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ABSTRACT

Soya beans aranportant stape food crops in western KenyalLegumes play a key mlin
agricultureby fixing nitrogen in the root nodules in symbiosis with rhizobia. Currently Kenya is
experiencing low yield of soya bearapproximately @ t/ha,due to low soil fertility and high
cost of inorganic fertilizers and it is a threat to agricultural productivity. Symhioizobia can
increase yieldshrough biological nitrogen fixation. However, the potentiaBo&dyrhizobium
liaoningense in improving yield and productivity of soya beans is not known. Althdrigtzobia
seem to be widely distributed in tls®il, only specificstrains ofRhizobiaare compatibleto
specific legumes. There is needo characterize rhizobia specigsm the wild sya beanto
identify effective and compatible rhizobia isolateshost planto boostnitrogenfixation in the

soil hence promotgrowth and yield of soya beans. Rhizobia bacteria are known to improve
growth and vyield of several other crops but the effefctinoculating soya beans witB.
liaoningense on growth, chlorophyll concentration, nodulaticand vyields has not been
determined. Tis study aimed at characterization Bf liaoningense bacteria from wild soya
beans and determining its inoculation effect growth, chlorophyll content, nodulaticand
yields of soya bean&(ycine soja). Sterile root nodules d. liaoningense obtained fron(G. soja
plants wee crished with pestle and mortar separately by adding small aliquots of sterile water.
The purified isolates were inoculated in petri plates containing sterile yeast mannitol agar
medium with congo red. Inoculated plates were incubate29+ 2 °C for ®ays. Pure culture

of the isolateswere obtained through 4streaking thenthe rhizobium characteried
morphdogically and biochemicallyNine isolates were obtained by preparing pure cultures.
Growth tests were carried out in the greenhouse using 5 litres plastic pots of height 25 cm and 23
cm diameter. Pots weeachfilled with 7kg of tq soil. The sedsweretreated as: wimoculated
(control), 1.07x10cfu/ml, 1.19x10 cfu/ml, 1.31x10 cfu/ml and 2.67x10cfu/ml inoculation of

B. liaoningense. The rhizobiakolony forming units were establishddough serial dilution. The
treatmens were replicatedhree times and thexperimentlaid out in the green house in a
completely randomised dgsi. Ten seeds obga beans were sown in each.piiter two weeks

of germiration, the seedlingsere thinned to three plants per pot. Watering was done daily with
200 ml of water per pot up to the end of their physiological maturity. Data on plant height,
number of leaves, leaf areshoot and root fresh weight and dry weiglhlorophyll
concentrationnumber of nodules anadumberof podswere determined. Dataas sibjectedto
analysis of varianceTreatments means were separated and compared ussy ignificant
Difference at (P =0.05). Isolates fromthe wild soya beamoduleshad entire marginThe
bacterial colony was rod shaped and white in colour. The caldrad raised elevation under
microscopic examinationThe nine bacterial isolates testatkegative bygram stainingIndole

test, catalase testtarbohydrate fermentation test, potassium hydroxideatastmethyl red test
were positive whilecitratetestand starch hydrolysis test weregative confirming that theine
isolates belonged to theame Bradyrhizobium spp. Soya bean growth and vyieldsfter
inoculation treatmentsvere found to besignificantly differenta mong tr eat ment s
Plant height, number of leaves and leaf area Wigeest in 2.67 x 10cfu/ml of B. liaoningense
inoculation followed by 1.31x FOcfu/ml inoculation, 1.19x10cfu/ml, 1.07x106 cfu/ml and
lowestin un-inoculated (control)Inoculation at 2.67 x 10cfu/ml significantly increased soya
bean root and shoot fresh weight and dry weigl@slorophyll concentration was found to be
highest in 2.67 x 10cfu/ml inoculation and lowest in dnocuated plantsinoculation a.67 x

10" cfu/ml increased number of nodules of soya beaits increasing rhizobianoculation
Number of pod per plant wehéghest at 2.67 x Y@&fu/ml and lowest in ufinoculated (control)
These findings show thatB. liaoningense inoculation is effective in imroving growth,
chlorophyll concentratiomumber of nodules and number of pods in soya béaom the study

it is strongly recommendetthat B. liaoningense from wild soya bean may be used to improve
productivity of soya beans by smallholder farmers.
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CHAPTER ONE
INTRODUCTION

1.1 Background information

Soya beanGlycinemax) i s one of the world’ s most i mpor:t
and trade and has been a dominant oil seed since the 18&Def 201P Historic data on
Kenya’s soya bean production is poor and s
(Nyaguthii, 2017. After 1990, data suggests that production, area and yield have remained
almost stagnant, with little annual chanddguthii, 2017. Currently Kenya is experiencing

low yield of soya beans, approximately 0.8 t/ha, due to low soil fertility and high cost of
inorganic fertilizers and it is a serious threat to agricultural producti@tyanuet al., 2018).

The production is low compared tmod crops likecorn (3t/ha) and wheat (2.5t/ha)
(Nyaguthii, 2017. Symbiotic rhizobia can increase yields and contribute to the improvement

of the soil nitrogen balance through biological nitrogen fixat®ithough Rhizobiaseem to

be widely distributed irthe soil, soils in different place®ntain different strains ahizobia

but only those that are compatible and effective will fix nitrogen in the soil. For that reason,
characterization then inoculation of teeedis required toensure effective nitraan fixation.

Previous studies by Kugcik, and Kivanc (2008) indicate ®wadyrhizobium spp from

chickpea nodulesbtained from same plant species and w@ite isolated and characterized

on the basis of morphological, cultural and biochemical charaaterestd found to hve

similar characteristicsMorphologically, they were found to be rod shaped, appeared white

with raised elevation and gram negative while biochemically they were found to be indole
positive, catalase positive and citrate negative. Heawev is not known if similar findings

will be found if Bradyrhizobium liaoningense is characterized morphologically and

biochemically.There is need to characterigeadyrhizobium liaoningense from the wild soya



bean in order to identify effective andnapatible rhizobia strain with host plant to boost

nitrogen fixation in the soil hence promote growth and yield of soya beans.

Western Kenyatands out as the leadisgya bean growing region in Kenya, accounting for
nearly 50 % of total national smallheidplanted area (Nyongestal., 2017). The main soya

bean growing counties akakamega, Busia, Bungoma, TeaNzoia, Kakamega, and Vihiga
(Nyongeseet al., 2017).Soya beans are important and sepbod crop in western Kenya
(Nyongesaet al., 2017).Soya bean plants require a large amount of nitrogen as the seeds
contain high concentrations of protein and the total amount of nitrogen accumulating in the
shoot is proportional to the seed yield (Alatral., 2015). Soya bean has a relative specificity

for rhizobia among other leguminous crops (Andrews and Andrews 2017). Soya beans can
suffer from nitrogen deficiency under field conditions, particularly at flowering when the
nodules start to senescence or when seeds are either planted without inoculstibmith

proper symbiotic bacteria, particularly in areas where soya bean has not been grown before
(Ntamboet al., 2017).Inoculation of soya bean witBradyrhizobium japonicum has been

found to increase growth rate of soya beans significantly sinailetoon introduced more
number viable and efficient rhizobium bacteria in the soil rhizosphere which promoted
nitrogen fixation, uptake of minerals as well as cell division and elongation. Despite such
postive results, it is yet to be established wheth@moculation of soya beans with

Bradyrhizobium liaoningense will give similar results.

Higher plants such as soya beans conthiorophyll is a crucial pigment that gives plants
their characteristic green colour and occupies a unique role in the physiplogluctivity

and economy of green plantS ¢ r s u’ a i )dAmiount oRcbldr@phyll in leaf tissue is
influenced by nutrient availability and environmental stresses such as drought, salinity, cold
and heat Fortunatoet al., 201§. Chlorophyll content n leaf is a good indication of the

nitrogen fixation Kataria and Baghel, 2016Previous findings bylussairet al. (2018) have

2



shown that Bradyrhizobium japonicum inoculation may influence growth conditions of
leguminous plants such as soya beans byeasing leaf photosynthesis and chlorophyll
contents in the leaves. Bambara and Ndakidemi (2010) found that scowpeas inoculated with
Bradyrhizobial japonicum had great positive response in leaf chlorophyll content as compared
with the control. For exampleBambara and Ndakidemi (2010) found that the leaf
Chlorophyll concentration for the greenhouse experiment increased significantly with
rhizobial inoculation by 123% and 178% for the field experiment relative to tiweogcnlated
control. Increase in chlordpyll concentration in inoculated soya bean plants could be due to
nitrogenuptake, whichs crucial in synthesis of photosynthetic pigmemtswever, it is not

known if similar results could be found when soya beans are inoculate@nadyrhizobium

liaoningense.

Soybean production investern Kenyais further constrained by poor nodulation due to
absence of apppriateBradyrhizobium spp. Inoculation of legumes is especially critical when
compatible rhizobia are present, when population densities aretomhen native rhizobia
are not effectiveReguset al., 2017). The goal ofinoculation is to provide high numbers of
viable effectiverhizobia in the rhizosphere to allow rapid colonization, nodulation and
nitrogenfixation by the selected inoculant stran order to maximize legume yield potential
(Asamoah, 2016 Although bradyrhizobial inoculation technology is simple and extremely
cost effective for soybean production legume inoculation is rettised by mostarmers.
Information on the inoculatioaf soya bean and their response to growth and yield is lacking.
A practical alternative to inoculation has been the development o f soybean varieties capable
of forming effective symbiosis with indigenous cowpea BradyrhizoBiarangwaet al.
(2018) andKuhling et al. (2018) reported significant responses to inoculation and higher
nodule count irBradyrhizobium japonicum inoculated soya beans compared with the control.

The high response of nodulation with ieasing inoculatiomay bedueto less nitrogenevel



and few indigenous rhizobia the soil before inoculatiowhich isin agreement with Ngeno
(2018) who reported that great response to inoculation could be achieved if the number of
indigenousrhizobia population is less than 10 cells/gram of sbibwever, it has not been
ascertained if similar resultsan be obtainedvhen soya beanseeds arenoculated with
Bradyrhizobium liaoningense.

The mosimportant constraint limiting crop yield in developing nations and especially among
resource poor farmeilis soil fertility decline [telima et al., 2018. Unless thefertility is
restored in the soil, farmers will gain little benefit from the usenpiroved varieties and even
more productive agricultural technologie¥aflauwe et al., 2015. The applicationof
inorganic fertilizers may provide an option to overcome soil infertility, but temm use of
inorganic fertilizers causes decline in soya bparductivity (Gwenziet al., 2015. In recent
years, biofertilizer have emerges a promising component oftegrating nutrient supply
system in agricultureltelima et al., 201§. Biofertilzers offer environmentally friendly and
sustainable agricultural practicese(ima et al., 2018. Sustainable agriculture based on the
use of microbial products is agffective option for overcoming problems of soil fertility
(Massoet al., 2015. Previous findings by Zimmaeat al., 2016 andHtwe et al., 2015 indicates

that inoculation of soya beans with rhizobia species sucBradyrhizobium japonicum
improvessoya beanigld. Optimal soils conditions especially soil nitrogen levelsrareever
important for the success ahy inoculant applicatiorto boostsoya bearyield. However,

there is limited research and documentation on how inoculation of soya beans with

Bradyrhizobium liaoningense influences tgeeld of soya beans.



1.2 Statement of the problem
Soya beangrowth andproduction in Kenya has remained low, partly due to soil nutrient
depletion andlegradation, whicks a serious threab agricultural productity (Yebaseet al.,
2019) Symbiotic rhizobia is knowmo increase yields and contribute to the improvement of
the soil nitrogen balance thrdudpiological nitrogen fixationSoils in different environments
contain different strains afhizobia hence thosdhat are compatible and effective will fix
nitrogen in the soil. There is lack of information orBradyrhizobiun liaoningense
characterization which is vital in identifying strains that can be useful for sustainable
cultivation of soya beans in western lgan This prompt&haracterization and inoculation of
soya bean seeds with rhizobia species sudbradyrhizobiun japonicum to ensure effective
nitrogen fixation such information will provide an opportunity to manage production and
increase yieldsNitrogenenhances nutrients uptake of P, K, Ca, Mg, S, Mn, Fe, Cu, Zn, B, and
Mo by plants through synergistic effeciRampimet al., 2015). Studies have shown that
productivuty of soils in western Kenya ismited by a deficiencyof nutrients like nitrogen
Recentstudieshy Meegalla and Yapa, (202@ave shown that inoculation of soya beans with
Bradyrhizobiumspp.canincreasegrowth and yieldof soya beans. Thereforthere is aneed
for adoption of sustainable agriculture throwsgied inoculatiomith effedive and compatible
rhizobia spp.which has emergeds a promising component of integrating nutrient supply
system in agriculturéo boost soya bean growtnd yield There is lack of informatiommn
soya beangrowth response tdradyrhizobia liaoningense inoculationwhich could lead to
low production Soya beans grown in nutrient depletsdils faces a problem of low
chlorophyll concentration in the leaves, a pigment that offers unique role in the physiology,
productivity and economy of green planf&ecemn studyby Hussainet al. (2018)has shown
that inoculation of soya beans witBradyrhizobia japonicum positively impacted on

chlorophyll concentration in soya beakwever,there is lack of information othe effect
5



of Bradyrhizobia liaoningense inoculdion on soya beanshlorophyll concentratiorwhich
may affect its productivityNutrient depleted soils ten restrict nodule formation in soya
beanplants whichleads to reduced nitrogen fixation levels in soya beans plants leading to
reduced growth angield of soya beans plan8romiscuous s@bean varieties are known to
nodulate with a wide range of rhizobial strains sucBraslyrhizobia elkanii, Bradyrhizobia
japonicum andSinorhizobium fredii. However, littleis known on the effect dradyrhizobia
liaoningense inoculation on the nodulation of soya bsan westernintensification of land
use by smailkcale farmers with minimadutrient inputs has led to declinisgya beans yield
and productivity. There is high demand of soya bean productiaestern Kenya due to the
growing population prompting farmers to practice continues cropping déplietessoil
nutrients whickcontribute to low yield osoya beansSoya beanyield in mostKenyais faced
with different comstraints suctpoor nodulation vih native rhizobia in theolil, inherent low
levels of essential nutrients, low availability atetk of awareneson use ofinoculants
(Nyaguthii, 2017. Thereis little information on the effectof Bradyrhizobium liaoningense
inoculationon soya beanwhich may translate to increase in yield and productida such
there is need to understand the inoculation effedraflyrhizobium liaoningense on soya

beansyield under greeimouse conditions.

1.3 Objectives of the study

1.3.1 Broad objective

The main bjective of thestudy wasa characterise thBradyrhizobium liaoningense of wild
Soya beas and todetermine its inoculatiorffect on growth chlorophyll concentration,

nodulationand yieldof soya beans.

1.3.2 Specific objectives
i.  To morphologically andbiochemically characteris8radyrhizobium liaoningense

strainsof wild soya beas.



ii.  To determine the effect of inoculating soya beans Witidyrhizobium liaoningense

on growth of soya beans.

iii.  To determine the effect of inoculating soya beans Witdyrhizobium liaoningense

on chlorophyllconcentratiorof soya beankeaves.

Iv.  To determine the effect of inoculating soya beans Briddyrhizobium liaoningense

onnumber of nodules

v. To determine the effect of inoculating soya beans WBitdyrhizobium liaoningense

on yieldof soya beans.

1.4. Hypotheses
i.  There are nanorphological and biochemicdifference instrainsof Bradyrhizobium
liaoningense of wild soya beas
ii.  Inoculating soya kens with Bradyrhizobium liaoningense has no effect omgrowth of
soya beans.
iii.  Inoculating soya beans wiBradyrhizobium liaoningense has no #ect on chlorophyll
concentratiorof soya beans
Iv.  Inoculating soya kens withBradyrhizobium liaoningense has no effecon numberof
nodules of gya beans.
v. Inoculating soya beans wiBradyrhizobium liaoningense has no effect on yield of soya

beans.

1.5. Justification
In Kenya about 80% of soya bean is consumed by the livestock industry with human
consumption accounting for about 20 to 30% (Jackson,)2®&l6the year 2016, demarfolr

soya bearconsumptionroseto about 150, 000 tons per year (Jackson, 2016). This trend,



therefore, calls for a need to increase soya bean production to supplgfitie which is
normally met through imports (Bendet al., 2015).There is reported decline in soypean
production due to low soil fertility and reduced area under farmimgeasing the area of
land under soya bean twoost production is not favourabiue to increasing population
growthleading to decline in arable lafyongeseet al., 2015. Deficiencies in nitrogen has
affected many soils in Kenya (Kosketyal., 2017). This is attributed to naturally low inherent
levels in the soil, continuous cropping, lack of crop rotation, removal of crop residue from the
fields, nonapplication of sufficieh organic and inorganic fertilizers, reduction of fallow
period and soil erosion (Koskey al., 2017).Inoculation with efficientand effectivestrains

of Bradyrhizobia spp have shown improvenent in soya bean production (Zimmet al.,
2016). Optimal sod conditions gwecially soil nitrogen levels aimportant for the success of

the inoculant applicationSpuzaet al., 2015. Determining optimal soil nitrogen levels for
soya bean to respond to rhizobia inoculation and use of soil amendment at lowsélgile

will therefore aid in guiding the best nitrogen management strategy to boost soya bean
production. The research is important because inoculation technique will unravel the soil
fertility issue andcontribute to food securitamongfarmes since thex will be increased

productivity (Dakoraet al., 2015)

1.6. Significance of the study

Symbiotic rhizobia can increase yields and contribute to the improvement of the soil nitrogen
balance through biological nitrogen fixatiohthough Rhizobiaseem to bevidely distributed

in the soil, soils in different placesntain different strains ghizobiabut only those that are
compatible and effective will fix nitrogen in the sdihese findings show that

liaoningense inoculation is effective in improvingrowth, chlorophyll concentration, number

of nodules and number of pods in soya beans.



1.7. Scope and limitations of the study
The study involved inoculation of soya beans vidthdyrhizobium liaoningense to
investigate its effect on growth, chlorophytincentration, nodulation and yield.

However, the following limitations were encountered.

U The research did not ascertain the indigenous rhizobia population in the soil before
inoculation which might have given more direction on inoculation applicationslevel
for more effective resultsThe soil used in this study was collected from one place
therefore no variation expected since control treatment was used.

U The result only focused on the effect of inoculation on soya bean yields but the
mechanism of nitrogefixation was not determinedo it was difficult to ascertain the
mechanism through which nitrogen was fixed in the soil that gave high yield.

U The study did not carry out molecular characterization oBradyrhizobium
liaoningense of the wild soya beansbut only focused on morphological and
biochemical characters to identifyradyrhizobium spp hence it wasdifficult to

ascertairbacterial strain



CHAPTER TWO
LITERATURE REVIEW

2.1. General overview on Legume nitrogen fixation

Soya bearGlycine max (L.) Merrill is a cutivated species belonging to ordealdales and
family Fabaceae. The legumes contain seeds rich in proteins and oils (Kuahar2018).
Soya bean is a low temperature growing species that can give best productivitg83C20
(Hough, 2016. Nodule formation and nitrogen fixatidn soya beansre very sensie to
external nitrogen sourcescluding fertilizers and available soil nitrogen (Bleatal., 2015).
Previous study bgresshofkt al. (2015) showethat available nitrogeim high concentration

is known to suppress nitrogen fixation while on the other hand low nitrogen levels also affect
plant development and nitrogen fixation. According to Craina. (2015), when the supply

of nitrogen available from the soil and fertiliazacreases, the amount of nitrogen fixed by the
plant decreases. Previous studied bghariet al. (2016) showedhat low levels of available
nitrogen may have little impact on nodulation and fixation; however, when the combined
levels of available soilrad fertilizer nitrogen reach apgximately 40 kg/haany additional
nitrogen reduce nodulation and fixation. Previous researciCdrjer and Tegedgi2016)
showedthat he application of combined nitrogen especially nitratedya bearas shown to
strondy inhibit nodule formation, growth and nitrogen fixation. FurthermdZester and
Tegeder(2019 reportedthat combined levels of soil and fertilizer nitrogen greater th&n
kg/ha can dramatically delay nodulation and reduce or eliminate nitrogen fixatio
Rahimaet al. (2016) reported thagoya bearyield responses to startaitrogen fertilization

are extremely variable, depending on the efficiency Brdyrhizobium spp, soya bean
cultivars, soil N@-N content and N rates. Furthermore, most effecthizobia host plant
symbiosis fixes little or no nitrogen at all if the soil nitrogen is sufficient to meet the

nitrogen demand of the croprevious findings by Tairand Ndakidem{2013) indicate that
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soya bean treatments supplied wBitadyrhizobium japonicum inoculation had great positive
response in leaf chlorophyll content and growth parameters measured such as plant height,
number of leaves per plant, stem girth, number of days to 50% flowering and number of days
to 50% pod formation as compared witte control.Bradyrhizobium liaoningense being a

new species may have certain effects on growth, chlorophyll contmhijation and yielaf

legumes, which may support or counteract previous findings if inoculated.

2.2. Effect of Bradyrhizobium spp inoculation on growth of legume plants

Studies byShrivastava and KumdR015) showedthat Bradyrhizobium japonicum increases
shoot length, leaf area, root and shoot weight of a legume since it enhances rapid cell
division and elongation as well as increageowth stimulating hormones such as Auxins and
Gibberellins. For one to realize increased growth of plant during inoculation an effective
strain of rhizobium has toebused to inoculate the legunterevious findings byfairo and
Ndakidemi, (2013)indicated thatInoculating soya bean with Bradyrhizobium japonicum
significantly increases leaf ardgy 31 and 157% in the glasshouse and field experiment
respectively relative to the contrdDther findings byMfilinge et al. (2014 indicated that
inoculation & cowpea with Bradyrhizobium elkanni and Bradyrhizobium japonicum
significantly improved the plant height measured at four, six and eight weeks after planting
(WAP) in both screen house and field experiments relative to the control treatment.
Bradyrhizobium liaoningense being a new species may have certain effects on growth of
legumes, which may support or counteract previous findings if inocul@bede is therefore
need for a study to helghed light on the effect &@randyrhizobium liaoningense on growh

parametes of soya beans such as shieogth, leafarea and leaf numher
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2.3. Effect of Bradyrhizobium spp on plant leaf chlorophyll concentration
According toMmayi et al. (2015), dlorophyll is a very important pigment in soya bean
productivity sine it helps in absorptioof light which is used in photolysis of water molecule

thatis an important raw material for photosynthesis

According to Ganeshamurthyet al. (2015), chlorophyll deficiency is associated with
symptoms of yellowing, dropping of leas, poor growth, delayed flowering and fruiting.
Research byMmbagaet al. (2015)indicatedthat inoculation with appropriate strain(s) of
Bradyrhizobium spp may be an effective way of increasing leaf chlorophyll content in
legumes. Insufficient levels ofitrogen may hinder chlorophyll accumulation, which limits
photosynthesis \oitsekhovskaja and Tyutereva, 2(Q15~urthermore, studies involving
different types of crops byamori et al. (2016 revealedthat when nitrogen is limited, the
most prominent eéfcts is chlorosis hence loss of chlorophyll pigments in a leaf. According to
Shrivastava and Kumar (2015), inoculatiavith effective rhizobium strains such as
Pseudomonas syringae and Bradyrhizobium japonicum can be asolution to increased
productivity aml yield of any legume plant through accumulation of more chlorophyll that
promote photosynthesis. Taiebal. (2017) studied the effects 8fradyrhizobium japonicum
inoculation on CowpeaVfgna unguiculata (L.) and found that the total leaf chlorophyll

content of cowpea measured after planting increased.

Previous studies by Nyoki and Ndakidemi, (2014) indicated Bnadyrhizobium japonicum
significantly increased leaf chlorophyll content of cowpea by #6%¢reerhouse and 37%

on the field Beneficial rhizobia bacteria may thus influence the physiological growth
conditions of leguminous plants by increasing chlorophyll contents in leaves and finally
ending up with improved plant growth. The encouraging results obtained from previous
studies demonstratethat rhizobia inoculation may substitute the expensive inorganic N

fertilizers in improving plant growth and chlorophyll synthe8igadyrhizobium liaoningense
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being a new species may have certain effects on chlorophyll concentration of legumes, which

may support or counteract previous findings if inoculated.

2.4. Effect of Bradyrhizobium spp inoculation on number of nodules in legumes

Previous study by Hungriat al. (2015) indicate thatoot infection is a precursor to
nodulation which is a mukstep process that involves specific plaahd bacterial gene
expressionBefore nodulation begins, the typartners-Rhizobium, the micro symbiont, and

a host plant, the macro symbiont each exist as individual organismAlWdbdt al., 2014).

The process st with the multiplication of the bacteria in the rhizosphere (Yergeail,

2014). Before infection can proceed, the plant and compatible rhizobia must recognise each
other, and the rhizobia must colonise the root surface and attach themselveott tzers

(Sahaet al., 2017).

Infection and nodule organogenesis occur simultaneously during root nodule formation.
During the course of this interaction, the invading rhizobia attachéwterherging root hairs
release ad factors that induce a pronmed curling of the root hair cells (Miabal., 2018).

The cells most susceptible to infection are those located just above the region of root
elongation (lbafezt al., 2017). The rhizobia become enclosed in a small compartment
formed by the curling fothe root hair and stimulate nahividing root cortical cells to divide

and form a distinct area in the cortex, called a nodule primordium from which the nodule
develops. The infection and differentiation of the cortical cells causes the induction of a

series of plant genes to provide functions for the developing nodules (btaaks2013).

The infection thread with proliferating rhizobia elongates through the root hair towards
specialised cells in the developing nodule where it fuses with the plasménane, divides
and begins to branch. Branching of the infection thread enables the bacteria to infect many

cells (Markset al., 2013). The bacteria then stop dividing and begin to enlarge and
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differentiate into N fixing endosymbiotic organelles calkstteroids. The infection process
requires and is regulated by a range of molecular signals between the bacterium and the host

plant (Markset al., 2013).

The nodule as a whole develops such features as a vascular system (which facilitates the
exchange bfixed N produced by the bacteroids for nutrients contributed by the plant) and a
layer of cells to exclude oxygen from the root nodule interior (Liu, 2014). The nodule
meristem contributes to the shape of the nodule, with some temperate legumes dike pea
having nodules which are cylindrical and elongated while the nodules of tropical legumes
such as soybean, common bean and ped&matl{is hypogaea L.) lack a persistent meristem

and are spherical (Liu, 2014). Rhizobia generally enter the plant throaghairs except in
genera like Arachis and Stylosanthes where they enter through the sites of lateral root

emergence (Mateat al., 2011).

Thilakarathna and Raizada (2017) found that soya bean inoculatedhwzibfbium showed
increasdn nodulenumbers acomparedo uninoculated soya bean seeldecentstudiesby
Musyoka et al. (2020 indicated that inoculation of greeng r a ma&ets with rhizobia
increased both the siznd number of nodule®radyrhizobium liaoningense being a new
species may have ceiraeffects on nodulation of soya beans, which may support or

counteract previous findings if inoculated.

2.5. Effect of Bradyrhizobium spp inoculation on yield of legumes

Recentstudies by Thilakarathna ariRlaizada, (2017showedthat inoculation of seedsy
Rhizobium species prior to plantingis a key factor in enhancing high grain yield. A study
conducted byStephanieet al. (2015) showed that bean seeds inoculated with Rhizobium
strain had higher number of seeds per pod, number of pods per plant angigjch as

compared to those of tinoculated crops.
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Bambara and Ndakidemi (2010) reported high dry bean seed yield of 1679 kg /ha with
inoculated crop compared to 758 kg /ha from the control obtained comparable results.
Bambara and Ndakidemi (201fdirther indicated that higher yields obtained with inoculation
was critical in supplying nitrogen to legumehich is a better option for resourg®or
farmers who cannot afford to pur arfguesthat e x pen
negative results wem@ssociated with inoculation failure due to loss of viability of Rhizobia in
the inoculant caused by exposure to heat or prolonged storage, environmental and
management factors or use of unsuitable rhizokstnain for that legumePrevious findings

by Mfilinge et al. (2014) working on soya bean found thaBradyrhizobium elkanii and
Bradyrhizobium japonicum culture positively influencedhe growth and yieldf soya beans

like number of pod bearing branches per plant, number of pods per plant, numbes gfeseed
pod and 100&eedweightOther findings by Nyoki and Ndakidemi(2018) indicated that
Bradyrhizobium japonicum inoculationsignificantly improved soybean yield attributssch

as the number of podsseed weight, biological yield and grain yield of kegn
Bradyrhizobium liaoningense being a new species may have certain effects on yiesdat

beanswhich may support or counteract previous findings if inoculated.

2.6. Glycine soja as source of Bradyrhizobium liaoningense

Wild soya beang(Bradyrhizobium liaoningense) areannual plargin the legume familf{Gu

et al., 2017) It is the closest living relativef soya beansQlycine max) (Valliyodanet al.,
2017. Wild soy bean is known tdiave Bradyrhizobium liaoningense in their root nodules
(Naamalaet al. 2016 andhigh ability to form nodules as they obtain the bacteria from soil
and fix it in the nodulegCardosoet al., 2018) According to Zhangt al. (2017), agood
source of thdradyrhizobium liaoningense is theGlycine soja, abacteriumthatis compatible
and effective to beised in inoculating soya beans andegihe bestnoculants compared to
other inoculants such &hizobium leguminosarum. Previous studies by Alet al. (2016)
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points out thaBradyrhizobium liaoningense is a species of legueroot nodulatingmicro
symbiotic nitrogenfixing bacterium which was first isolated fro@lycine soja root nodules

in China.

2.7. Soya bean and rhizobia inoculation

Soya beaiis an important nitrogefixing leguminous cropgue to itshigh-quality proein and

input of combined K into the soil(Getachewet al., 2017. Recent studies by Zoet al.

(2019) show thathe symbiotic relationship of rhizobia argbya beanroots and the
subsequenhitrogenfixation is among the vital physiologicarocesses, wbh occurin the
growth and development gbya beanAccording toThilakarathna andRaizada(2017),soya
beanis a crop that was recently introducedthe tropics and it is important to inoculate the
seed with appropriatehizobium spp if no soya bearcrop has previously been grown in the
field. Studies byReguset al. (2017)showedthat noculationof legumes is especially critical
when compatible rhizobia are absent, when populati@nsities are low, or when native
rhizobia are not effectivd.egume imculation is an established agricultural practice that has
been used for more than a century twaduce rhizobia into the soiH(Ungriaet al., 2015.
Inoculants are produced commercially in many countries. Their quality depends on both the
number of rizobia they contain and their effectiveness in fixing N with the tahgest
(Herrmannand Lesueuf013).Symbiotic effectiveness is one of the most important factors
when selecting an inoculant straidt{e et al., 2015. Stajkovicet al. (2011) found that
inoculation of sog bean guaranteed increased nodulation and nodule occupancy by the

inoculated strains and increasegifidation and crop yield.

The goal of inoculation is to introduce a large number @ible hostspecific Rhizobia in
order to incease infection rates,hich ultimately leads to highejields (Thilakarathnaand
Raizada 2017). Inoculants are produced in powdered, granular or liquid fdiaslav and

Chandra2014). Theycan be applied directly onto seed, which is the traditional anst mo
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commonly used method of inoculation, on mineral granules or into the sed8dsdthnet

al., 2014). The quality of an inoculant is evaluated by the number of viable rhizobia it
contains Pennaet al., 2011). However, high quality inoculants are proddcand are
available in powdered or liquid form in North America, Europe, Australasia and some other
countries(Yadav and Chandra014).Rhizobial inoculants supports and maintains optimum
viable count {.04x10’ cfu/g) for up to 6 monthsyfadav and Chandr2014). Legume seeds

may be inoculated by farmers immediately prior to sowing or custom inoculated by local seed
merchants with coating facilities to be sown within a week (Deetkalr, 2004). Inoculation
techniques used in legumes are highly variaBéed inoculation immediately prior to sowing

is by far the most popular method usétligriaet al., 2020. However, the addition of
adhesivesiumus to thenoculant resus in the retention of more bacteda the seed coat and
prevents the sloughirgff of the coating material and reduces damage to the cotyledons

(Bennett and Lloy@015).

Inoculation of annual crop legumes has produced variable results when different inoculation
methods were used. Granular seed inoculation gave increased seedmgigdalecbwith peat

based seed inoculants in dry peBsym sativum L.) (Jambhulkart al., 2016).In common

bean, the most common method of inoculation is to apply the cultuRgizdbium spp. to

seed prior to sowingMulaset al., 2015).Soil applicationof inoculum has been successful in

the annual legumes; sbganand field peasRisum sativum L.) (Alam et al., 2015.

Studiesby Sinclair and Nogueirg2018)have shown thatiBlogical Nitrogen Fixation which

is enhanced by inoculation of rhizobia tongeatiblehost legume leave residual nitrogen in
the soil which improves soil organic matter for tbhdowing cropping seasons of cereals and
other legumesAccording toZimmer et al. (2016), he maximization of biological nitrogen
fixation has been obtagu by inoculating legumeseeds with efficienBradyrhizobium spp

inoculants in low nitrogersoils withoutnitrogenfertilizer application. Inoculation osoya

17



bears with efficient strains oBradyrhizobium japonicum have shown to increase plant dry
matter nitrogen concentration, nitrogeaccumulation and grain yieldEgamberdievat al.,

2016.

According toZimmer et al. (2016), Bradyrhizobium inoculation increasedoya bearseed
yield by 85 % over control. SimilarlyEgamberdieveet al. (2019 reportedthat nodule
number, nodule dry weight, amgbya bearshootyield were increased when seeds were
inoculated withBradyrhizobium. According toZimmeret al. (2016),inoculation may not be
required in fields whersoya beas have been previously grown andgcnlated for many
years. Inoculation of legumes wiBradyrhizobium spp introduces nitrogen in the soil which
has asignificant effect orthe soil chemistry and enhanaastrients uptake of P, K, Ca, Mg,
S, Mn, Fe, Cu, Zn, B, and Mo by plariteough synagistic effects(Rampimet al., 2015.
According to Mazid and Khan(2015), ®ed inoculation with rhizobia bacterisuch as
Bradyrhizobium liaoningense could be an alternative for use of expensive commercial

nitrogen fertilizers andealization of optimal gductivity in legumes.

18



CHAPTER THREE
MATERIALS AND METHODS

3.1. Collection of plant materials and transportation

Nine nodulateglants ofwild soya bearfGlycine soja) werecollected fromuncultivatedfarm
in Maseno University latitude 0°1'N0°12'S and longitude 34°25%1°47'E.Nodules were
sampledfrom same plant species on the same d&iteng the late flowerig and early pod
setting stagesRandom Sampling method wased to select the wild soya bealant where
nodules were obtainedJprooting was careflly done using @oe andthe wild soya bean
plants werdransported tdMaseno University botanywboratoryin zippedpolythene bags for
rhizobia bacteria isolatiotdealthy nodule possessed a yellow colour according to ¥aalg
(2018). After carefully washingwvild soya beans plant rogthesh and yellow nodules were
carefully removed from theoots, wrapped in sterilized absorbent paper, @aded in nine
differentsterilizedPetri dishedabelled aRH-1, RH-2, RH3, RH4, RH-5, RH-6, RH-7, RH

8 and RH9.

3.2. Isolation and purification of bacteria isolates from Glycine soja nodules

Isolation and purification of soya beans bacteria isolates followed the precadtanget al.
(2018).Five healthy nodules of wild soya beans were exditd from each plant for rhizobia
isolation. Nodules were first washed thoroughly with tap waterget rid of soil debris,
followed by rinsingwith sterile dstilled water.Selected adulesper plantwere sterilized by
immersingin 95% ethanl for 510 £conds and in 46 sodiumhypochloritefor 3 minutes
and then finally rinsed five times with sterile distilled watdihe nodules were then
transferredseparately intsterile test tubgeach containing nl of sterilized distilled water.
Using a sterile glss rod,nodules from nine differertest tubesvere separatelgrushedin
different test tubesafter which a loopful of the crushed nodule matene¢re sieved and

streakedseparately on to nine different plates containviegist ExtracMannitol (YEM) agar.
19



YEM agar was prepared from 30 mannitol, 0.5g dipotassium hydrogen phosphate
(K2HPO4,0.2 g Magnesium sulphate(MgS04.7H20), 0.1 g Sodium chloride (Nady), 1
yeast extract and 15ggar suspended in 1 litre distilled watex described bithaitov et al.
(2016. The plates were then incubated forZBhours in the dark in an incubator28t: 2°C
Single coloniesvereidentifiedand restreaked on the fresh YEMA agar mediuins process
was repeated until pure singbacterialcolonies were obtained’he single colonies were

subjected to different morphological and biochemical tests for bacterial identification.

3.3. Characterization of pure bacteria isolates from Glycine soja root nodules

3.3.1. Morphological Characterization

Morphological charactezation of the rhizobia was done to determine their growth rate (slow

or rapid), mucous production (quantity of mucous and elasticity), and colony characteristics.
The formation of colonies on YEMAIlg@tes was monitored daily for ldays, and the pH
changeof t he growth medium was scor e@ongored YEMA
dye The cultures were incubated for tidys at 28°C and observed for asl@hange on a

daily basis.All the isolates cultured on YEMA medium containing Congo red dye produced
colonies that were whitish to pale pink indicating that the isolates did not absalyethden
incubated in the darkAfter incubation at 28°C for7 days, distinct colonies were
characterized based on their size, colour, shape, transparency, and rel@vatia et al.,

2015).

3.3.1.1. Gram staining technique

Gram staining and microscopy were carried out to determine if the cultures were Gram
negative or positive. Staining was done following the method describddrigya, (2017)A
colony of bacterial glture was picked with a sterile inoculating wire loop, and a thin smear

was prepared in a drop of water on a clean glass slide. The smear -dasdiheat fixed,
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stained with crystal violet for one minute, and then washed with distilled water. The smea
was flooded with iodine solution for one minute followed by-omaute decolorization with
ethanol (95% v/v), then washed with distilled water to stop the action of alcohol, and
counterstained with safranin for 20 minutes. The slide was washed witledistater, dried,

and observed under light microscope at 1000x magnification using oil immersion. The ability
of the isolates to absorb Congo red was tested by adding 1% Congo red solution on prepared

and autoclaved YEMA media before pouring into stePiri plates.

3.3.1. 2. Congo Red Test

The purity of the rhizobial isolates was detected by adding Congo red in YEMA media.
aliquot of 2.5 ml of 1% solution of the dye in.® was added to a litre of YEMA. Most
rhizobia absorb the dye only weakly whasecontaminants including Agrobacteria, will
absorb stronglylsolated bacterial strain were streaked on YEMA platedincubated for8-

72hoursat29+/2° C as described by Hamza and Al ebejo

3.3.2. Biochemical characterization

The isolates we investigated usingifferent biochemical characteristiaghich included:
Indole TestCitrate TestMethyl Red-Voges Proskauer test, Carbohgdr fermentation test,
Catalaseest, Starch hydrolyssndPotassium hydroxidase teatcording tqorocedureoy

Rohomanieet al. (2015).

3.3.2.1. Indole Test

Indole production test was done to determine the ability of microorganisms to degrade the
amino acidtryptophan by the enzyme tryptophanase. For indole test each indole broth
containing 6ml of peptone, diwum chloride was taken. Using sterile technique, small amount
of the experimental bacteria from fresh culture wasulated into the tubes by means of loop

inoculation nethod with an inoculating loofhe tubes were then incubated for 24 hours at
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37°C. h order to detect the indmproduction, 10 drops of Kovaeagenwasadded to all the
tubes. If red reagent layer develops then it indicates indole positive and absence of red color
indicates that the substrate tryptophan was not hydrolyzed and iateslildole negative

reaction(Chowdhury, 2018

3.3.2.2. Citrate Test

Citrate utilization test was done to differentiate among enteric organisms based on their
ability to ferment citrate as a sole source of carbon by the enzyme citrase. For citrate
utilization test, each test tube containing 2.5 ml of Simmons citrate agar was taken. Using
sterile technique, small amount of the experimental bacteria freho@e fresh culture was
inoculated into the test tubes by means of a streak inoculation metho@drwittoculating

loop. The test tubes were then incubated at 37°C tdi82dours. After 48 hours incubation,

if the Prussian blue colour developed then it indicates the citrate positive result, which means
the organism, was capable of fermenting citregeaasole source of carborif the colour

remained greethen it indicates citrate negative reg@howdhury, 2018

3.3.2.3. Voges Proskauer test

The VogesProskauer (VP) test was done to determine if an organism produces acetyl methyl
carbinol from gluose fermentation. For Vogé&soskauer test each VP broth containing
dipeptone, dextrose and potassipirosphate was taken. Using sterile technique, each test
tube was inoculated by fresh culture of experimental bacteria by means of loop inoculation
methal. The tubes were then incubated for 48 hours at37°C. After 48 hours, 10 drops of
Barritt’ s r e ageachtubefandvhe tubes wistiaieh. Then immediately 10
drops of Barritt’'s reagent B was adbdeeved and
after 1530 minutes of the reagent addition. If red coldavelopedthen it indicates that the

organism was capable of fermenting glucose with ultimate production of acetyl methyl
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carbinol and it indicates positive result. If no colour devetbphen it indicates voges

proskauer negative res@howdhury, 2018

3.3.2.4. Carbohydrate fermentation test

Carbohydrate fermentation test was perforn@dest the ability of thebacteriato utilize
carbohydrates, accordirtig the procedure describeg Musyimiet al. (2017).Each test tube

was aseptically inoculated with the test microorganism using an inoculating loop. The test
tubes were incubated 37°C for 24 houkfter incubation the liquid irthe test tube turns

yellow for positive fermentatiotest while retention of red colour indicates a negative test.

3.3.2.5. Catalase test

The differentiation of bacteria that produce the enzyme catalase fromatalase producers

is achieved using this test. Catalase acts as a catalyst in the breakingfdbwarogen
peroxide to Oxygen and water, two to three ml of 3% hydrogen peroxide solution was poured
into a test tube. R4-hour culture of the test organism from the nutrient agar was emulsified
in the hydrogen peroxide solution. The release of buliblesediately indicated a positive

test while it was negative when no bubble was for(@twdhury, 2018

3.3.2.6. Starch hydrolysis

Starch hydrolysis test was done to observe if the microbes can use starch, a complex
carbohydrate made from glucose, a®arse of carbon and energy for growth. Use of starch

is accomplished by an enzyme called alphaylase. Soluble starch media was dissolved in a
small amount of water and was heated slowly with constant stirring. Then all the ingredients
were added to itrad was transferred into a conical flask and sterilized by autoclaving at
121.5°C. The sterilized agar medium was poured into the sterilized Petri plates and was
allowed to solidify. Each plate was inoculated at the center with the bacterial inoculum.

Plates were incubated at 37°C for-28 hrs. To test the hydrolysis of starch, each plate was
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flooded with iodine. An appearance of clear zone around the grewthnsidered as positive

result(Chowdhury, 2018

3.3.2.7. Potassium hydroxidase test

Bacteriawas aseptically removed from petri plates with an inoculating wire loop, placed on
glass slide in drop of 3% KOH solution, stirred for 10 seconds and observed for the formation
of slime threads according to the procedur&apembweet al. (2016. Thepresnce of slimy

thread after 24 hours incubation indicated a positive potassium hydroxidase test while absence

of slimy thread indicated a negative test.

3.4. Preparation of Bradyrhizobium liaoningense inoculants

Preparation of different concentration diradyrhizobium liaoningense followed the

procedure ofviao et al. (2019. One ml of the incubated Tryptonr¥east broth/bacterial
suspension mixture was placed in a steti®e ml tube with terml of sterile water. The
original broth culture was designated® Enhd the first dilution 18. Oneml of well mixed

broth was taken from 10dilution and added to ninenl of sterile distilled water and
thoroughly mixed to give 1® Oneml of well mixed broth was taken from %@ilution and

added to 10nl of steriledistilled water and thoroughly mixed to give™10

3.5. Bacterial enumeration

Bacterial enumeration was done using the procedufdariaset al. (2015), a aliquot of 0.5

ml of each dilution was pipetted onto different Tryptofeast agar plates andylitly spread

as evenly as possible over the whole plate with a sterile spreader. Three replicates were
prepared of each dilution. Plates were sealed with plastic cling film and incubated in the dark

at 28° C, for 24 hourauntil the number of colony foring units (cfu) were determined.
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Bacterial numbers expressed as colony forming unitsbrdth of different dilution (1§ 10

1102 and 10°) were obtained as 2.67 x“1€fu/ml, 1.31x 10’ cfu/ml, 1.1%10’ cfu/ml,

1.07x10 cfu/ml respectively.

Calculations

1 ml of original bacterial suspension were editb 9 ml of diluent

Dilution factor = Final volume/sample volume

=10ml/1ml

=10

Total dilution factor for the 4 dillution = 10x10x10x10 =*10

Cfu/ ml= (Number of colonies x dilution factor)/ volume of the culture plate

= 267 x 16/0.1ml

=2.67 x10 cfu/m

Number of colonies Serial dilution Cfu/ml
267 10° 2.67 x10 cfu/ml
131 40 1.31 x1d cfu/ml
119 40 1.19 x10 cfu/ml
107 40 1.07 x10 cfu/ml

25



3.6. Seed inoculation procedure in the laboratory

Different bacterial concentrationsf the pure isolateswere mixed withhumus (bacteria
carrier), sugar solution (sticker substance) amthe hundred and fiftygterilized soya bean
seeds RastorBueis et al., 2019). The mixture was thoroughly stirred using aterilized
wooden spoon for 30 seconds.elihoculant mixture was spikled on to the seeds and gently
turned to ensure entieating ofsoya bearseed. The sigar solutionvhich wasprepared by
dissolving 50 g of sugar inlitre of distilled waterensuré the bacteria inoculant stick on the

seals during inoculatioas described biasseret al. (2014)

3.7. Seed germination experiment in the laboratory

A preliminary germinatiortestwas conducted on the nimgld soya beanssolates with five
different treatments replicated three times to whetee the most effective isolate for seed
inoculation in the green house experim@dt C gHah,2016). A total of one hundred and
thirty five soya bean seeds, five per treatment per repheate placed ireachsterilized petri
dishes lined with layersf moistened Whatnan no.1 filter paperd.he seedsveresubjected
to different serially dilutedBradyrhizobium liaoningense inoculants,2.67 x10G cfu/ml, 1.31
x10’ cfu/ml, 1.19 x10G cfu/ml, 1.07 x10 cfu/ml andsterilized distilled water (controbn the
nine bacterial isolates which were replicated three tirbedéa on seeds germination and
radical length wereleterminedas descébed by FinchSavage and Bassg016) The isolate
that gave the highest germination percentages radical length (R3) was selected for

green house experimefippendix 1 and 2)
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3.8. Experimental design and treatment in the green house

Fifteen-5 litre plastic potswith dimensions 2%5m in height and 28m in diametewereeach
filled with 7 kg of top soil collected fromMaseno Unversity botanic gardeto make up 3
inches soil depth for better root anchorage, Ambetdd. (2012) The soils are classified as
acrisol, deep reddish brown friable clay with pH ranging from 4.5 to 5.5, soil organic carbon
and phosphorus contisnare 1.8% and 4.5 mg Hg respectively. The soils are well drained
and deep, with high extractable Ca and K ions as described by Arted€2012). The soil

was sterilized through solarisation method where the soil was spread on polythene bags and
left in the greenhouse opendaundisturbed for 2 week¥atan 2015). Thregoots with top

soil and uninoculated seedgere used agontrol experiment and the remaining twelymts
with top soil containedsoya beanseedsmixed with dfferent serially dilutd bacteria
inoculantscontaining different numbers of colony forming unit per(Bh67 x10 cfu/ml, 1.31
x10’ cfu/ml, 1.19 x10 cfu/ml, 1.07 x10 cfu/ml) of Bradyrhizobium liaoningense as described
by Miao et al. (2018. The experiment wadaid out in a cepletely randomized design
(CRD), since it yields maximum degree of freedom for experimental éfesrseeds of Say
beanscoated withBradyrhizobium liaoningense inoculantswere sown ineach pot containing
soil. After two weeks of growth, the seedlingsaach pt werethinned to thre@lants per pot.
Wateringwasdone daily with 200nl tap water per pot up to thend of their physiological
maturity as described b@rassiniet al. (2015. The water was sufficient to avoid washing
away of rhizobia inoculds from the soil. Data on growth parameter&hlorophyll
concentrationnodule numbeand yieldswere takenThe greenhouse daily mean temperature
was maintained at 2@ with diurnal amplitude of +%. The relative humidity of air inside

the greenhouse mged between 50 and 95% during the experiment.
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3.9. Measurement of growth parameters of soya bean plant

3.9.1. Plant height

Plant height wasneasured from soil level to the upper point of the terminal bud of the
seedling using a meter rule eveigurteendays up to the end of the experiment. Two
randomly selected plasitn each potwere tagged antheasuredis describedy Musyimi et

al. (20179.

3.9.2. Number of leaves

Number of mature leaves of twandomly selected plants in each pot were counted and
recorded after every fourteen days up to the end of experiment, accordihgsyami et al.

(2017).

3.9.3. Leaf area
Leaf area of two randomly selected plants in each potdetermined after every fourteen
days Leaf area was calculated using the formia=0.5(L X W) Where L=length of leaf

W=maximum width(Musyimi et al., 2017).

3.9.4. Root and shoot fresh weight
Ninety days after sowing, two randomly selected plants in each pot were carefully uprooted
from the soil, cleared off debris, separated iftoat and root and weighed separately using

electronic weighing balance accordingMasyimi et al. (2017.

3.9.5. Root and shoot dry weights

Ninety days after sowing, two randomly selected fresh plants in each pot were uprooted
packed separately in enegles and dried in an oven at constant temperat@ &0 three

days. The roots and shoot were allowed to cool in a dry environment then weighed on an

electronic weighing balance accordingMasyimi et al. (2017.
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3.10. Leaf chlorophyll concentration

Determination of chlorophyll followed thenethod of Ali et al. (2012). The third fully
expanded leaf from shoot apex wedlectedfrom all the treatments aftesvery 14 days
Three grams of leavegere grounded in 1Ml of 80% (V/V) acetone using mortarcpestle.
They were left overnight for 24 hours to allow maximum extraction of chlorophyll. The
resulting extracts were read at 64l and 664nm using U\visible spectrophotometer.

Chlorophyll a, b and total concentration were calculated as follows:
Chlorophyll a =13.19 A662.57 A645 (mgdg fresh weight)
Chlorophyll b =22.1 A664%6.26 A664 (mgg fresh weight)

Total Chlorophyll =7.93 A664+19.53 A645 (myéresh weight)

Where A664 is the absorbance at 664nm and A645 is the absodid&fsm.

3.11. Number of nodules per plant
Mature nodules from two randomly selected plants in each pot were counted and recorded 90
days after sowing. This was achieved by uprooting the plants and removing all the soil from

the roots of selected plants by washing betaenting (Hacet al. 2014).

3.12. Number of pods per plant
At the end of the experimer?0 days after plantinghature pods of soya bean plant of two
randomly selected plants in each pot were ocedifior each plant and recordadcording to

Yanget al. (2018).
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3.13. Statistical analysis
Data obtained from the stuay soyagrowth, chlorophyll concentratioand yieldparameters

wassubjected to Statisticanalysisof varianceusing SASversion 9.1. Aoneway factorial
analysis of variance (ANOVA) was ed to determine whether theveas any significant
effect among the differensoya beartreatments Means thatvere considered significantly

differentweree par ated usi ngOFIOHSher’s LSD at P

30



CHAPTER FOUR

RESULTS

4.1. Morphological characterization of Bradyrhizobium liaoningense of Glycine soja

4.1.1. Isolation and characterization of bacteria isolates

Nine isolates were obtained from the root nodules of widglabean onYMA plates. They
were deginated as RH, RH2, RH3, RH-4, RH-5, RH6, RH-7, RH8 and RH9. The
colony characteristics of all the nhneizobial isolates had the same characteristics (Table
4.1). All the isolateshad a mucoid texturand the individual bacteria under light microscope
appear rosshapedAll the isolateappearedvhite with entire margiron Yeast Mannitol Agar
(YMA) media within 45 days of incubatianAll the isolates hadcolonies size ranged
between0.2 to 1Imm (Table 4.). Gram staining revealed thatll the bacteriain the isolate
were grarmegative Congo red Dye test revealed that #llebacteria isolates afbsorbed the
dye weakly. In addition,the resultindicatel that all the isolatebadraised elevationAll the
isolatesappeared as transparent bodies in a grey background studieengrossingThese
distinct characteristicexdicated thaBradyrhizobium liaoningense was pesent in the isolate

from wild soya beans
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Table 4.1. Morphological characterization of bacteria isolates from Glycine soja

I No. | TXR Mgn | SP Color | GS | Ele’n BS CS CR

(mm) | absorpt

ion

RH-1 | Mucoid | Entire | Rod | White | -ve | Raised | Transparent| 0.2-1 | weakly

RH-2 | Mucoid | Entire | Rod | White | -ve | Raised | Transparent| 0.2-1 | weakly

RH-3 | Mucoid | Entire | Rod | White | -ve | Raised | Transparent| 0.2-1 | weakly

RH-4 | Mucoid | Entire | Rod | White | -ve | Raised | Transparent| 0.2-1 | weakly

RH-5 | Mucoid | Entire | Rod | White | -ve | Raised | Transparent| 0.2-1 | weakly

RH-6 | Mucoid | Entire | Rod | White | -ve | Raised | Transparent| 0.2-1 | weakly

RH-7 | Mucoid | Entire | Rod | White | -ve | Raised | Trans@rent | 0.21 | weakly

RH-8 | Mucoid | Entire | Rod | White | -ve | Raised | Transparent| 0.2-1 | weakly

RH-9 | Mucoid | Entire | Rod | White | -ve | Raised | Transparent| 0.2-1 | weakly

KEY

(-ve) Negative (+ve) Postive

I No. — Isolate numberT XR- Texture,Mgn- Margin, SP-Shape Ele’n-ElevationGS- Gram

staining BS-Background stainin@S-Colonysize CR-Congo red e

4.2. Biochemical characterization of bacteria isolates from wild soya bean (Glycine soja)
Biochemical tests were done in the laboratory to study the biochemical enestacs ofpure
bacteriaisolates Results in Table 4.2 indicate thalt the nine isolateswere Bradyrhizobium

liaoningense.
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4.2.1. Indole test
Indole test ofall the bacteriaisolates showed development of a red ring at top layer & th

medium (Tablet.2). This indicated thathe bacteriaverelndole test positive.

4.2.2. Citrate test
Citrate test of bacteria isolates showed #ihthe nine isolatevere unable to utilize citrate as
sole carbon source as timeedig they retained the green colourtaf incubation period

indicatingthe bacteria wereitrate negative bacter{@able 42).

4.2.3. Voges Praskauer test
The VP test showed that, medium incubated althsolates changed to redhis indicated a

positive result fomethyl red test (Table.2)

4.2.4. Carbohydrate fermentation test

Carbohydrate fermentation test of the bacteria isolates rfiales ofwild Soyashowed that
all the isolates were able to utilize sucrose, majtasose or dextrose. Thigasconfirmed
by the colour change dm red to yellow This indicated a positive result f@arbohydrate

fermentatiorntest(Table 42).

4,25, Catalase test
Catalase test was done to determine aerobic aagr@bic bacteriaAll the nine isolate
producedbubblkes during theests This indicated a positive result f@atalasetest (Table

42).

4.2.6. Starch hydrolysis test
All bacteria isolatehangedcolour to dark purple after fouminutes This was an indiation
of negative test. The bactertd not hydrolyse starchThis indicated a negative result for

starch hydrolysisest(Table 42)
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3.2.7. Potassium hydroxidase test

All the nine isolateformed slimethreads on their surfaces addition of 3% KOH sohlion,
this confirmed the identity of the bacterial isolafEhis indicated a positive result for
Potassium hydroxidagest(Table 4.2

Table 4.2. Biochemical characterization of bacteria isolates from Wild soya bean
(Glycine soja)

Isolate | I Ci MR |CF |C SH PH | Microbe present
No.

RH-1 +ve -ve |+ve |+ve |+ve |-ve |+ve |B.liaoningense
RH-2 +ve -ve |+ve |+ve |+ve |-ve |+ve | B.liaoningense
RH-3 +ve -ve |+ve |+ve |+ve |-ve |+ve |B.liaoningense
RH-3 +ve -ve |+ve |+ve |+ve |-ve |+ve |B.liaoningense
RH-5 +ve -ve |+ve |+ve |+ve |-ve |+ve | B.liaoningense
RH-6 +ve -ve |+ve |+ve |+ve |-ve |+ve | B.liaoningense
RH-7 +ve -ve |+ve |+ve |+ve |-ve |+ve | B.liaoningense
RH-8 +ve -ve |+ve |+ve |+ve |-ve |+ve | B.liaoningense
RH-9 +ve -ve |+ve |+ve |+ve |-ve |+ve | B.liaoningense
Key

(-ve) =Negative; (wve) = Positive,l. No —isolates| — Indole testCi —Citrate testMR -
Methyl red Voges Proskauer teSf: —carbohydrate fermentation test- CatalaseSH —

starch hydrolysisPH- potassium Hydroxidse tet.
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4.3. Determination of Soya bean growth parameters at inoculation treatments

4.3.1. Effect of inoculating soya beans with Bradyrhizobium liaoningense on height of

soya beans

Soya bean plant height varied significantly in different treatment of rhiznbaulation At
day 14 after emergee the soya begplant height was highest &.67x10 cfu/ml rhizobia
inoculationwhich hada significantdifferent(P< 0 . @ith 1.31x10 cfu/ml, 1.19x10 cfu/ml
1.07x10 cfu/ml, and urinoculated (control)At 1.31x10 cfu/ml rhizobia concentration soya
beanplantheight was highethan1.19x10 cfu/ml rhizobiainoculationwhich was alsdigher
than the1.07x10 cfu/ml rhizobiainoculation Un-inoculated (controlyecorded e lowest
soya beanplant height that was significantly different with 1.07x10 cfu/ml rhizobia
inoculation but significantly different with2.67x10 cfu/ml, 1.31x10 cfu/ml and 1.19x10
cfu/ml. The soya beanglant height atday 28, 42, 56 and 70 showsignificant difference
across all thereatments with highesteight at 2.67x10 cfu/ml rhizobia inoculation and

lowest in uninoculated ¢ontrol) (Table4.3)
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Table 4.3. Effect of inoculating soya beans with Bradyrhizobium liaoningense on plant

height of soya beans

Plant height ( cm)
Inoculation treatments 14 28 42 56 70  |Overall mean
Un-inoculated (control)(11.87d [21.13e |28.37e |36.40e |45.20e |2859e
1.07x107 cfu/ml 14.80d |23.70d [31.67d |41.17d |52.10d |32.69d
1.19x10" cfu/ml 16.80c |25.60c [34.90c |45.97c |58.47c (36.35c
1.31x107 cfu/ml 20.03b [29.73b |39.73b |50.23b |62.83b |40.51b
2.67x107 cfu/ml 23.00a |34.60a 44.10a |56.10a [67.70a |45.10a
LSD 0.8937 | 0.6285 | 0.6758 | 0.9133 | 0.9987 | 1.8193
P.value <.0.0001 | <.0.0001 | <.0.0001 | <.0.0001 | <.0.0001 | <.0001
Means with the same | etter down the col umn

4.3.2. Effect of inoculating soya beans with Bradyrhizobium liaoningense on leaf number

of soya beans

Theleaf number of soya bea increased steadily from day tbtdday D of measurement with
increasein concentrationof rhizobia inoculant 2.67x10 cfu/ml rhizokia inoculationhad
highest and significaht different soyabean plant leaf numbeacross treatments while
1.31x10" cfu/ml, 1.19x10 cfu/ml, 1.07x10 cfu/ml and un-inoculated (control)had no
significant differences in leaf number at day 14. At day 28,67x10 cfu/ml rhizobial
concentration registered the highasd significantly different 0. 05) soya bean
numberwhile 1.31x10 cfu/ml, 1.19x10 cfu/ml and1.09x10 cfu/ml rhizobialinoculationhad

no significan t di fferend day 42( 262xAd dudml and 1.31x10 cfu/ml

inoculation was not significantly different ( P = 0 bu® &ghificantly different from other

treatments,1.31x10 cfu/ml and 1.19x10 cfu/ml were notsignificant ( P = 0 whilé& Yn-
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inoculated (controlhad the lowessoya beareaf numbemeans, whichwas significantly

different( P < 0O froth ®ther treatmentt day 56 and 70, the soya bean leaf numbas

highest at2.67x10 cfu/ml rhizobiainoculationw h i ¢ h

wa s

significantly

across treatmestand lowest in wmoculated (controlexcept for day 56 wher#.07x10’

cfu/ml and uninoculated(control)had nos i gni f i cant

5) (Tdblkdedh)r e nc e s

(P2

Table 4.4. Effect of inoculating soya beans with Bradyrhizobium liaoningense on leaf

number of soya beans

Leaf number

Inoculation treatments 14 28 42 56 70 Overall mean
Un-inoculated (control)| 3.00b | 3.33c | 5.00c | 6.33d | 8.00e | 5.13c

1.07x107 cfu/ml 3.00b | 4.33b | 5.67bc| 7.33cd| 9.00d | 5.87bc

1.19x107 cfu/ml 3.00b | 4.33b | 6.333b| 7.667c | 10.00c | 6.27abc

1.31x107 cfu/ml 3.00b | 5.00b | 7.67a | 8.67b | 10.67b | 7.00ab

2.67x107 cfu/ml 4.00a | 6.00a | 8.00a | 10.33a| 11.66a| 7.99a

LSD 0.9401 | 0.8136 | 1.1506 | 1.0504 | 0.6643 | 1.8193

Means with the same | etter down the col umn &

4.3.3. Effect of inoculating soya beans with Bradyrhizobium liaoningense on leaf area of

soya beans

Inoculation of soya beans &.67x10 cfu/ml rhizobia concentration liathe highest

significantly

di fferent

(P<0.05)

soya bean

treatments 1.31x10 cfu/ml, 1.19x10 cfu/ml, 1.07x10 cfu/ml and control) of rhizobia

inoculation as the days increased. At different days of treatmsows, bean plant leaf area

showed a

signi fi cant codcentratieaf mocaamt inCréased..ua 5 )

as

inoculated (control) treatment had the lowest leaf area in all the days of treathabrest (3.
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Table 4.5. Effect of inoculating soya beans with Bradyrhizobium liaoningense on leaf area

of soya beans

Leaf area (cm?)
Overall

Inoculation treatments 14 28 42 56 70  |mean
Un-inoculated (control) | 26.27e | 34.27d | 35.23e| 39.17e| 43.27e| 35.642d
1.07x107 cfu/ml 33.40d | 37.50c | 40.67d | 45.43d | 48.83d| 43.108c
1.19x107 cfu/ml 35.53c | 40.00c | 43.87c | 48.50c | 53.13c 44.210c
1.31x107 cfu/ml 38.53b | 43.20b | 48.27b | 52.93b | 57.53b| 48.090b
2.67x107 cfu/ml 41.97a | 46.00a| 50.40a| 56.17a| 62.10a| 51.330a
LSD 0.7589 | 2.7086 | 0.5167 | 0.6372 | 0.6267 2.3012
P.value <.0.0001 |<.0.0001 |<.0.0001|<.0.0001|<.0.0001| <.0.0001
Means with the same | etter down the col umn &

4.3.4. Effect of inoculating Soya beans with Bradyrhizobium liaoningense on shoot fresh
weight

The shoot fresh weight increased steadily as the inoculation increased. There was significant
di fference (P<0.05) of root fresh weight at
1.07x10 cfu/ml, 1.19x10 cfu/ml, 1.31x10 cfu/ml and 2.67x10 cfu/ml). 2.67x10 cfu/ml
inoculation had the highest shoot fresh and significantly different from the other treatments,
1.31x10 cfu/ml had a higher shoot fresh weight thari9x10 cfu/ml rhizobial inoculant
concentration, followed by.09x10" cfu/ml inoculatio, urinoculated (control) rhizobia had

the lowest shoot fresh weight which was significantly different with the other treatments

(Table 4.9).
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Table 4.6. Effect of inoculating Soya beans with Bradyrhizobium liaoningense on shoot

fresh weight

Inoculation treatments Shoot fresh weight (g)
Un-inoculated (control) 41.33e

1.07x107 cfu/ml 55.73d

1.19x10" cfu/ml 58.10c

1.31x107 cfu/ml 61.43b

2.67x10’ cfu/ml 64.43a

LSD 1.3127

P.Value <.0001

Means with the same letter down tha@unn are not significantly differentakF0 . 0 5 .

4.3.5. Effect of Inoculating Soya beans with Bradyrhizobium liaoningense on Shoot Dry

weight

The shoot dry weight of soya bean increased as the concentration of rhizobial inoculant
i ncreased. There was signif i treatméent of rhikobi@ r e nc e
inoculant (control, 1.07x10 cfu/ml, 1.19x10 cfu/ml, 1.31x10 cfu/ml and 2.67x10 cfu/ml).
2.67x10 cfu/ml rhizobia concentration had the highest shoot dry weight which was
significantly different from the other treatment$.31x10 cfu/ml rhizobia inoculant
concentration recorded a higher shoot dry weight thd®x10 cfu/ml rhizobia inoculant
concentration. Alsal.07x10 cfu/ml rhizobia inoculant concentration recorded a higher shoot
dry weight as compared to umoculated (contrd soil. Therefore, usinoculated (control)
treatment had the lowest shoot dry weight which was significantly different from other

treatments. (Table 4.10)
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Table 4.7. Effect of inoculating Soya beans with Bradyrhizobium liaoningense on shoot

dry weight
Inoculation treatments Shoot dry weight (g)
Un-inoculated (control) 18.00e
1.07x10" cfu/ml 24.80d
1.19x107 cfu/ml 26.53c
1.31x10’ cfu/ml 28.03b
2.67x107 cfu/ml 29.46a
LSD 0.7675
P.Value <.0.0001

Means with the same letter down the columnraet si gni fi cantly differ

4.3.6. Effect of inoculating Soya beans with Bradyrhizobium liaoningense on root fresh
weight

The soya bean responses on root fresh weight indicated that as the concentration of rhizobia
inoculant increased, the shtofresh weight also increased. There was significant difference
(P<0.05) with different t -inacdated) £.0vx10 ofufml, r hi z o |
1.19x10 cfu/ml, 1.31x10 cfu/ml and 2.67x10 cfu/ml). 2.67x16 cfu/ml rhizobia
concentration had theighest root fresh weight which was significantly different from the

other treatments, 1.810" cfu/ml rhizobia concentration had a higher root fresh weight than
1.19x10 cfu/ml rhizobia concentration which was also higher tha0vx10 cfu/ml rhizobia
corcentration, ufinoculated (control) treatment had the lowest root fresh weight which was

significantly different with the other treatments (Table 4.11).
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Table 4.8. Effect of inoculating Soya beans with Bradyrhizobium liaoningense on root

fresh weight

Inoculation treatments

Root fresh weight (g)

Un-inoculated (control) 12.80e
1.07x107 cfu/ml 15.56d
1.19x107 cfu/ml 16.73c
1.31x107 cfu/ml 18.96b
2.67x107 cfu/ml 20.33a
LSD 0.5997
P.Value <.0.0001

Means with the same letter down the columnraresignificantly differentat0 . 0 5.

4.3.6. Effect of inoculating Soya beans with Bradyrhizobium liaoningense on root dry

weight

The soya bean responses on root dry weight showed that, increased rhizobia inoculant

concentration increased the shoot fresh weight steadily. There waficaigndifference

(P<0.05) of

root

dry weight i

n

di fl.07&1de nt
cfu/ml, 1.19x10 cfu/ml, 1.31x10 cfu/ml and 2.67x10 cfu/ml). 2.67x10 cfu/ml rhizobia

concentration had the highest root dry weight, which sigsificantly different from the

other treatments. Umoculated (control) treatment had the lowest root dry weight which was

also significantly different with the other treatments (Table 4.12).

Table 4.9. Effect of inoculating Soya beans with Bradyrhizobium liaoningense on root dry

weight
Inoculation treatments Root dry weight (g)
Un-inoculated (control) 3.86e
1.07x107 cfu/ml 5.40d
1.19x107 cfu/ml 5.90c
1.31x107 cfu/ml 6.50b
2.67x107 cfu/ml 7.86a
LSD 0.3787
P.Value <.0.0001
Means withtheame | et ter down the column are
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4.4. Effect of inoculating soya beans with Bradyrhizobium liaoningense on chlorophyll

concentration of soya bean plants

Inoculation of soya beans &67x10 cfu/ml had the highestand significantly different

(P<0.05)

acotnteatratmpniile Lidinoculated(control) hadthe lowestchlorophyll

concentrationn all the days of treatments. In da¥4, there was a significandifference

(P< 0 . hEhlorophyll concentratiomcrossall the treatment$2.67x10 cfu/ml, 1.31x10

cfu/ml, 1.19x10 cfu/ml, 1.0%10’ cfu/ml and control) The samdrendwas observedn day

28, 42, 56nd 70 of the experiment

Table 4.10. Effect of inoculating soya beans with Bradyrhizobium liaoningense on

chlorophyll concentration of soya bean plants

Chlorophyll concentration

(mgg? fresh weight)

Inoculation
treatments 14 28 42 56 70 | Overall mean
Un-inoculated
(control) 35.07e | 36.00e |37.47e |39.27e |37.53e | 37.068c
1.07x107 cfu/ml

36.70d | 37.30d |38.33d |39.53d |38.57d | 38.086bc
1.19x107 cfu/ml

38.40c | 39.50c |40.30c |41.27c |40.57c | 40.008abc
1.31x107 cfu/ml

39.57b | 40.70b |41.47b |42.30b |41.60b |41.128ab
2.67x107 cfu/ml

40.90a |42.07a |42.63a |43.33a |42.00a |42.186a
LSD 0.1558 0.1694 0.1243 0.1243 0.1819 3.0442
P. Value <.0.0001 | <.0.0001 | <.0.0001 | <.0.0001 | <.0.0001 | <.0.0001

Means with the same letter down the columnraresignificantly differentat£0 . 0 5 .
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4.5. Effect of Inoculating Soya beans with Bradyrhizobium liaoningense on number of

nodules

The nodule formation responses of soya bean resulting from inoculation with
Bradyrhizobium liaoningense are presented in Table 4.8. Inoculation of thgasseeds with

different concentrations of the inoculants {aoculated soil,1.07x10 cfu/ml, 1.19x10

cfu/ml, 1.31x10 cfu/ml and2.67x10 cfu/ml) i ndi cated significant d
their effects on number of soya bean nodulesindoulated ¢ontrol) had the lowest number

of nodules, while 2.67x10 cfu/ml inoculation had the highest nodule number and

significantly different across all treatments.

Table 4.11. Effect of inoculating Soya beans with Bradyrhizobium liaoningense on

number of nodules of soya bean plant

Inoculation Number of nodules
Un-inoculated (control) 10.33e

1.07x107 cfu/ml 12.67d

1.19x107 cfu/ml 15.67c

1.31x107 cfu/ml 18.33b

2.67x107 cfu/ml 21.00a

LSD 1.2428

P.Value <.0.0001

Means with the same letter down thewoh arenotgini f i cantly di fferent

4.6. Effect of inoculating Soya beans with Bradyrhizobium liaoningense on number of

pods in soya bean plants

The number of podsf soya bean plastrecordeda significant differencgP< 0 . @ith)
differentinoculatiors (un-inoculated soijl 1.07x10 cfu/ml, 1.19x10 cfu/ml, 1.31x10’ cfu/ml

and?2.67x1d cfu/ml). 2.67x10 cfu/ml inoculationhadthe higheshumber ofsoya beampods
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numberfollowed by 1.31x10 cfu/ml, 1.1%10’ cfu/ml, 1.09x10 cfu/ml and un- inoculaed

(control)which hadthe lowestsoya bean plamods number(Table4.7)

Table 4.12 Effect of inoculating Soya beans with Bradyrhizobium liaoningense on number
of pods in soya beans

Inoculation treatments Number of pods
Un-inoculated (control) 14.33e

1.07x107 cfu/ml 18.33d

1.19x107 cfu/ml 21.67c

1.31x10’ cfu/ml 23.33b

2.67x10’ cfu/ml 26.00a

LSD 1.2428

P.Value <.0.0001

Means with the same letter down the columnraresignificantly differentat£ 0 . 0 5 .

44



CHAPTER FIVE
DISCUSSION

5.1. Morphological characterization of Bradyrhizobium liaoningense isolated from

nodules of Glycine soja

This study reports on the morphologicaharacteristics of Bradlyizobia speciesNine
isolates of rhizobia were recovered from root nodulewilof soya eans(Table 4.1). These
isolates were designated as rhizobia on the basis of their colony characteristics, cell
morphology, and inability to absorb Congo red d@andiekiet al., 2017. All the isolates

were Grarmegative and had reshaped cells. In adin, all the isolates cultured on YEMA
medium containing Congo red dye produced colonies that were whitish to pale pink
indicating that the isolates did not absorb the dye when incubated in the dark. The inability of
the isolates to absorb Congo red dye idistirctive character of rhizobi&ecies of rhizobia

do not absorb Congo red dye or may absorb little amount toagpale pink appearance
(Njeru et al., 2020Q. Njeru et al. (2020 also observed whitish or pale pink colonies of faba

bean rhizobia islates on YEMA media containing Congo k.

Based on the growth rate on YEMA medium, Ri@zobiaceadéamily of bacteria can be
divided into two major groups, namely, faahd slowgrowing rhizobia. In the present study,
the rhizobia species were ciifged as slow growersSlow-growing isdates formed colonies
after 714 days of incubation that were small to medium sized, whitemdky, and
translucent and wereraised with smooth mgms. These are characteristics

of Bradyrhizobium spp. as descréda by Ondiekiet al. (2017).

Slow-growing isolates showed mucus production that ranged from high to intermediate with
some isolates being dense and elastec@hers diffuse and nonelastMucus production by

most rhizobia isolates is a fundamental charastte that isassociated with nodulatio€bien
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et al., 202Q. This suggests that rhizolisolatewith high mucus production ability have high
competitive advantage in the initial infection, colonization, and root nodules formaten.
identity of the bateria was further ascertained &iynilar characterists by Xuet al. (1995)

as extra slowgrowing and same source of isolation@gcine soja. Xu et al. (1995) further
identified the species on the basis génomic DNA G+C content analysis, DNANA
hybridization experiments, a partial 16S rRNA sequence analysis, a serological analysis, an N
and C content analysis, and an N/C ratio analysis of members of the three groups of soy

bean rhizobia, where the namedyrhizobium liaoningense was proposed.

5.2. Biochemical characterization of Bradyrhizobium liaoningense

Bradyrhizobium liaoningense was found tobe indole positive(Table 4.2 which may be

attributed to the presence of tryptophanase enzyme which degrage®phanreagent

(amino acid) to pyruvic acd , indol e and ammoni a. Il ndol e re
ring. Similar results wereeported byRoychowdhuryet al. (2015 wherelndole reacted with

Kovac’ s t o inthe preseace oféyptophanasgenzyme.

Bradyrhizobium liaoningense was identified as citrate negatiy&able 4.2) Theuse of citrate
as a carbosource showed no calbchange, exhibitingegative citrate test. Datthal. 2015
found that citrate utilization as earbon source was positive Rhizobium phaseoli and
Rhizobium trifolii (the fastgrowing Rhizobia). However, slow growingBradyrhizobium
japonicum and Rhizobium leguminosarum showed no colour change, exhibiting negative
citrate test. Bradyrhizobium liaoningense being among the slow growing rhizobia could

explainthe bacteria as negative for citrate test.

Bradyrhizobium liaoningense was found to be VogesProskauer positivgTable 4.2)
possibly dueto possession of differemhetabolicsystems by bacteria isolate which enable

them to metabolize pyruvic acid, praziing acetoin, a neutral reacting end product enabling
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smaller quantities of mixed acids to form in the process. In the presence of atmospheric
oxygen and 40% potassium hydroxide was converted to diacetyl, under the catalytic action of
alphanaphthol and @atine, wasonverted forming red complexThe development of the
redcolourwas a result of acetyhethyl carbinol (acetoin) productioResultsof the current
studysupportthoseof Karthik et al. (2017) who reported thatoges Proskauer in rhizobia

was positive producing a red colour.

Bradyrhizobium liaoningense was positive in carbohydrateermentation tes{Table 4.2)
changing colour from red to yellowlhis is an indication ofpresence otnzymes in the
bactera isolates, which enabled them to @ise environmental nutrients sources such as
dextrose, sucrose and maltose and lactd$he kind of enzyme produced the bacteria
enabled them to utilise diverse carbohydrates in their environment helpingithéme
identification. This ign agreementvith Fossotet al. (2020)who indicated that carbohydrate

fermentation test was positive in rhizobia changing colour from red to yellow.

Bradyrhizobium liaoningense was Catalase positiv€lable 4.2)this was an indication of
presence of Catalase enzyme the bacteria isolates, the Catalase enzyme utilise the
bactericidal effect of hydrogen peroxide and protects them against the toxic effect of
hydrogen peroxideBubblingof gas due to production of oxygen geatalase test wdsund

to be positive due tdubble formationaround bacterial colonies. Datéa al. (2015 also

observed bubble formatiaround bacterial colonies of fothizobial strains.

Bradyrhizobium liaoningense was negative in starch hydrolysis t€$tble 4.2)as it could
hydrolyze starch g@mylose and amylopectin) using the enzymesnglase and oligd,6-
glucosidase. In order to use these starches as a carbon source, bacteria musioseyglate a

and oligel,6-glucosidase into the extracellular space. These enzymes break the starch

molecdes into smaller glucose subunits which can then enter directly into the glycolytic
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pathway. In order to interpret the results of the starch hydrolysigTaite 4.2) iodine was

added to theagar.Bradyrhizobium liaoningense did not hydrolyse starch ithe presence of
iodine confirming starch hydrolysis negativeEherewasno clear zoneround isolates was
observed under starch hydrolysissay, whiclwas performed tadetermine the production of
reducing sugar from starch in bacteria. Similarly, Dattal. (2015) foundno clear zones

around colony growtkzonein Rhizobium leguminosarum.

Bradyrhizobium liaoningense was positive in potassium hydroxide tegfable 4.2) KOH
dissolved the thin layer of peptidoglycan of the cell walls gfamnegative bacteia.
Disintegrationof Bradyrhizobium liaoningense cell walls lysedthe cell and releaskeits
contents, including the DNAnaking the solution very viscoushus sticking onto the
inoculatingloop when touchedrThe results are in agreement with previousiitssby Dashand
Payyappilli (2016 who observedpresence of slimy threaoh Gram negative bacterial cell

Pseudomonas aeruginosa.

5.3 Effect of Inoculating Soya beans with Bradyrhizobium liaoningense on growth

parameters

Soya bean lant height increased dar Bradyrhizobium liaoningense inoculation(Table 4.3)
resulting from adequate supply of niteagin the soil The findings are in agreement with
Mondal and Bos€2019)who indicated thaplant height is amndicator of vegetative growth
and thatreducedplant height might be due to the result of unavailability of nitrogen and other
nutrients required by the plants for their norrgedwth and developmentThe significant
increase in plant height because of inoculation was probably due to nitrogen firdtioed

by inoculated isolates d&radyrhizobia liaoningense, whichplay a vital role in the vegetative

growth of soybean. The significant effect of inoculation on soybean height could probably be
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due to the reduced competitiveness of the indigenous hibizm the soil, which was
outcompeted by the inoculated rhizobium isolate, even though the native rhizobia population

in the experimental soil in the pots was not assessed.

Mondal and Boseg(2019) furtherobserved that an increase in nitrogen levibisough
inoculationpositively affected the plant heighharacter, whichmight be due to the relof
nitrogenin cell division andcell enlargementThe findings are also in agreement with
findings of Ftuma (2015 who concluded thaBradyrhizobium japonicum inoculation
increased soybean plant height udl1i®% compared to controlnoculation of seeds befe
planting has been found to be the best method in promsdiylgean growth and development
(Nimnoi et al., 2014).Kuryata et al. (2019) stated that inoctian with Bradyrhizobium
japonicum in soybean resulted in an increased height of crop especially at seedling,
production of flowers through to fruiting stageAbera et al. (2019) observed better
performance of inoculated soybean in terms of height tharutfinoculated control.The
improved soya bean plant the inoculatedreatments over the control is an indication that
Bradyrhizobium liaoningense were efficient in fixing nitrogen which is a building block of
plant proteins many of which determine tls&ze and structure of plant tissues and

conseqently plant growth.

Soya bean inoculation had sagnificant increase in number of leavg3able 4.4) The
increase in leaf number could be attributed to the availability of nitrogen source resulting
from Bradyrhizobium liaoningense inoculums which enhanced theriioation of nodules
enhancingnitrogen fixation while unnoculated soya beans lacked adequate supply of
nitrogen required for multiplication of leaves numbéFhe results are in agreement with
Kumawat et al. (2017) who indicated thatapplication of Bradyrhizobium liaoningense

inoculums resulted in optimugrowth ofsoya beareaves Several researchers have reported
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on the importance of inoculation on number of leaves and brantimego and Mohammed

(2014) reported that inoculation of seeds before planting increased the soya beans number of
leaves, leaf area and branches. Similar reports have been made in other studies including
Tairo et al. (2017, Aberaet al. (2019) and Nimnoet al. (2014). Soya kears grown in
nitrogendepletedsoilsthrough leaching haveumerais deficiency symptonmsuch as stunted

growth whichleadto reduced number déaves (Yiet al., 2019). Considering the detrimental
environmental effects of fertilizerBradyrhizobium liaoningense inoculationcan provide an

alternative option to féitizers in increasing the leafumber insoyabean.

Inoculated soya begplantshad larger leaf areihan uninoculated soya bear{Sable 4.5)
Bradyrhizobium liaoningense inoculation enhancedhitrogen fixation rates and thued to
development of leaveCorrelation between N uptake and leaf growthsaya beanwas
supported bythe findings of Jaga and Sharr(2015) who reported that increased nitrogen
uptake bysoya bearplants resulted in highr leaf area per planteaf area is directly related

to shoot growthand the two are directly influenced by root growth. Large root system and
continued production of root haims plantsare required for maximum response to nutrient
supply that positivegl correlateswith improved shoot growth and consequently increase in
leaf area. Such resultgere observed in inoculated soya bean plants that produced larger
leaves than the control experiment. Shoot growth retardation ostersroots are exposed

to stiessful conditions such as low nutrient levedsich possibly reduces optimum nutrient
export to the shoots for luxuriant growifhe control experiment where soyaanplants had
reduced leaf aremay have exposed the plant to low nutrient levels leadingduced leaf
area The finding are in agreement witlai et al. (2017) who reported that increased
nitrogen uptake by soya bean plants led to increased photosynthesis and partitioning of more

dry matter to leaves and thus, resulted in higher leaf aneplgnt.
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Inoculated soya beans recorded a higher (Gable 4.8)and shoot fresh weigfTable 4.6)as
compared to wnoculated soya bearf$able 4.6 and 4.7)Active shoots ensure a sufficient
supply of carbohydrate to roots and maintain root functibrckvcan in turn, improve shoot
characteristics by supplying sufficient amount of nutrients, water, and phytohormones to
shoots which improved shoot and root fresh weight of inoculated soya beans in comparison
to uninoculated soya bean plants. The findirsge in agreement with Yaergal. (2018) who
showed that effective rhizobia bacteria isolates were able to fix nitrogen, increase soya bean

root and shoot fresh weight and nitrogen content of the roots and shoots.

Inoculated soya beans recorded a highbet (Table 4.9) and shoot dry weight (Table 4a%)
compared to wmnoculated soya beans. The increase in root and shoot dry weight of the
inoculated treatment over the control concurs with a study conducted by Setrahd@018)

who revealed that racand shoot dry matter of the inoculated treatments was significantly
greater than that of the control because of an increase in noduBdised on the levels of
nitrogen in plant shoots, it was evident that the symbiotic effectiveness was high when
high concentration of rhizobial inoculant was applied on soya b&ha.root and shoot

dry weight obtained from soya beans confirmed an increase in biomass through inoculation.
The results are in agreement with those of Koskegl. (2017) who indicated thatitrogen
accumulation in legumes affect positively the root and shoot dry weight of soya beans plants.
The increased dry matter yield after inoculation can be attributed to enhanced effect on stem
growth in length and width and the ability of the inocuatito significantly influence
nodulation. These findings are further supported by Koskey. (2017) who reported root

and shoot biomass increase in legumes as a result of nitrogen accumulation by -rhizobia
inoculated plants. Other studies by Ntanebal. (2017) reported higher plant shoot and root

dry matter of soybean after being subjected to applicati@wanfyrhizobium japonicum.
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5.4. Effect of Inoculating Soya beans with Bradyrhizobium liaoningense on chlorophyli

concentration

Inoculating soya bean with Bradyrhizobium liaoningense increasd chlorophyll
concentratiorin the soya bean leaves as comparedrtinoculated soya bean plarieaves
(Table 4.10) The higher chlorophyll content in the inoculated soya beans could be attributed
to applied ingulation which availed important nutrients such as nitrogen, which is important
in the synthesis of chlorophyll in the chloroplast. Nitrogen is a component of the enzymes
associated with chlorophyll synthesis and chlorophyll concentrations reflectse@asitatus

in the soil, which was greatly enhanced through soya bean inocul@henfindingsare in
agreement with those &falaji et al. (2018 who indicated thabptimum availabilitynutrients

such as Nplays avital role inthe formation of active gitosynthetic pigments, including
chlorophyll. The findings are also in agreement whlyoki and Ndakidemi(2018 who
indicated significantmprovementon thetotal leaf chlorophyll content oEowpea as result

of Bradyrhizobium japonicum inoculationin both screen housandfield experiment relative

to urrinoculated treatment3he findingsare in agreement witlloriwaki et al. (2019 who
indicated that addition of N promotes the formation of active photosynthetic pigments by
increasing the amounts otremal and thylakoid mteins intomato leaves, as well as

increasing the formation of chloroplasts during leaf growth.

5.5. Effect of Inoculating Soya beans with Bradyrhizobium liaoningense on nodulation

Inoculating soya bean witBradyrhizobium liaoningense increased nodulation significantly
compared to the umoculated soya bean planfable 4.11) which is in agreement with
previous research by Yang al. (2018) who indicated that improvement in nodulation

resulting from inoculation of the soya bearay be due to the benefits of the soya bean
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Bradyrhizobia japonicum interaction from growth promoting substances such as auxins,
flavonoid - like compounds and siderophores, which enhance root proliferation and provide
more infection sites for thehizobia and in synchronism enhancing the survival and activity

of micro-symbiont in the soya bean rhizosphere. Increase in nodule number was also found
by Nimnoi et al. (2014) who indicated that rhizobial inoculation significantly increased
nodule number and dnyeight over control in soya bean plants. Similadygaw (2016)
indicated that response of soybean to inoculation is greatly affected by the number of
effective rhizobia in the soilThe high response of nodulation with increasing inoculation
concentratin in this study may be attributed to lesser indigenous rhizobial count in the soil
before inoculation and the observations are in agreement with Ngeno (2018) who reported
that great response to inoculation could be achieved if the number of indigemooisia

population is less than 10 cells/gram of soil.

Ntamboet al. (2017) indicated thaRhizobium spp inoculated soya beanplbts had higher
growth characteristics especially high number of nodules whisagulated check plots
recorded the lowest numbef nodules. Similar study was observed in 2.67xdf@/ml
inoculation treatment in this study, which reduced significantly with reduction in the

concentration levels while control experiment had the lowest nodule number count.

5.6. Effect of Inoculating Soya beans with Bradyrhizobium liaoningense on number of

pods

The number of pods pgidant were more in inoculatezbya bean plant as compared te un
inoculatedone (Table 4.12) The increase in pod number in this study could be attributed to
the complememtry effects elucidated by the organisms to enhance the nitrogen fixation

performance, as well as nutrient availability and uptake from soil and a healthy rhizosphere,
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which may have resulted in the production of substances like hormones, siderophores,
phoghate solubilisation and improvement of nutrients and water uptalesincrease in pod
number in inoculated soya bean plants overinmculated may also be attributed to
rhizobuim inoculant, which increases the level of nitrogen absorption by the soyplaag

that has a direct effect in the biomass accumulation in the plant parts including the pods.

Deshwalet al. (2013) reported that rhizobium inoculation resulted in 11% increase in pod
numberin soya bearmver control.Similar findings were reporteby OwusuMensah(2017)

who indicated thatnoculation ofsoyabean cultivars vith different bacteria strains had a
significant difference in pod number per pla#thlijah (2017 on contrary foundthat
inoculationwith Bradyrhizobium japonicum did not sigificantly affect pod number and pod
weight of soybean, a fact that was attributed to-mamotive effect of the inoculants applied

on growth and dry matter accumulatiand lower rates of nitrogen applied
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CHAPTER SIX

CONCLUSION, RECOMMENDATION AND SUGGESTIONS FOR FURTHER
RESEARCH

6.1. Conclusion

1. Morphological characteristics of the isolates based on gram staining confirmed the
standard morphological characteristicsBoadyrhizobium liaoningense as being rod
shapedbacteria, whichwere about @-1mm with no spore formation and gram
negative. The colonies were circular, entire, transparent, raised elevation, mucoid
texture on Yeast Mannitol Agar with a weak absorption of the Congo red dye
characteristicBiochemically Bradyrhizobium liaoningense was found tobe Indole
positive, VorgedProskauer positive, Methyl red positive, Carbohydrate fermentation
positive, Catalase positive, Starch hydrolysis negative and Potassium hydroxide
positive that further affirmed the identity of the bacteria undetudy as
Bradyrhizobium liaoningense.

2. Inoculation of soya beansith Bradyrhizobium liaoningense increasedplant height,
number ofleaves)eaf areashoot and root fresh weights, shoot and root dry weights

3. Chlorophyll concentration of soya bean leaves irased with increasing
Bradyrhizobium liaoningense inoculation.

4. There was a significamcrease in number of nodules and total number of pedke
number of colony forming units increased.

5. From the study, it could be concluded that growth and yieldra@dges were gained

by inoculation of soya beans wiBlradyrhizobium liaoningense.
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6.2. Recommendations

From the findings of the studi can be recommendébat: -

1. Bradyrhizobium liaoningense from Glycine soja noduleswere found to beffective
and efficient in promoting growth in soya beans hencéradyrhizobium
liaoningense from wild soya beans coulde used as a source of bioferlizer for
growing soya beansstead of expensive inorganic fertilizers to improve growth of
soya beans in nutrient def@d soils.

2. It is recommended tause Bradyrhizobium liaoningense from Glycine soja to
improve soya beans Chlorophgynthesisso as to achieve bettgroductivity of
soya beans.

3. It is recommended to usBradyrhizobium liaoningense from Glycine soja to
improve soya beans nodulation which will enhance nitrogen fixation and achieve
higher praluctivity of soya beans

4. It is recommended to usBradyrhizobium liaoningense from Glycine soja to

increasenumber of pods in soya beans

6.3. Suggestions for Future Research

1. The research did not ascertain the indigenous rhizobia population in the soil before
inoculation. Future research shoelasure that initial rhizobia population in the ssil
determinel beforeinoculation.

2. Future studies should look into the mechanismBradyrhizobium liaoningense
nitrogen fixation in soya beans.

3. Future studies should also focus on Molecular characterizatidraofyrhizobium
liaoningense to establish the specific strainsBxfadyrhizobium liaoningense from the

wild soya beas
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APPENDICES
Appendix 1: Germination pre-lab test for screening rhizobium activity

Inoculation | RH- | RH- | RH- |RH- |RH- | RH- | RH- RH- | Overall
Treatments | 1 2 3 4 5 6 7 RH-8 |9 mean
un-

inoculated

(control) 53.33| 53.33| 73.33| 53.33| 53.33 | 50 56.67 | 60 53.33]| 56.29
1.07x10’ 56.67

cfu/ml ' 63.33| 80 56.67| 60 56.67| 60 66.67 | 53.33| 61.48
1.19x10’ 60

cfu/ml 63.33| 86.67 | 60 66.67 | 60 66.67 | 70 56.67| 65.56
1.31x10’ 66.67

cfu/ml ' 66.67| 93.33| 63.33| 73.33 | 63.33| 70 73.33 | 60 70.00
2.67x10’ 7333

cfu/ml ' 73.33| 96.33 | 66.67| 76.67 | 70 73.33| 76.67 | 63.33| 74.41
Overall

mean 62.00 | 64.00 | 85.93 | 60.00 | 66.00 | 60.00 | 65.33 | 69.33 | 57.33
Appendix 2: Radical length pre-lab test for screening rhizobium activity

Inoculation | RH- | RH- | RH- |RH- |RH- |RH- |RH- |RH- |RH- | Overall
treaments |1 2 3 4 5 6 7 8 9 mean
un-

inoculated

(control) 747 |76 105 |75 |74 7.1 7.4 7.27 |6.33|7.62
1.07x10’ 8.73

cfu/ml 83 |11.8 |79 |8.07 |7.87 |8.03 793 | 7.4 |8.45
1.19x10’ 9.83

cfu/ml 8.8 |[12.7 |8.53|8.8 8.47 | 8.6 8.47 |8 9.13
1.31x107 10.7

cfu/ml 9.8 | 135 (9.47|9.9 9.6 |9.33 9.27 |8.57 | 10.01
2.67x10’ 11.5

cfu/ml 105|145 | 9.9 |10.77 | 10.23| 10.4 10.5 |9.03|10.82
Overall

mean 9.65 |9.01 |12.60 | 8.66 |8.99 |8.65 |8.75 8.68 |7.87
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Appendix 3: Pure bacterial isolate RH-3 on YEM medium and the cells mg. x1000
showing morphological characteristics

Gram-ve
bacteria

Pure rhizobia isolate R& Pink coloured stain of gram
of Brandyrhizobia spp negativeBrandyrhizobia spp

Appendix 4: Pure isolate of bacteria, RH-3 on Congo Red test

Black
colonies

Uninoculated ¢ontrol) Congo red positive bacteria

Appendix 5: Pure isolate of bacteria, RH-3 on Indole Test

Redringindicating
indole positive
bacteria

Pure rhizobia isolate (control) Redring confirming indole positive bacteria
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Appendix 6: Pure isolate of bacteria, RH-3 on Citrate Test

Control (Pure isolate) Green colourindicating

citrate negative baata

Pure bacteria isolate (control) Citrate negativdacteria

Appendix 7: Pure isolate of bacteria, RH-3 on VVoges- praskauer Test

Red colour indicating VP
positivebacteria

Whitish colour
(controh

_

Whitish colour ofpure rhizobia Red colour indicatingnv-vp positive bacteria.
isolates (control)

Appendix 8: Pure isolate of bacteria, RH-3 on Carbohydrate Fermentation Test

!

A Gas produced

S —

Control (-ve)
Yellow colour (+ve)
Yellow colour indicating
. 1 - fermentation occurred

Red colured showing v
unfermented rhizobia bacteria
isolate
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Appendix 9: Pure isolate of bacteria, RH-3 on Catalase Test

No
production Production of
of bubbles bubbles
No Bubbles indicating negative Production of bubbles indicatj
catalase bacteria isolate. positive catalase test

Appendix 10: Pure isolate of bacteria, RH-3 on Starch Hydrolysis Test

Control
Dark purple colour

indication of oxidase
negative bacteria

Plate16 Pure isolate of bacteria (control )

No starch hydrolysis

Appendix 11: Pure isolate of bacteria, RH-3 Potassium Hydroxide Test

Slimy thread

Uninoculatedcontrol) Slimy threadétVe)
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Appendix 12: Determination of Chlorophyll concentration using light
Spectrophotometer

80



Appendix 15: Analysis of variance showing Soya bean height

Parameter

Soya bean

height (cm)

Day | Source DF SS MS " Pr>F
Value

Model 4 227.95 | 5699 | 236.13 | <.0001
14 Error 10 2.41 0.24

Corrected total| 14 230.36

Inoculation 4 227.95 | 56.99 | 236.13 | <.0001

Model 4 337.46 | 84.37 | 706.98 | <.0001
28 Error 10 1.93 0.11

Corrected total| 14 338.66

Inoculation | 4 337.4 |84.37 |706.98 | <.0001

Model 4 472.5 |118.12 | 885.97 | <.0001
42 Error 10 1.38 0.13

Corrected total| 14 473.88

Inoculation | 4 4725 |118.12 | 885.97 | <.0001

Model 4 706.35 | 176.59 | 700.74 | <.0001
56 Error 10 2.52 0.25

Corrected total| 14 708.87

Inoculation | 4 706.35 | 176.59 | 700.74 | <.0001

Model 4 940.74 | 235.19 | 780.48 | <.0001
70 Error 10 3.01 0.301

Corrected total| 14 943.76

Inoculation | 4 940.74 | 235.19 | 780.48 | <.0001
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Appendix 16: Analysis of variance showing Soya bean leaf number

Parameter Day | Source DF |SS MS F Value | Pr>F
Model 4 2.4 0.6 3.03 <.0001
14 Error 10 0 0
Corrected total| 14 2.4
Inoculation 4 2.4 0.6 3.03 <.0001
Model 4 11.6 2.9 145 0.000¢
28 Error 10 2 0.2
Soya Bean Corrected total| 14 13.6
Leaf number Inoculation 4 11.6 |29 14.5 0.0004
Model 4 19.73 | 4.93 12.33 0.0007
42 Error 10 4 0.4
Corrected total 14 23.733
Inoculation 4 19.73 | 4,93 12.33 0.0007
Model 4 276 6.9 20.7 <.0001
56 Error 10 3.33 0.33 20.7
Corrected total| 14 30.93
Inoculation 4 27.6 6.9 20.7 <.0001
Model 4 24.4 6.13 45.75 <.0001
70 Error 10 1.33 0.13
Corrected total| 14 25.73
Inoculation 4 24.4 6.13 45.75 <.0001
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Appendix 17: Analysis of variance showing Soya bean leaf area

Parameter | Day Source DF | SS MS F Value | Pr>F
Model 4 1423.66 |105.91 |608.72 |<.0001
14 Error 10 | 1.74 0.174
Corrected total | 14 | 425.4
Inoculation 4 1423.66 |105.91 |608.72 |<.0001
Model 4 255.52 | 63.88 |28.82 <.0001
28 Error 10 | 22.16 2.21
Corrected total | 14 | 277.68
Inoculation 4 255.52 | 63.88 |28.82 <.0001
Model 4 1439.97 |109.99 | 1363.55 | <.0001
Soya bear 42 Error 10 | 0.8 0.08
Leaf area Corrected total | 14 | 440.77
cm? Inoculation 4 1439.97 |109.99 | 1363.55 | <.0001
Model 4 152478 |131.19 | 1069.54 | <.0001
56 Error 10 | 1.22 0.12
Corrected total | 14 | 526.01
Inoculation 4 152478 |131.19 | 1069.54 | <.0001
Model 4 646.42 | 161.6 |1361.85 |<.0001
70 Error 10 | 1.18 0.11
Corrected total | 14 | 647.6
Inoculation 4 646.42 |161.6 |1361.85 | <.0001
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Appendix 18: Analysis of variance showing Soya Bean Shoot Fresh Weight

Parameter Source DF | SS MS F Value | Pr>F
Model 4| 960.06| 240.01| 460.98| <.0001
Soya beans Error 10 52| 0.52
Shoot Fresh weigh Corrected total| 14| 965.26
Inoculation 4| 960.06| 240.01| 460.98| <.0001

Appendix 19: Analysis of variance showing Soya Bean Shoot Dry Weight

Parameter Source DF | SS MS F Value Pr>F
Model 4 239.61 59.9 336.54| <.0001
Soya bean Error 10 1.78 0.17
Shoot Dry weight| Corrected total| 14 241.39
Inoculation 4 239.61 59.9 336.54| <.0001
Appendix 20: Analysis of variance showing Soya Bean Root Fresh Weight
Parameter Source DF | SS MS F Value | Pr>F
Root Fresh weight | Model 4| 104.01 26 239.3| <.0001
Error 10 1.08| 0.108
Corrected totall 14| 105.1
Inoculation 4| 104.01 26 239.3| <.0001
Appendix 21: Analysis of variance showing Soya Bean Root Dry Weight
Parameter Source DF | SS MS F Value | Pr>F
Root Dry weight Model 4| 25.83| 6.45 149.05| <.0001
Error 10| 0.43] 0.043
Corrected total | 14
Inoculation 4| 25.83] 6.45 149.05| <.0001
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Appendix 22: Analysis of variance showing Soya Bean Chlorophyll concentration

Parameter | Day | Source DF |SS MS F Value | Pr>F
Model 4 63.72 15.93 | 2172.14 | <.0001
14 Error 10 0.07 0.007
Corrected total| 14 63.79
Inoculation 4 63.72 15.93 | 2172.14 | <.0001
Model 4 73.11 18.28 | 3108.98 | <.0001
Chlorophyll | 28 Error 10 0.09 0.009
Concentration Corrected total| 14 73.19
Soya Bean Inoculation 4 73.11 |18.28 | 3108.98 | <.0001
Model 4 55.09 13.77 | 2951.21 | <.0001
mgg* 42 | Error 10 |0.05 0.005
Corrected total| 14 55.14
Inoculation 4 55.09 13.77 | 2951.21 | <.0001
Model 4 36.79 |9.19 |1970.% | <.0001
56 Error 10 0.05 0.005
Corrected total| 14 36.84
Inoculation 4 36.79 9.19 1970.86 | <.0001
Model 4 45.01 11.25 | 1125.43 | <.0001
70 Error 10 0.1 0.01
Corrected total| 14 45.12
Inoculation 4 45.01 11.25 | 1125.43 | <.0001
Appendix 23: Analysis of variance showing Soya bean nodules number
Parameter Source DF | SS MS F Value | Pr>F
Model 4 218.93 | 54.73 | 117.29 <.0001
Soya bean Error 10 | 4.67 0.47
nodules number | Corrected tota| 14 | 223.6
Inoculation 4 218.93 | 54.73 | 117.29 <.0001
Appendix 24: Analysis of variance showing Soya Bean pods number
Parameter Source DF | SS MS F Value | Pr>F
Model 4 210.27 | 52.57 | 112.64 | <.0001
Soya bean Error 10 | 4.67 0.47
pods number Corrected total| 14 | 214.93
Inoculation 4 210.27 | 52.57 | 112.64 <.0001
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