IDENTIFYING ELITE RHIZOBIA FOR COMMERCIAL SOYBEAN

(GLYCINE MAX) INOCULANTS

MAUREEN N. WASWA

BSc Horticulture (JKUAT)

THESISSUBMITTED IN PARTIAL FULFILMENT FOR THE AWARD

OF DEGREE OF MASTER OF SCIENCE IN SOIL SCIENCE

DEPARTMENT OF LAND RESOURCE MANAGEMENT AND

AGRICULTURAL TECHNOLOGY, UNIVERSITY OF NAIROBI

2013



DECLARATION

This thesis is my original work and has not bedmstted for a degree in any

other University

Signature.............coeeeeen. Date......ccooviveviiinnnn.

Maureen Nekoye Waswa

This thesis has been submitted for examination withapproval as supervisors

1. Signature.................. Date......ccovevieiiiin.n.
Prof. Nancy Karanja

(UoN)

2. Signature.................. Date.......coooeevennnnnn.
Dr. Paul Woomer

(CIAT-TSBF)

3. Signature.................. Date.......coovvevennnnnn.
Dr. Frederick Baijukya

(CIAT-TSBF)



DEDICATION

To: my father, Chrispus W. Wanjala; my mother, &olN. Wanjala; and my
brothers and sisters. My parents’ vision for adyeibmorrow is unrivalled by the
best educators in my life. Above all | extend mycsire gratitude to the Almighty

God for making this journey possible.



ACKNOWLEDGEMENT

| take this opportunity to express my gratitudenty supervisors Prof. K.N
Karanja (University of Nairobi), Dr. Paul L. Woom¢€IAT-TSBF) and Dr.
Frederick Baijukya (CIAT-TSBF) for their constantpert guidance, advice and
support through all the stages of the research wioidso wish to thank all
technicians in the department of LARMAT particja8tanley Kisamuli for the
encouragement and support provided during my reBedy gratitude also goes
to the Bill and Melinda Gates Foundation for furglimy course and research

work through N2Africa project.

Appreciation also goes to my husband, Andrew S. dvgh for his support
during long period of my study. Special thanks asoto my daughter Faith N.
Mabonga; she made my work easier and tolerated sgree from home at a

time that she needed me most.



TABLE OF CONTENTS

DECLARATION ...ttt ettt sttt st st st st ettt e e ebe e ebeenbeenaeas i
DEDICATION ...ttt ettt ettt ettt e bt e sbe e s bt e sbeesaeess bt e sate st e sateeaeas i
ACKNOWLEDGEMENT ..ottt ettt st st st st st st st iii
TABLE OF CONTENTS ...ttt sttt et et she e st st st et iv
LIST OF TABLES ...ttt ettt b e bt she e st st e eaee et s viii
LIST OF FIGURES.......c oottt ettt ettt st st st sbe s ebeete e iX
P AT E .t ettt ettt e b e bt s at e st e sttt e bt e e be e bt e bt e s beesheesatesateea iX
ABBREVIATIONS AND ACRONYMS..... .ottt ettt X
ABSTRACT .ttt sttt sttt et e et e e bt e s bt e sbe e bt e e sbeesaeesaeesaeesaes Xii
CHAPTER ONE.....c ittt st st st st sttt et et e esbeesbeesaee s 1
INTRODUGCTION ...ttt ettt ettt et e she e s bt e sat e sat e st e st e e satesteeaeas 1
I = od (o (o 11 ] o 1SR 1
1.2 Problem statement and juStIfiCatiQN. ...........cceovririnererce e 3
1.3 OBJECHVES...... ittt sttt sttt sae b na b e 4
1.3.1 Broad ODJECHVE........ccueieieiertieeeee ettt s 4
1.3.2 SPECITIC ODJECHIVES ...ttt 5
L1.3.3 HYPOTNESIS. ...ttt 5
CHAPTER TWO ... ittt ettt st st st st sttt et et et e e sbeesbeesaee s 6
LITERATURE REVIEW. ...ttt sttt 6
2.1 CharacteristiCs Of rNIZODIAL...........ccueiiiiire e 6
2.2 RNIZODIAI TAXONOMY .....eiiiiieiieieie ettt ettt e see et e sesreeneesesneenneeaees 7
2.3 Rhizobial Ecology and DiVEISILY.........cccceeceririeeierieeeeiere et nee s 8
2.4 Determinants of Host Specificity in Rhizobia...........ccccooooiiiieiiniee, 11
2.5 Mechanisms of Biological Nitrogen FiXatiQn............ccocecererieeenieneeere e 12

iv



2.6 Significance of Biological Nitrogen FixXatiQn...........ccccovevevireeceneseeese e 14

2.7 Rhizobial Bio-prospecting StUdIES..........cccvvieieiineeiececeeeees e 15
2.8 Factors affecting Nitrogen fiXatiQn...........cccceeveviiiieeeericeeer e 17
2.9 Nitrogen Fixation in SOYDEAN.........ccccviieiececeeeceeeeere e 20
CHAPTER THREE...... oottt ettt sttt sttt s be et et e saeeaeens 24
MATERIALS AND METHODS.......cotiieteietesetee ettt sttt st 24
T RS (=T [=T Yol 01 ( o] o RSO UR 24

3.2 Authentication and screening of indigenousahia isolates in the greenhouse
collected from soils under different land uses BNka...........ccooceeeerieeeceneceeeeee 25

3.2.1 Authentication of indigenous rhizobia isotaite the greenhouse collected from

soils under different land USES iN KENYA........cccceeeeviiieiereseeere et 25
3.2.1.1 Design used for the authentication exparirimegreenhouse............cccecvevvveevenee. 25
3.2.1.2 Preparation of potting MeaL..........cecvveeieiicieeeeeeeee e 26
3.2.1.3 Pre-germination Of SEQUAS........cccocivieieveceee e 27
3.2.1.4 Planting and inoculation of bacterial iS&a............ccccceveevevinieececeeee e, 27
3.2.1.5 NULFENT SOIULION. ...ttt 28
3.2.1.6 Harvesting authentication eXperiment............ccccevveeeverieceere s 28

3.3. Screening of indigenous rhizobia isolateh@dreenhouse on performance of
specific (Safari) and promiscuous (SB19) soybeamwgrin non sterile soil from Western

KBINY@L. ettt ettt ettt et e e s bt e sh e e s bt e s aee e eate e abesabeebeebeenbeenteen 29
3.3.1 Experimental design of screening test inmgease using non sterile sail............ 30
3.3.2 Rhizobia used for potted non-sterile soilezitpent in greenhouse.............c..c....... 30

3.3.3 Performance of 24 indigenous rhizobia isslateculated on soybean grown in
Butula soil iN the gre€NNOUSE..........couiovieieeeeeeee e e 32

3.4 Field trials to assess performance of promisid@genous rhizobia using
promiscuous (SB19) and specific (SB97) soybean..........ccccceeeiiinininencnenecee 33

3.4.1 Experimental design used in the field assessof the indigenous rhizobia isolat&®



3.5 Procedures for chemical characterization dfssa vermiculite.........ccccovevveevriieeennnns 35

3.6 StatiStiCAl ANAIYSIS......ccveieeiieieereeee ettt enaens 38
CHAPTER FOUR.....ei ettt sttt bt sttt et sttt e st ee b 39
RESULTS .. ettt ettt b et b e bt et b e s ae et e s bt e at et e besaeenaenbeeaeentenees 39
4.1 Characteristics of media used in the greenhangdield level.............ccocevvnenneninn. 39

4.2 Authentication and screening indigenous rhizadlates collected from soils under
different 1and USES IN KENYa.........cccoiiiiiiieeee e 40

4.2.1 Authentication of indigenous rhizobia isokite the greenhouse using sterile metiia
4.2.1.1 Nodule number and internal nodule COlOr..........ccooeieeininncce e 42

4.2.2 Screening of indigenous rhizobia isolatethéengreenhouse on performance of
soybean varieties grown in soil from Butula-West€amya............ccccceeveveevererceneseenens 44

4.2.2.1 Nodulation of promiscuous (SB19) and sjpe(8afari) soybean........................ 44

4.2.2.2 Plant biomass for SB19 and Safari inocdlatigh promising rhizobia isolates
grown in soil collected from Butula at greenhouseel...............ccccoevvveevierieceeceieceen, 46

4.3 Field trials to assess on performance of priogisidigenous rhizobia using
promiscuous (SB19) and specific (SB97) soybearu&il& and Nyabeda....................... 48

4.3.1 Effect of different rhizobia isolates on FlIAIOMASS..........ccccoveieeererecereeeeee 48

4.3.2 Effect of different rhizobia isolates on gi@f two soybean varieties grown at

Butula and NYADEAA..........ccoivuieeeiieeeseeese ettt st n e reeanas 50
CHAPTER FIVE..... oottt st sttt sttt e sae et b 52
DISCUSSION.....utiiiiititiiitittttt ettt ettt ettt seseseneneas 52
5.1 Characteristics of soil at Butula and Nyaheda............c.cccoceveeceeveieecene e, 52

5.2 The indigenous rhizobia isolates from differ@gto-ecological zones in Kenyan

5.3 Performance of indigenous isolates in BUtUulB.SO.........c.cccoovveverieceeenireseecee 54

5.4 Performance of selected rhizobia isolates #B19 and SB97 soybeans grown in
Butula and Nyabeda farms..........c..cooiiric e 56

CHAPTER SIXo ettt ettt st s n e s ne e e nne e 57

Vi



CONCLUSION AND RECOMMENDATIONS.......coiiiiirineneeeeteneeee e 57

6.1 CONCIUSIONS....ctiuiieiiieintete et ettt 57
6.2 RECOMMENUALIAN........ciitiiriiiteirtc et 58
REFERENGCES....... .ottt sttt sttt sttt sbe et e st bt e e e neesaes 59
APPENDICES . ...ttt sttt s h et b e s bttt be et e st sbe et enbe b 84

vii



LIST OF TABLES

Table 1. Indigenous rhizobia isolates screenebe@rgteenhouse where non sterile
soil was used as media, host the isolates weraté&zbhnd geographical

area they were collected from. ...........oiceeeemeiiiii 13

Table 2. Chemical characteristics of media usegtéenhouse and at field level

(Butula and Nyabeda).............ccooiiiiiiieeeeemccceeee e 39

Table 3. Category, internal nodule color and noduleber of eighty indigenous
rhizobia isolate and controls authenticated ingleenhouse using sterile

media (vermiculite) and SB19 as host plant.............ccooviiiiiiiiiiiiinne, 43

Table 4. Plant biomass by two soybean varietiegudiferent nitrogen

management at Butula and Nyabeda. .........ccoaeeeiiiiiiins 49

Table 5. Grain yield by two soybean varieties ifated with different rhizobia

isolates at Butula and Nyabeda. ...........ocoooorvrieieeeiiiiceee e, 51

viii



Figure 1:

Figure 2:

Figure 3:

Figure 4:

LIST OF FIGURES

Arrangement of gravel and sterile mederficulite) in pots used for

authentication of indigenous rhizobia isolateshie greenhouse. ......... 26

Effectiveness Index of indigenous rhizolgblates on soybean variety

SB 19 grown in rhizobia-free vermiculite. ....ccceecceeveieeiiiiiiiiiiee, 41

Nodule number on roots of promiscuousl@Eand specific (safari)
soybean varieties grown in Butula soil inoculatethv24 indigenous

rhizobia isolates from Kenya. ..........ccoooeeeemmiiiiiiiii s 45

Perfomance of the 24 isolates on the esayylvarieties grown in potted

BUTUIA SOl .o 47

PLATE

Plate 1: Nodules from soybean grown in vermicuditer 56 days from planting. .. 29



ABBREVIATIONS AND ACRONYMS

BNF Biological nitrogen fixation
CRD or@plete randomized design
CAN alCium ammonium nitrate
C Carbon
CIAT ntérnational Center for Tropical Agriculture
DAP Di-ammonium phosphate
DNA ebxyribonucleic acid
El Effectiveness index
FAME tBpacids methyl esters
GOK o¢rnment of Kenya
K Potassium
LARMAT Land Resoa Management and Agricultural
Technology
MOA ilfstry of Agriculture

MPN okt Probable Number



Mm

MPNES

Mt

NacCl

NOs

NO

N2O

PLWHA

PPM

PCR

RAPD

RFLP

YEMA

YEMB

pum

Millimolar

MosbPable Number Enumeration System

Metric ton

Nitrogen

Sodium Chloride

Nitrate

Nitric oxide

ittfdus oxide

Phosphorus

Peetliving With HIV/AIDS.

ari® per million

Polymerase chain reaction

rRimm Amplified Polymorphic DNA

edriction Fragment Length Polymorphism

Ydaextract Mannitol agar

Yataextract Mannitol broth

Micrometer

Xi



ABSTRACT

Existence of highly effective rhizobia in Africamiks is under exploited since
commercial inoculants still contain exotic cultufesm United States of America.
Bio-prospecting was conducted in Kenya to idengfite strains of rhizobia
capable of effectively nodulating and fixing largenounts of nitrogen with
commonly grown soybean varieties. One hundred tisglavere recovered from
nodules of wild and cultivated legume hosts growimglifferent agro-ecological
zones, namely coastal sand dunes and mangrove sywamepuplands and Rift
Valley highlands, to the Afro-montane zone of Mougigon and the Lake
Victoria Basin, covering about 1045 km transect.eSéh isolates were
authenticated and tested for effectiveness on soyliaycine maxvar. SB 19 in
sterile vermiculite, and the twenty-four most preimg isolates screened in potted
soil to assess their competitive abilities using tentrasting varieties of soybean
("promiscuously nodulating” SB 19 and specific $afa’he six best performing
isolates were evaluated under field conditions, mammg them to
Bradyrhizobium japonicunstrain USDA110, an industry standard. Test isslate
were classified into five categories, non-infect{28%), ineffective (26%), partly
effective (26%), effective (17%) and highly effeeti (11%) based on their
performance relative to controls and commercialcut@ants. The indigenous
rhizobia that outperformed USDA110 were considdregghly effective. In potted
soil, all 24 native rhizobia isolates nodulated rpiscuous soybean (SB19) but

only 46% of them nodulated specific soybean (Safarithe field experiment; at

Xii



Nyabeda in west Kenya, NAK 128 performed best oth mromiscuous and
specific soybean varieties, significantly (P<O0.@jtperforming USDA110 by
29% and 24%, respectively. At another site in ButiNAK 84 emerged as the
most promising isolate on both promiscuous andifipesoybean varieties and
outperforming USDA 110 by 9% and 6%, respectivéliiie two best isolates
from this investigation, NAK 84 and 128 outperf@unthe treatment receiving
78 kg N h&, require further characterization and field tegtbut clearly have

commercial potential.
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CHAPTER ONE

INTRODUCTION

1.1 Background

Rhizobia are soil-inhabiting bacteria that form thet nodules where symbiotic
biological nitrogen fixation occurs (Howieson anthékwell, 2005; Weir, 2006).
This process, where atmospheric N is captureddsinalation by plants is under-
utilized by small-scale African farmers, in parchase they do not understand its
mechanism and management. For example, 95% of fanmdé&ast and Southern
Africa were familiar with legume root nodules butly 26% considered them
beneficial (Woomeet al.,1997). In another study, the percentage of farmis

use inoculants in Kenya was only 1% (Karagtfjal, 2000).

Competitiveness of native rhizobia also pose aidranto the benefits of
inoculation (Shamseldin and Werner, 2004). Tropswls are often rich in less-
effective, native rhizobia and a key to overcomingir competitive advantage is
through the composition and delivery of legume ulants (Theiset al, 1991),
especially for soybeans, a more specifically natghgahost legume (Sangingd
al., 2000). One pathway to improvement is to identigtive rhizobia with
superior symbiotic and competitive abilities andige them in large doses within
inoculants, building upon the biodiversity of indigous rhizobial populations.
The adaptability of indigenous rhizobia to theivieanment results in high levels
of saprophytic competence, therefore continualtifieation of new, elite isolates

offers the opportunity of improving BNF with fineried geographical targets



(Zengeniet al, 2006; Appunu and Dhar, 2008). In this way, aemtfiversity of
rhizobial isolates ensures a sustainable sourcestddins for commercial

application into the future (Musiyiwet al, 2005).

One empirical approach to rhizobia strain selecfimcuses upon the stepwise
collection, isolation and authentication of natiiobia, screening of the isolates
against reference strains for symbiotic effectigsneassessment of their
competitive abilities and evaluation of their penf@nce under a range of field
conditions Howiesonet al, (2000), with each step eliminating the worst
performing isolates from further consideration. thms way, the identified elite

rhizobial strains are likely to colonize the sddlerate environmental stresses,

and compete with background populations (Slattad/Rearce, 2002).

Ideally, this process identifies the elite stranmighizobia across a range of agro-
ecologies, mass produces them as inoculant andsmia&m available to legume
farmers so that they become beneficiaries of natiieobial biodiversity. Kenya

is an excellent location to test this approachhals a wide range of ecosystems,
legume communities (White, 1983) and soils (Sombedeal, 1982), and a large
population of farmers cultivating legumes, incluglisoybean as an increasingly
important cash crop. Moreover, these farmers arthénprocess of advancing
from subsistence to market-based agriculture ae#irsg to improve their field
practices and yields (Woomet al, 1998). This study evaluated the effectiveness

of Kenya's native rhizobia on farmer accepted psooous and specific soybean



varieties and is for performance of soybean inadslahrough identification of

elite indigenous rhizobia.

1.2 Problem statement and justification

Naturally-nodulating, also known as “Promiscuousiylsean varieties were
developed by the International Institute of Tropidgriculture (IITA) between
the mid-1970s and early 1990s and are being widdlypted in some African
countries. Their promiscuous nature allows thesetias to nodulate freely with
indigenousBradyrhizobiumspp. (Mpepereket al, 2000; Sangingat al, 2003).
Although promiscuous soybean lines were bred on the baaistliey would
nodulate freely without artificial inoculation, sties by Okogun and Sanginga
(2003) demonstrated that the indigenous rhizobéarat able to meet their full

nitrogen (N) requirement therefore inoculation witizobia might be necessary.

Currently, USDA 110 is recommended for soybean\atibn (Somasegaran and
Hoben 1984) and is likely to be effective upon relgeintroducedpromiscuous
soybean varieties in Kenya. However, it is als@alvib assess the effectiveness
and competitiveness of indigenous strains agaimstcommercial strainSDA
110) on promiscuous and specific soybean. Thdixig capability of rhizobia
varies greatly depending on the host plant spedibsrefore selection of best
strains must take rhizobia host compatibility istmsideration for the production
of suitable inoculants (Howiesat al, 2000). In addition, the ability of strains of
rhizobia to survive, nodulate and fix nitrogen oil £nvironments varies widely;

hence the selection of rhizobia with specific syotibiand competitive attributes



suited to a range of soil environments must assarhgh priority. Biodiversity
and economic potential of African rhizobia is ldggenexplored yet potential
exists for native rhizobia to outperform exotic aoercial strains. Given the poor
fertility of many Kenyan soils and high demand smybean, there is a need to

select appropriate soybe&fizobiunmsymbioses for Kenyan environments.

Demands for soybean are expected to rise to al&y0@0 Mt per year over the
next ten years (Jagwe and Nyapendi, 2004, MOA, R00énya is a very small
soybean producer, even within the African contestttite conditions are suitable
for soybean cultivation. The main factors includemgenial agro-ecology, crop
compatibility with existing farming systems, soyh&apotential contribution in
natural resource management, low cost of soybeatripr soybean’s contribution
to food security, its potential to contribute t@ifuel energy, and its ability as an
economic crop to create employment and generatemiadChiantwet al, 2008).
Soybean is one such crop that has the potentialalce significant contributions

to healthcare (Ohiokpehai and Osborne, 2003).

1.3 Objectives

1.3.1 Broad Objective

To improve biological nitrogen fixation of soybedhrough use of highly

effective indigenous rhizobia.



1.3.2 Specific Objectives
1) Identify elite indigenous rhizobia for soybean thgh comparison with

standard commercial strains.

2) Assess the effect of indigenous rhizobia on peréooe of specific and

promiscuous soybeans.

1.3.3 Hypothesis

Highly effective rhizobia for inoculating soybeaesist in Kenyan soils and

will outperform existing commercial inoculants $tis



CHAPTER TWO

LITERATURE REVIEW

2.1 Characteristics of rhizobia

A typical rhizobial cell is a small to medium sizéal5 to 0.9 x 1.2 to 3.0 um)
gram negative, motile rod, these cells exhibit ahtaristic presence of copiofis
hydroxybutyrate granules forming 40%-50% of thel cdly weight easily
observed by using stains for metachromatic granidest strains produce sticky
gum-like substances of varying composition. Rhiaadiiow a typical translucent,
viscid, slimy growth on Yeast Mannitol Agar mediatiwindividual colonies

having domed shape, elevated feature with entimgimsa (Guptaet al.,2007).

There is variation in specificity of interaction tiveen rhizobia and legume
species. Some rhizobia legume associations are spegific, where a host
legume will only form nodules when infected withspecific rhizobium while
other will form nodules with a range of rhizobiaafwe, 2000). Specificity
involves the recognition of the bacterium by thesthand of the host by the
bacterium through the exchange of signal compouwtigsh induce differential
gene expression in both partners (Broughetral., 2000). Rhizobia have been
utilized in agriculture to increase the yield ofleninous plants (Wadhwet al.,

2010) through their use as inoculants to seedss, dften, soil.



2.2 Rhizobial Taxonomy

Rhizobia are soil-inhabiting bacteria with the pui& for forming specific root
structures called nodules. In effective noduleslieteria fix nitrogen gas ¢N
from the atmosphere into ammonia, which is asstedldy the plant and supports
growth particularly where nitrogen availability soils is limiting plant growth. In
return the rhizobia are supplied with nutrientee@fmminantly dicarboxylic acids)

by the host, and are protected inside the noduletste (Weir, 2006).

Rhizobia currently consist of 61 species belongm@3 different genera, namely
Rhizobium, Mesorhizobium, Sinorhizobium, Bradyrbizm, Azorhizobium,
Allorhizobium, Methylobacterium, Burkholdera, Cuwgwidus, Devosia,
Herbaspirillum, OchrobactrurandPhyllobacterium The taxonomy of rhizobia is
in constant flux (Ahmaet al, 2008).Rhizobium, Mesorhizobium, Sinorhizobium,
Bradyrhizobium, Azorhizobiumand Allorhizobium belong to the alpha-
Proteobacterial subdivision of the purple bactemmaextremely diverse group that
includes pathogens, symbionts, photosynthetic asges) bacteria that degrade
environmental pollutants and the abundant marigar@smPelagibacter ubique
(Pierre and Simon, 2010)Rhizobiumcontains 33 species, 24 of which were
isolated from legume noduleSinorhizobiumincludes nine species isolated from
legume nodulesBradyrhizobiumhas seven species from legume nodules and
Azorhizobiumhas two species nodulating legumes. The compisteot valid
species of rhizobia is constantly updated (Klearal, 2010). The technological

advancements in morphological, biochemical, phggiaal, serological and



sequence analysis used for taxonomic classificatonhd still make classification
unstable (Manvika and Bhavdish, 2006). Severalofiz are able to nodulate
soybean Glycine max including Bradyrhizobium liaoningense, Bradyrhizobium
japonicum, Ensfer fredii, Ensifer xinjiangense, Wkimzobium albiziae,
Mesorhizobium temperaturand Rhizobium oryza¢Chenet al, 1988; Jordan,

1984; Gacet al, 2004; Wanget al, 2007; Pengt al, 2008).

2.3 Rhizobial Ecology and Diversity

Studies have targeted to uncover the nature obbiat symbionts in their native
environments as it has been discovered that ortheoimajor problems in the
application of biological nitrogen fixation (BNF¢dhnology is the establishment
of introduced inoculant strains. Nodulation andagen fixation in this symbiosis
require that host and microorganism are compatiblg, also that the soil
environment be appropriate for the exchange ofadsgthat precedes infection
(Hirsch et al, 2003; Zhanget al, 2002). Earlier reviews have chronicled the
influence of biotic and abiotic soil factors onzbbium ecology (Amarger, 2001;
Sessitschet al, 2002). A problem in many of the reviews was deguately
describing change at the population level. Toolsgshsas intrinsic antibiotic
resistance (Beynon and Josey, 1980), serology ®bhdnd Schmidt1973;
Purchase and Vincent, 1977; Purchateal, 1951), and multilocus enzyme
electrophoresis (Pinemt al, 1988; Eardlyet al, 1990), have all helped toward a
more detailed examination of rhizobial populatidrusture in soil, and how this

is influenced by host and environment. Howeveryomith the development of



molecular (Hirsclet al, 2003; Thiest al, 2001) and computational tools has the

consideration of large populations of rhizobia awatine basis been possible.

The formation of nodules on the legume host coetnio be regarded as the most
important phenotypic trait because of the practagticultural importance of
rhizobia. Symbiotic phenotype, other phenotypicdess such as FAME (fatty
acids methyl esters), SDS-PAGE (whole-cell protamalysis using sodium
dodecyl sulfate-polyacrylamide gel electrophoresss)d MLEE (multilocus
enzyme electrophoresis) followed by numerical taxoy have successfully been
used for grouping and characterization of unknotwairss and for the description

of novel species of rhizobia ( Vandameteal.,1996).

Traditionally, variation has been determined usthgracteristics such as growth
rate and colony morphology (size, shape, colortutexand general appearance)
and antibiotic resistance methods (Gratetmal.,1991). However, these methods
are not sufficiently discriminative to account ft the variation exhibited in the
target species. They cannot delineate sources sérebd phenotypic variation
into its components that may be due to environnmefatetors or underlying
genetic factors. Molecular tools have become ablgl#o analyze diversity and
population structure of bacteria. The 16S rRNA gesefjuences are an
indispensable parameter in rhizokiakonomy and methods based on differences
in ribosomal RNA genes have been frequently appitedpecies identification

(Laguerreet al.,1994). Nevertheless, the conservative nature SfrEBNA genes



limits its use for discrimination at the strain évThe intergenic spacer between
16S and 23S rRNA genes was described to be moiablea(Massol-Deyat al.,
1995) and RFLP of the PCR-amplified IGS was usedtie characterization of
rhizobia (Nouret al., 1994; Sessitsclet al., 1997b). The development of the
polymerase chain reaction (PCR) led to new fingetimg methods. Arbitrary
oligonucleotide PCR primers of random sequence [RARave been used to
generate strain-specific fingerprints of rhizobelenska-Pobelet al., 1995;
Paffettiet al.,1996). In addition, PCR primers based on shoergenic repeated
sequences have been designed to fingerprint bactde Bruijnet al., 1992;
Versalovicet al., 1991) and this approach became a frequently tgqaknfor

analysing bacterial communities (Laguegtal.,1996; Sessitscét al, 1997).

Studies have shown that tropical rhizobia are drerith sub-groups of varied
symbiotic specificity and effectiveness (Thetsal. 1991; Mpepereket al. 1996).
Studies by Bala and Giller, (2007) showed rhizobiathe same phylogenetic
grouping nodulatingCaliandra calothyrsus, Glyicidia. sepiurand Leucaena
leucocephalain some soils, but failing to nodulate at leaseé aif the hosts in
other soil, thus suggesting that rhizobial phylggand host range (infectiveness)
are only weakly linked. Rhizobia are heterotropluiempetent bacteria that can
survive as large populations for decades in theratss of host legumes (Giller,
2001), but the presence of a compatible host legooméers protection to the
microsymbionts against environmental stresses (@dalet al, 2002). On the

other hand, a greater diversity of rhizobia in gmpulations broadens the range

10



of legume hosts that can be nodulated in such. sbilerefore a mutual benefit

between aboveground (legume) and belowground (phazdiodiversities exists.

2.4 Deter minants of Host Specificity in Rhizobia

In rhizobia, host specificity plays a key role ire thstablishment of effective
symbiosis. Although many host plants and rhizol@aehthe ability to enter into
symbiosis with more than one partner, only a cersat of symbionts lead to the
formation of nitrogen-fixing nodules. Exceptionallyppical leguminous trees,
such as Acacia, Prosopis or Calliandra can formuladidn symbioses with
various rhizobia from different genera. Howeverge tispecificity between
symbiotic partners minimizes the formation of iretive, non-fixing nodules by

the host plant (Perret al, 2000).

The construction of root nodules requires extragynand nutrient sources from
the host. Rhizobia differ in their response toetint signal molecules produced
by legumes. Some rhizobia have a narrow host ramgeform nodules with a
limited number of legumes. For examplézorhizobium caulinodans
Sinorhizobium saheliand the sesbaniae biovar &inorhizobium terangae
nodulate onlySesbania rostratgBoivin et al., 1997) andRhizobium galegaées
the only symbiont oGalega officinalisandGalega orientaligLindstrom, 1989).
In contrast some rhizobia have a broad host randeaee capable of nodulating a
wide spectrum of legumes with various degrees ompscuity. For example,

Sinorhizobium sp. NGR234 and the closely relateginorhizobium fredii
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USDA257 nodulates at least 112 and 77 legumes frwm different tribes,
respectively (Pueppke and Broughton, 1999). Coelersgegumes may also be
host to only one kind of symbionGélegaspp.) or establish symbioses with a
wide range of rhizobia Leucaena leucocephalaCalliandra calothyrsus
Phaseolus vulgar)s Distantly related rhizobia can nodulate the sdmost, e.g.
Sinorhizobium fredjiBradyrhizobium japonicunand Bradyrhizobiumelkanii all
nodulate Glycine max Members of Rhizobium, Sinorhizobium and
Bradyrhizobium are less related to each other thasther non-rhizobial genera.
Stem and root-nodulatingAzorhizobium caulidonansand root-nodulating
Sinorhizobium frediiand Sinorhizobium terangabv. sesbaniae, both symbionts

of Sesbania rostrataalso represent two taxonomically distant genera.

2.5 Mechanisms of Biological Nitrogen Fixation

Biological nitrogen fixation, a process utilizedlprby certain prokaryotes, is
catalyzed by a two-component nitrogenase complean(ét al, 2010).
Nitrogenase catalyzes the simultaneous reductimmef and 2 H to ammonia

and a molecule of hydrogen gas.
N, + 8H, +16 ATP  —@2NEF2NH;+2H,+16ADP+16Pi

The immediate electron donor is the potent redueggnt ferredoxin and the
reaction is driven by the hydrolysis of 2 ATP foack electron transferred
(Wheelis, 2008) he best known Biological Nitrogen Fixation (BNFystem
occurs between legumes and rhizobium bacteria @lanet al, 2011). The

symbiotic association between the roots of legumed certain soil bacteria,
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generally known as rhizobia, accounts for the dgwelent of a specific organ, the
symbiotic root-nodule, whose primary function isrogen fixation. Root nodules
make a crucial contribution to the nitrogen contfrthe soil playing a key role in

agricultural practices (Allet al, 2010.

Perception of legume root exudates triggers thdymrioon of rhizobial Nod factor
signals which are recognized by compatible plardepéors leading to the
formation of root nodules, in whicldifferentiated bacteria (bacteroids) fix
atmospheric nitrogen (Oldroyd and Downie, 2008)hie nodule, maintenance of
nitrogenase activity is subject to a delicate elguim. Firstly, a high rate of
oxygen respiration is necessary to supply the gndegnands of the Nitrogen
reduction process (Sanchetzal, 2011), but oxygen also irreversibly inactivates
the nitrogenase complex. These conflicting demameseconciled by control of
oxygen flux through a diffusion barrier in the néalcortex and by the plant
oxygen carrier, leghemoglobin, which is presentlesigely in the nodule

(Minchin et al,, 2008).

In addition to fixing nitrogen, some rhizobia speriare able to grow under low
oxygen conditions using nitrate as electron acaefgcsupport respiration in a
process known as denitrification by which bactegduce sequentially nitrate
(NOg3) or nitrite (NQ) to Nitrogen (N). Nitrate is reduced to nitrite by either a
membrane-bound or a periplasmic nitrate reductasel nitrite reductases
catalyse the reduction of nitrite to nitric oxidB{). Nitric oxide is further

reduced to nitrous oxide () by nitric oxide reductases and, finally,ONis
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converted to B by the nitrous oxide reductase enzyme (Van Spanatngl,
2005, 2007). The significance of denitrificationrimzobia-legume symbiosis can
be appreciated when oxygen concentration in soikcreses during
environmental stress such as flooding of the rogtsch causes hypoxia. Under
these conditions, denitrifying activity could wods a mechanism to generate
ATP for survival of rhizobia in the soil and alsw maintain nodule functioning

(Sanche=zt al, 2011).

2.6 Significance of Biological Nitrogen Fixation

The atmosphere is a nearly homogeneous mixturasdsy the most plentifully is
nitrogen 78.1% (Garrison, 2006). About 96% of théaken up by the crop has
been measured as nitrogen derived from atmospherpdz-Bellidoet al, 2006).
Biological nitrogen fixation involves conversion atmospheric nitrogen (N) to
ammonium, a form of N that can be utilized by ptaf\fesseyet al, 2005). The
nature of biological nitrogen fixation is that tltknitrogenase catalyzes the
reaction, splitting triple-bond inert atmospheridtragen (N) into organic

ammonia molecule (Cheng, 2008).

Biological nitrogen fixation is regarded as a renbleg resource for sustainable
agriculture as it helps to reduce fertilizer N negments and thus increases
economic returns to producers (Wallelyal, 2007). Furthermore, it plays a key
role in assessment of rhizobial diversity, contrédsuto worldwide knowledge of
biodiversity of soil microorganisms, to the usetsn of rhizobial collections and

to the establishment of long-term strategies aimeshcreasing contributions of
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legume-fixed N to agriculture. The fixation ot My legumes has the potential to
contribute greatly to more economically viable asavironmentally friendly
agriculture (Odairet al, 2006).It has been estimated that the 80-90% of the
nitrogen available to plants in natural ecosystemmginates from biological
nitrogen fixation (Rascio and Rocca, 2008). Biotadi nitrogen fixation
contributes to the replenishment of soil N, anduoed the need for industrial N
fertilizers (Larnier et al., 2005). It offers an economically attractive and
ecologically sound means of reducing external NuinfYadvinder-Singtet al.,
2004). In recent vyears, agricultural systems havanged to improve
environmental quality and avoid environmental ddgteon. One of the most
promising techniques to avoid environmental degradas the use of inoculants
composed of diazotrophic bacteria as an alternaise of nitrogen fertilizers

(Roeschet al, 2007).

2.7 Rhizobial Bio-prospecting Studies

The Agricultural Research Service (ARS) of the UD&partment of Agriculture
(USDA) has maintained a collection of nitrogen4figi legume symbionts for
most of the 20th century (Van Berkum, 200&though many rhizobial isolation
studies appear in scientific literature, there baen little attempt to evaluate
global trends across diverse strain collectionstt(®Boley, 1992). The most
comprehensive studies focus on a particular rhadobpecies recovered from
several host legumes at multiple locations or opupetions or communities of

rhizobia recovered from a particular host legumerca wide geographic range
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(Han et al., 2008). The absence of a global synthesis can tobuaéd to the

difficulty in comparing studies that use diversetmogls for rhizobial sampling
and strain typing. Use of diverse sampling stra&®gneans that collections of
isolates are rarely equivalent, except in relatedlies arising from individual

research groups. Comparison of published studiesses difficult because strain
typing methods vary in their discriminatory pow&ckwinghamer and Dudman,
1980; Barnet, 1991; Bottomley, 1992) and thereffluence the number of

strain types identified.

Microbial Resources Centre Network (MIRCEN) has teen across five
continents, of which 3 are located in Africa: inkaa (Senegal), Cairo (Egypt)
and Nairobi (Kenya). The MIRCEN project reportechtve isolated local strains
of Rhizobium leguminosariutovarphaseoliwhich tolerate temperatures as
high as 42 degrees centigrade. In Kenya for altvasidecades, the University of
Nairobi has conducted research on biofertilizRtsizobium inoculants
production in Kenya was initiated as part of MidedbResources Centre
Network (MIRCEN), supported by the Unit&thtions Educational, Scientific and
Cultural Organization (Odame, 1997). The year 2@02013 bio-prospecting of
rhizobia in Kenya was initiated as part of N2AFRI@Pogram which was done
by CIAT-TSBF team in collaboration with Universitgf Nairobi-MIRCEN

laboratory.
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2.8 Factor s affecting Nitrogen fixation

Environmental factors influence all aspects of dation and symbiotic N
fixation, in some cases reducing rhizobial survisadl diversity in soil; in others
affecting nodulation or nitrogen fixation and egowth of the host. Factors that
are important include: Phosphorous (P) fertilizati® the major mineral nutrient
yield determinant among legume crops (Chaudhenal, 2008). Phosphorus
deficiency is a major constraint of effective ngem fixation because phosphorus
is an important nutrient in the process of nodala&nd nitrogen fixation (World
Bank, 2006). The high requirement for P in leguneesconsistent with the
involvement of P in the high rates of energy transhat must take place in the
nodule. Under P shortage conditions, legumes msg tloe distinct advantage of
an unlimited source of symbiotic N (Suliemanal, 2008). The more the supply

of phosphorus, the more abundant are the nodulesdkeret al, 2009).

Phosphorus is a key structural and functional eténrethe plant: its efficiency

has effects on plant morphology but also on itsal@ism. These effects are of
special importance to legumes where phosphorugesled not only for growth

but also for nitrogen fixation. Thus, a decreasphnsphorus requirement mainly
reflects on reducing the leaf area, shoot dry mattel phosphorus content in
shoot and root. However, root growth has inversgtions with P because under
deficiency, root growth is stimulated as a stratégyimprove the phosphorus
nutrition (Ahmed, 2007). The strength of total ogen, or the concentration and

composition of certain phloem sap nitrogenous camgds (amino acid and
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amide) have been suggested to play the messengehab signal nitrogen status
to the nodule and down-regulating nitrogenase #gtfAhmed, 2007). It was
also suggested that plant nitrogen is in mobiléustand there is a permanent
circular flow from the leaves via the phloem to tlfeelules and back to the leaves.
This circular flow is supposed to form the signal fegulating nitrogen fixation

(Fischingeret al,, 2006).

Drought, as defined in agronomy, is a temporarguable change in the plant
water status, affecting its functioning, and itetated to a decrease in soil water
content (Katerjet al, 2011). Drought is by far the most important eonmental
factor contributing to crop yield loss, includingybean Glycine maxL.) Merr.)
where symbiotic fixation of atmospheric nitrogen)# sensitive to even modest
soil water deficitgSinclair et al., 2007). Drought-related inhibition of biological
nitrogen fixation (BNF) seriously limits legume jdein many arid and semiarid
regions of the world. Three major factors have beeposed to be involved in
drought effects on BNF: oxygen limitation, carbdrodage, and regulation by
nitrogen metabolism (Ladresd al, 2007). Decline of Nfixation with soil drying
causes Yyield reductions due to inadequate N foteprgroduction, which is a
critical seed produc{Sinclair et al, 2007). Several studies have shown that
drought stress reduced nitrogen fixation in legwusspecies. In soybean, lines
with high nitrogen fixation at pod filling stage weefound to have higher yield
under water stress than those having low nitrogextion (Pimratchet al, 2008).

This suggested that maintaining high fikation under drought stress could be a
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means for a legume genotype to achieve high vyialdeu water-limited

conditions.

Among the most common effect of soil salinity irddugrowth inhibition by Na
and Cl. Elevated N&in soil solution inhibits the uptake of other neitts (e.g., P,
K, Fe, Cu, and Zn) directly by interfering with @us transporters in the root
plasma membrane (Giet al, 2007). Mineral nitrogen deficiency is also an
important limiting factor for plant growth in aridones, and rhizobia—legume
symbioses are the primary sources of fixed nitrogethese habitats (Verdast
al., 2006). Salinated soil has very little nitrogemdaherefore not suitable for
cultivation of most plants. An appropriate solutitmnthis situation would be the
cultivation of plants that are able to fix nitrogémrough biological nitrogen
fixation (Chenet al, 2000). Most leguminous plants, however, are ifeasto

even low levels of salinity.

Increasing salt concentrations may have a dettimhezifect on soil microbial
populations as well, either due to direct toxi@tythrough osmotic stress (Yadav
et al, 2010). For example, most rhizobia are sensitivenoderate and higher
levels of salinity during both the free-living seag@nd the symbiotic process.
Legumes used in the reclamation of degraded lards Ealt-affected lands)
include Prosopis. juliflorg Acacia nilotica Acacia auriculiformis Dalbergia
sissq andGliricidia maculata However, both legume growth and the process of

nodule formation are more sensitive to salinityntlaae rhizobia (Singletoet al.,
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1982; Zahran, 1999). For instan&nmorhizobium melilotiolerated up to 300 mM
NacCl, while nodulation and nitrogen fixation of hest M. sativg was inhibited

at about 100 mM salt (Graham and Vance, 2000).

Optimum temperature for nitrogen fixation and s@bgrowth, range from 2&

to 3 C. In this temperature range, the bacteria cambegfively fixing nitrogen
within seven days of forming nodules. A continuatlyol root zone temperature
can significantly delay the onset of nitrogen fisatcompared to an optimum soll
temperature (Abendrotht al, 2006). The optimal soil pH is between six and
seven. A soil pH significantly outside this ran¢gsé than five or greater than 8)
is detrimental because it disrupts the communiogpimcess leading to root hair
infection, thereby limiting nodule development. ISaiH also affects the amount
of nitrogen fixed. For example, in a very acididl §pH 4), nitrogen fixation can
be reduced up to 30 percent (Abendrettal, 2006). Apparent effect of soil pH
and exchangeable acidity on the relative dominarficiizobial types have been

reported Bala and Giller, (2007).

2.9 Nitrogen Fixation in Soybean

Soybean Glycine max(L) Merrill) is of subtropical origin and membef the

family Fabaceae (Ahmed, 2007). For optimal symbiodctivity, the soll
temperature should be between 25-30°C (Bohner,)200& protein content in
soybean Glycine maxL) Merrill) seed is approximately 40% and the @intent

is approximately 20%. This crop has the highestgmocontent and the highest
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gross output of vegetable oil among cultivated sropthe world. The origin of
soybean cultivation is China (Singh, 2010) but lsasce spread to various
continents of the world including Africa. Soybeanai facultative short-day plant
(Wu et al, 2006) with many latitude-specific maturity greupicluding day-

neutral types suitable for equatorial areas.

Soybean has been categorized into three types;inmidetge, indeterminate and
semi-indeterminate based on their growth and flavgercharacteristics. In
determinate types, the vegetative developmenteo$kioot apical meristem ceases
when the plant begins to produce terminal infloeese. This type of
inflorescence has a terminal raceme bearing a rratbese terminal cluster of
pods at maturity. Indeterminate types can contitme& vegetative development
after flowering. The inflorescence of this type haset of sparse and rather
evenly distributed pods on all nodes with a dintimg frequency toward the tip
of the stems at maturitySemi-determinate types are intermediate between th
determinate and indeterminate types. Since stemination determines plant
type and pod/seed distribution in soybean plant @onsidered as an important

agronomic trait for the productivity of soybeara@get al, 2011).

Soybean varieties with various types of stem teatidon have unique geographic
distribution (Tianet al, 2010). Considering attention has been givemtoease

symbiotic nitrogen fixation activity of legumes. Wever, much of the research,
especially with the advent of molecular geneticas Hocused on improving

rhizobia (Ahmed, 2007). Nevertheless, the perforeanf rhizobiuminoculants
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as bio-fertilizers is limited under field conditignunless the rhizobia are stuck to
the seeds in carrier formulated inoculants, wheoam reduce the competition of

indigenous rhizobia (Huang and Erickson, 2007).

Rhizobia require plant hosts, they cannot indepeiigldix nitrogen. Soybean
plants get nitrogen from bacteria while plant siggpkarbohydrates, protein and
sufficient oxygen so as not to interfere with fieat process. Nodules that fix
nitrogen, are pink or red inside and they are hgalfhe significance of rhizobia
forming root nodules and growth enhancement in saghbwas widely studied by
many scientists in the recent past (Saakal.,2006; Sharma, 2006). Until 1980,
Bradyrhizobium japonicurwas considered the sole symbiont of soybean (Jordan
1982). However, the isolation of rhizobia from naveas around the world and
the availability of molecular techniques allowedearchers to identify and/or
classify, already known rhizobia, as new symbiaftsoybean. There is a wide
array of responses of soybean to rhizobium. Whdees cultivars are fully
incompatible with rhizobia, others might exclude@strict nodulation by bacteria

belonging to certain serogroupsBradyrhizobium japonicur(Van et al, 2007).

Alternatively, soybean cultivars might be highlyopriscuous like TGX African
soybean cultivars (Vanlauwet al, 2003). HoweverSangingeet al. (2000) noted
that promiscuous soybean is incapable of nodulaifertively with indigenous
rhizobia in all locations in the moist savanna zafieNigeria. Similarly, Bala

(2008) observed that it is also not clear whethhemiscuous soybean cultivars
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are effectively nodulated by indigenous rhizobialpplations in all soils and
under all conditions. However, it is important tote that even promiscuously
nodulating soybeans (that often do not require ufaion), developed and
cultivated in some parts of Africa, sometimes regpto inoculation (Lichtfouse
et al, 2011). A study carried out by Osureteal, (2003) at five sites in the moist
savanna region of Nigeria showed that promiscuoybesan varieties responded
to inoculation. However, ‘Magoye’ an exceptionghisomiscuous line released in
Zambia in 1981, nodulates readily in all soils afughern Africa where it has
been tested and rarely responds to inoculation amlda and Zimbabwe

(Mpeperekiet al, 2000).
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CHAPTER THREE
MATERIALSAND METHODS

3.1 Sitedescription

Three sets of experiments were performed to iderglite rhizobia from the
MIRCEN-N2Africa culture collection; authenticatiamd effectiveness screening
of rhizobial isolates in potted sterile media (vemtite) under greenhouse
conditions, subsequent evaluation of the bettdates in a representative potted
soil also in the greenhouse, and finally on-farstite of the best isolates in areas
where soybean enterprise is being rapidly adopyeshiall-scale farmers in west
Kenya. Greenhouse studies were conducted at UrtivefsNairobi field station,
Kabete Campus, situated about 15 km to the Webtaabbi at £15'S and 38
44’ E, in the Central Kenyan Highlands (Sombraskal, 1982.). The field
experiment was conducted at two sites in west K¢Byéula and Nyabeda). Both
are situated within smallholder farming communitiblyabeda is located at D0
08'N and 034 24’ E, 1331 m above sea level and Butula is latate0d 18'N
and 34.11” 03417’ E. Vermiculite free of rhizobia obtained fraarhorticultural
supply company in Athi river, Kenya was used as iméor authentication and
soil collected from a farm at Butula was used adiméor the effective screening
in the greenhouse experiment. Indigenous rhizolmpujations in non-sterile
media (soil) used in the greenhouse and soil affighé (Butula and Nyabeda)
were determined using the plant infection technigleomeret al.,1994) before

installing the experiments.
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3.2 Authentication and screening of indigenous rhizobia isolates in the

greenhouse collected from soilsunder different land usesin Kenya.

3.2.1 Authentication of indigenous rhizobia isolates in the greenhouse

collected from soilsunder different land usesin Kenya.

The rhizobia isolates were recovered from 13 diffiérgeneraGlycine spp,
Vigna spp, Stylosanthes fruiticosa, Phaseolus vulgaris, t@lesia sp,
Desmodiunsp, Mimosa pudica, Eriosenm&p, Arachis hypogaea, Indigofesp.
Tephrosiasp. and Macroptiliumsp. Most of the isolates (37%) were isolated from
Glycine spp., 25% fromVigna spp., 12% fromMacroptilium sp., 7% from
Crotalaria sp. and 19% from the other mentioned hosts (Appendix Tivo
standard commercial rhizobia strains (USDA110 aBMB\5019) obtained from
MIRCEN Laboratory, University of Nairobi, served pesitive controls in the

authentication experiment.

3.2.1.1 Design used for the authentication experiment in greenhouse

A Completely Randomized Design (CRD) experimenhwitree replicates was
established in the greenhouse comprising of 10dtrtrents which were: 100
indigenous rhizobial isolates, two standard comméstrains SEMIA5019 and
USDA110 and, non-inoculated plants with and withouberal N. Promiscuous
soybean SB19 was used as test crop. Total expeamenits were 312. Plants
were grown for eight weeks in a greenhouse withirdamum temperature of £

a maximum temperature of %D recorded.
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3.2.1.2 Preparation of potting media

Horticultural grade vermiculite was obtained fronthiARiver in Kenya and was
used as media. Before the experiment, the vernecwas tested for rhizobia
using promiscuous soybean (SB19) as a trap hasirée litre plastic pots with
negative results. Gravel was washed with water ®&¥% sodium chloride and
finally rinsed with sterile water. A 2.5 cm layef gravel was placed on the
bottom of each pot, followed by 750 g of sterilemgulite then covered with a
clean plastic plate with two holes to accommodhtetest crop and a watering

tube. The details of the set up are in Figure 1.

. - Soybean
!EEE < i ———" plants
\ / /\7' Pipe

/ _ Vermiculite

Drain } } Gravel
hole \

Plate

Figure 1: Arrangement of gravel and sterile mederticulite) in pots used for

authentication of indigenous rhizobia isolateshie greenhouse.
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3.2.1.3 Pre-germination of seeds

Soybean seeds were placed in a 250 ml Erlenmegsk fand covered with
sterilized aluminum foil. Alcohol of 95% concenimat was added to the seeds to
remove waxy materials and trapped air and draingdyaafter 10 seconds.
Sodium hypochlorite was added in sufficient volutee immerse the seeds
completely. Contents were swirled gently to brihg seeds and sterilant into
contact. After 5 minutes, the sterilant was draio#dRinsing was done with six
changes in sterile water. Aseptic procedures whesemved throughout the rinsing

(Somasegaran & Hoben, 1994).

Vermiculite was placed in a shallow autoclavabldypmpylene tray then
moistened to field capacity, covered with alumindml and sterilized by
autoclaving for 15 minutes. The vermiculite waoakd to cool overnight and
furrows made in the vermiculite with a sterile gp@atwhere the sterilized soybean
seeds were planted. The aluminum foil cover wadacen on the tray and
incubation was done at %8 for three days, until uniform early seed gerniorat

was observed.

3.2.1.4 Planting and inoculation of bacterial isolates

Pots for authentication of indigenous rhizobialases were watered and allowed
to drain to field capacity for one day. Three seedse planted per pot and after
seven days seedlings were thinned to two plantp@er~rom glycerol preserved
rhizobia culture, a loop of cells was streaked easy mannitol agar in petri-

dishes (Vincent, 1970). The petri-dishes were iated at 28C and checked for
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the presence of any contamination. A loop of rhiaccells was then transferred
from the YEMA plate after seven days in the indoband placed in nine
milliliter of sterile yeast mannitol (YEMB) brotfVincent, 1970). The mixture of
yeast mannitol broth and bacterial suspension nexeated at 28C and rotated
at 150 rpm on a rotary shaker. One ml of bacteu#lre was inoculated in each
pot seven days after planting. Constituents of YE#dth (Vincent, 1970) were
Mannitol 10.0 g, KHPO, 0.5g, MgSQ@.7H.,0 0.2 g, Yeast Extract 0.5 g, distilled
water 1.0 liter. Constituents of yeast Mannitol Ageere One liter of Yeast

mannitol broth and 15g of agar (Vincent, 1970).

3.2.1.5 Nutrient solution

Nutrient solution application rates were calcuabmsed on media in pot. Full
strength solution was used throughout the expetimetil final harvest. For plus
N controls treatment, KN£X0.05%) was added giving an N concentration of
70ppm. Stock solutions were prepared separately mix¢d at the required
application rate when required for fertilizationléeving procedure described by
Broughton and Dillworth (1970) (Appendix 2) from iwh the nutrient solution

for feeding the seedling was prepared.

3.2.1.6 Harvesting authentication experiment

After eight weeks, plantaere carefully uprooted so that no nodulesre left in
the vermiculite. The nodules were separatadlected and enumerateNodule
color was determined by scoring as follows; 0- ndules, 1- white, 2- green, 3-

pink, and 4- red. I$oot and nodule materials were oven dried at 7@5C48
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hours Oven-dried weight of shoot and nodule were reedrdAn Effectiveness
Index (EIl) of rhizobia isolates was calculated $hyoot biomass of test strain
divided by shoot biomass from the standard USDA%1@in. Non-infective
isolates did not nodulate the soybeans hence weoppdd for further
consideration. Based on Effectiveness Index rhezadolates were placed under
four different categories: highly effective, effieet, partly effective and

ineffective.

Nodules

Plate 1: Nodules from soybean grown in vermicuditer 56 days from planting.

3.3. Screening of indigenous rhizobia isolates in the greenhouse on
performance of specific (Safari) and promiscuous (SB19) soybean

grown in non sterile soil from Western Kenya

An experiment was established in the greenhoud@eatUniversity of Nairobi
Field Station, Kabete Campus using soil collectedhfa farm at Butula-Western
Kenya. The soil had the following characteristipgl 5.5, 1.86% total carbon,

0.08 % total nitrogen, 73.30 ppm potassium, 4.9n gghosphorus. Based on
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MPN the soil had an indigenous rhizobia populatég.7 x 18 per gram of soil.

Twenty-four indigenous isolates which constitutet@ of the best performers
from the earlier authentication test were evaluagtongside two standard
commercial isolates; USDA110 and SEMIA5019 on bptbmiscuous (SB19)

and specific Safari soybean varieties.

3.3.1 Experimental design of screening test in greenhouse using non sterile

soil
Split Plot arrangement in a Completely RandomizéatB Design (RCBD) was
used with promiscuous and specific soybeans amtie plot. The total number
of experimental units was 224; 24 native isolates, commercial (USDA110 and
SEMIA5019) and two controls (controls were uninatetl plus nitrogen and

uninoculated minus nitrogen) with four replicates.

3.3.2 Rhizobia used for potted non-sterile soil experiment in greenhouse

The 24 indigenous rhizobia isolates which consd24% of the total indigenous
isolates were selected from the earlier authembicatactivity which was
conducted in the greenhouse, selection of isolates based on effectiveness
index and nodulation characteristics. Six indigenahizobia isolates which
constituted 6% of the total indigenous isolatesenater selected from the potted
soil experiment again in addition to USDA110 to glate farmer conditions and

tested their effectiveness in the field.
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Table 1: Indigenous rhizobia isolates screenetiergteenhouse where non sterile soil was used dsij@st the isolates were

isolated and geographical area they were colldioteal.

Rhizobia isolate County Host Growth characteristic Rhizobia isolate Cgunt Host Growth characteristic
NAK 10 Embu Macroptiliumsp. Slow NAK 161 Kwale Vignasp. Slow
NAK 115 Teso Glycine max Slow NAK 176 MsambwenVignasp. Slow
NAK 117 Teso Glycine max Slow NAK 179 Ramisi Eriosemasp. Slow
NAK 122 Busia Glycine max Slow NAK 182 Ramisi Vignasp. Slow
NAK 127 Bungoma Glycine max Slow NAK 30 Embu Macroptiliumsp.  Slow
NAK 128 Bungoma Glycine max Slow NAK 84 Bungoma Glycine max Slow
NAK 135 Bungoma Glycine max Slow NAK 9 Embu Macroptilium sp.  Slow
NAK 139 Diani Macroptiliumsp. Fast NAK 96 Butula  Glycine max Slow
NAK 144 Diani Vignasp. Slow NAK12 Embu Macroptiliumsp.  Slow
NAK 146 Diani Vignasp. Slow NAK 83 Bungoma Glycine max Slow
NAK 149 Diani Vigna unguiculataSlow NAK89 Mumias Glycine max Slow
NAK152 Kwale Macroptiliumsp. Slow NAK160 Kwale Vignap. Slow
USDA110* SEMIABI

* Standard isolates

Source: N2 AFRICA rhizobia isolate datab&,2
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3.3.3 Performance of 24 indigenousrhizobia isolatesinoculated on soybean

grown in Butula soil in the greenhouse

Twenty four indigenous rhizobia isolates selectednf authentication experiment
were screened using promiscuous soybean SB19 auifispgsoybean Safari in
soil collected from Butula. Fertilizer containing R, Ca, Mg and S was added to
the soil as a basal fertilizer at a rate of 500Hd&f or 1 g pot. Calcium
ammonium nitrate (CAN) was added to soil which wased for the uninoculated
plus nitrogen treatment. CAN was applied at a o&tE00 kg N h& or 0.77 g pot
inthree times application (at planting, after 26 88ddays from planting). Three
litre pots were filled with 2 kg of soil and cleahgravels at the bottom of the pot.
Pots were watered to field capacity. Promiscuoussprecific soybean seeds were
pre-germinated as described in the potted verntéc(diuthentication) experiment
(Chapter 3 section 3.2.1.3). Three seeds werequgmér pot and thinned to two
plants after six days. The bacterial isolates vpeepared as described by Vincent,
(1970). One milliliter of rhizobia culture was indated in each pot at the base of
the plants using micro-pipette seven days aftemtplg. Tap water was used for

watering the plants and harvested eight weeks plié@iting.

Plants were carefully uprooted so that no nodutssained in the soil. The
nodules on roots were manually collected and placed plate and counted. The
shoot, root and nodule samples were oven drie@& 7or 48 hours. Oven-dried

weights were recorded.
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3.4 Field trials to assess performance of promising indigenous rhizobia using
promiscuous (SB19) and specific (SB97) soybean

From each site, soil samples were taken randonely thixed thoroughly and two
composite samples taken, labeled and transport&btwatory for analyses. The
parameter measured from the samples included; totedgen, phosphorous,
organic carbon, potassium, pH and population ofigebous rhizobia. Field
experiments were established in western Kenya atl8and Nyabeda during the
2012-2013 short rains (September to January). &iigénous (NAK 84, 89,
115,117,128 and 135) and USDA110 rhizobia were @eth on promiscuous
SB19 and specific SB97 soybeans varieties at Buamd Nyabeda. Before
installing the experiment, maize had been plantetihgd the previous long rain

season 2012.

3.4.1 Experimental design used in thefield assessment of theindigenous

rhizobia isolates

Split Plot arrangement in a Randomized CompleteciBIDesign (RCBD) was
installed with plot size being 5.4%reach plot consisted 6 rows 45 cm apart, 5-8
cm intra-row spacing. Each plot was separated bgrainoculated row to reduce
cross contamination. The treatments included: itadicin of six native rhizobia
and USDA110, two non-inoculated controls with (pN} and without mineral

nitrogen (minus N).
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3.4.2 Planting and I noculation

The inoculants were prepared using sterilized sage mill filter mud as a
carrier, cured for 14 days and applied at 10 gkaeof seeds with 16% gum
arabic as an adhesive using the two-step methoaifvgg 2010). In the first step,
the pre-weighed seeds in a container were unifoocofted with 16% (w/v) gum
arabic (sticker), then the container was closedsavided until all the seeds were
uniformly wet. In the second step, the inoculansadded to the sticky seeds and
the container was closed and swirled gently urgéds were uniformly black.

Seeds were air dried on clean paper to enhancsiadHsefore planting.

Furrows were prepared and Sympal fertilizer comagirP, K, Ca, Mg and S was
applied at the rate of 200 kg har 108 g plot. Bagasse was added at the rate of
two tonnes ha in the furrows to immobilize inorganic N in theilsaCalcium
ammonium nitrate (CAN) fertilizer was applied aé ttate of 78 kg N hdo plus

N treatment. Soybean seeds were planted firstats plith Plus N and minus N
and plots where seeds were inoculated were plaaited control treatments to

avoid cross contamination.

The first sampling was carried out at two monthsrgplanting which coincided
with 50% flowering of the plants. The second sanplivas done at crop maturity
one hundred and sixteen days from sowing. The fowts on either side of the
plots were omitted to eliminate border effects. iBgirthe first sampling; plants
were carefully uprooted, samples were taken froma@® of 0.225 f Roots

were separated from the shoots and then soil wasedaoff in gently running
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water to ensure that roots and nodules remaineactinind nodules were
recovered and counted. Shoots and nodules weredriezhfor 48 hours at 7G

and dry weight noted. At harvest one hundred artean days after planting,
soybean grains and were harvested from an areadofi5 Plant biomass and

grain yield were recorded.

3.5 Proceduresfor chemical characterization of soil and vermiculite

Soil and vermiculite used in the potted experimentse characterized. Soil
sampling for data analysis was done before plargiaged. Vermiculite analysis
was also done before planting. Soil parameters unedswere total N, organic
carbon, Phosphorus, Potassium and pH. Total N vedsrrdined using steam
distillation method (Bremner and Keeney, 1965) ammjanic carbon (C)

measured by wet oxidation using modified Walklegdd method as described
by Nelson and Sommers (1982). Phosphorus (P) ardsgiom (K) were

extracted by Mehlich-3 procedure (Mehlich, 1984)d athen measured by
automated colorimetry using an Inductively CoupRidsma Atomic Emission
Spectrophotometer (Kalra and Maynard, 1991).

3.5.1 Total Nitrogen

The procedure involved digestion and distillatidrhe soils were digested in
concentrated k5O, with a catalyst mixture that raised the boilinghperature and
promoted the conversion from organic-N to ammonMmAmMmMonium-N from

the digest was obtained by steam distillation, gigrcess NaOH to raise the pH.
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The distillate was collected in saturatedBBs;; and then titrated with dilute

H,SO, to pH 5.0 (Bremner and Mulvaney, 1982).

3.5.2 Soil pH

Soil pH was measured in a 1:2.5 soil: water rasingl a glass electrode pH
meter. Twenty (20) g of soil were weighed into I@Dplastic shaking bottle and
50 ml of deionised water was added to the soil. $b#-water solution was
shaken thoroughly for 30 minutes after which thgpgmsion was allowed to stand
for 20 minutes. After calibrating the pH meter wiibffers of pH 4.00 and 7.00,
the pH was read by immersing the electrode into upper part of the soil
suspension and the pH values recorded.

3.5.3 Organic Carbon

Organic carbon was determined by the modified VégHBlack method as
described by Nelson and Sommers (1982). This irglet combustion of the
organic matter with a mixture of potassium dichrtenand sulphuric acid. After
the reaction, the excess dichromate was titratathagferrous sulphate (FegO
One (1.0) g of finely ground air-dried soil was gleed into a clean and dry 250
ml Erlenmeyer flask then 2 ml of water was addedh® flask. A reference
sample and a blank were included. Ten (10) ml (fM6@otassium dichromate
(K.Cr,07) solution was accurately dispensed into the flasie flask was swirled
gently to form a uniform mixture. Twenty (20) ml obncentrated sulphuric acid
(H2SOy) was dispensed into the soil suspension. The maxtuas digested at
150°C for 30 minutes after which the digest wasvedld to cool. One hundred

(100) ml of distilled water was added and mixedIw&en (10) ml of ortho-
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phosphoric acid and 1 ml of diphenylamine indicai@as added and titration
completed by adding ferrous sulphateop-wise from a burette until the solution
turned dark green at end-point from an initial peirgolor. The volume of FeSO

solution used was recorded and organic carbon leééchias follows:

%C in soil = (Msjank — Vsampid X Molarity of FeSQ solution x 0.39
Weightafen-dried soil sample digested (g)

Where:
Vsample= Volume (ml) of the standard,80, used in titrating the sample

Vgiank = Volume (ml) of the standard,80, used in titrating the blank

3.5.4 Potassium and Extractable P

Potassium and available P were extracted using ibkeBl (M-3) procedures.
Three (3.0) g of air-dried soil samples, ground gadsed through 2 mm sieve
were weighed into 125 ml Erlenmeyer flasks and B0fvI-3 extraction solution
(a mixture composed of 0.2M GEBHOOH, 0.25M NHNO; 0.015M NHF,
0.013M HNQ and 0.001M EDTA) at a ratio of 1:10 (soil: solutjovas added
into the samples. The flasks were covered and shake reciprocating shaker at
120 oscillation mift. The suspension was filtered into plastic vialsgan M-3
extractant-rinsed Whatman filter paper number 42algsis was done by
colorimetry using an Inductively Coupled Plasma At Emission

Spectrophotometer (Kalra and Maynard, 1991).
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3.6 Statistical analysis

Data from the experiment were entered into excetaysheet. Calculation of
Effectiveness Index was done based on plant bioraadsmeans for internal
nodule color and nodule number for authenticatipeement in the greenhouse.
Screening in pot experiment; means for plant bi@namdule number were
calculated and data for nodule number was analygedne way analysis of
variance (ANOVA). Field data (nodule number andnieéss, plant biomass and
grain yield) were analyzed per site using two-waglgsis of variance (ANOVA)
and interaction determined using combined analysigariance (ANOVA). The
statistical package used was GenStat (GenStat $eel@d Lawes Agricultural
Trust, Rothamsted Experimental Station, HertfondshiUK). Means were
separated using Duncan multiple range test andicieets of variation were also
calculated. The MPNES program (Woone¢rl, 1990) was used to calculate the

indigenous rhizobial populations in soil.
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CHAPTER FOUR
RESULTS

4.1 Characteristics of media used in the greenhouse and field level

The population estimate of indigenous rhizobiadil was 2.7 x 18 1.9 x 18
and 2.8 x 19 per gram of soil in the greenhouse, Nyabeda anculBut
respectively. The chemical characteristics of mediad in the greenhouse and

field are indicated in Table 2.

Table 2: Characteristics of media used in greerd@ml at field level (Butula

and Nyabeda).

Media pH C N K P IRP

Vermiculite (sterile media) 8.8 0.44 0.08 117 115.0 0
Greenhouse (soil from Butula) 5.5 1.86 .080 73 4.9 2.7210
Butula farm (soil) 52 150 0.24 101 3.9  2.8%10

Nyabeda farm (soil) 57 2.320.21 397 5.0 1.9%10

IRP refers to Indigenous dtil population
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4.2 Authentication and screening indigenous rhizobia isolates collected from

soilsunder different land usesin Kenya.

4.2.1 Authentication of indigenous rhizobia isolates in the greenhouse using
sterile media

Twenty isolates out of the hundred test isolatesdit form nodules and were
eliminated from further consideration. The remagnisolates were classified as
ineffective (26%), partly effective (26%), effeai(17%) and highly effective
(11%) based upon their performance compared tmohneinoculated control and
USDA 110 (Figure 2). The Effectiveness Index & tholates ranged from 0.10
to 1.30 and nodule number from zero to 151 per quggesting that the growth
system allowed for large differences between treatsi(Figure 2). The internal
nodule color from the category of highly effectiedfective and partly effective
were pink and some red while some of the nodulas fineffective category had

white nodules (Figure 2 and Table 3).
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4.2.1.1 Nodule number and inter nal nodule color

Out of one hundred isolates authenticated, twerdyndt nodulate the soybean
variety SB19 and they included NAK86, 102, 119, 1556, 159, 163, 165, 166,
167, 168, 169, 170, 171, 172, 173, 174, 177,1801&1d The twenty isolates that
did not nodulate soybean were left out from furtikensideration. Generally,
nodules were not observed in uninoculated treatmemdth positive and negative
control treatment (Table 3). Number of nodule w#ected significantly by
inoculated isolate (p<0.001). Seven native isolé8#s 89, 128, 135, 137, 140,
179) produced significantly higher number of nodutekan USDA110 and the
uninoculated control. Of the seven rhizobia is@dteree were highly effective,
two effective and two partly effective. Indigenaiszobia isolates categorized as
ineffective, produced significantly lower nodulenmiber than USDA110 (Table

3).

Internal nodule color was affected significantly togatment (p<0.001) (Table 3).
The category highly effective, effective and pasffective showed that nitrogen
fixation took place because the internal nodul®rcelas pink and some red. Out
of twenty six ineffective rhizobia isolates tweloEthem did not fix nitrogen they

produced nodules which were white and some grdemially (Table 3).
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Table 3: Parameters of eighty indigenous rhizadméates and controls authenticated using stem@ian(vermiculite) and SB19 as host plant.

Treatment Category NC NN Treatment Category NC NN Treatment Category NC NN
+N C 0 0.00 NAK 129 E 3 0.67 NAK 93 PE 3 16.00
-N C 0 0.00 NAK 98 E 3 63.00 NAK 95 PE 3 12.00
SEMIA 5019 C 3 72.00 NAK 4 E 3 2.33 NAK 164 I 3 as.
USDA110 C 3 56.33 NAK111 E 3 39.50 NAK116 I 2 9.00
NAK127 HE 3 99.00 NAK 125 PE 3 79.00 NAK 109 I 1 60.
NAK89 HE 3 129.00 NAK 82 PE 3 89.67 NAK 147 I 3 3.3
NAK 176 HE 3 79.33 NAK 90 PE 3 77.67 NAK85 I 3 18.6
NAK 179 HE 4 133.50 NAK 122 PE 3 81.50 NAK94 I 2 0Q.
NAK 96 HE 3 33.33 NAK 130 PE 3 0.67 NAK114 I 3 9.33
NAK 149 HE 4 81.00 NAK 182 PE 3 61.50 NAK136 I 3 33.
NAK 115 HE 3 11.33 NAK 139 PE 4 86.00 NAK99 I 3 3.0
NAK 128 HE 3 112.67 NAK 161 PE 3 25.00 NAK388 I 1 .06
NAK 9 HE 4 38.03 NAK 146 PE 3 49.67 NAK 100 I 2 0.5
NAK 12 HE 3 2.00 NAK 112 PE 3 29.33 NAK134 I 3 8.33
NAK 83 HE 3 43.00 NAK 137 PE 3 120.0( NAK118 I 2 67.
NAK 30 E 3 1.67 NAK 145 PE 3 19.00 NAK120 I 1 3.00
NAK 84 E 3 123.33 NAK 153 PE 3 61.00 NAK 141 I 1 38.
NAK 10 E 3 1.67 NAK 107 PE 3 11.00 NAK 124 I 3 76.0
NAK 135 E 3 123.67 NAK 150 PE 3 7.00 NAK87 I 3 3.67
NAK 117 E 3 20.00 NAK 140 PE 3 151.33 NAK110 I 3 22
NAK 151 E 3 33.67 NAK 106 PE 3 33.00 NAK 131 I 3 33
NAK 132 E 3 3.67 NAK 138 PE 4 81.33 NAK 142 I 1 6.0
NAK 88 E 3 1.33 NAK 148 PE 3 2.67 NAK 157 I 3 21.33
NAK 105 E 3 26.33 NAK 143 PE 3 10.00 NAK 101 I 1 06.
NAK 133 E 3 12.67 NAK 154 PE 3 76.67 NAK 123 I 2 65.
NAK 152 E 3 39.33 NAK 113 PE 3 30.33 NAK 178 I 3 .8b
NAK 144 E 4 59.00 NAK 160 PE 3 5.00 NAK 158 I 3 8.0
NAK 121 E 3 2.33 NAK 38 PE 3 1.67 NAK 183 I 2 8.33
p-value <0.001 <0.001
LSD ¢ o 1 37.15

NC- internal nodule color, NN-nodule number, C-cohtHE- highly effective, E-effective, PE- par#yfective, I-ineffective



4.2.2 Screening of indigenous rhizobia isolates in the greenhouse on
performance of soybean varieties grown in soil from Butula-Western

Kenya

4.2.2.1 Nodulation of promiscuous (SB19) and specific (Safari) soybean

Nodule numbers were significantly (P<0.001) infloed by soybean varieties.
Soybean variety (SB19) produced significantly highedule number (40.49 g
pot® than Safari which recorded 15.31pdFigure 3). Inoculation of rhizobial
isolates also showed significant (P<0.001) diffeeerwith respect to nodule
number. The interaction between soybean varieties raizobia isolates was
significant (P<0.001) in terms of nodule numbere Hative population and many
of the test isolates (NAK9, 30, 96, 122, 127, 1B%4, 146, 152, 160, 176, 179
and 182) failed to nodulate Safari, while all (NAK®0, 12, 30, 83, 84,89,
96,115,117, 122, 127,128,135, 139, 144, 146,189, 160, 161, 176, 179 and
182, ) nodulated SB 19, reaffirming the latter'sofpiscuous” pedigree (Figure
3). Many isolates formed more nodules than the amitated control, 67% and
33% on SB19 and Safari, respectively (Figure 3.)K83, 84, 89, 115,117,128
and 135 formed nodules comparable to USDA110 wiaolged between 38.25 to
164.25 for promiscuous soybean (SB19) and 12. %8025 for specific soybean

(Safari).
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4.2.2.2 Plant biomass for SB19 and Safari inoculated with promising rhizobia

isolates grown in soil collected from Butula at greenhouse level

Plant biomass was significantly (P<0.001) influehdey the main effect of
soybean varieties. Soybean variety SB19 produagdfsiantly higher amount of
plant biomass. Inoculation of rhizobial isolatescashowed significant (P<0.001)
difference with respect to plant biomass (Figure e interaction between
soybean varieties and rhizobia isolates was siamtly high (P<0.001) in terms
of plant biomass. Soybeans variety SB19 inoculatél rhizobia isolates had
plant biomass ranging from 9.16 g - 14.89 g whde $afari 6.96 g - 13.75 g

(Figure 4).

The native population control produced plant bioseasof 13.12 g and 12.43 g
for SB19 and Safari soybeans respectively (Figirédaly 25% and 16% of the
isolates outperformed the native rhizobia popufatioterms of plant biomass on
SB19 and Safari respectively which were referredganore competitive (Figure
4). Three of the indigenous isolates outperformmuroercial isolate (USDA110)
and five outperformed SEMIA5019 with the soybeanetg SB19. Twenty one
of the indigenous isolates outperformed USDA110 é&ftéden outperformed
SEMIA5019 with specific soybean Safari. The rhizoisiolates classified as more
competitive for soybean variety SB19 were less catitipe for soybean variety
Safari and the rhizobia isolates classified as ncorapetitive for soybean Safari

were less competitive for soybean SB19. The indigenrhizobia isolates
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4.3 Field trials to assess on performance of promising indigenous rhizobia
using promiscuous (SB19) and specific (SB97) soybean at Butula and

Nyabeda

4.3.1 Effect of different rhizobia isolates on plant biomass

There was no interaction observed between rhizgblates and soybean variety
at both Butula and Nyabeda farms (Table 4). Therobtreatments produced
more plant biomass at Nyabeda as compared to Bwithiaboth SB19 and SB97
soybean varieties (Table 4). At Nyabeda plant besnaroduction was 2040 kg
ha' and 2271 kg hafor SB19 and SB97 soybeans respectivAlyButula plant
biomass production for SB19 and SB97 soybeans %&F8 kg hd and 1897 kg
ha' respectively. NAK84 and 135 gave higher biomass tiSDA110 at Butula
while NAK128 and 135 gave higher biomass than USDRA&t Nyabeda (Table

4).
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Table 4: Plant biomass for SB19 and SB97 inoculatiéd best performing

rhizobia isolate at Butula and Nyabeda.

Plant biomass kg ha

Promiscuous soybean Specific soybean
Treatment (SB19) (SB97)
Butula Nyabeda  Butula Nyabeda
+N 1986 a 2320 a 2501b 2719 a
-N 1970 a 2206 a 1912 ab 2626 a
NAK115 1667 a 2030 a 1987 ab 2552 a
NAK117 1759 a 2576 a 1518 a 2001 a
NAK128 1606 a 2792 a 1349 a 3020 a
NAK135 1977 a 2286 a 2094 ab 2874 a
NAK84 1684 a 2204 a 2122 ab 2458 a
NAKS89 1494 a 2118 a 1734 ab 2584 a
USDA110 1830 a 2213 a 1853 ab 2973 a
Butula Nyabeda
p-value for Rhizobia isolates 0.121 0.697
p-value for Soybean variety 0.313 0.042
p-value for Rhizobia isolates* Soybean variety  0.769 0.699
LSRos 721 667

Means in a column followed by same type of lettgr dre not significantly
different (P=0.05) by Duncan’s multiple range test.
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4.3.2 Effect of different rhizobia isolates on yield of two soybean varieties

grown at Butula and Nyabeda

Differences in yield were significant at Butula adgabeda. Generally the yield
production at Nyabeda was significantly higher aspared to Butula. At
Nyabeda, yield from soybeans inoculated were samtly different (P=0.01)
while at Butula no significant difference was obser in yield from soybeans
inoculated (Table 5). The grain yield at Butula Wwa€1 kg hd and 114kg ha'
while at Nyabeda was 1242 kghand 122%g ha' for SB19 and SB97
respectively. The rhizobia isolate NAK84 perfornedter than USDA110 with
both varieties at Butula (Table 5). There were faaates at Nyabeda that

outperformed USDA110 (Table 5).
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Table 5: Grain yield by two soybean varieties idated with different rhizobia

isolates at Butula and Nyabeda.

Grain yield kg ha

Promiscuous soybean (SB19)

Specific soybean (SB97)

Treatment
Butula Nyabeda Butula Nyabeda
+N 1214 a 1299 ab 1294 b 1304 bc
-N 1193 a 1057 a 1142 ab 1301 bc
NAK115 987 a 1153 ab 1148 ab 1140 ab
NAK117 1270 a 1210 ab 1017 ab 1086 a
NAK128 874 a 1462 b 921 a 1416 c
NAK135 1028 a 1212 ab 1194 ab 1230 ab
NAK84 1232 a 1339 ab 1319b 1182 ab
NAKS89 1176 a 1317 ab 1089 ab 1230 ab
USDA110 1212 a 1129 ab 1196 ab 1139 ab
Butula Nyabeda
p-value for Rhizobia isolate 0.083 0.010
p-value for Soybean variety 0.620 0.667
p-value for Rhizobia isolate* Soybean variety .51 0.443
LSDg 05 313 232

Means in a column followed by same type of lett®r gre not significantly

different (P=0.05) by Duncan’s multiple range test.



CHAPTER FIVE

DISCUSSION

5.1 Characteristics of soil at Butula and Nyabeda

In general, the fertility status of Nyabeda soilswagher than that of Butula soil.
In addition, Butula soil was more acidic than Nyddesoil. The MPN results
show that both sites (Nyabeda and Butula) had pagpulation of native rhizobia.
Meadeet al (1985) reported that successful competition fmule sites by native
rhizobia is one reason for the failure to achieveesponse to inoculation with
elite rhizobial strains. However, Giller (2001) falout that the presence of large
population density of compatible native rhizobiaslmot preclude the possibility
that responses to inoculation can be obtainednipmiitive and highly effective

strains are introduced.

5.2 Theindigenousrhizobia isolates from different Agro-ecological zonesin

Kenyan soils

Nodulation of leguminous crops Rhizobiumargely depends on the presence of
a specific and compatiblstrain in soil for a particular legume. There was
considerable variation in nodulation and Effectess Index of SB19 grown in
vermiculite indicative of varying symbiotic abilityf different rhizobia isolates.
Efficiency in nitrogen fixing symbioses can varyin those that fix little or no

nitrogen to those that fix at levels equivalenet@n greater than plants provided
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with mineral N as was also demonstrated by Telp@ilal, (2008) and Karaca

and Uyanoz (2012).

Twenty isolates recovered frod@rotalaria sp., A. hypogaeaMimosa pudica
P.vulgaris V. unguiculata Macropitillium sp, Vigna sp., Tephrosia sp., V.
membranaceaG. wightii, V. radiate andEriosemasp. did not nodulate the test
soybean variety and this might be due to the issl&tcking genes responsible for
nodulation in soybean variety used. Sullivetnal, (1996) reported that rhizobia
lacking genes for infecting legumes are commorhinasphere of some suitable

host legumes.

Eighty isolates were authenticated to be rhizolsighey nodulated the soybean
roots grown in sterile vermiculite. Brockwell (1®8suggested that an isolate
cannot properly be regarded as a specidgh@obiumuntil its identity has been
confirmed through plant infection test on an appiadp host. Number of nodules
alone did not reflect the effectiveness of the ohia isolate because some
ineffective isolates produced high number of nosluteeaning nitrogen fixation
was very little. Isolates in ineffective categorydulated the plant implying that
the full set of standard nod genes and accessanpisgis components were
present however some isolates did not fix nitrogenall in the ineffective
category where white and green nodules were pradwdech concurred with
Quigleyet al. (1997) observation. Ford and Toby (2004) suggestatirhizobia

that fix little or no nitrogen could exhibit parasibehaviour.
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5.3 Performance of indigenousisolatesin Butula soil

The nature of soil rhizobial populations may affdot N fixation potential of

legumes. First, the number of available invasiviealhia may be insufficient to

nodulate the host adequately. Second, the aveftaiweness of the population
may be inadequate to support the host's fixedeljuirements. When one or both
conditions are present, we might reasonably extleit successful inoculation
with an effectiveRhizobiumisolate would enhance;Nixation (Bergersen, 1970).
Both SB19 and Safari varieties nodulated in thenoculated treatment, which
suggest that native rhizobia capable of nodulatireghost were present in soil
used for the experiment and they competed with uladed isolates in the

inoculated treatments (Corbét al, 1977).

Rhizobia isolates which produced higher numberanfutes were not necessarily
more effective than those that produced less nodulaber to the inoculated
soybeans. Similar findings were found by (Abd Eldgeud and Keyser, 2010),
who reported that a great number of nodules caorioged by a strain fixing little

or no nitrogen, even in the presence of effectitrairss. Rhizobial isolates
differed in their nodulating competitiveness wheB18 and Safari were

inoculated in soil containing native rhizobial pégiions and this was supported
by (Laguerreet al, 2003). Amerger and.obreau (1982) reported that it is
noteworthy that, the choice made by the plant isdependent on the nitrogen

ability of the strain.The inoculum strain failsdocupy a significant proportion of
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nodules as the introduced inoculant strains haveotopete with the indigenous

rhizobial populations (Al-Falih, 2002).

Specific interactions between soybean varieties ragbbia isolates in nodule
formation were noted. The same findings were foopdPazderniket al. (1997)
who indicated that soybean genotype may be usexkdtude specific isolates.
Caldwel and Vest, (1970) reported that at nodutenédion, the legume may favor
one of the number of strains of Rhizobium to folme hodulesRhizobiumspp.
may therefore differ in their capacity to be sedelchy the plant host in nodulating
competitiveness. Alternatively, SB19 and Safari lmhige having different levels
of preference which exclude certain rhizobia (Kvienhal., 1981). Different
soybean genotype performed differently with rhizolior example NAK179
performed well in terms of nodule number on SB19 diid not nodulate SB97
because of specificity between soybean line andobi isolate which is
supported by (Tukamuhabve al, 2012). Gandanegaed al (1992) reported

similar findings.

The background native rhizobia had competitivefewtive rhizobia as this was
noted on Safari when USDA110 produced higher noduteber and was poorer
in terms of plant biomass (Eaglesham, 1985). HABB{) reported that legumes
cannot consistently recognize and exclude nondixinizobia, especially those
that are closely related to their usual symbioactipers. Therefore USDA110 is

not the besRhizobiunfor Safari.
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5.4 Performance of selected rhizobia isolates with SB19 and SB97 soybeans

grown in Butula and Nyabeda farms

The first criterion for &Rhizobiumused as a biofertilizer or nitrogen inoculum is
that it must be superior in their symbiotiffeetiveness and have a highieetive
nitrogen-fixing ability, forming a symbiotic assowtan with the host legume
(O’Haraet al. 2002). Elite indigenous rhizobia were found footgites (Butula
and Nyabeda) and this is supported by Appunu arar [2006) and Appunet

al. (2008), they reported that indigenous rhizobia b&nsymbiotically more

effective than reference strains of foreign origin.

Yield varied at two sites (Butula and Nyabeda) &mel yield difference at two
sites could be attributed to fertility level of trsgtes which is supported by
(Burdon et al 1999). O'Haraet al (1988) reported that mineral nutrient
deficiencies are the major constraints limitinguege N fixation and yield.

Alternatively, the yield difference at the two siteould be attributed to different
acidity level of the sites (Bradgt al 1990). Hecht-Buchholzt al (1990)

reported that, in acid soils aluminium toxicitytie limiting factor for BNF. Due

to excess of aluminium, plants grow very poorlye tloot systems are poorly
developed, they form little fine branching rootshiegh may result in a low
number of infection sites, and therefore limit thmdection process of the

Bradyrhizobium.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusions

With step-wise approach of selecting effective obia isolates for promiscuous
and specific soybeans from one hundred isolates, divthem (NAK84 and
NAK128) are elite rhizobia compared to USDA110 #utula and Nyabeda
respectively. The current rhizobia selection precesiggests that best isolates
warrant effectiveness testing across a wider rasfgesoybean germplasm and
location. For example, NAK 179, performed very heith SB19 in potted soil
and very poorly with Safari, and was dropped framriHer testing and NAK 128

performed well at Nyabeda while NAK 84 performedivaé Butula.

The six indigenous rhizobia isolates (NAK84, 8951117, 128 and 135) have
potential for fixing nitrogen at field level, tholaghey might be site-specific. The
good symbiotic performance of imported rhizobialasts encourages the
identification of new competitive and efficieRhizobiumisolates for soybean
crops in Kenya. Nodulation were improved with rooinoculation; nodulation

depended on both the macro- and micro-symbiont.
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6.2 Recommendation

1. There is need for extensive agro ecological zonaluation for six
(NAK84, 89,115,117,128 and 135) rhizobia isolatecduse rhizobia
isolates are site-specific.

2. Cultivar selection should be a major componentutdire work related to
the soybean-rhizobisymbiosis in Kenya.

3. Continued research on the effectiveness of comailbrciavailable
rhizobia inoculants in Kenya is crucial for therfer to get the best for

yield increase.

4. Further research; molecular characterization of 184AK89,115,117,128

and 135 should be done for appropriate recommeordgdifarmers.

5. Need to avoid blanket inoculants, there should gezific inoculants for
specific soybean variety. Therefore, consideratadnsoybean variety
when producing inoculants is crucial since diffeesnin response to the

commercial standard strain was evident.
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Appendix 1: One hundred indigenous rhizobia isolates autbat@d in the greenhouse using sterile media (veitit@yd

APPENDICES

Isolate code Longitude Latitude Cultivated/wild  Geographical area  Ecological zone  Host Growth rate Rank
NAK140 039°32.934'E  04°23.119'S wild Diani Cdgplain Macropitillium sp  Fast 1
NAK179 039° 23.064'E  04°31.671'S wild Ramisi Saaplain Eriosema sp. Slow 2
NAK89 cultivated Mumias Midlands G. max Slow 3
NAK135 cultivated Bungoma Midlands G. max Slow 4
NAK84 cultivated Bungoma Midlands G. max Slow 5
NAK137 cultivated Bungoma Midlands G. max Slow 6
NAK128 cultivated Bungoma Midlands G. max Slow 7
NAK127 cultivated Bungoma Midlands G. max Slow 8
NAK82 cultivated Bungoma Midlands G. max Slow 9
NAK139 039° 33.892'E  04°22.102'S wild Diani Gtzd plain Macropitillium sp  Fast 10
NAK122 cultivated Busia Midlands G. max Slow 11
NAK138 cultivated Bungoma Midlands A. hypogaea Slow 12
NAK149 039°31.438'E  04°23.896'S cultivated Dian Coastal plain V. unguiculata Slow 13
NAK176 039° 27.051'E  04°29.431'S wild Msambweni Coastal plain V. unguiculata Slow 14
NAK125 cultivated Bungoma Midlands G. max Slow 15
NAK90 cultivated Mumias Midlands G. max Slow 16
NAK154 039° 28.849'E  04°18.511'S wild Kwale upleplateau M. pudica Fast 17
NAK124 cultivated Busia Midlands G. max Slow 18
NAK131 cultivated Bungoma Midlands G. max Fast 19
NAK98 cultivated Butula Midlands G. max Slow 20
NAK182 039° 23.064'E  04°31.671'S cultivated Rami Coastal plain V. unguiculata Slow 21
NAK153 039° 28.736'E  04° 18.761'S wild Kwale upleplateau Macropitillium sp  Slow 22
NAK144 039° 31.608'E  04° 24.002'S wild Diani Cdgplain Vigna sp Slow 23
NAK146 039° 31.608'E  04° 24.002'S wild Diani Cdgplain Vigna sp Slow 24
NAK164 039° 33.509'E  04°22.071'S wild Diani sahohe Macropitillium sp  Slow 25
NKA83 cultivated Bungoma Midlands G. max Slow 26
NAK111 wild Bondo Lake basin V. unguiculata Slow 27
NAK152 039°28.888'E  04°20.124'S wild Kwale amd plateau Macropitillium sp  Slow 28
NAK9 37°19'-37° 00°08'-00°35'S Embu mongain M. atropurpureum  Slow 29
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NAK173 039° 27.051'E  04°29.431'S cultivated Mbarani Coastal plain V. radiata Fast NA
NAK174 039° 27.051'E  04°29.431'S cultivated Mbarani Coastal plain V. radiata Slow NA
NAK177 039° 23.064'E  04°31.671'S wild Ramisi Sahplain Eriosema sp. Slow NA
NAK180 039° 23.064'E  04°31.671'S cultivated Rami Coastal plain V. unguiculata Fast NA
NAK181 039° 23.064'E  04°31.671'S cultivated Rami Coastal plain V. unguiculata Slow NA

Source: N2 Africa rhizobia isolate database

Rank: 1-80 nodulated SB19 while NA did not
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Appendix 2. Nitrogen-free Nutrient Solution (Broughton andl®orth, 1970)

Stock Solutions Element M Form MW g/l M
1 Ca 1000CaCl2.2H20 147.03 2941 .02
2 P 005 KH2PO4 136.09 136.1 1.0
3 Fe 10 Fe-citrate 355.04 6.7 0.02

Mg 5@ MgS@7HO 246.5 123.3 0.5

K 250 K2S04 174.06 87.0 0.5

Mn 1 MnSQ@HO 169.02 0.338 0.002
4 B 2 HBOs 61.84 0.247 0.004

Zn .50 ZnS@7HO 287.56 0.288 0.001

Cu .20 CuS@5H,0 249.69 0.100 0.0004
Co 10 CoS®@7H,O 281.12 0.056 0.0002

Mo .10 NaMoO,*2H,0 241.98 0.048 0.0002

For each 10 liters of full strength culture solati® milliliter each of solutions 1to 4 was taken,
then added to 5.0 liters of water, and then dilat&0 liters. One normal NaOH was used to

adjust the pH to 6.6-6.8. For plus N control treatits, KNO3 (0.05%) was added giving an N

concentration.
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