parameters.

Plant beneficial bacteria species such Bradyhizobium sp, Azotobactersp. and
Rhizobiumsp. distribution was mainly affected by soil pH, soil P (Phosphorus), Total
Nitrogen (TN) and TOC. In plant pathogenic bacterial species TN, TOC and soil pH were
the main drivers, in which soils with high pH,eapiate TN and TOC had low incidences

of pathogenic bacterial species suckXaathomonasp.andRalstoniasp.

The distribution and abundance of beneficial fungal species such as arbuscular
mycorrhiza fungi (AMF) which includ&igasporasp. was affectedy soil pH with low
counts observed in highly acidic soil. Other species suétaslosporavere affected by
total nitrogen (TN) and total organic carbon (TOE)g 4.22. Population of plant
pathogenic species such @slletotrichumsp. and Verticillium sp. were TOC and TN

while majority ofFusariumspecies were affected by soil pH and P.
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Fig 4.22 Canonical correspondence analysigunfgal species against soil parameters for
banana rhizospheric soih, Beneficial, b,Pathogenicfungal species Red
arrows represent fungal species while the blue arrows represent soil physico
chemical parameters.

4.4 In-vitro micropropagation efficiency of local banana cultivars using low cost

tissue culture technology

4.4.1 Cost analysis of reduction of produ@n cost

Local fertilizers were used instead of standard macronutrients and micronutrients, which

resulted in cost savings of 90 and 66.7%, respectivagitionally, total cost reduction

incurred by using lowcost media was 84.5 % (Table ¥.6
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Table 4.6 Cost differences of conventional and low cost alternative sources of
micronutrients, macronutrients and sucroseused in the preparation of a
litre of tissue culture media

Conventional Cost per litre of  Low cost Cost per litre of  Cost
Sources media (Ksh) sources media (Ksh) reduction (%)
Macronutrients 50 Local 5 90

fertilizers
Micronutrients 1.50 Easygrow 0.50 66.7
Sucrose 120 Table sugar 4 96.7
Total 180.50 9.50 84.5

The cost incurred was lowered by 93% through the use of altexuiéiee bottlesin the
tissue culture process, such as the substitution of jam jars for traditional tissue culture

bottles.(Table 47).

Table 4.7: Cost differences of conventional and low cost alternative sources of
culturing materials used in the preparation d tissue culture media

Conventional Cost peritem Low cost Cost peritem Cost
Sources sources reduction
(Ksh) (Ksh) (%)

Culture bottles 650 Jam jars 40 93

Sodium 1600 Jik per litre 110 93.1

hypochlorite per

litre

Aluminium foil 600 Sterile waste 0 100
paper

Ascorbic acid 4195 per 10@ Activated 450 per 10@  89.3
charcoal

Total 6555 600 93.9
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4.4.2Effect of micropogation on local banana cliivars

Survival rate at different hormonal concentration varied based on the beultivars
Highest swvival rate for Kiganda Israel, Muraru and Kienyeji bananacultivars was
recorded in cultures establishedamv- cost MS media supplementadth BAP and I1AA

hormones. Howevdfienyejialso did well in BAP 4.0 mg/IHigure 4.23.
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Figure 4.23: Explantssurvival rate in lowcost tissue culture medsupplemente with
different hormone concentrationBAP, Benzyl aminopurine; I1AA, Indole aceticcial.
Error bars indicate standard error at §.05.

4.4.3 Shoot establishment andinitiation response of loca banana cultivars from
Embu, Kisii and Nyamira countiesusing low cost tissue culturetechnology

Those cultures imiated in initiation media without BAP did not produskoos. The
presence of a growth regulator had significance influence on the surandl
establishment of the shoot tip cultur8sme of thecultivarscollected fromKisii County

took an average of between 28209.6days toestablisha shoot(Table 48).
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Table 4.8: Shoot initiation response at different hormone concentrations of local
banana cultivars from Embu, Kisii and Nyamira countiesusing low cost
tissue culturetechnology

Shoot Shoot tip No. of days to

Emergence Establishment shoot
Treatments Region (%) (%) establishment
Cultivars
Kiganda Embu  755+0.7¢¢ 60.5+0.67 29.7 +0.82
Israel Embu 0.00 0.00 0.00
Muraru Embu 65.5 +0.78° 65.5 +0.19° 30.0 £0.89
Ng'ombe Kisii 80.5+0.08 75.5+0.70 28.3 +0.67
Sukari Kisii 55.5 +0.08 55.5 +0.1%¢ 29.6 £0.97
Kienyeji Kisi 76.0 +0.18  73.5+0.03 28.1+0.98
Ng'ombe Nyamira 66.5+1.4%° 60.5+0.738 28.7 £1.4%
Sukari Nyamira 355+1.18 0.00 28.9 £+1.62
Kienyeji Nyamira 70.5+1.5¢ 65.5+0.78° 29.3 +1.38
Hormone
BAP 0.0 0.00 0.00 0.0
BAP 3.0 55.0 +0.25° 40.5 +1.88° 27.0 £1.0%
BAP 4.0 65.5+0.18 635 +1.44° 30.0+1.53
BAP 5.0 68.5+0.2 60.5+1.19" 28.5 +0.67
BAP 6.0 60.5 +0.68° 55.0 +1.08 30.92+1.02
BAP 3.0+IAA 0.3 80.5+0.18 73.5+1.1% 26.5+1.28
P value
Cultivar <0.001 <0.001 0.0
Hormone 0.015 0.018 0.045
Cultivar*Hormane 0.019 0.021 0.054

Values are expressed as mean * standard error of the mean. Means having the same
letters are not significantly differemtithin the columnsAccordingtoT u k ey 6 s

%. Lettersa, b and c represent statistical differengghin columns. BAP, Benzyl

aminopurine

Banana Cultivars from Nyamira counties took an average 28.8 days toestablish

shoots.The cultures placed in initiation medium supplemented with 3.0 mg/l| BAP and

HSD


























































































































































































































































































