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ABSTRACT

Nitrogen is one of the most abundant elementsdratmosphere, and BNF is the main source
of N for Legumes plants. Faba bean is one of thst ingportant Legumes plants in Ethiopia
and widely grown in Amhara regional state.In view tbe presence of heterogeneous
agroecologies found in the country, more diveraitg effective strains nodulating faba bean
are expected. This study was initiated with theectibjes of isolation, characterization, and
selection of symbiotically efficient faba bean dhia from some part of Wello, Ethiopia. The
result will contribute for utilizing BNF system faiba bean to increase productivity into low-
input agriculture of the region and the countrylatge. A total of 132 endophytic bacteria
found in the nodule of faba bean (V. faba L.) graywat different farmers' fields in Wello were
isolated and characterized based on phenotypiaifeat Up on authentication, only 70 (53%)
isolates were found to be rhizobia (the true symi)iof faba bean, while the remaining 62
(47%) of the test isolates were found to be nondtadthg nodule endophytes of faba bean.
The result of the study showed the presence ofsitiven morphological, physiological and
symbiotic properties among the tested isolatessiimptive reactions of the result showed all
isolates are fast growing rhizobia, Gram negatiwels, except CR absorption by 8 isolates
and moderate growth on PGA media by seven isolald&VA of the result indicated that all
of the parameters including; nodules number, roesh and dry weight, shoot fresh and dry
weight, symbiotic efficiency were significantly noyed by inoculation (p< 0.05). Based on
SE (expressed as the ratio of % of SDW of the phaculated with the test isolates to SDW of
the plant that received KNOas nitrogen source), 12.9% of the isolates wersmdoto be
highly effective and increased the shoot dry weigftost plant by 80-117.6%. Two of the test
isolates (FBW140 and 145) in the current study stbvbetter performance in SE%,
exceeding 100% over KNQreated plants. Total nitrogen content of the fdiean plant,
when inoculated with 21 selected test isolatesywelothat four isolates (FBW107, 140, 144
and145) significantly exceeded that of the plahictv received KNgXpositive control). The
results also revealed that SDW showed significarsitiye correlation with Shoot and root
fresh weight, Root dry weight and nodule numbee. rEthative amount of nitrogen fixed by the
majority of selected test isolates, when comparéith Whe commercial inoculant strain
(D/sina) was found to be higher as evidenced bymecdation of high shoot fresh and dry
weight, root fresh and dry weight and nodule numBée isolates have exhibited diverse and
interesting features such as ability to grow on avidnge of carbon and nitrogen sources,
tolerance to higher and lower temperature, hight saincentration, acidic and alkaline pH
and almost all isolates were resistant to Erythremy5ug/ml) while sensitive to Kanamycin
at (5 and 10pg/ml). The numerical analysis based56nphenotypic traits revealed the
existence of diversity among the test isolatescatelgorized all isolates into 3 clusters when
63% similarity was taken as cut point. Generalllge tpresent work while showing the
physiological and symbiotic diversity of the tesilates in the study sites, field study aiming
at screening of the best nitrogen fixing candidatuld be essential before using them as
inoculants in areas where the indigenous rhizohiatd do so.

Key words: Biological nitrogen fixation, nodulation, fabade R. leguminosarung§ymbiotic
effectiveness, Wello.



1. INTRODUCTION

Nitrogen (N) is a vitally important plant nutrieffiranket al, 2003). Plants are predominantly
made up of carbon, oxygen and hydrogen which gopl®d by air and water. Beyond these
three elements, nitrogen is required in the gréajeantity (Timothy, 1999). It is a major
component of chlorophyll; the most important pigitneeeded for photosynthesis. Production
of high-quality, protein-rich food is extremely daqlent upon availability of sufficient N.It is
also found in other important biological moleculesch as ATP and nucleic acids (DNA and
RNA).

Despite the fact that, 78% of the Earth’s atmospleecovered by nitrogen, plant growth and
their product frequently are limited in nitrogenrdfk et al, 2003). The paradox is due tg N
is extremely unreactive (Framdt al, 2003). The nitrogen reserve of agriculturalsaiust be
replenished periodically in order to maintain ar@ghte (non-growth limiting level for crop
production). This replacement of soil nitrogen engrally accomplished by the addition of
chemical fertilizers or by the activity of biologicnitrogen fixation (BNF) systems (Vance,
2001).

The application of chemical fertilizers have playgghificant role to increase the productivity
of soil. The advantages of using chemical fertibzare nutrients are soluble and immediately
available to the plants; therefore the effect isially direct and fast. They are more
competitive than organic fertilizer, which makegnibre acceptable and often applied by users
(Jen-Hshuan, 2006). However, the production of abamfertilizer requires a great
consumption of fossil fuels (1-2 % global fossiéfuand is subjected to constant variations in
prices (Vieiraet al, 2010). They are less affordable and too expensinus most challenging
for developing countries like Ethiopia. In additibm the ever increasing prices, chemical
nitrogen fertilization is associated with enviromted problems because watershed

contamination by nitrogen leaching, volatilizatiand denitrification.

The challenge behind using chemical fertilizerseosdhe world to seek another approach that

is economically less expensive and environmentlie. These problems could be avoided



offering to farmers’ low-cost biofertilizer techmagjies generally regarded as Biological
Nitrogen Fixation (BNF) Technology. These are egaally sound and their application
could help to minimize the global warming as wallta reduce the fertilizer input in farming
practices(Herridgeet al, 2008a).The evaluation, in terms of economic aocdlogical costs,
between chemical-fertilizers and biological-nitradertilizers support that BNF represents an
economic, sustainable and environmentally frienddgource to guarantee the nitrogen

requirement of an agro-ecosystem (Marial, 2012).

Biological nitrogen fixation (BNF) is the biologicgrocess by which the atmospheric
nitrogen (N) is reduced to usable forms such as {Nét NOs) by certain microorganisms
that can secrete an enzyme called nitrogenaseeTrganisms utilize this enzyme to catalyze
the conversion of atmospheric nitrogen)® ammonia (Nh). Plants utilize NH to convert
certain precursor metabolites (e.g., alpha-ketaghteé, phosphoenopyruvate) into amino
acids, which, in turn, are synthesized into prateidowever, most living organisms cannot
break the strong triple bond withinyNsince nitrogenase enzyme secretion is an ex@usiv
property of certain prokaryotic organisms. The sigtib interaction between legumes and
nitrogen fixing rhizobia bacteria provides the rmiyo of terrestrial biological nitrogen
fixation (Sprent, 2001). The nitrogen fixation ish&ved by bacteria inside the cells formed
organs, the nodules, which usually develop on roat&l more occasionally on stems of
legumes plants (Ragaa, 2013). This symbiotic w@iatiip is beneficial for both partners, the
plant supplying dicarboxylic acids as a carbon seuo bacteria and receiving, in return,

ammonium.

Legumes are flowering plants that produce seedpdusy have colonized several ecosystems
(from rain forests and arctic/alpine regions toedtss Schrireet al, 2005), and have been
found in most of the archaeological records of {g@affhey are very important crop both
ecologically and agriculturally because they ampoasible for substantial part of the global
flux of nitrogen from N to fixed form such as ammonia, nitrate and orgamtocogen.
Atmospheric N fixed symbiotically by association between Rhizohnd legumes represent
renewable source of nitrogen for agriculture. Inwong legume yield by inoculation with

Rhizobia, increase soil organic matter, improve porosity and structure, recycle nutrients,



decrease soil pH, reduce soil compaction, diversifgroorganisms and mitigate disease
problems (USDA, 1998). In rotation with cerealggumes provide a source of slow-release
nitrogen that contributes to sustainable croppisiesns. The improvement in the production
of these crops will therefore contribute substdiytim better human nutrition and soil health
(Popelkeet al, 2004).

Grain legumes also called pulses, which accordmg=AO (2011) are crops harvested
exclusively for the dry seeds, play an importaré fia the nutrition of many people due to
their high protein content in seeds. They represennajor source of protein in many
developing countries, especially among the pogreptilation, and are rich in essential amino
acids such as lysine, supplementing thus the rmutat value of cereal and tuber diets
(Graham &Vance, 2000).The grain legumes such abesms, groundnuts, peas, faba beans,
lentils, alfalfa and clover are a major source ait@in for human and animal consumption.
The percentage of nitrogen derived from the atmesplestimated for various legume crops
species are often impressive, commonly fallingha tange of 200 to 300Kg of N/ha/year
(Peopleset al, 1995).Among the grain legumes, faba bean isrtegdo derive the highest
percentage of nitrogen from the atmosphere (Mc¥icaal, 2005). According to
(Somasegaran and Hoben, 1994) the amount of nitrbged by faba bean have been 240-
325 kg/ha.

Faba beanV\cia fabal.) is the most important cool season grain legumigthiopia in terms

of hectarage, total production, foreign exchangeirgs and soil amelioration (Amare
Ghizaw, 1990). According to Somasegaran and Hob884(), it is the efficient N fixer (240-
325 kg hd yr') when inoculated wittRhizobium leguminosarum bv. ViciaBespite the
importance of the crop in the traditional farmirygtem in Ethiopia, the yield is generally low
as compared to the temperate (Saxetnal, 1998). The average grain yields of faba bean in
Ethiopia in 2008 and 2009 were 1.292 and 1.193™ hespectively (CSA, 2010). On the
other hand According to Central Statistics Agent¥imiopia 2012/13, Faba bean takes over
30% (nearly half a million hectares) of cultivatedid with an average national productivity
of 1.5 tons ha.



Rhizobia are a group of bacteria that have theagpt form nodules on legume roots (and
occasionally on stems) and can fix atmospheriogén to partially or fully meet the nitrogen
requirements of the plant. An effective symbiottationship between the bacteria and the
plant hosts is crucial for the legume to achieveimam growth efficiency. In the presence of
available nitrogen, they can exist as free-living saprophytes. At a particular condition (in
the absence of available nitrogen), these bactetieract with the roots or stems of
leguminous plants, inducing the formation of nodule which the fixation of atmospheric
nitrogen occurs. The interaction between host leguand rhizobia convert atmospheric
nitrogen into ammonia providing the nitrogen regments of both rhizobia and their host
plants. In return, rhizobia receive a carbon squng&cally dicarboxylates and other nutrients

from the plants.

The interaction between the Rhizobia and host legistso complex that a particular species
of rhizobia only nodulate a selected number of {plgenera. Some particular species of
rhizobia may nodulate different genera of legumBse host legumes that nodulated by
common rhizobial species are called cross ino@anagroups(Somasegaran and Hoben,
1994). For instancé&hizobium leguminosarum biovar vicieamuld nodulate peB{sum
spp), vetch¥icia spp), lentil(Lens spp, and sweet ped(athyrus spp(Perret et al,
2000).Specifity is determined by signal moleculésolv secreted from both host and bacteria
(Gray et al, 1996).Nevertheless, mere formation of nodulessdtd guarantee for effective
symbiosis. Effective symbiosis can only be achiewden the nodules are formed between
the right host and effective microsymbiont, accomga with favorable environmental

condition for both symbionts (Somasegaran and Hob@94).

The tropics have the potential to be the most prtidel cropping environments in the world
(Wani et al, 1995). Despite of these natural advantagesgdyiel tropical cropping systems
are often very small (Wart al, 1995). The unpredictability of the climate-inrfpeular the
timing of the rains-and the lack of nutrients féarg growth in many soils, combine to limit
crop production in the tropics while we can ddditib modify the climate we can use various
approaches to solve the problems of soil ferti{idahran, 1999). Ethiopia being part of
tropics, most of the soils are N-deficient. The trmisvious solution is to import nutrients in



the form of mineral fertilizers. However our farre@annot afford the ever-increasing price of
commercial fertilizer. The alternative is to incseahe biological inputs of nutrients and it is
here that biological fixation of atmospheric niteog(N) has a crucial role to play in
increasing the sustainability of yields with mininexternal inputs (Giller, 2001).

A number of research works made in recent yeadadis that inoculation of faba bean with
R. leguminosarum spipcrease yield by 10-50% (Girmaye Kenagaal., 2014). Because of
this potential benefits, screening of faba bearutadthg rhizobia were carried out during the
past few years in the country (Ayneabeba Adatal, 2001; Zerihun Belay, 2006; Getaneh
Tesfaye, 2008; Abere Mnallet al, 2009 and Assefa Keneei al, 2010; Zerihun Belay and
Fassil Assefa, 2011; Anteneh Argaw, 2012;Girmayeaset al, 2014). In view of the
presence of heterogeneous agroecologies foundeircdbntry, more diversity and effective
strains nodulating faba bean are expected. Thenefinis study was initiated with the
objectives of isolation, characterization, and @ of symbiotically efficient faba bean
nodulating rhizobia from some part of Wello, EthepThe result will contribute for future
endeavor of utilizing biological nitrogen fixing $tgm of faba bean to increase productivity

into low-input agriculture of the region and in dca the country at large.

1.1. Objectives

1.1.1. General objective;
To explore the diversity of rhizobia nodulating déafsean growing in Wollo, Ethiopia

1.1.2. Specific objectives;

* Toisolate rhizobia from nodules of faba bean
» To characterize the isolates based on differemqtypic features

» To screen for the most symbiotically efficient esiel



2. LITERATURE REVIEW

2.1. Nitrogen

Most of the nitrogen on Earth is in the atmosph&mgproximately 78% of the molecules in
Earth's atmosphere are made of two nitrogen atamsdedal together with triple bond =N,
(Bagali, 2012). All plants and animals need nitroge make amino acids, proteins and DNA,
but the nitrogen in the atmosphere is not in a fohat they can use. The molecules of
nitrogen in the atmosphere can become usablevimglithings when they are broken apart
during lightning strikes, volcanic activity, or éis, and by certain types of nitrogen-fixing
bacteria (like those found in the root nodulesegfumes). Other plants get the nitrogen they

need from the soils or water in which they live thos the form of inorganic nitrate (NQ.

Nitrogen is the most frequently found limiting tbet growth of green plants (Graham and
Vance, 2000). This is because either it is unreaabr subjected to continual loss through
leaching, microbial denitrification and chemicalatdization processes. The nitrogen reserve
of agricultural soils must therefore be replenishetiodically in order to maintain an
adequate (non-growth limiting) level for crop pratan (Socolow, 1999). This replacement
of soil nitrogen is generally accomplished by tlelifon of chemically fixed nitrogen in the
form of commercial inorganic fertilizers or by tlaetivity of biological nitrogen fixation
(BNF) systems (Socolow, 1999).

The Nitrogen cycleis one of the biogeochemical cycles and is venyartant for ecosystems.
The nitrogen cycle was schematically illustratedrigure (1). Atoms of nitrogen don't just
stay in one place. They move slowly between livtimggs, dead things, the air, soil and water
(Smil, 1999). These movements are called the retnagycle. Understanding the N cycle help
us make the best use of manure and fertilizers ¢etrorop needs while safeguarding the
environment. In general, the N cycle processesixattibn, mineralization and nitrification
increase plant available N. Denitrification, vdiagtion, immobilization, and leaching result
in permanent or temporary N losses from the rooiez@aul, 1988). Fixation refers to the
conversion of atmospheric N to a plant availablenforhis occurs either through an industrial



process, as in the production of commercial fedi$, or a biological process, as with

legumes such as alfalfa, faba bean and clover.

Y P Crop

Industrial Biological
Fixation Fixation

MNHs

Volatilization

Figure 1: Schematic representation of N cycle

Some human actions are causing changes to thgetim/cle and the amount of nitrogen that
is stored in reservoirs (Gallowast al, 1995). The use of nitrogen-rich fertilizers caause
nutrient leaching in nearby waterways as nitratesnfthe fertilizer wash into streams and
ponds. The increased nitrate levels cause plangsow rapidly until they use up the nitrate
supply and die (Zahran, 1999). The numbers of kierbs increase when the plant supply
increases and then the herbivores are left witlhoitiod source when the plants die. In this
way, changes in nutrient supply affect the entir@dfchain. Additionally, humans are altering
the nitrogen cycle by burning fossil fuels and &se which releases various solid forms of
nitrogen. Farming also affects the nitrogen cy€lee waste associated with livestock farming
releases a large amount of nitrogen into soil aatew In the same way, sewage waste adds

nitrogen to soils and water (Smil, 1999).



2.1.1. Methods of determination and assessment offixation

The measurement of atmospheric nitrogep) fiXation in plant is an important step in effort
to increase the contribution of atmospherigctdl plant nutrition and soil fertility. Although
several methodologies have been developed for magsatmospheric N fixation in plants,

none of them measures Kxed with absolute accuracy (Danso, 1985).

Various methods have been used to provide estiméfddixed in forages, each of which has
its own merits and disadvantages. Nodule numbeghwand plant dry weight are among the
earliest, most inexpensive and simplest methodgfideet al, 1984). Nodule parameters and
plant yield, however, provide only indirect evidenaf the extent of Nfixation. They do not
give a measure of how much I fixed, neither do they always give an accunadécation of
how much N is fixed (Danso, 1985).

>N isotope dilution technique

The **N methods are potentially accurate for measuring@én fixation in plant. The only
problem with those methods is, how to enstl&'“N ratio in the plant accurately reflects the
integrated in™N/*N ratio in soil which is variable in time and inilsdepth, however the
consequences of using inappropriate references yadaies with the level of nitrogen fixation.
For instance, the error introduced in nitrogentiom@ is higher at low levels of fixation and

decrease with increase rates of fixation (Dans8519

A great advantage with the use'di isotope dilution technique to estimate fiked is its
ability to give an integrated estimate of N fixatiover a growing season or longer. It is the
only method that can distinguish between soiljlfeer and fixed N in field-grown crops. The
technique has thus been extensively employed tatdyad-fixation in forage legumes, and
there is an ever increasing interest in its useshasvn by recently published literature (Galal,
1997). Estimates made using the isotope dilutichrijue have established that most forage
legumes derive a large proportion of their N frarinig atmospheric Nand, in general, this

is in excess of 70 - 80 % of their total N requiests. The determination of the level of N-

fixation by the™N isotope dilution technique requires an assessmietite >N/**N ratio in



soil. This assessment is made by selecting an ppate reference crop to assess the soil's
5N/HN ratio.

Principles of the°N-isotope-dilution method; as indicated by Dansbal(1985) stipulates
that changes if°N enrichment result when two sources that diffeNifsotopic composition
are uniformly mixed. The extent of change that Itaswill depend on the magnitude of the
differences in the initial enrichments of the indival sources, as well as the relative amounts

of each.

N-difference method

This method is quantification of %N in fixing planand non-fixing reference crop plants.
Although the need for Kjeldahl method N analysidllé et al, 1986) of the samples makes
this method more time consuming, it provide mor@rmation on the amount of nitrogen
fixed. Recently infrared reflectance method calibdaagainst kjeldahl N have been used to
determine plant N, resulting in considerable tinaeisg and similar accuracy. The main
disadvantage of this method is that legumes areteete crops must absorb similar amount
of nitrogen from soil. When this is not the caseeeous estimate of Nixation may result.
Other Problems also occur when this method is eyeglainder conditions thought to be free
of mineral N. For example, vermiculite was used\afree’ growth medium for the study of
associative PHixation but later research showed that signiftcqmantities of mineral N can
be released from vermiculite when it is incubatadar warm, moist conditions (Gillet al,
1986).

N-difference method has the advantage of givingeasure of the total amount of Fixed
over the length of the experiment and is absolutegessary for many laboratory-based
studies. Screening of rhizobial strains has tradilly been conducted using this method in

the ‘Leonard jar’ assay.

N-balance method

In N-balance experiments the amount of N in eacthefvarious pools (i.e. the soil and in the
plants) is measured both at the beginning and atetid of the experiment. Any gains

unaccounted for are then attributed tgfiXation. Losses of N that are not measured (eg.du
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to denitrification) will result in an underestimatéthe amount of Mfixed. As the total of N
in the soil is generally large compared with theoant of N-fixed, any error in the estimation
of the amount of soil N will result in a large digpancy in the estimate ohNixation (Giller,
2001).

The®N natural abundance method

Many soils are naturally enriched wittN compared with the atmosphere. Enrichment of soil
N occurs due to isotopic discrimination during @e®es such as ammonia volatilization,
denitrification and other transformations of N wilsAs the™N isotope is heavier thariN,
compounds containing’N tend to react more slowly, particularly in reaos that lead to

gaseous losses of N from the soil.

The principle is the same as that of i isotope dilution method except thHaN-enriched
fertilizers are not applied to the soil. Differesda enrichment of the Nixing test and non-
fixing reference plants reflect the dependencéefglant on atmospheric;Nand are used to
calculate Nfixation (Giller, 2001).

Ureide technique

In recent years, ureide technique has been dewklopeneasuring Mfixation. Ureides are a
group of nitrogenous compounds including allantid allantoic. The allantoin and allantoic
acid compounds are the products effidation from their nodules to the shoots of legegmin
these legumes, the ratio of ureide N to total Nxylem sap or stem segments is highly
correlated with %Ndfa. Some legumes produce lapggntities of ureides when N is fixed
symbiotically, but not when assimilated from soiharal sources (Somasegaran and Hoben,
1994). Although not applicable to all legumes, @aadho other M-fixing associations, the
technique has been widely used with both experiatemtd non-experimental (farmer) crops.
The analytical procedures are simple with minimafjuirements for sophisticated or

expensive equipment.
2.2. Nitrogenfixing microorganisms

Organisms that can fix nitrogen, i.e., convert shable nitrogen gas in the atmosphere into a

biologically useful form; all belong to a biologlagroup known as prokaryotes. All organisms
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which reduce dinitrogen to ammonia do so with tltecd an enzyme complex, nitrogenase.
The nitrogenase enzymes are irreversibly inacti/ate oxygen, and the process of nitrogen
fixation uses a large amount of energy (Dixon ange®@er, 1986). The ability to reduce and
siphon out such appreciable amounts of nitrogem ftbe atmospheric reservoir and enrich
the soil is confined to bacteria and Archaea (Yourg92). These include, symbiotic nitrogen
fixing (No-fixing) forms rhizobia with, the obligate symbisnin leguminous plants and
Frankia in non-leguminous trees, and Non-symbiftiee-living and associative) ;Mixing
forms such ascyanobacteria, Azospirillum, Azotobacter, Acetobactiazotrophicus,

Azoarcus etc.

2.2.1. Free-living micro-organisms

Bacteria living in the soil are called free-livirag they do not depend on root exudates for
their survival. Free living microorganisms (non-syotic nitrogen fixers) are known to be of
great agronomic significance. Free living bacteaa fix about 30% of biological nitrogen
fixation (BNF) and they have different shape frone tbacteria living in the root nodule
(Willems, 2006). The main limitation to non-symb@hitrogen fixation is the availability of
carbon and energy source for the energy intensivegen fixation process. This limitation
can be compensated by moving closer to or insideptants, within diazotrophs present in

rhizosphere, rhizoplane or those growing endophljic

Some important nonsymbiotic nitrogen-fixing baaenclude,Achromobacter, Acetobacter,
Alcaligenes, Arthrobacter, Azospirillum, Azotobacté&zomonas, Bacillus, Beijerinckia,
Clostridium, Corynebacterium, Derxia, EnterobacterHerbaspirilum, Klebsiella,
Pseudomonas, Rhodospirillum, Rhodopseudomonas amithobacter (Saxena, 1998).
Despite the fact that free living microorganisms aut in number butAzotobacter,
Beijerinckiaandclostridiumspecies, pseudomonas and bacillus are the besinkinom free
living nitrogen fixing microorganisms (Saxena, 1R98e nitrogen fixing activity of free-
living, non-photosynthetic, aerobic bacteria isosgly dependent on favorable moisture
conditions, oxygen, and an organic food sourceopgysosed to this anaerobic representatives

(Clostridium) predominate in grassland and waterlogged soits swil aggregates where
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moisture conditions and organic substrates areladlai but oxygen supply to the micro-

environment of the bacteria is severely restricted.

The amounts of nitrogen fixed by free-living nonepdsynthetic bacteria in the soil may
achieve an approximate maximum of 15 kilogramshwmatare per year (Tilag&t al, 2005).
This relatively low estimated contribution is thesult of limited availability of suitable
organic substrates (energy sources) and low bakttepopulations in the soil
environment.Nitrogen fixation is characteristicaligher in environments such as tropical
soils, where such factors as substrate availapitéynperature and moisture are more
favorable to the maintenance and activity of a highcterial population. A minor
improvement of soil with a readily used organicsudite generally results in some increase in
nitrogen fixation. The increased population of kifig bacteria resulting from inoculation is
temporary and will rapidly die back to the origimaimber found in an unamended soil, where
no provision has been made to create environmertahges which will favor a higher
microbial population. The increase number of rhiadh the rhizosphere is in response to the

excretion of nutrient by plant roots, especialljhwst legume.

Living plant roots release a wide variety of simptganic compounds, which may be used as
food by free-living soil bacteria. This continuosispply of food supports a higher microbial
population in the soil immediately surrounding tp&nt root (rhizosphere). Evidence
indicates that native nitrogen-fixing bacteria aoenmon in the rhizosphere of certain plants
and that they may fix significant amounts of nigagin some cases. This effect may be
related to the closeness of the root-microorgarassociation. Food material released from
the roots would be available in greater concemnato those microorganisms more closely
associated with the root surfacAzpspirillun). A striking example is seen in certain
combinations of bacteria with some tropical grassesSich have a high photosynthetic
efficiency and grow under environmental conditidagoring high photosynthetic activity.
The roots of such plants may supply the nitrog&mdj microorganisms with a relatively high
and sustained supply of food (photosynthetic) whichavailable in limited supply in the
rhizosphere of most plants (Peret¢tal, 2000).
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2.2.2. Symbiotic N-fixing micro-organisms

The most common feature of rhizobia is symbiotriniy with legume plants. rhizobia are rod
shaped Gram-negative, nitrogen-fixing bacteria thah nodules on host plants, Which are
mobile by single polar flagellum or two to six pethious flagella. They don’'t form
endospore and are predominantly aerobic chemo@maand are relatively easy to culture.
They grow well in the presence of, @nd utilize relatively simple carbohydrate and rami

compounds (Somasegaran and Hoben, 1994).

Rhizobia have symbiotic relationships with legunhengs, which play major role for essential
nitrogen-fixing processes together with hosts. ddules, the rhizobia bacteroids use carbon
and energy from the plant in the form of dicarbaxycids. Recent studies have suggested
that the bacteroids do more than just provide tla@tpwith ammonium (through nitrogen
fixation). It was shown that a more complex amicaeacycle is needed for rhizobia to fix
nitrogen successfully in nodules. Rhizobia can tieeamino acids from the plant to shut
down their ammonium assimilation; however, the éaat must provide the plant with
ammonium in order to obtain the amino acids. Thism& would mean that the plant could
regulate the amount of decarboxylase that the tmd&e use by amino acid supply and
dominate the relationship. This is not the caseydwer, because the bacteroids "act like plant
organelles to cycle amino acids back to the planagparagine synthesis,” making the plant
dependent on them.

2.3. Biological nitrogen fixation

Biological N, fixation represents the major source of N inpuagmicultural soils. The major
No-fixing systems are the symbiotic systems, which pkay a significant role in improving
the fertility and productivity of low-N soils. Thénizobium-legume symbioses have received
most attention and have been examined extensivglgroximately, half of the 23 million
metric tons of nitrogen consumed as human foodcesufgrains and livestock) comes from
biological nitrogen fixation by prokaryotes (Sooc®01999). Out of this, rhizobia in root
nodules are estimated to take away between 50-70%heoworld’s biological nitrogen
fixation (Burris and Roberts, 1993).
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The annual input of fixed nitrogen was calculatedoe 2.95 Mton for the pulses and 18.5
Mton for the oilseed legumes, being the soybeardtminant crop legume (50% global crop
legume area and 68% global production). In additmthe annual legume nitrogen fixation
inputs of 12-15 Mton (pasture and fodder legumtte is an input by nitrogen fixation in
rice (5 Mton), sugar cane (0.5 Mton), non-legumepctands (<4 Mton) and extensive
savannas (<14 Mton). Thus, the total overall edthan agricultural systems is of 50-70
Mton biologically fixed nitrogen (Herridget al, 2008a). These numbers show that the
process of BNF is an economically attractive and-feendly alternative to reduce the
external nitrogen (chemical fertilizers) input, whiimproves the quality and quantity of crop
resources. Having this characteristics, they areécpdar important in countries where the cost

of nitrogen fertilizer is high and/ or availability limited.

The effect of BNF also vary depending on surviviahe rhizobial strains and legumes under
different soil conditions like salinity, droughtcidity, soil temperature (Zaharan, 1999).
O’Hara et al, (2002), reported that the abundance of divensityhe soil populations of
rhizobia provides a large resource of natural géassm to screen for desired characteristics
present in the natural pool. This requires rigorstreening for efficient rhizobial strains with
adaptation to different soil conditions (Zahara@99). To achieve this, indigenous rhizobial
strains can be characterized under different cmmditin the laboratory and tested in the field
for their effectiveness.BNF commonly categorizetbifree living and symbiotic nitrogen

fixing systems (Druilleet al, 2012).

2.3.Symbiotic Nitrogen fixation

Many microorganisms fix nitrogen symbiotically barmering with a host plant. The plant
provides sugars from photosynthesis that are etllizy the nitrogen-fixing microorganism for
the energy it needs for nitrogen fixation. In exupa for these carbon sources, the microbe

provides fixed nitrogen to the host plant for itewgth (Wagner, 2012).
Even though the symbiotic partners many microbag an important role in the worldwide
ecology of nitrogen fixation, by far the most imfaott nitrogen-fixing symbiotic associations

are the relationships between legumes BRhizobiumand Bradyrhizobiumbacteria. These
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microbes mostly associated with legumes such #alfaal beans, clover, cowpeas, lupines,

peanut, soybean, and faba bean (Vance, 2001).

2.4. Mechanism of symbiotic nitrogen fixation

Symbiosis begins with the exchange of chemicalagybetween the plant and the bacteria.
The exchange of diffusible signaling molecules le&tw rhizobia and host plant takes place
prior to physical contact. The chemical mediatorslved in the molecular dialogue include
flavonoids, Nod factors, surface polysaccharides] extra cellular proteins (Peregtal,
2000). Legumes excrete a number of secondary wigebreleased into their rhizosphere.
Flavonoids and/or bioflavonoids are two such mditbeeleased from the root of the legume
host that induce transcription of nodulation gemescompatible rhizobia, leading to the
formation of lipochitooligosaccharide moleculesttha turn, signal thehost plant to begin
nodule formation (Long, 1996). Flavonoids concdidres in the rhizosphere increase in
response to compatible rhizobia (Recaceirtal., 1991; Schmidit al., 1994; Zuanazet al,
1998).

The initial recognition between compatible partnisrsrucial for the successful development
of a symbiotic nodule and it seems logical thafame interactions between the two partners
may be involved in this complicated recognition qgass (Long, 1996). That is through
specific binding of particular polysaccharide stunes present on the bacterial cell surface to
host plant lectins (Bohlool and Schmidt, 1974).8alvesteps need to be successfully
completed before effective symbiotic biologicalragen fixation can occur. Nodulation is a
complex process orchestrated by a multitude ofdsactand plant signals (Fergusenal,
2010). The process is initiated by plant roots et@nog flavonoid molecules into the soil. This
attracts compatible rhizobia and concomitantly states them to synthesize a highly specific
signal molecule called Nod factor. The nodulationd) genes of rhizobia play important
roles in the development of nodules. The plant giees Nod factor via LysM receptors on
the root (Indrasumunaet al, 2011). Nod factor perception triggers a subsegsgnaling

cascade that is required for proper nodule estahksit (Fergusoat al, 2010).
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The presence of the rhizobia together with theid Nactor signal molecule initiates the
nodulation infection process. Root hair penetrat®rthe most common form of rhizobia
invasion. The bacteria attach to emerging rootshaithich begin to deform and eventually
encapsulate some of the bacteria, which are canisliy dividing. This process happens in as
little as 6 to 8 hrs post-inoculation (Turgeon &wlier, 1985). Specialized structures, called
infection threads, begin to form and provide a pgesway for the bacteria to enter the root
reviewed by Gage (2004). These infection threadspaedominately comprised of plant cell
wall components and they permit the bacteria tdinaa proliferating within the host plant.
As the process of rhizobia infection occurs, caiticells in the root begin to divide and
eventually give rise to the nodule primordium (Matls et al, 1989). Infection threads
initiating in the root hair eventually grow and emtl towards the dividing nodule primordium
located in the root cortex. Once there, rhizobzated at the tip of the infection threads are
released into an infection droplet that separatelsisireleased into the Cytoplasm of the host
cell. Within the cytoplasm, the rhizobia are encédgted by a specialized plant derived
membrane, known as the peribacteroid membrane,ngakhat is commonly referred to as
the symbiosome (Udvardi and Day, 1997).Ultimatéhg dividing bacteria differentiate into
what are known as bacteroids, which are highly igfized and whose main purpose is to fix
atmospheric di-nitrogen gas. Inside the mature lodilne bacteroids use a nitrogenase
enzyme complex to fix the di-nitrogen into formsrofrogen that the plant can use, such as
ammonia. The ammonia, which is toxic to the planthen quickly converted into compounds
such as glutamate or ureides that are non-toxiaamgafely transported throughout the plant.
Legume nodules provide the ideal setting for thexpss as they establish a peripheral oxygen
barrier, via physical and metabolic barriers, teate a low-oxygen environment that is
essential for nitrogenase activity to occur.

Biological nitrogen fixation can be representedlsy following equation, in which two moles
of ammonia are produced from one mole of nitroges, @t the expense of 16 moles of ATP
and a supply of 8 electrons and 8 protons (Giléf1).

N2+ 8H+ + 8¢ + 16 ATP = 2NH; + H,+ 16ADP + 16 Pi
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This reaction is performed exclusively by some prgktes (the bacteria and related
organisms), using an enzyme complex termégenaseinvolves the Magnesium ATP-
dependent reduction of nitrogen gas to yield twdemues of ammonia.This enzyme consists
of two proteins - an iron-sulfur protein and a nimgnume-iron-sulfur protein. The reduction
of nitrogen to ammonia is a highly endergonic andrgy consuming reaction. In the course

of this reaction protons are also reduced (Dixah \Afneeler, 1986).

The enzyme nitrogenase is a complex of two enzyrRes;ontaining protein and Fe-Mo
protein. It is responsible for the conversion (i&thn) of atmospheric N intoNH, and is
synthesized in the cytosol of the bacteroids; baciaside the nodule are called bacteroids.
The legume utilizes N toconvert certain precursor metabolites (e.g.etadlutarate,
phosphoenopyruvate) intoamino acids, which, in tiare synthesized into proteins. The
complex biochemical reaction whereby the inert aph@ric nitrogen is enzymatically
reduced into an utilizable form for the plant bye thitrogenase enzyme complex of the

bacteroids is called biological nitrogen fixatidiNF).

The stoichiometry of the reaction showed above $i¢tde in the laboratory conditions. In
natural conditions up to 40 molecules of ATP carnyarolyzed for the reduction of only one
nitrogen molecule (Hill, 1992). Additionally for ey reduced molecule of nitrogen the
nitrogenase complex produces hydrogen molecul®. (Fhe hydrogen production has been
described as one of the major factors that affeetefficiency of symbiotic nitrogen fixation,
however some rhizobia species have developed amsyst hydrogenase that allows them to
recycle the generated hydrogen (Bagineksl. 2002), which oxidizes Hto H" and Z". This
increasing the nitrogen fixation efficiency, asesult, symbiosis carried out by this system
(Hup") is more efficient in nitrogen fixation. Actuallyyumerous reports have shown that
legumes inoculated with Histrains have up to 30% plant dry matter increaseompared
to non-Hup strains (Evanst al, 1985).

The reaction starts by reduction of the Fe proteynthe low-potential electron donor
ferredoxin. Electrons are transferred, one at @ fimm the Fe protein to the MoFe protein in

a process that involves Mg ATP hydrolysis. The eyapeats until enough electrons have
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been provided for the complete reduction of theshibstrate (Marie, 2001). The reactions
occur while N is bound to the nitrogenase enzyme complex. Therétein is first reduced by
electrons donated by ferredoxin. Then the reduceditein binds ATP and reduces the
molybdenum-iron protein, which donates electrondliipproducing HN=NH. In two further
cycles of this process (each requiring electronsatkxl by ferredoxin) HN=NH is reduced to
H:N-NH,, and this in turn is reduced to 2moles NHDepending on the type of
microorganism, the reduced ferredoxin, which sugspélectrons for this process, is generated

by photosynthesis, respiration or fermentation.

2.5.Significance of biological nitrogen fixation tcsoil fertility

Deficiency in mineral nitrogen often limits plantogvth, and so symbiotic relationships have
evolved between plants and a variety of nitrogemdj organisms (Freiberet al, 1997). For
optimum plant growth, nutrients must be availablsufficient and balanced quantities (Chen,
2006). Soil infertility is the most important corant limiting crop yield in developing
nations worldwide, and especially among resouraa-parmers. Unless the fertility is
restored in these areas, farmers will gain litéadfit from the use of improved varieties and
more productive cultural practices. Solil fertilitgn be restored effectively through adopting
the concept of integrated soil fertility managem@3FM) encompassing a strategy for
nutrient management-based on natural resource m@tie®m, biological nitrogen fixation
(BNF) and increased efficiency of the inputs (Véeid Vielhauer , 1994).

Microorganisms that carryout biological nitrogexation have great importance for soil
fertility. The process of BNF performed by symbiofixing bacteria with legume species,
commonly known as alpha and beta rhizobia, thizides high sustainability for ecosystem.
These microorganisms can help promote plant growthonly by supplying nitrogen but also
by other mechanisms, such as production of sidergsh exopolysacharide and
phytohormones; phosphate solibilizatin; protectemgainst phytopathogenic fungus (Serraj
and Adu-Gyamfi, 2004).

An examination of the history of BNF shows thatenesst generally has focused on the

symbiotic system of leguminous plants and rhizobegause these associations have the

18



greatest quantitative impact on the nitrogen cycteemendous potential for contribution of
fixed nitrogen to soil ecosystems exists amondagames (Brockwelét al,, 1995; Peoplest
al., 1995a; Tate, 1995). There are approximately g&dera and about 19,000 species of
legumes, only a portion of which (about 20%) hagerbexamined for nodulation and shown
to have the ability to fix NSprent, 2001). Atmospheric,Nixed symbiotically by the
association between rhizobia and legumes represer@sewable source of N for agriculture
(Peopleset al, 1995b). Estimates are that the rhizobial sysdsowvith the somewhat greater
than 100 agriculturally important legumes contrébnearly half the annual quantity of BNF
entering soil ecosystems (Tate, 1995). Whatevetrtreefigure, legume symbioses contribute
at least 70 million tonnes of N per year, approxtghahalf deriving from the cool and warm
temperature zones and the remainder deriving froen ttopics (Brockwellet al, 1995).
Increased plant protein levels and reduced depletd soil N reserves are obvious

consequences of legume fikation.

Most of the attention is directed toward fikation inputs by legumes because of their proven
ability to fix N, and their contribution to integral agriculturaloguction systems in both
tropical and temperate climates. Succes®bizobiurdegume symbioses will definitely
increase the incorporation of biologically fixedtragen into soil ecosystem®&hizobium
legume symbioses are the primary source of fixewgen in land-based systems and can

provide well over half of the biological sourcefoded nitrogen (Tate, 1995).

Values estimated for various legume crops and pasfpecies are often impressive,
commonly falling in the range of 200 to 300 kg ohN* year® (Peoplet al, 1995a). Yield
increases of crops planted after harvesting ofrtezpuare often equivalent to those expected
from application of 30 to 80 kg of fertilizer-N Ha Inputs of fixed N for alfalfa, red clover,
pea, soybean, cowpea, faba bean and vetch wemeagsti to be about 23 to 335 kg of N*ha
year! (Tate, 1995). However, the measured amounts akédl fby symbiotic systems may
differ according to the method used to studyiddtion (Brockwellet al,, 1995). Inputs into
terrestrial ecosystems of BNF from the symbiotitatienship between legumes and their
rhizobia amount to at least 70 million tons of Nr pear (Brockwellet al, 1995); this
enormous quantity will have to be augmented asmbidd’s population increases and as the

natural resources that supply fertilizer-N dimini$his objective will be achieved through the
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development of superior legume varieties, improveisien agronomic practice, and increased
efficiency of the nitrogen-fixing process itself yetter management of the symbiotic

relationship between plants and bacteria.

The symbioses between rhizobia and legumes areeapeh and usually more effective
agronomic practice for ensuring an adequate supply for legume-based crop and pasture
production than the application of fertilizer-N. &'Introduction of legumes into pastures is
seen as the best strategy to improve nitrogentiomrof the grasses. Large contributions
(between 75 and 97 kg of NTfian 97 days of growth) bgtylosanthes guianensigere found
(Viera-Vargaset al, 1995).°N data suggested that over 30% of the N accumulayethe
grass in mixed swards could be derived from nitnofipeed by the associated legume (Viera-
Vargaset al, 1995). Mandimba (1995) revealed that the nitnogentribution of Arachis
hypogaea to the growth of Zea mays in intercropgiygiems is equivalent to the application
of 96 kg of fertilizer-N ha" at a ratio of plant population densities of ondz@alant to four
groundnut plants. This indicates the significantehizobium-legume symbioses as a major
contributor to natural or biologicalNixation.

2.6. Rhizobia and their current taxonomy

Rhizobia are soil bacteria which are capable ofmfog nitrogen-fixing symbiosis with
different leguminous plants and have a significah in nutrient cycling due to biological
nitrogen fixation, and enhancing crop productiviggtocker et al, 2008). They are a
genetically diverse and physiologically heterogersegroup of bacteria despite their single
grouping by virtue of their ability to nodulate miens of thd_eguminosaéSomasegaran and
Hoben, 1994)So, many nodule-forming bacteria are of significagticultural and ecological
importance. The symbiotic relationships betweeratia and leguminous plants provide rich
soil for legumes cultivation. In the presence dditable nitrogen, they can exist as free-living
soil saprophytes. At a particular condition (in #iEsence of available nitrogen), these bacteria
interact with the roots or stems of leguminous @amducing the formation of nodules in
which the fixation of atmospheric nitrogen occums{gsilp, 2012).
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It is important to understand the level of gendiicersity of Rhizobiumspecies and how this

affect soil fertility and crop productivity in regpse to agricultural practices and climate
(Smallaet al, 2007).For many years, the characterization folfia species was based on
specific ability of the bacteria to nodulate a hpktnt, recognizing the selective interaction
between the symbionts (Pongsilp, 2012). The taxgndmased on the cross inoculation
concept defined plant species based on their steymdionts. However, this idea has been
challenged because many overlapping host range beee noticed and discordant plant-
bacteria reactions cast doubt on its validity. Daethe short coming of this method of
classification, there was a need to look for anotheans of classification which as a result,

gave rise to the numeric classification (taxonorog}r

It is now agreed that bacterial classification nmediect the phylogenetic relationship between
them, mainly witnesses being the sequences of athak RNA (Fredric and philippe,
2001).The genetic relationships among rhizobialytapns are of interest because they can
provide the information on the gene transfer arelatiaptation of bacteria to environments.
Despite increasing studies on rhizobial diversityd atheir importance in sustainable
agriculture world-wide, the gathering informatiaquite rare (Pongsilp, 2012). The current
validly published names for rhizobia based on phgfeetic studies comprised of 92 species
found in 12 genera (Weir, 2011). However, receseagch suggests that there are many other
rhizobial species; these new species arose thrtatghal gene transfer of symbiotic genes
(Weir, 2011).

The diversity of rhizobia provides valuable biogese for the searches of bacterial isolates
in attempt to find isolates that maximize legumepcproductivity (Bindeet al, 2009). Many
techniqgues were developed and widely used to d@@gimorphism including Restriction
fragment length polymorphism (RFLP), and sequenahgl6S rRNA gene (Lafay and
Burdon 2001; Romdharet al., 2006; Netoet al, 2010). One of the most advantages of 16S
rRNA region is that, it is highly conservative hensupports the well-established subdivision
of rhizobia into species and genera (®u@al, 2001). The sequencing of 16S rRNA gene has
been previously used to detect novel taxa and selates (Heyndricket al, 1996). So, it is
anticipated to infer the phylogenetic associatioroag rhizobium isolates (Bakt al, 2003).
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Additionally, the DNA sequence analysis of 16S rRNygne is a powerful tool in
discriminating among strains and also known to leixta great deal of sequence and length
variation (Mutch and Young 2004; Ne& al, 2010). It is worth mentioning that although
microsatellites genetic markers (SSR) are highlyiakde; yet it is less common in the

prokaryotes genomes (Ellegren, 2004).

Many studies have addressed the diversity leveV.ofaba rhizobia; mainly focusing on
rhizobial populations from the same location (Lageiet al, 1994), or for comparison with
R. leguminosarum isolates from other legume sp@dewira et al, 1987).In Ethiopia,
attempts have been made to conduct research arbibliagy of cool season legumes such as
faba bean and field bean for the last two decadlagefieh Argaw, 2012). However, there is
still a scarcity of information about the taxonomand symbiotic diversity of rhizobia

nodulating faba bean from different agro ecologamles of the country.

2.6. Faba bean production and N-fixation in faba ba&n

Faba bean\{icia fabal.) is believed to be originated in the Near Easickly spread to
Europe, North Africa, along the Nile to Ethiopiasfaw Tilayeet al, 1994). China has been
the main producing country, followed by Ethiopiagyit, Italy and Morocco (Hawitin and
Hebblewaite, 1993). It is the first among pulsepsroultivated in Ethiopia and leading protein
source for the rural people and used to make vati@ditional dishes. According to Central
Statistics Agency of Ethiopia 2013, Faba bean takes 30% (nearly half a million hectares)

of cultivated land with an average national protuist of 1.5 tons per ha.

Faba bean is the most important legume crops watkellwecause N fixing ability, offering

high quality protein, capable of returning atmosphaitrogen to the soil. Its seed not only
provide a cheap source of protein but also a fobdhigh calorific and nutritive value

especially in the diet of low income people (Sehagthebarek and Asrat Wondimu, 1994).
Its acreage has declined from 4.8 million ha in19612.4 in 2008 with the reduction in
production from 4.8 tons per hectares to 4.4 tasrshectares. However the productivity is
increased from 0.8 tons per hectares t0l.7 tonshpetares globally (FAOSTAT, 2008).

Many justifications have been given for the declime¢he productivity of faba bean, such as
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its susceptibility to biotic (Sillercet al, 2010) and abiotic stresses (Liekt al, 2010).
Broomrape, one of the serious constraints of fadmnkin North Africa and Nile Valley and
sub-Saharan Africa countries where more than 30%laf bean is produced (Makkoekal,
1994). Chocolate spot (Botrytis fabae) and fabanlvaat (Uromyces viciae-fabae) became the
important diseases worldwide. Viruses were alsoajrtbe major enemies of this crop mainly
Faba bean leaf roll virus (FBLRV) and Faba beanotecyellow virus (FBNYV) (Makkouk

et al, 1994).

Faba bean grown as field crop throughout the higldaand is most common in Wayena Dega
between the altitudes 1800m a.s.l and 2400m a.&thiopia (Asfaw Telaye, 1985).Ethiopia
is considered as the secondary center of diveesity also one of the nine major agro-
geographical production regions of faba bean(Astalayeet al, 1994).As the faba bean is
familiar in Ethiopian feeding culture, the majority the seed produced would be consumed
domestically and only a smaller percentage of ttop ¢s delivered to the export market.
However, still this small portion of export volunpait Ethiopia among the top broad bean
exporting countries of the world (Biruk Bereda, 2D0Amhara and Oromia regions’ are the
major faba bean producing regions in Ethiopia. Witihe regions some zones such as West
Shoa, North Shoa, South Wello and East Gojjam deatified as major production areas of
faba bean (Biruk Bereda, 2009). The growing impuaréaof faba bean as an export crop in
Ethiopia has led to a renewed interest by farmersntrease the area under production
(Samuelet al, 2008).Despite the importance of the crop inttaditional farming system in
Ethiopia, the yield is generally low as comparedht® temperate (Saxeeaal, 1991). Such
failures were attributed to poor nodulation (DeB&yene, 1988) and ineffectiveness of the

indigenous rhizobia (Alemayehu Workalemahu, 2009)

Faba bean grows during cool weather when othehestand clovers are relatively dormant,
but does not tolerate heat well.In contrast to lgtea Cicer arietinumL.) and lentil Lens
culinaris L.) which have considerable drought tolerance @4oet al, 1991), faba bean has a
shallow root system, little osmoregulation, andvésy sensitive to high temperatures and
water stress, particularly during flowering peraad pod filling (Bondet al, 1994). Drought
and heat waves are having significant effects enptioductivity of faba bean in rained areas
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with a Mediterranean type of climate (Maalaifal, 2010). Faba bean can grow on a wide
range of soils, from loams to clays, and under r@etsaof drainage conditions. However, it
does not tolerate extended periods of saturatdd; smd drought, especially at flowering,
reduces seed production drastically. Fava beamateke a wide range of pH (4.5 to 8.3),
although low pH may delay the development of ramduies, thus preventing the plant from

converting atmospheric nitrogen to plant-availdblens (Sattell, 1998).

Faba bean used as a winter or spring cover cnggngmanure; silage, forage, hay, and
vegetable. It is capable of producing large amowftsiry matter and accumulating large
guantities of nitrogen (N), part of which is avaik to subsequent crops. Dry matter and N
accumulation in fava bean depends on the varietyam be highly variable (Hauggaard-
Nielsenet al, 2011).There is a distinct difference betweerafaban and other typical grain
legume species in their proportion of shoot N detitrom fixation (Ndfa) in the order faba
bean >lentil = soybean > pea > chickpea> commom(blsiggaard-Nielsept al, 2011).
From a quantitative point of view faba bean andosay fixes around the same amount of N
(120 kg N h&) followed by pea and lentil (85 kg N fjgand chickpea and common bean (50
kg N ha') (Hauggaard-Nielsemt al, 2011). High levels of soil nitrate, induced hycls
factors as excessive tillage, long periods of Ballew and applications of fertilizer N are
known to delay the formation of nodules and theebrs N, fixation reducing %Ndfa
(Peopleset al, 2001). Strategies that reduce soil mineral Nilabiity to faba bean e.g.
reduces soil tillage (Peoples al, 2001) and increased competition for soil min&tauch as
intercropping legumes with cereals (Hauggaard-Mrelst al, 2011), generally increase
%Ndfa. However, several studies haves shown thb&a faean can maintain a higher
dependence on JNixation for growth and fix more N than speciekelichickpea under the
same soil N supply (Jensehal, 2010).The amount of Nixed by faba bean is estimated to
be between 240 and 325 kg'h@omasegaran and Hoben, 1994; Maidil, 1996).

Faba bean roots need to be colonized by an apptetrain of rhizobia bacteria to be able to
convert atmospheric nitrogen into plant-availabdenfs. Inoculating seed with the proper
rhizobia bacteria ensures that the bacteria wilplesent when the seed germinates. It is a

legume capable of fixing nitrogen in an endosymbioassociation with Rhizobium
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leguminosarum biovar viciagus improves soil fertility (Solomon and Fas&D14). It is the

most efficient nitrogen fixer of all cool seasorigaicrops (McVicaet al.,2005).

The ability of faba bean to fix the desired amooibitrogen depends on many factors, such
as the effectiveness of the rhizobium strain, teeegic variation of the host plant and other
environmental and agronomic factors (Nutman, 19if6prder to obtain a very effective faba
beanR. leguminosarum biovar viciag/stem, it is necessary to search for effectidggenous
rhizobia with the host under laboratory and gre@skoconditions.As with most legumes,
there is substantial variation in ability to forradules and ineffectiveness o-fixation with
rhizobial strains, both between species and amamptgpes of the same plant species
(Somasegaran and Martin, 1986). Inoculation of faban with local rhizobial isolates at
planting is generally recommended to maximize tbtemtial for nodulation and N fixation

and hence yield of the crop (Vessey, 2004).

2.7.Factors affecting symbiotic nitrogen fixation

Environmental stress affecting Symbiotic Nitrogeixaion (SNF) may be either abiotic
factors such as drought, salinity, waterloggingngerature, soil acidity and inadequate
mineral nutrients or biotic factors; insects, pestal diseases(Zahran, 1999). Most stress
factors influence all physiological process in péaas stress develops. They influence all
aspects of nodulation and symbiotig-fikation. in some case reduce rhizobial survival and
diversity in the soil. It is often difficult to isate the effect of the stress factors in success of

inoculation from their effect symbiosis functioniagd N-fixation (Zahran, 1999).

In the Rhizobium-legume symbiosis, which is afiXing system, the process of, lixation is
strongly related to the physiological state of tiest plant. Therefore, a competitive and
persistent rhizobial strain is not expected to eggrits full capacity for nitrogen fixation if
limiting factors (e.g., salinity, unfavorable s@H, nutrient deficiency, mineral toxicity,
temperature extremes, insufficient or excessiviersoisture, inadequate photosynthesis, plant
diseases, and grazing) impose limitations on tlgervof the host legume (Zahran, 1999)
qguoting (Brockwellet al, 1995; Peoplest al, 1995).
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A critical question with regard to MNixation is whether the stress first affect other
physiological process, which then influencgfiXation, or whether stress initially and directly
affects N-fixation mechanism(Sinclaiet al, 1987). Physiological understanding of most
stress sensitive steps also important for estabfisktrategies for crop improvement and
adequate management practice to optimize legupixation and increase in its cropping
system. For instance,Nixation has been found to be more sensitive tbdahydration than
leaf gas exchange and nitrate assimilation (Pureell King, 1996) and dry matter
accumulation (Sinclaiet al, 1987; Weryet al, 1994).

2.7.1. Salinity of soils

Salinity is a serious threat to agriculture in @it semiarid regions (Rao and Sharma, 1995).
Salinization is known to limit nodulation and nigen fixation. Response of legumes to
salinity varies greatly; some legumes, &/gia faba, Phaseolus vulgarendGlycine maxare
more salt tolerant than others such as, Bigum sativum Other legumes likd’rosopis,
Acacia and Medicago sativare salt tolerant, but their rhizobia are more s&dérant than the
host plants (Zahran, 1999). Significant variati@me also observed among salt tolerance of
different species of rhizobia. Strains Bfadyrhizobium japonicunis inhibited at less than
100 mM NacCl, while various strains 8fnorhizobium melilotandR. leguminosarungrow at
more than 300 mM NaCl. On the other hand rhizob@ated from woody legumes like
Hedysarum, Acacia, ProsopedLeucaenacan tolerate up to 500 to 800 mM of NaCl. Many
species of rhizobia adapt to salinity stress bsassllular accumulation of compatible solutes
(Serraj and Drevon, 1998).

The legume-Rhizobium symbioses and nodule formatiotegumes are more sensitive to salt
or osmotic stress than are the rhizobia (ZahraB9)18alt stress inhibits the initial steps of
Rhizobium-legume symbioses (Zahran, 1999). Badteaknization and root hair curling of
V. fabawere reduced in the presence of 50 to 100 mM N#f@l;proportion of root hairs
containing infection threads was reduced by 30 8886 in the presence of NaCl and

polyethylene glycol, (Zahran, 1986).
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Singletonet al, (1982) reported that rhizobia can generallyraike a high level of salinity
than the host legume. Fast growing rhizobia straresmore salt tolerant than slow growing
one. Subbaraet al, (1990) observed marked differences among pigeanCajanas Cajan)
rhizobial strains in their ability to nodulate afixl nitrogen with pigeonpean genotype under
saline condition, and further observed that nodnigation was salt-susceptible aspect of
pigeonpean. The mechanism that pigeonpean tols&dtestress by excretion of sodium and

chloride ion and inversely by maintenance of patesdevel.

There are also significant positive correlationwestn salt tolerance and adaptation of
rhizobial strains in alkaline conditiorRhizobiurmodulatingPhaseolus vulgarisolated from
Morocco were able to resist a sodium chloride cotregion up to 4% NaCl (680 mM NacCl)

in liquid culture (Berradet al.,2012). There are some evidence that rhizobianstiaplated
from alkaline soils are rather tolerant to high pemature, pH, and salt stress (Johnson and
Wood, 1990).

2.7.2. Soll acidity

Acid soil poses major challenge to sustainablecatitire and especially to the establishment
of N-fixating symbioses. Symbiotic nitrogen fixationncbe seriously reduced in such soils,
due to its effect of high Hydrogen ion, toxic lewél Aluminum and Manganese and induces
deficiency of Calcium, Phosphorous and Molybdentn)( Mo is an essential micronutrient
to all plants and is required for the formation dehction of the nitrogenase enzyme
complex. Soils deficient in Mo produce poor andffeeively nodulated legumes. Soil
acidity limits rhizobial growth and survival in thewil, as well as root nodule development.
Acidity also affects several steps of in the depeient of symbiosis, including the exchange
molecular signal between legume and microsymbidon@ria and Vargas, 2000).

Mechanism of governing competition between rhiabltrains for nodule formation under
acidic condition poorly understood and the genletisis of acid tolerance in rhizobia has yet
to be elucidated. Large vibration in tolerance oiddy factors are found both within and
between rhizobium species. Fast growing Rhizobe& generally considered as more acid

sensitive thaBradyrhizobiumput low pH tolerant strains exist in many spec{gkef(net al,
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1998).Liming is effective in overcoming soil acidiand Aluminum toxicity (Johnson and
Wood, 1990).

2.7.3. Soil temperature

Nodulation and nitrogen fixation are observed undeéte range of temperature with the
optimum between 25°c -30°c. Elevated temperatulaydeodule initiation and development
interfere with nodule structure and function in pmrate legume, whereas tropical legumes
nitrogen fixation efficiency is mainly affected. Wwatemperature affects nodule formation and
nitrogen fixation in temperate legume; howeverextreme environment of high arctic, native
legumes can nodulate and fix nitrogen at rate coaipa those observed with legume
temperate climates, indicating that both plants rambbia have successfully adapted to arctic

climatic condition (Wanet al, 1995).

Root temperature has a marked influence on thelo@went and function of the legume-
rhizobium symbiosis. The infection of the root kaithe rate of nodule appearance, and the
number of nodules formed, the amount and rate tobgen fixation, and the distribution of
fixed nitrogen from the nodules are affected bytrtamperature (Gibson, 1971). Root
temperature effects on legume nodulation ang fiXation are subject matter under
consideration to choice of time of sowing of winggown legumes. Optimum temperatures
for nodulation are often higher than fop Rixation (Gibson, 1971). Legumes grown at low
temperature shows delay in nodule formation andtiset of N fixation even in the presence

of adequate populations of rhizobia.

2.7.4. Soil nutrients

Soil nutrient status has an impressive influence tle symbiosis, as well as on the
independent growth and survival of both partnarshbuld be noted, however, that in some
cases, nutrient stresses are indirectly causedhbgges in soil matric potential or acidity,
which limit nutrient bioavailability, rather thao the lack of the presence of nutrients. When
considering nutrient limitations to symbiotic niggen fixation, one must clearly separate
factors affecting growth of the host from thoseluaficing the microbe or the symbiotic

interaction. For example, acid and water stressemalterations in root growth, which can
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indirectly affect both nodulation and nitrogen fiwe (Zhanget al, 2001).The legume-
rhizobia symbiosis imposes additional nutritionadjuirements apart from minerals need for
plant growth, as whole. Nutrient that affect syntigimitrogen fixation include; N©'N, P, B,
Zn, S, Molybdenum (Mo) and cobalt (Serraj and Adgafafi, 2004).

P is second only to N as the most limiting elenfenplant growth (Vancet al, 2000). The
amount of P in plants ranges from 0.05% to 0.30%ot#l dry weight (Vance, 2001). Crop
yield on 40% of the world’s arable land is limiteg P availability. P is unavailable because it
rapidly forms insoluble complexes with cations asdncorporated into organic matter by
microbes (Vance, 2001). Phosphorous supply andadly remains a severe limitation to
nitrogen fixation and symbiotic interactions.Nodida and N fixation are strongly
influenced by P availability. Nodule establishmantl function are important sinks for P and
nodules usually have highest P content in plamq(8ir and Valdez, 2002). Nitrogen fixing
plants have an increased requirement for P ovdrrédeeiving direct nitrogen fertilization,
owing perhaps to nodule development and signakdthaction (Graham and Vance, 2000).
About 33% of the arable land in the world is linditey P availability (Graham and Vance,
2000). This situation is especially true in softgpacted by low pH.

It has long been known that P plays a major paihe build-up and maintenance of soil
fertility through its effect on legume growth (Dddaand Williams, 1954). More recently,
there has been an accumulation of evidence of eifgpeffect of P on the growth and
survival of rhizobia and their capacity for nodiwdat and N fixation (expression of

differential symbiotic effectiveness (Serraj anduXdymafi, 2004). Therefore, p deficiency
condition result in reduced SNF potential and Rilieation will usually result in enhanced

nodule number and mass, as well as greatdixiition activity per plant.

Stress conditions apparently increase requirenfent€&*. C&£* might, in some instances,
offset the deleterious influence of low pH on rgobwth and ion uptake (Torimitset al,

1985) and increase nod-gene induction and expresgichardson and Simpson,1989).
Calcium deficiency, with or without the confoundingfluence of low pH, also affects
attachment of rhizobia to root hairs (Smat al, 1992), and nodulation and nodule
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development (Alveet al, 1990). To sum up, a calcium-spiking phenomersomitiated in
root-hair cells of legumes by nodulation factorsl ahizobia (Waiset al, 2002), suggesting

that Ca2+ plays a pivotal role in symbiotic intdrags at the molecular level.

Molybdenum has a major role in symbiotic N fixatias a fundamental component for
nitrogenase. Mo deficiency affects nodule develamny reducing bacteroids multiplication
and delaying or preventing the onset of nitrogeradévity (Voisin et al, 2002). Iron is
required for legume nodulation, possibly for thelieration of the infecting rhizobia in the
host root tissue. Legumes are sensitive to Fe idafig at an early stage of nodule initiation
(Panda and Panda, 2002).

Acidic soil contains high concentration of’,HAI, Mn, or Fe that can be injurious to
nodulation or growth of rhizobia; as well as defiwties of phosphate, molybdenum and
calcium. The solubility of AF ions is very low in slightly acidic soil (pH >5.%) neutral soil,
but increases sometimes abruptly at pH value b&®&wThis condition inhibits calcium and
phosphorous uptake (Taylet al., 1990).

Aluminum toxicity is a series agricultural problemacidic soils. Aluminum toxicity inhibits
root growth and uptake of water and nutrients, Itesn decrease production (Kochian, 1995).
Aluminum toxicity affects rhizobia by binding to DWNof both sensitive and tolerant strains
(Jonsen and Wood, 1990).The presence of aluminuacitic soil is a limiting factor for
development and functioning é&thizobiumlegume symbiosis. Manganese is another toxic
element at low pH. Excess soil acidity allows maregge that is normally bound to soil
particles to be released and taken up by the plaveery high concentrations, i.e., toxic levels
(Alexander, 1985). Manganese toxicity mainly affedegume growth. Symptoms of
manganese toxicity on plants are grouped into thee most diagnostic feature is the
darkening of leaf veins, usually on older foliage.second less diagnostic symptom of
manganese toxicity is intervened choruses with ¢egiping or necrotic blotching of foliage
(Jonsen and Wood, 1990).

30



2.7.5. Drought stress

Legume productivity in semi-arid tropics (SAT) &dely limited by low moisture availability
in addition to nutrient deficiencies. The relativgh nitrogen and biomass accumulation to
soil dehydration was demonstrated for soybdalygine max) grown on a soil with virtually
no mineral N reserve (Sinclagt al, 1987), with essentially an N uptake resultingrrN, -
fixation, a comparison of biomass accumulation Braccumulation rates offered an index of
the relative sensitivity to water deficit condit®ander which the plants were grown. Sinclair
et al, (1987) conclude from their study on soybean thatfixation was more sensitive to
drought than was carbon assimilation. In a sinstady on 24 soybean line Serraj and Sinclair
(1997), found that, in almost all soybean cultivieested N accumulation was more sensitive

to soil dehydration than was biomass accumulation.

Fast-growingrhizobia are sensitive to soil dehydration as compareddw-growing strains
(Sprent, 1971). On the other handZahran (1999) sHativat exposing rhizobia to osmotic
stress bring about alteration of bacterial membigopolysaccharides, which are involved in

theRhizobiumhost plant recognition process (Karasal, 1998).
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3. MATERIALS AND METHODS

3.1. Experimental sites

The experiment was conducted in Hawassa Universalfege of Agriculture. Hawassa is
found 275 Km south of, Addis Ababa, the capitaly aif Ethiopia. The latitudinal and
longitudinal location of Hawassa are;°0@3’ 19.1” to 07 04’ 00.2” N and 38 31’ 08" to
38 31’ 01.8 E respectively. It receives mean annaialfall of about 948 mm. Its mean annual
maximum and minimum temperatures are 2Z.and 12.8 C, respectively and its average

monthly relative humidity is 61% (Abay Ayalew, 2011

3.2. Isolation of rhizobia from root nodule

During the late flowering and early pod settinggstaroot nodules samples were collected in
vials containing silica gel plugged with cottonrfroyoung and healthy seedling of Faba bean
(Vicia fabg from farmer’s field (10 kebeles that ranged witf7i Woredas) of Wello. These
were brought in laboratory without any delay. Aating to Balaet al, (2011) the vials
containing nodule sample were preserved in refaigerat Hawassa University, College of

agriculture, in soil microbiology laboratory.

Isolation of rhizobia from root nodules was don#ofeing the method of Somasegaran and
Hoben (1994).Individual nodules were picked up @mghed thoroughly with sterile distilled
water. After being washed with several times witktillled sterilized water, nodules were
surface sterilized in 95% alcohol for 10 seconds$ subsequently they were submerged in 4%
sodium hypochlorite for 4 min and washed in stediigtilled water with six changes. Each
nodule was crushed under aseptic conditions aedlstd onto a Yeast-Mannitol Agar plate
(YMA) using a sterile loop and incubated at28 + 28€3 to 5 days (Vincent, 1970). YEMA
medium was prepared according to (Vincent, 1970)ntaning Mannitol=10gm,
K,HPQ,=0.5gm, MgS@.7H,0=0.2gm, NaCl=0.1gm, Yeast extract=0.5gm, Distileater=1L
and Agar agar=15gm, and pH was adjusted at 6.8rdedddition of agar-agar. After
incubation for 3-5 days at 28 + 2°C, single colsnieere selected and restreaked on YEM

agar until single pure colonies were obtained.
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3.3. Presumptive test

The purity of the cultures was confirmed based arpimological parameters of different
colonies, Gram staining technique (Subba Rao, 19B8)putative pure isolates that shown
mucoid, watery and whitish characteristics’ on YEN#edia were further characterized on
YEMA media which comprised of Congo red (YEMA-CR) iadicator to check if there was
any contaminants in it. The working CR solution waspared by dissolving 0.25gm of CR in
100ml of distilled water. YEMA-CR media was preghtey dispensing 10ml of CR stock
solution in one litre of YEMA medium. The pure iatds were inoculated on YEMA-CR
medium and the plates were wrapped with, aluminaih) o provide a dark condition and
incubated to at 28+2°C. After 4 days of incubattbe CR absorption characteristic of each

isolate was scored (Somasegaran and Hoben, 1994).

The production of acid or alkaline was determingdrzorporating Bromthymol blue (BTB)
as reaction indicator of change in pH in yeastasttmanitol agar (YEMA). YEMA- BTB
media was prepared by dispensing 5ml of BTB stotkt®n in YEMA media. The pH of the
media was adjusted at 6.8 using 0.1N NaOH and B&&nge in media color due to acid or
base production was observedin 3-5 days of incobatnd the results were recorded as fast
growers or slow growers depending on color charigeeomedia(Jordan, 1984). The working
BTB solution was prepared by dissolving 0.25gm aBBin 100ml of 95% Ethanol. From
working solution 5ml was added to 1L of YEMB ane thH was adjusted to 6.8 with buffer
solution (0.1N NaOH) (Somasegaran and Hoben, 1994).

3.3.1. Peptone glucose agar (PGA) growth test

Peptone-glucose-agar (PGA) medium comprising 5gogle, 10g peptone and 15g agar in a
liter of distilled water (Subba Rao, 1983) was alsed for similar presumptive test of the
Rhizobium.The working solution of PGA-BCP was prepared bysaliging 10ugm of BCP
stock powder in 100ml of distilled water. From therking solution 10ml was added to 1L
distilled water which contains peptone and glucddee pH of medium was adjusted to 6.8
using buffer solution 0.1N NaOH or HCI.
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3.3.2. Gram'’s staining reaction test

Gram'’s stain reaction of the isolates was donehtxk if the purity of the culture of the test
strain is Gram-negative or Gram-positive. It wasied out by using a loopful of pure culture
grown on YEM broth (yeast extract mannitol brothpeastained as per the standard Gram'’s
procedure (Somasegaran and Hoben 1994).The isolaiel retained primary stain (crystal
violet), blue in color, were recorded as gram pesiand whereas the isolates which retained
counter stain (Safranine), red in color, were rdedras gram negative. The isolate which
retained primary stain was discarded realizingahi@ are not gram positive bacteria, whereas
the isolates which retained counter stain and wiald rod shape under oil immersion

microscopy were considered as rhizobia (Subba EF&83).

3.3.3. Yeast mannitol broth (YEMB) culture

YEMB culture media was prepared similar toYEMA medi but by leaving out agar. a
representative pure isolates of the presumptiveoldia: which failed or weaklyabsorbed CR
in dark condition;turned pH of BTB mediafrom nelitaacidic (green to yellow); stained as
gram negative rods for Gram'’s staining reactiord anable to grow or poorly or moderately
grown on PGA, were selected and duplicated in 19EM-broth culture (Vincent, 1970).
Ten milliliter (10ml) of YEMB media solution wasgpensed in to screw-cup test tubes. Each
screw cup test tubes with 10ml of YEMB media salntivas autoclaved at temperature of
121°C at steam pressure of 15lbs for 15 minutesrbebeing inoculated with selected
isolates.The incubation temperature and revolutibhroth culture were 28°C and 130 rpm,
respectively. After maximum turbidity was formedhieh was confirmed by measuring
Optical density of the isolates, the turbid broterevdispensed with three copies in vials
containing 50% glycerol in the ratio of (300ul giyol: 700l sample broth)and preserved in
deep freeze (-21°C).The inoculation of culture raeatid dispensing of the isolates in to vials
was done under a laminar flow hood to prevent cuoimtation. The collected and purified
rhizobial cultures were preserved in vials and doae FBW1, FBW2, FBW3, FBW4; ... and
FBW165.The viability of preserved isolate was cleztky inoculation in YEMB media after

one week of preservation.
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3.4. Authentication of the Isolates

The microsymbiont recovered from faba bean nodulese inoculated onto the newly
emerged seedlings of faba bean CS298DK varietpviatlg aseptic laboratory procedure to
verify whether the new isolates were nodulatingeooc non-nodulating nodule endophytes.
To do so, modified Leonard jars with cotton wickrevaeised to grow plants (fig.1). These
were prepared from plastic cups filled with thorblygwashed, sun dried and autoclave

sterilized river sand at (121°C temperature for itmtes using steam and high pressure).

Cotton wicl

Nutrient solution

Figure 2: Schematic representation of modified lazdrlar

Seeds of faba bean (CD298DK variety) were obtainech Hawassa Agricultural Research
Center.A healthy intact seeds of faba bean (CD298RKety), uniform in size and in
color,and their phylogenic affiliation studied piavsly were surface treated with 95%
ethanol for 10 seconds and then 3% (w/v) sodiunobliglorite solution for 3 minutes. Then

seeds were further rinsed six times in sterile watéer imbibing (4hr in sterile water), seeds
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were transferred aseptically to 1% water agar plated allowed to germinate for at room
temperature in the dark (Rashatal, 2012).The pre-germinated faba bean seeds wititasi
size and radicle selected; aseptically transfeusidg sterile forceps. Five seedlings were
initially transplanted per pot and were later ongaveek after emergence) thinned down to
three and were individually treated with1ml of tratulture approximately (fcto 1@cells/

ml).

The experiment was laid out in complete randomiresign (CRD) and replicated three times
with two controls--- the negative control (withaNtandRhizobium) and the positive control
(with N and withoutRhizobium.The pots were supplied with 100ml of quarter regth
Broughton and Dilworth N-free nutrient solutiontae beginning of transplantation and for
further five weeks once a week and Distilled steflater was added whenever required
(Somasegaran and Hoben, 1994). For the positiveaterwas given as 0.05% KNG@w/v)

by applying 120 ml during inoculation and 21 dagfet (Singleton and Tavares, 1986).Stock
nitrogen-free nutrient solution for plants was @@ according to Broughton and
Dilworth(Somasegaran and Hoben, 1994)as indicat¢abie (1).

Table 1: nitrogen free plant nutrients solutionqBghton and Dilworth, 1970)

Stock solutions Chemicals glliter
1 CaC}.2H,0 294
2 KH,PO, 136.1
3 FeGHs0,.3H, 0 | 6.7
MgSOu. 7H,O 123.3
KoSO, 87.0
MnS0O,.H0O 0.338
4 (trace H3BO3 0.247
elements) ZnSQ,.7H0 0.288
CuSQ.5H,0 0.100
CoSQ.7H,0 0.056
NaMoO;,. 2H,0 0.048

Source (Somasegaran and Hoben, 1994).
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After the stock solutions were prepared, 10 ligrsitrogen-free plant nutrient solution was
prepared by mixing 5 ml of each stock solution wathiters of distilled water and further
diluting it to 10 liters by adding another 5 litesEdistilled water. The pH of the solution was
adjusted to 6.8 with 1N NaOH and HCI.

After five weeks of planting, the crops were chetkar nodulation both in the inoculated and
uninoculated modified Leonard jars to detect thespnce or absence of nodules from each
pot (+) and (-) sign were designated for nodulentation and absence, respectively (Betk
al., 1993).The greenness of plants were qualitatisetyed by comparing the plant color with
the color of the uninoculated plants (N-) and tlesifive controls (N+) which was assigned
with scores 1 and 3,respectively, with a color @iveen the controls assigned as 2. nodule
number per plant were scored as; l:rare (<5 nogueew (5-10) nodules, 3:moderate (11-
20 nodules), 4:abundant (>20 nodules) and 5:supgulated (>50), while internal color were
scored as;1,white,2,green,3,pink,and,4,red (Ba&d, 2011).

The test isolates were scored as ineffective ifttit@ sum of plant color and nodule internal
color were between 1 and 3,moderately effectiveefween 4 and5 and very effective if
between 6 and 7 (Musiyiwet al, 2005).

3.5. Symbiotic Effectiveness of test Isolates

Seventy isolates which effectively nodulated thieafdoean host plant in the authentication
experiment, as revealed by functional nodules (jpmé&rnally) were selected for symbiotic
effectiveness. The same variety of faba bean sesel$ for authentication test was also used

for symbiotic effectiveness.

For this purpose, river sand was intensively watashed and filled into clean autoclavable
modified Leonard jars and was steam sterilizedo@aved). Faba bean seeds were surface
sterilized as described earlier and were pre-geatathon sterilized petri dishes dispensed
with sterilized water agar after which three sawgllwere transplanted per pot. Culture
suspension of each of authenticated (effectivejoftial isolate culture were prepared by
growing in YEMB and adjusted to dd®lls/ml (Somasegaran and Hoben, 1994). Then 1ml of

the culture suspension of the isolates was takdrdmpensed onto each seedling.
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All the pots were irrigated as required with dletll water and fertilized with quarter strength
of Broughton and Dilworth N-free nutrient solutiereek® as described by Somasegaran and
Hoben (1994). Both positive and negative controésenincluded as treatments. The positive
control pots received 120 ml of 0.05% (w/v) of KN@Quring inoculation and after 21 days as
nitrogen source, whereas the negative control wetge devoid of both nitrogen sources and
rhizobial isolates. Three Commercial isolates ngmeAL-110, Debre-sina and Butajira were

included as standard control.

After forty five days of transplanting, the plantgere uprooted and their root systems
thoroughly rinsed with distilled water. Nodules wecarefully detached and rinsed with
distilled water. Symbiotic effectiveness parametedule internal colour, nodule number,
shoot fresh weight, shoots dry weight (gm pfantoot fresh weight, root dry weight and
symbiotic effectiveness (%) were determined. Stamat root dry weights were recorded after
drying for 24hr at 70°C. The percent symbiotic efifeeness (SE) of the isolates was
computed using the formula:

SE (%) = (shoot dry weight of inoculated plantshdry weight of N supplied plant) x100
Finally, the symbiotic effectiveness (SE) valueshd# isolates were rated as highly effective
(> 80%), effective (50-80%), poorly effective (36%) and ineffective for SE < 35% (Beek
al., 1993).

3.6. Determination of N-content of the Plant

After the shoots dry weight of each growth unitedetined, the shoots were finely grinded
using pistil and mortar then were sieved with 0.5size.Each treatment was represented by
three replicates. The total nitrogen content of gheots was determined by modified semi-
micro Kjeldahl method according to Sahlemedhin serand Taye Bekele (2000). The
kjeldahl procedure is based on the principle thatreating plant material with concentrated
sulfuric acid to oxidize the nitrogen in to ammanigulphate. The ammonium liberated in the
distillation process with NaOH is trapped by adile ammonium is absorbed in the form of
NH," in boric acid and back titrated with standargSB, (Sahlemedhin Sertsu and Taye
Bekele, 2000). The percentage of total nitrogen egculated as follows.
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%N= (a-b)*N*0.014*100*Mcf
S

Where, a= ml of ESOqtitration of sample, b= ml of 5O, titration of blank
S= sample weight in mg, N= normality of sulfuriddac
0.014= meq weight of nitrogen in gm, Mcf= moistoegrection factor

Total N, were assayed in the shoot by the Kjeldahl methideiscribed by Eissat al,
(2009).Total nitrogen content =% x shoot dry weight of plants.

3.7. Methods of Statistical data analysis

Data collected was statistically analyzed by sulbjgcto analysis of variance (ANOVA)

using General Linear Models Procedure of SAS so@wearsion 9. Means of all treatments
were calculated and the differences tested forifstgnce using the least significant
differences (LSD) test at 0.05 probability (p) lev@orrelation coefficients were calculated to

study the associative relations among the measuntemagts using Pearson correlations.
3.8. Characterization of the isolates

All of the selected seventy isolates which effeslffvnodulated the host (faba bean) while
tested for authentication test along with comméstiains were further characterized by their
morphological and phenotypic features. All inocuas were standardized with an inoculum
size of approximately PBells/ml and were carried out in triplicates on YEMExcept for
cultures used to determine the minimum and maxinguowth temperature, all inoculated
plates were incubated at 28+ 2°C. Results wererdedoafter 4 days. Result for growth tests

was determined qualitatively and presented asorgfowth and *-‘for no growth.

3.8.1. Morphological Growth characteristics of thasolates

A loop full of each of the selected isolate fronthetication result was streaked on YEMA
plates and incubated at 28°C and growth was cheekedhys later. Data on colony

characteristics such as; size, shape and colontyréexvas recorded. All tests, except
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carbohydrate and N-source utilization, were cared on YEMA plates(Hasherst al,
1998).

3.8.2. Biochemical and physiological characteristicof the isolates
Tolerance to extreme pH

The ability of the rhizobial isolates to grow indi@and acidic media was tested by streaking
them on YEMA media for which the pHs were adjusted,4.5, 5.0, 5.5, 8.5, 9.5 and 10.0by
HCI or NaOH (Assefa Keneret al, 2010). YEMA medium with pH of 6.8 was used as
control. The isolates were incubated at 28°C aedgtiowth was evaluated qualitatively after
3-5 days of incubation (Jordan, 1984).Isolates veergsidered tolerant to extreme pH when

growth was similar to the growth in the controltpka

Tolerance to extreme salt concentration

The ability of the Rhizobial isolates to grow inrieaus concentration of NaCl was tested by
plating them on YEM agar Petri dishes. YEMA waspared with different concentrations of
NaCl containing 0.5%, 1%, 1.5%, 2%, 2.5%, 3%, 3.5%4, 4.5% and 5%(W/V) NacCl
(Sadowskyet al, 1983;Alemayehu Workalemahu, 2010; Hewetlyal, 2014; Kenenet al,
2010). All the plates were incubated at 28°C foe¢hdays in triplicate in addition to control.

Tolerance to extreme temperature

Difference in the range of growth temperature wiekestigated by incubation of bacterial
cultures on YEM agar at 5°C, 10°C, 15°C, 37°C, 408ad 45°C (Zerihun and Fassil, 2010;
Alemayehu Workalemahu, 2010). Control plates wereulbated at 28°C (Lupwayi and
Haque, 1994). Isolates were considered extremedeanpe tolerant when growth was similar
to the growth in the control plates (plates incaldadt 28°C).

Carbohydrate utilization test

Carbohydrate utilization of strains was determif@tbwing the method of Somasegaran and
Hoben (1994) on teen carbohydrates prepared as(df#osolution in distilled water or 1gm
of each carbohydrate was dissolved 10ml of distilleater. Heat labile carbohydrates;

galactose, sorbitol, mannose, dextrin, trehalosklat)-raffinose were filter sterilized using
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0.2um pore size sterile disposable membrane fared 10ml hypodermic syringe.Filter
sterilized carbohydrate solutions were stored ifrigerator and added to autoclaved
carbohydrate free basal YEA-BTB medium asepticallthe laminar flow hood environment.

Whereas heat-stable carbohydrates; Sucrose, DI¢ep&e adydrous,D (-)-Fructose dihydrate
and Starch, were added in basal YEA-BTBand autedatogether with basal medium.
YEMA-BTB basal medium was prepared similar to YENBAB medium but with some

modification; Mannitol was not added and yeast awottrwas reduced to 0.05gm per
1000mi(Somasegaran and Hoben 1994). 90ml of Cadratey free basal medium was

dispensed in 250ml capacity Erlenmeyer flasks abdr of agar was added to each flask.

Utilization of amino acids as sole source of nitrcgn

The amino acids were added at a concentration ®fg0.to a similar media from which
ammonium sulfate was omitted and mannitol was adate@ concentration of 1 g/liter
(Amargeret al, 1997) and the nitrogen source (yeast extracy weplaced by one of the
following amino acids as a source of nitrogen: éFilsterilized; L-histidine, L-valine, L-
asparagine, L-aspartic acid, L-phenylalanine, Lirang-alanine, isoleucine and Glycine were
used as sole nitrogen source for isolates. Inoedlptates were incubated at 28°C and results

were observed after 3-5 days.

Intrinsic antibiotic resistance (IAR)

Intrinsic antibiotics resistance(lAR) study was artdken in laboratory by preparing stock
solutions (10mg/ml) of antibiotics in distilled veat except erythromycin which was prepared
as (5mg erythromycin in 1ml of ethanol). The steckutions were filter sterilized and stored
at 0°C. The YEMA medium was prepared by dispengid@ml in Erlenmeyer flasks(250ml
capacity) and autoclaved at 121°C and 15lbs famitfutes. The medium was cooled in water
bath adjusted to 50°C and appropriate concentratibnantibiotic was delivered. A
micropipette with sterilized disposable tips wagdiso deliver appropriate volume of the
stock antibiotics solutions from storage vials. 8ssure uniform distribution of antibiotics in
the YEMA media the medium was swilled continuoustyrinsic antibiotics resistance (IAR)
of isolates to Kanamycin sulfate, Streptomycin a@f Spectinomycin sulfate salt,

Chloramphenicol, Neomycin trisulfate and Erythromywith concentration ofy@/ml) 5 and
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10 was tested. The melted medium with respectiveceatration of different antibiotics
poured into four previously oven sterilized petistees for each concentration and allowed to
solidify by overnight incubation. Pure culture @ich isolates which grown in YEMB medium
were streaked on the antibiotics plates and plaig®ut antibiotic used as control. The plates
inoculated with isolates were incubated for 4 day28°C. The growth was recorded as
positive (+) for the presences of growth while naga(-) for absence of growth when

compared with the positive control.

3.9. Numerical Taxonomy

Bacterial diversity may be high both in genetic apdenotypic (symbiotic, cultural,

morphological and physiological) traits and ithsi$ necessary to define the level of diversity
which is appropriate to characterize particularegarand species (Swift and Gignell, 2001).
Phenotypic similarities among faba bean nodulatimizpbia were numerically analyzed based
on their 6 phenotypic characteristics, such as plérance, temperature tolerance, salt
tolerance, intrinsic antibiotic resistance, carbdrfaye utilization and amino acid utilization.

The data were coded for bacterial growth charasttesi as follows: 0 for an absence of
growth, 1 for presence of growth. The final matgentained 70 isolates plus three
commercial isolates and 55 traits. A computer eluahalysis of 55 phenotypic variables was

carried out using similarity coefficient by the Ueighted Pair Group Mean with the Average

(UPGMA) clustering method with NTSYSpc21 progtam

42



4. RESULTSAND DISCUSSION

4.1. Presumptive tests of the test strains

In the present study, a total of 132 isolates wesotated from root nodules of faba bean
species \icia fabg collected from some part of Wello, Northern, Bffia. All isolates were
identified as gram negative rods and with the etterpof FBW (19, 118,119, 120, 121, 123,
124 and 152) almost all isolatesdid not absorb careg at dark condition when incubated at
28°C.These exceptional isolatesabsorbed the comdoand formed pink colony on the
medium, which contradicts with the results from dabean rhizobia of Tahtay Koraro,
Northwestern Zone Of Tigray Regional State, Etlaopy (Solomon Legesse and Fassil
Assefa, 2014) where none of their isolates weraddo absorb congo red. On the other hand
our result was in harmony to the finding of AberarMlkuet al, (2009) where 12.25% of the
isolates produced dark red colony on Congo red YEk&dium. Zerihun Belay (2006) and
Getaneh Tesfaye (2008) also observed one and tha faan rhizobia isolates taking up
Congo red under dark condition, respectively. Alloar test strains showed growth in three
days and turned the yeast mannitol agar media iodmgaBromthymol blue to yellow color
showing that they were fast growers and acid predu¢Somasegaran and Hoben, 1994).
Similarly, a study made by Ayneabeba Adaetual. (2001) on faba bean rhizobia isolated
fromNorthern Shoa confirmed that all faba bean ihatthg rhizobia were acid producing.

Growth in peptone glucose agar as reported by Viin€E970) indicates that most of the
Rhizobium isolates grow either poorly or moderataglythis medium. Isolates FBW (10,
12,20, 84, 110, 133 and 164)showed poor growthhenntedium. Indeed, isolatesFBW (15,
61, 123, 128, and 146) showedmoderate growth om#tdum. However, the rest isolates did
not grow at all in this medium. The growth of sois@ates on PGA media in our experiments
contradicts with the finding of Abere Manallt al, 2009 and Subba Rao, 1983 where none
of the isolates was found to grow on PGA mediumisTiesult also contradicts with the
description given by(Somasegaran and Hoben, 19%t) dtates PGA does not allow the
growth of rhizobia but other contaminants. On ttieeo hand this finding was in line with the
finding of (Anteneh Argaw, 2012) where out of 60l&es eleven isolates were grown well on
PGA media.
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The results obtained from Gram staining reactiaglipinarily confirm the standard culture
and morphological characteristics of rhizobium spe@s described by (Somasegaran and
Hoben, 1994). Although Congo red absorption in deaskdition is generally considered a
contradiction of rhizobium as described by (Somasmg and Hoben, 1994), but augmenting
idea were reported earlier by (Knee and Larue, 1888, 1966). They reported that Congo
red absorption not only depends on incubation ¢mmbut also composition of the media.On
nitrogen free or synthetic nitrate-containing medisupplemented with 0.0025% Congo red,
rhizobia reportedly produce white colonies which t& differentiated from colored colonies
of other soil bacteria (Knee and Larue, 1983; Hd9%6). On the other hand on nitrogen-rich
yeast extract-mannitol agar containing Congo re®-§®/A), rhizobia cannot be easily
distinguished from other organisms. Indeed, thakgbf Congo red dye varies among strains
of R.LeguminosarumFrom their conclusion Congo red absorption doest distinguish
rhizobia from other bacteria, but may be usefuktain marker. Generally, results for the
current study indicate that all isolates were tasiwing as reported by Jordan (1984).

4.2. Authentication and pre-screening the symbiotieffectiveness of isolates

In subsequent experiments, all isolates (132) vemsessed for their ineffectiveness and
symbiotic effectiveness, of which, only 70 isolatesl one commercial strain (D/Sina) were
authenticated as nodule forming bacteria of falemnl@nd the remaining isolates (62) and two
commercial strains (EAL-110 and B/Jira) failed todolate the host. Regarding on nodule
internal color out of the 70 isolates that inducediule formation, 56(80%) were found to

form effective nodules (pink in color internallyhereas thel4 (20%) isolates were found to
form ineffective nodules (green and white in calwernally) (Annex-1). Somasegaran and

Hoben (1994) suggested that nodules with a pin&raodicate an effective nodule, whereas
white and greenish infer ineffective symbiosis. hdaulated plants (N- controls) and rest of
the isolates did not show nodule formation andpilaats started to show chlorosis and wilting
after the first three weeks of the experiment. Aftethentication test, 70 isolates that nodulate
host plant were confirmed to be the true symbidntaba bean, and these were taken for

further research undertakings.

The nodulating isolates showed differences in rmdwimber (Annex-1), accordingly highest
nodule number (82) was recorded from the isolatB8V$8 and FBW158 followed by
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isolates, FBW (165163, 160, 162, 123, 95, 140 and 155) with nodulaber of 69, 67, 6¢
65, 63, 50, 50 and 5@odules/plant, respective. On other hand the lowest nodule numt
were recorded for isolate W114 (1 nodule per plantPreliminaryidentification of the
effectiveness of the isolates has been determipethbtdule index analys and plant leaf color
following (Musiyiwa et al., 2005). Accordingly, 40 isolatewere found to be effective,
isolateswere found to be morately effective and the rest 3 and commercialirstfD/Sina)
were faind to be ineffective (Anne1). The typical nitrogen deficiency symptom in plan
yellowing (chlorosis) of the lower leaves (Woom20,10). Under extreme defincy, leaves
are pale or yellowish, fall prematurely, affectddngs are stunted and yields are extren
low (Woomer, 2010). Thyellow plant leaf color characteristic was observed inrtbgative
controls of our experiment, which presupposes thatplint was in a shortage of nitrog

supply while the other essential elements weren with a nitrogen free nutrient (fig).
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Figure 3: leafcolor difference among negative control, positieatcol and inoculated plar

Results shown in @ble 2) suggest that bacterial inoculation sigaifity (p<0.05) influenc
all parameters investigated compared with contmeltfier inoculated nor fertilized with N
Moreover, measured parameters show significantlgity among rlizobium treated plants
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at p<0.05.The ANOVA (LSD test) declared that theame&omparison were shown to be
significantly different, which basically did not cessarily mean that all means were different;

but mean comparison showed several overlappingogrtar all measured parameters.

The mean nodule number plamecord ranged from 3+1.73 for plant inoculated visiblate
FBW120 to 78.667+3 for plant inoculated with tesilate FBW58. The mean nodule number
produced in this study (25 nodules pl9ntvas much less than124, 87, 167.8 and 128 nodules
per plant obtained by Zerihun Belay (2006); Getahesfaye (2008); Anteneh Argaw (2012)
and Abere Mnalkiet al, 2009) respectively. The mean nodule number dcbem D/sina
commercial inoculant was 4. This study indicateat tower nodule number could either be
due to the variations in host-rhizobium genotypes oould be a matter of survival where the
plant strategically form few nodules with effectisgains in order not to waste much energy
while forming nodules, which actually need much antoof ATP (Somasegaran and Hoben,
1994). In fact the highest nodule obtained fronms thtudy (82 nodules plaht almost
comparable with the highest nodule number (96 rexlylant) recorded by Alemayehu
Workalemahu (2009) on faba bean rhizobia from Gitaithern Tigray, Ethiopia.

Despite the small number of nodules pfantecorded from plants inoculated with isolates
FBW (46, 66, 72, 94, 95, 103, 140, 141, 142, 14d B4b), these isolates have showed high
symbiotic effectiveness (as measured and expresse&o) as shown in (Annex-1).
Somasegaran and Hoben (1994) suggested that nodlkeer is a less reliable indicator of
strain effectiveness. This implies that the presesfdew effective nodules on plant roots may
be enough to fix N for maximum benefit to the holsint.

The mean root fresh weight when measured as glaet, pvere found to range between 1.06
(for FBW42) and 5.07(for FBW72). The mean root lirageight of plant inoculated with
strain FBW72 exceed the mean root fresh weight m@haculated negative control with
averages up to 3-fold. Maximum and minimum mean dog weight were (0.66 g/plant and
0.1 g/plant)scored by FBW145 and FBWA42, respectiy&hble-2), which was greater than
that previously reported by (Cordovitaal, 1996).0n the other hand the current results were
in agreement with those obtained by (Bedalal, 2013; Hamouda and Farfour, 2013) who
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observed that inoculation &. leguminosarum bv. Vicide faba bean significantly increased

the root fresh and dry weight over the uninoculateatrol (N-).

Similarly, all tested isolates of faba bean rhizobkhibited high diversity in their shoot dry
matter accumulation. In this experiment, noticeableot dry matter accumulation differences
were also apparently observed between the cordrmlsnoculated treatments. The maximum
mean shoot dry weight value scored was 1.0gm Ppldot isolate FBW145 while the
minimum mean was 0.16gm pldnfor the isolate FBW42 (Table 2). The mean shogt dr
weight scored by commercial inoculant (D/Sina) wa49. Plant inoculated with strain
FBW145 exceeded in shoot dry matter accumulaticer oxegative control and commercial
inoculant (D/Sina) with up to five and two fold,spectively. Besides this, plant inoculated
with isolates FBW145 and FBW140 accumulated higiherot dry matter even surpassed the
positive control. As compared to negative contlahpinoculated with strains FBW(145 and
140) exceed in shoot dry matter accumulation 0.78%6) and 0.76g (76), respectively.
While, plants inoculated with two strains; FBW (14Bd 140) had a shoot dry weight of
(0.15g) 15% and (0.3g) 3% over the positive contre$pectively. Though plant inoculated
with isolate FBW140 accumulated higher shoot drjtenaghan N+ control, ANOVA result
declared that there was no significance differeheéveen plant inoculated with isolate
FBW140 and N+ control (Table 2). In other respdenpinoculated with isolate FBW145
significantly accumulated higher shoot dry matteart N+ control plant. There was no
significant difference at (p<0.05) in shoot dry gigi between the faba bean plant inoculated
with FBW144 strain and the nitrogen fertilized aohplant.

In general, ANOVA result as shown in Annex-2 deethrthat inoculation sustained
significantly (P<0.05) higher shoot dry weight th#me negative control. In fact, plants
inoculated with isolates FBW138 and FBW136, accataal significantly lower SDW than
negative control (uninoculated negative controhisTmight be due to extraneous source of
errors. More than 54% of the current study isolatese significantly (p<0.05) increased

shoot dry matter of the plants over commercial utaat (D/Sina).

The mean shoot dry weight of plants inoculated vigihlates in this study (0.5 g pldt
(appendix- was less than the average value (1.88g-p) obtained by Zerihun Belay (2006),
(1.21g plant-1), Getaneh Tesfaye (2008) and musé iean the result obtained by Assefa

47



Keneniet al (2010) Somasegaran and Hoben (1994) and Peepéds(2002) explained that
shoot dry matter is a good indicator of relativelase effectiveness. In the current study, all
strains ere better as compared to the negativexdouniated) control in terms of biomass

accumulation in the tissue even more than commnengaulant strain (D/Sina).

Based on the shoot dry matter values of inoculptadts in relation to the nitrogen fertilized
control plants, the symbiotic effectiveness of easblate was determined (Annex-3).
Accordingly, only 12.9% of the isolates were founde highly effective with shoot dry mass
accumulation ranging between 80 and117.6 percest thve nitrogen fertilized control plant.
These isolates were FBW (72, 94, 95, 107, 140, 142, 145 and 160). Two isolates FBW
(140 and 145) showed better performance in SE% eehcg 100% over N treated
plants.Similar reports were obtained with rhizobfafaba bean from Eastern and western
Harerghe highlands, and central Ethiopia (Abere Iknat al, 2009; Anteneh Argaw, 2012).
Similarly, recent study by (Solomon Legesse andgiFa&ssefa, 2014) also reported the same
where one of their isolate showed better perforraaraver N treated plant. While nitrogen
fixation could be the possible, plant growth promgthormones produced by some rhizobial

could also be another reason as reported by (Hpreged Nimnoi, 2009).

Besides, 54.3% of the isolates were found to effeclvith shoot dry matter accumulation
ranging between 50 and 80% as compared to nitrdgeiized control plants.This was
contrary to the report of (Desta Beyene and Angasigi&, 1988) that showed only 23
symbiotically effective isolates (21%) among the3 1€olates. In the other respect 21.4% of
the current strains were found to be poorly effectvith shoot dry mass accumulation of 36-
49% and whereas 11.4% were found to be ineffeatitle shoot dry mass accumulation of

<35% relative to nitrogen fertilized control plant

As to correlation coefficients among investigatedrgmeter, nodulation show positive
correlation with all measured parameters (Annex®pdules number was found to be
correlated with shoot dry weight (r=0.18, p<0.0hdaSE% (r=0.17, p<0.01) and strongly
correlated with root fresh weight (r=0.34, p<0.00ith root dry weight (r=0.31, p<0.0001)

and with shoot fresh weight (r=0.25, p<0.0001).ur study a correlation between nodules

number and shoot dry weight, and nodules number $B% was found to be weak as
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compared to other parameters. Indeed, Mulissa dith Fassil Assefa (2011) have also
reported that there was no positive correlatiorwbeh the increase of shoot dry matter and
the nodules number in their previous work on rhizotf Lentil. On contrast much of the
research output indicated that nodulation statustigely correlated with plant tissue shoot
biomass (Abere Mnalket al, 2009).

Root fresh weight was found to be strongly coreslatwith root dry weight (r=0.56,

p<0.0001); shoot fresh weight (r=0.55, p<0.000hpat dry weight (r=0.49, p<0.0001) and
SE% (r=0.48, p<0.0001). Root dry weigh was alsmébto be strongly correlated with shoot
fresh weight (r=0.53, p<0.0001); shoot dry weighi)(55, p<0.0001) and with SE% (r=0.55,
p<0.0001). Shoot fresh weight was found to be gfisorcorrelated with shoot dry weight
(r=0.69, p<0.0001) and SE% (r=0.67, p<0.0001).Catien study revealed the positive and
highly significant (r=0.99, P< 0.001) associatioptvieen shoot dry weight and SE%.
Somasegaran and Hoben (1994) suggested that shpaveight is a good estimator of

symbiotic effectiveness efficiency.

Table 2:The effect of faba bean nodulating rhizobialifferent symbiotic effectiveness
parametersand relative symbiotic efficiency testedCD298DK” variety of faba bean using
modified Leonard jar experiment.

Means + S|

Isolates NN per plant RFW RDW SFW SDW E 80)

FBWS 4.7+¢251"Y [ 2.27+0.1¢ | 0.21+0.07 | 3.1+0.1%*" 0.42+0.0%V | 49.2
FBAC 254EP7 3.20+0.M™™ | 0.3120.0%"™" | 4.3+0.4 0.40+0.0*Y | 46.¢
FB11 39.3+2.0M | 4.33+0.0¢° | 0.38x0.09" | 4+0.2"° 0.38+0.07Y° | 44.¢
FB1zZ 27.3+3.7¢™ | 2.83+0.2(" [ 0.32+0.0%" | 4.5+0.3™"9 0.39+0.0"" | 46.2
FB1Z 37.67+2.5™ | 4.03+0.8¢" | 0.32+0.0%" | 4.1+0.2/P 0.5+0.0™" | 59

FB1¢ 49+6.25° 4.16:0.1° [ 0.40£0.08 | 4.3+0.0¢* 0.460.05"" | 54.7
FB2C 27.3+3.0€" | 2.34+0.4°% | 0.30£0.047°" | 3.4+0.02" 0.31+0.0%°¢ | 36.1
FBW2: 15+2 68 2.6520.12*" | 0.28+0.0%"" | 3x0.27°° 0.39+0.0°" | 46.E
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FBW3E 16.746.47° [ 1.51+0.37™ [ 0.26+0.0°" [ 2.3+0.5 0.40+0.0"" [ 47.F
FBW3¢ 53.7+3.2°° 2.65+0.33" | 0.29+0.0%" | 3.1+0.17®" 0.47+0.0¢€" | 55.1
FBW3¢ 27.7+3.7¢™ | 1.49+0.2¢" [ 0.17+0.07* | 1.6+0.1™" 0.3+0.09 | 35.€
FBWAC 40.3+6.5"%" | 2.65+0.2"*" | 0.18+0.0% | 2.8+0.35® 0.44+0.0"" | 52

FBW4zZ 4.7+1.52" [ 1.06+0.1° 0.10+0.0F 1.7+0.0" 0.1620.0? 18.4
FBWAZ 13.7+3.5% | 3.47+0.0™" | 0.34£0.0"™* [ 3.440.27™ 0.59+0.0%" | 68.2
FBWA4E 21.7+4.7P" | 2.77+0.1™*" | 0.2320.07 | 3+0.05YP 0.56x0.0%" | 66.2
FBWA4€ 11.7+2.8¢° 2.41+0.7* | 0.13+0.0°™ | 3.6x0.0:*" 0.65+0.04" | 76.
FBWS51 10+2* 1.87+0.0¢ 0.3840.03™ | 3.6+0.27 0.480.05% | 56.1
FBWS52 48.7+4.7°" 13.38+0.1"" | 0.38+0.09™" | 5.1+0.1%° 0.6620.0! 72.€
FBWS5E 257" 2.29+0.0¢* | 0.27+0.0°"" | 3.1+0.1C°%" 0.57+0.05" | 66.¢
FBW5¢ 78.7+% 2.32+0.7%° 0.18+0.07% | 4.2+0.1¢"¥ 0.460.05"" | 54.7
FBW6( 31.3+4.1( 4.29+0.2°° | 0.320.07%" | 2.9+0.0°*° 0.45+0.0°"" | 53.¢
FBW61 35.7+1.5% 3.40+0.1¢" | 0.17+0.07* | 3.2+0.25" 0.29+0.0:° | 34.7
FBW6E 4.3+2.06"Y | 3.42+0.0-™ [ 0.32+0.05% | 3.8+0.3"% 0.50+0.0™% | 59.2
FBW6E 4.3+4.16"Y | 2.9620.0"" [ 0.13+0.0:° | 4+0.0¢"P 0.67+0.0°" | 79.E
FBW7z 42,097 5.01+0.17 | 0.29+0.09™°" [ 3.4+0.1¢" 0.82+0.0° | 96.¢
FBW72 11+3 2.3320.1°°° | 0.15+0.0%% | 4.1+0.17"° 0.25+0.0M | 29.¢
FBW77 441 2.490.07°° | 0.25+0.07" | 4.30.2¢* 0.65+0.09" | 76.2
FBW7¢ 7.3£3.5"" | 1.8440.04" [ 0.17+0.07* | 0.2+0.0: 0.32+0.0" | 37.7¢
FBW8< 10.3 2.5 | 1.87+0.0¢ 0.18+0.07* | 2.2+0.07% 0.260.0{%° | 30.€
FBWSE 9+2.65 2.77+0.0M" | 0.1840.07° | 3.4+0.0¢" 0.47+0.05*" | 55.1
FBW9C 51.0+2.6" 4.740.2° 0.39+0.08" | 4.5+0.2:9 0.64+0.0¢ 75.€
FBW9< 39.7 #8.3™ [ 3.79+0.069 [ 0.31+0.0%°" | 4.2+0.0:°F 0.68+0.0°" | 80.z
FBWOE 51.67 +1.5°° | 3.00+0.2"" | 0.41+0.0 5.3+0.3°F 0.74+0.0~ 87.
FBW101 8 £ 2.64+0.1€“" [ 0.2020.0% | 3.3+0.15™ 0.41+0.0™™ | 48.%
FBW10: 8+1.74%X 3.47+0.0™ | 0.38+0.02™ [ 3.9+0.1F°F 0.59+0.05" | 69.7
FBW10¢€ 8.3 #2.5/ | 2.83+0.0™" [ 0.24+0.0/"" | 3.620.4° 0.45+0.0°" | 53.2
FBW107 7+3.61™ 3.00£0.1™ | 0.3+0.09" [ 4.7+0.1¢" 0.72+0.0%° | 85.
FBW11£ 5.7+306"* 1.72+0.09" | 0.23+0.0™" | 2.5+0.2% 0.35+0.07% | 41.
FBW11¢€ 64 4.21+0.1€ | 0.47+0.05° | 4.4+0.2°F 0.50+0.0™ | 59.2
FBW12( 3+1.77% 2.59+0.1¢“" | 0.28+0.0%" | 3.4+0.12"" 0.47+0.05" | B5.F
FBW12: 53.3+2.5%° | 3.36+0.™™ | 0.30£0.0%"" | 3.4+0.0:™ 0.53+0.0:™" | 62.1
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FBB12¢ 39.7+6.5M | 3.3+0.0™™ [ 0.2+0.0&"" | 2.7+0.6¢™ 0.55+0.0™" | 63.€
FBB12¢ 37.3+1.1™ | 2.74#0.04%" [ 0.4£0.04™ | 3.9+0.0¢"% 0.55+0.0:™ | 64.€
FBW13: 9.3+5.1&* 2.7+0.0€¥*Y | 0.2+0.07" 2.6+0.0°° 0.56+0.0% 65.7
FBW13E 23+2.647 3.3+0.0(™™ | 0.2+0.0 3+0.17°° 0.3620.07%% | 42.(
FBW13¢ 6.7 +4.1¢™ 1.3+0.0¢' 0.1+0.0°¢ 1.5+0.7 0.19+0.0” 21.¢
FBW13¢ 13.346.4%° [ 1.720.48™ | 0.1+0.05* [ 1.7+0.07 0.22+0.0M" | 26.
FBW14( 49.33+3.0° | 2.5+0.0€°° [ 0.240.07" |5.4+0.17 0.88+0.02 103.
FBW141 29.7+4.5%" | 4.2+0.0¢ 0.3+0.04™" | 3.8+0.0% 0.65+0.09 | 76.2
FBW14. 10.746.1%* [ 2.2+0.0€ 0.4+0.02™ | 3.9+0.1"% 0.750.0~ 88.
FBW14: 11.7+3.0¢% 3.3+0.0:™ 0.2+0.07¥ 3.6+0.0¢ 0.360.0%°2 | 42

FBW14£ 5.3+3.5:"* | 3.5+0.0™ 0.5+0.0F 4.9+0.0(°° 0.83+0.0<F | 98.
FBW145| 23.7+13.2" | 3.120.03'™ [ 0.7£0.08 | 4.840.2%¢ 1.0+0.02 117.6
FBW146| 8.3+3.51 |4.1+0.04" [0.320.0f°" | 4.20+0.08"* | 0.5x0.0™ | 63.7
FBW147| 13.3%7.02° |3.17+0.11™ | 0.3+.0"* | 3.39+0.03" |0.5x0.04™ | 63.8
FBW148| 4+4.36"Y 2.7+0.03"7" [ 0.3+0.02%" | 2.25+0.04' 9.3610.02“' 42.1
FBW151| 19+6.56™ 2.420.03°" | 0.2+0.01"" | 2.79+0.17% | 0.4£0.02%° | 44.90
FBW152| 35.3+4.16" 2.7+0.03""" [ 0.35+0.01% | 4.02+0.177 [0.5£0.04"" |54.8
FBW153| 48.7+12.08%" | 3.620.02% | 0.55+0.01" | 3.49+0.01""" | 0.52+0.07" | 61.4
FBW154| 32 +2.65" 3.14+0.04™ | 0.4£0.0F" | 3.34+0.14"™ |0.6440.02" | 75.1
FBW155| 50.67 +3.08 | 3.17+0.02™ | 0.35+0.01" | 5.11+0.5" 0.47+0.08" | 56
FBW157| 21.3+1.58" | 2.86+0.02" | 0.2+0.04"" | 3.46+0.0%' 0.59+0.02" | 71.8
FBW158| 76.67+6.11 2.92+0.02" | 0.3+0.02™" | 3.81+0.37°F | 0.56+0.0%" | 65.7
FBW159| 11 7 1.07£0.03 |0.2+0.03* |2.15x0.09' | 0.3+0.0f"™° | 35.8
FBW160| 63.7+3.22 4.3x0.2" 0.5+0.03° |5.04+0.14* [0.69+0.04 |81.1
FBW161| 25.7+12.88" | 3.61+0.03° | 0.6+0.02 | 3.25+0.227" | 0.55+0.02"' | 64.9
FBW162| 60.0+5° 2.95+0.07" | 0.3+0.02"" | 2.89+0.27%" | 0.50+0.03" | 58.9
FBW163| 64.0+3 3.05+0.14™ | 0.3+0.03% | 2.75+0.17" |0.33x0.04° | 38.9
FBW164| 14.7+9.24° |4.18+0.f |0.3+0.0f°" | 4.37+0.19% | 0.57+0.0¥" | 67.2
FBW165| 49.7+17.2f° | 3.08+0.08™ | 0.50+0.03° | 3.86+0.15% | 0.59+0.02" | 69.9
D/Sina 44529 11.5320.28" | 0.3£0.03" [ 3.55+0.39" |0.49+0.08°" | 57.7
N+ - 3.87+0.57" | 0.3520.1™* | 6.45+0.19 0.85+0.0%" | 100.0
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N- - 1.85+0.57 |0.2+0.04* | 2.11+0.09 0.21+0.019 | 24.4
LSD 7.02 0.81 0.04 0.27 0.04 7.9
(p<0.05)

CV (%) 20.73 6.68 9.6 5.8 7.9 9.9
MSE 27.32 0.04 0.001 0.04 0.001 34.56

-, not found,Values are Mean + SE of the repligatideans in the same column followed by
the same letters are not significantly differentpat0.05 (LSD test), N+: with optimum

nitrogen fertilizer, N-: neither inoculated norroigen supplied

4.3. Determination of N-content of the plant

Data presented in Table 3 shows significant diffees in total Nitrogen(expressed in mg /
plant) at 45 days after planting. The results reage@oculation of faba bean with FBW145,
FBW140 and FBW144 isolates increased significatithy total Nitrogenmg/plant compared
with the uninoculated N+ control. Beside this, péarnoculated with isolate FBW145
significantly differed in total nitrogen accumulati from all plants treated with other
strains.On the other hand there was no significaliiference in total nitrogen accumulation
between plants irrigated with KN@nd inoculated with isolate FBW107. As shown irldgebh
below ANOVA result declared that there were an olagping results (no significance
difference) in total nitrogen accumulation amongatment groups. Indeed, all selected 21
isolates significantly increased the total Nitrogeg/plant when compared with uninoculated
N- control. These finding was in agreement withvpyas work of Belalet al, 2013 who
concluded that inoculation of faba bean wkh leguminosarum bv. Viciasignificantly

increased plant total nitrogen content over uniteted controls.

The results of correlation coefficient between ltoitrogen percentage, shoot dry weight and
total nitrogen content studied were shown in anBiekhe data show that the shoot dry weight
(r=0.8), %N (r=0.89) were positively and signifitign associated with total nitrogen
content.As shown in Table 3 the highest correlatioefficients found was plant total nitrogen
percentage with total nitrogen content mg/planisTin line with the result of other studies
(Abere Mnaluk., 2013; Anteneh Argaw, 2012). Somasag and Hoben (1994) stated that
SDW is best estimator of total nitrogen fixed iamls over other parameters used to estimate

symbiotic effectiveness.
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Table 3: The effect of inoculation of faba beanhw#l selected and D/Sina commercial
strains, on %N, plant total nitrogen mg/plant ahdat dry weight in faba bean after five
weeks under lath house condition.

Means SE%
Isolates -
Shoot dry weight PTN (%) PTC(mg/pl)

FBW145 £ 237 23.7 117.6
FBW140 0.88 2.2¢ 20.12 103.5
FBW144 0.8% 2.032c 17°° 98.8
FBW107 0.7¢ 2.0p2¢ 14 5' 84.7
N+ 0.85° 1.739f 14 5' 100
FBW95 0.74 1.922f 143 87.1
FBW141 0.64 2167 13.g' 76.5
FBW157 0.8 2.07%¢ 12.4" 70.6
FBW72 0.8 1.47" 1210 96.5
FBW94 0.69' 1.768 12.1" 81.2
FBW52 0.66' 1.69" 11.2"9¢ 77.6
FBW165 0.54 1.748° 10.3"9¢ 69.4
FBW90 0.64" 1.56" 10.1¢ 75.3
FBW160 0.69 1.46" 10.1¢ 81.2
FBW154 0.48" 1.48" 9.4 56.5
FBW46 0.6 1.479" 9.1 76.5
FBW164 0.54 1.64" ghdf 64.7
FBW146 0.54" 1.56" 8.4 63.5
FBW65 0.8 1.658" 8.3 58.8
FBW77 0.6 1.24" g 76.5
FBWA43 0.5¢ 1.34" 7.9 69.4
FBW162 0.5 1.54f 7.7 58.8
D/Sina 0.8 1.54f 7.7 58.8
N- 0.27 1.2 2.5 24.7
LSD 0.04 0.42 0.08
MSE 0.001 0.09 0.07
CV (%) 4.2 17.36 22.3

Data are means of three replicates, Means withiolamn of the same factor followed by the same
letter(s) are not significant at p<0.05. PTN (%plant total nitrogen in %; PTC (mg/pl) = plant tota
nitrogen content in mg/plant, SE% Symbiotic effizig, SDW=Shoot dry weight
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4.4. Morphological characterization of the isolates

All colonies of the 70 isolates and three referestrains were similar in appearance with
large mucoid texture, milky colored and raised onwex shape on YEMA medium. The
isolates also exhibited regular and circular mangith diameters ranging between 2.5 and
5.2mm. The largest diameter (> 4mm) was shown bWEB (5.2mm) and FBW20 (4.2mm)
and the smallest (2.5 mm) by FBW12 (2.5mm) and FBW3.5mm).With exception of

FBW13, which was opaque, all isolates were traresggtata not shown).

These results were in line with the findings of &wth Tesfaye (2008), who reported that 70%
of faba bean rhizobial isolates showed large mucoidnies with diameter lying between 2
and 5.5 mm. Similar study by Abere Mnalekal, (2009) on faba bean rhizobia collected
from Easternand Western Hararghe highlands of gihishowed that faba bean rhizobia as
having a diameter ranging between 2 and 5mm withamauin texture, milky in color, and
raised or convex in shape. Moreover, Zerihun BE&Y6) also reported that colony diameter
of faba bean rhizobia were in the range of 2-5 mith wilky color, large mucoid and raised
colony characteristics. Cultural and infective md@s have been used to identify species of
Rhizobium (Fredet al, 1932). Thus, the presence of large colonies-tndays on YEMA
media also substantiates the typical charactesisiicfast growing rhizobia of faba bean
(Jordan, 1984).

4.5. Physiological and Biochemical characters

4.5.1. Stress tolerance test
Salt stress tolerance of the isolates

Bacterial isolates varied in their response to si@ss, which range from 0.5-5% NacCl. The
most sensitive strains which did not grow on adtée NaCl concentrations were FBW73 and
FBW144.This finding is contrary to previous repdhat, fast growing Rhizobium in general,
grew well at NaCl concentration between 3 and 5%d@-wahab and Zahran, 1979).
Although few stains failed to show growth as NaGheentration increases but majority of
our isolates (63%) were tolerant to NaCl up to Z¥nex-7).The result was in harmony with
previous work of (Zerihun Belay and Fassile Ass@f@]1; Mulissa Jida and Fassil Assefa,
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2012;Girmaye Kenaset al, 2014).The native rhizobial strains isolated fidorthern parts of
Ethiopia tolerated a higher salt concentration (§%CI) than exotic rhizobial strains (Tall
1402 and Tall 1397) as described by Assefa Keatai. (2010) which also was in concord
with ours finding. It is known that salt stress rsfgantly reduces nitrogen fixation and
nodulation in legumes. In present study most of idwates were persisted under salt
concentrations of 5.0%. Hence, these isolates neathé candidates for applications in the

saline influenced soil.

Tolerance to extreme pH

The pH is an important parameter for the growthhef organism. Slight variations in pH of
medium might have enormous effects on the growthomgfanism.Rhizobiumhas been
reported to grow best at neutral pH, i.e., 7 (Sieglal, 2008). The majority of our isolates
were able to grow in a pH range of 4.5 to 10.0(€abhand annex-8), which coincided with the
findings of Drouinet al (1996) whose isolates grew in pH range of 5@ @®.Among our
isolates; FBW (40, 84, 88, 116, 128, 140, 158 &) ivere found to be sensitive to the pH
values of 9.0 and above, of which eleven percemeéwensitive to the upper pH test value of
10.0, whereas, 56% of the isolates were sensitvéhé lower pH test value of 4.0. The
commercial stains (EAL-110, D/S and B/J) used is #tudy and 57% of our isolates were
tolerant to pH at 3.5. 60% of the isolates in awestigation were shown to growth on a wide
range of pH (3.5-10). In contrast to our findingeridun Belay and Fassil Assefa (2011)
observed very poor growth of their isolates at aghl.0 and 4.5. Unlike our findings, Assefa
Keneniet al. (2010) reported that none of the faba bean isofates Northern Wello region
grew at pH values lower than 4.0 and 4.5. Our figdiwere coincided with Girmaye Kenasa
et al (2014) who reported that rhizobial isolates weterant to pH ranges 4.5-9. The ability
of our isolates to grow at a wide pH range woulkenthem practically significant to use
them as inoculant under a wide range of soil pHd@@ns.The best thing of this finding is
that the isolates that had survived at low pH cdétp us to develop inoculants that can be
used in the fields with acidic soil. Thereforeisinecessary to verify those isolates under field

experiments and develop them into inoculants, @a#rly for acidic soil.
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Temperaturestress tolerance of the isolates

Although the optimum temperature for rhizobia oitune is between 27-39°C (Munevar and
Wollum, 1981), some of our isolates such as FBW 2B) 36, 42, 51, 52, 88, 133,138, 143,
147, 154, 155 and 163) were tolerant to low tentpegato the level of 5°C (annex- 9).This
was in harmony with Drouiet al (1996) who reported that isolates frarathyruspecies

,were capable to grow at lower temperatures. Lanptrature tolerance of some isolates in
laboratory could grant for inoculant production tbe highland pulse crop particularly faba
bean. On the other hand, FBW (40, 42, 45, 106, 133, 138, 151, 153 and 158) were
tolerant up to 45°C (annex-9).Four isolates: FBW, (806, 133 and 138) showed growth in
wide range of temperature (5-45°C). It could bechated that the isolates that had survived
the extreme temperature could help us to develoguiants that can be used in the fields with

harsh temperature conditions.

Table 4:Tolerance of the isolates and commerc@dutant to extreme pH, Temperature and
NaCl on YEMA medium

Physiological test valuesNof isolates Percentage
3.5 43 58.9
4.0 48 65.7
4.5 52 71.2
pH 5.0 56 76.7
5.5 68 93.1
8.0 73 100
8.5 73 100
9.0 70 95.9
9.5 68 93.1
10 67 91.8

56



0.5 69 98.6
1 69 98.6
1.5 68 97.1
2 66 94.3
2.5 66 94.3
NaCl (%) 3 63 90
3.5 63 90
4 62 88.6
4.5 59 83.1
5 50 71.4
5 13 18.6
10 22 31.4
15 35 50
Temp (C)  20-35 70 100
37 55 78.6
40 13 18.6
45 7 10

57



4.5.2. Substrate utilization test and IAR patterns
Carbon source utilization

The majority our isolates were capable of utilizingst of the carbohydrates provided as their
sole carbon sources (Table 5; annex-10).Although rttajority of isolates were found to
utilize 72.6 to 100% of the tested monosaccharidesiccharides and polysaccharide, while
many failed to metabolize dextrin, fructose andagse. This in agreement with the finding
of Drouin et al (1996) who reported that all of their isolatesrevable to use 14 carbon
sources while none were utilized dextrin and fraetdn contrast to this, Assefa Kenehil
(2010) isolated faba bean nodulating rhizobia thete capable of utilizing fructose as their
sole carbon source, which is quite similar to alvaf bean rhizobial isolates. The failure of
our test strain to utilize galactose is in agreemvath the finding of Girmaye Kenasa al,
(2014) who reported that one of their faba beamaisowas not capable of utilizing this
particular C source. Only one carbon source (tos®gl was found to be utilized by all our
isolates and sucrose, raffinose, mannose and glugese utilized by more than 90% of our
isolates. This finding corroborated with, otherdstySadowskyet al, 1983; Mulissa Jida and
Fassil Assefa, 2011) who observed that disaccresdeh as, maltose, trehalose and sucrose,
and trisaccharide such as raffinose were catalublizefast-growing strains of rhizobia. On
the other hand 20(28.6%) of the test isolates iated to utilize at least 3 ormore carbon
sources. Among the 70 the test isolates; FBW (46 428) were found to be least
metabolically active, thus metabolize less than 40%sted carbon sources. These particular
isolates may be unable to secrete correspondifplegdrate degrading enzymes (Robledo
al., 2011).

Utilization of amino acids as sole source of nitragn;

Among the N sources tested, the lowest utilizatmncentage (47.9%) was found from
Aspartic acid (annex-11).It reasonably seems thatacidic nature of this nitrogen source
limited the growth of the isolates on the mediurheTisolate FBW73 was found to utilize
only six out of ten nitrogen sources, whereas 37df%ur isolates and commercial strains
(D/S, B/J and EAL-110) were able to metabolizeoélthe given nitrogen sources.In general

more than 77% of tested nitrogen sources wereedilby most of our isolates. This result is
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found to be similar with the previous work on fdiman by (Girmaye Kenasd al, 2014) in
which 67-100% of tested nitrogen sources werezetiliby their isolates. The capabilities of
the isolates to utilize different carbon and nigngsources would definitely enable them to
survive under a limited nutrient availability insail condition. This supported the fact that
rhizobia can survive in a nutrient deficient andrgnaalized lands and form symbiosis with
legume plants under such conditions. Therefores Vtery practical to screen these types of
isolates and test their effectiveness under fieldddions and develop them in to inoculants
for the marginalized lands.

Intrinsic antibiotic resistance patterns

Rhizobial isolates of the faba bean plant were shdifferent pattern of resistances to various
intrinsic antibiotics (Table 4; Annex12). According all our isolates were sensitive to
kanamycin at all levels of concentration testedepkesolate 146 which resisted kanamycin at
5ug/ml. Similar results were reported by (Zerihueledy and Fassil Assefa, 2011; Girmaye
Kenasa, 2014) foYicia fabarhizobia in which more than 70% of their isolatesre found to

be sensitive to kanamycin. ninetythree percent hef tested isolates were resistant to
Erythromycinat a concentration of 5Spgm/ml. Thisnisaccordance with the previous work on
faba bean by (Zerihun Belay and Fassil Assefa, p@hb reported that ninety five percent of
their isolates were resistant to erythromycin atg/ml). On contrast to our finding, isolates
from Wollega by Girmaye Kenasa (2009) were moresisigr to erythromycin(5pg/ml).
58.9% of the isolates were resistant to neomyciugtml and but none of the isolates were
able to grow at L@g/mINeomycin. The commercial inoculant strains ugigld in our
investigation were tolerant to erythromycin at tlgeels of concentrations (5 and 10ug/ml)
tested and while resistant to neomycin aagthl. on the other hand this reference strains
were sensitive to kanamycin, chloramphenicol anebsdmycin at two level of concentration.
FBW51 was the most resistant isolate to antibicdEgompared to the others. In contrast this

20% of the isolates were sensitive to 80% antitsoti

Table 5:Carbon andnitrogen source utilizationoffélkan nodulating rhizobial isolates.

Isolates C-sources % N-sources %
utilized utilized
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FBW9 90 88.9
FBW10 100 100
FBW11 100 100
FBW12 100 100
FBW13 100 100
FBW19 100 100
FBW20 100 100
FBW23 100 88.9
FBW36 70 100
FBW38 100 100
FBW39 100 88.9
FBWA40 100 100
FBWA42 60 88.9
FBWA43 100 100
FBWA45 80 88.9
FBWA46 30 77.8
FBW51 100 100
FBW52 90 77.8
FBW56 100 100
FBWS8 80 88.9
FBW60 100 100
FBW61 90 88.9
FBW65 80 88.9
FBW66 70 77.8
FBW72 80 88.9
FBW73 80 66.7
FBW77 60 100
FBW79 90 88.9
FBW84 90 88.9
FBW88 90 77.8
FBW90 100 88.9
FBW94 90 100
FBW95 90 88.9

FBW101 100 88.9
FBW103 100 88.9
FBW106 70 88.9
FBW107 80 100
FBW114 80 100
FBW116 70 88.9
FBW120 100 100
FBW123 80 88.9
FBW126 90 100
FBW128 40 88.9
FBW133 80 88.9
FBW135 70 88.9
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FBW136 60 77.8
FBW138 40 100
FBW140 90 88.9
FBW141 60 88.9
FBW142 100 100
FBW143 70 77.8
FBW144 60 88.9
FBW145 100 88.9
FBW146 70 77.8
FBW147 70 100
FBW148 100 88.9
FBW151 90 88.9
FBW152 70 100
FBW153 70 77.8
FBW154 80 77.8
FBW155 80 77.8
FBW157 40 77.8
FBW158 60 88.9
FBW159 80 88.9
FBW160 90 100
FBW161 100 100
FBW162 100 88.9
FBW163 90 100
FBW164 100 88.9
FBW165 90 88.9
D/Sina 80 100
EAL-110 90 100
B/Jira 90 100
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Table 6: Antibiotic resistance patterns of fabarbeadulatingrhizobia and commercial strains

Antibiotics Conc. No resistant isolates %
(ng/mi)

Chloramphenicol 5 20 28.6
10 15 21.4

Erythromycin 5 55 78.6
10 49 70

Streptomycin 5 12 17.1
10 4 5.7

Neomycin 5 35 50
10 19 27.1

Kanamycin 5 0 0
10 0 0

4.6. Numerical taxonomy

Cluster analysis of an adequate number of traits @mparison with rhizobial reference
species permit the identification and groupingasge populations (L'taiedt al, 2007). Thus,
the numerical multivariate cluster analysis of &bt$ tested on 70 rhizobial type isolates and
3 commercialinoculant species produced three diffieclusters including the reference strains
at 63% of similarity cut point (Fig. 4). The clustecontained different number of isolates. The
majority of the isolates 65 (89%) were grouped luster | with the reference strains B/Jira,
D/sina and EAL-110R. leguminosaruinwhich was thought to nodulate faba bean. Cluster
contained only one strain (FBW143), which did nodw any affinity to other strains. Cluster
Il contains 7 strains FBW (73, 51, 152, 107, 884 &nd 144). The current faba bean isolates
included within theses 3 clusters were originatednf different faba bean producing sites of
Wello.

Cluster | had almost common physiological charasties; these isolates were, highly salt-
tolerant and moderately acidic pH tolerant. Alltbé isolates under this cluster were able to
grow up to the salt concentration of 0.5 to 4%.,Bstthe concentration of the salt increased,
the number of surviving isolateswas slightly desesh Thus, 7.7% of the isolates were

notsurvived at the salt concentration of 4.5% a®®% of the isolates under this cluster were
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unable to survive at the salt concentration of 58@ain isolates in this cluster were
characterized by their ability to survive at thevés pH (3.5). In fact, 20(30.7%) of the
isolates clustered under this group were sendibivew pH and 7 (10.8%) isolates sensitive to
high pH. Ten isolates of this cluster were ablsuovive at the lower temperature test value
(5°C) and eight isolates were capable to survive itjeen temperature (4G and 45C).
Regarding the substrate utilization patterns ofitméates in cluster I, 64.4% of the isolates
were capable of metabolizing fructose, sorbitol @athctose as their sole carbon sources.
More than 75% of the isolates were able to metabddill the rest carbon sources except
dextrose and (35.4%) and starch (67.7%). In thister, most the isolates were not capable of
metabolizing aspartic acid as their sole nitrogeurses. With this respect, this cluster shared
similarity with cluster 11l but differed from clust II. 100% of the isolates utilized asparagine,
glycine, histidine and L-isoleucine while 98.5%,. %% and 89% of the isolates utilized L-
alanine, Valine and Arginine, respectively. Withsthespect, cluster | shared similarity with
cluster Il and clusterlll.In addition, isolates gped in cluster | were highly sensitive to
Kanamycin 5 and 1@/ml, and Neomycin 1@y/ml, but moderately resistant to Neomycin
5ug/ml. In contrast, about 80% of the isolates wesgstant to erythromycinug/ml.

The second cluster (cluster 1l) had no sub-clusters the dendrogram presented in (Fig.3).
Isolates clustered under group Il (FBW143) had phggical characteristics such as sensitive
to low pH, high salt concentration, low and higmperature. As to the C and N utilization of
patterns, isolate FBW143 (cluster 1) were ablede less efficiently the tested carbon sources
and moderately metabolized the tested nitrogencssurt was observed that most of the
isolates in all clusters were failed to metabobapartic acid. Cluster Il isolate was found to

be resistant to all tested antibiotics at both eotrations except to Kanamycin.

The third cluster (clusterlll) had two sub-clusters the dendrogram presented in (Fig.
3).Isolates clustered under group lll had unigugsmiogical characters. 57% of the isolates
under this cluster were unable to grow at the pH.Afl of the isolates in cluster Il were able

to grow at pH of neutral to upper (basic) pH. Aletisolates in this cluster were resistant to
2.5% of the salt concentration. Two isolates, FBVEA8 FBW144 were not tolerant to all salt

concentration tested in this investigation. Oftladl test isolates in cluster Ill, only two isolates
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FBW51 and FBW88 were able to grow at lower tempeea{5°C) and as opposed to these
isolates only isolate FBW152 was able to grow abop#mum temperature, at 40°C. As to
the C and N utilization patterns, only 28.6% of ib&ates utilized fructose as sole source of
carbon. On the other hand isolates FBW144 and FBMWi&Ere found to be less efficient in
carbon source utilization as compared to the resiteoisolates in this cluster. More than 70%

of carbon sources were utilized by all isolateugesl under this cluster.

Intrinsic antibiotic resistance to erythromycinugdml and 1@g/ml), was noted for all of the
isolates in cluster Ill except for isolate FBW731% of the isolates in this cluster were
resistant to chloramphenicol |&ml). It was noted that in all clusters all isestwere

sensitive to kanamycin at two level of concentratio
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Figure 4: Dendrogram highlighting the phenotypimifarities among faba bean nodulating
65

rhizobia from different areas of Wello, NorthermBpia



5. CONCLUSION AND RECOMMENDATIONS

From the study, it could be observed that abserm®€ red absorption on YEMA at dark
condition incubation is not distinctive attributé dizobia. Presence in growth on PGA
medium also is not absolute feature for other cserather than rhizobia also can grow on
PGA medium. Authentication test result proved thialty 70 isolates in this study were true
faba beamrhizobium specieBercentage of nitrogen fixation is higher for gghous rhizobial
isolates with these isolates found to be supeoidhé commercial inoculant (D/Sina) ones in,
nodule number, root fresh weight, root dry weigttpot fresh weight and shoot dry matter
yield, of faba bean in sterile sand culture. 53%hef isolates were found to be effective even
better than commercial inoculant (D/Sina) indicgtithe sampling sites of Wello harbor
effective rhizobia. This strain possesses diffe@racteristics such as tolerance for abiotic
stress (salinity, growth at wide range from pH,heigand lower temperature), which can

make it candidate for multipurpose inoculants paiidun for faba bean production system.

This study was only focused on the efficiency a# thdigenous rhizobial isolates under a
controlled condition. But a success in lath houspeament may not necessarily assure a
success in the field; hence these isolates mustdbed on field conditions prior to proceeding
to utilize them as inoculants. After in field exjpeents, the isolates FBW (52, 94, 95, 107,
140, 144, 145 and 160) and particularly FBW(10Q,1¥44 and 145) can be recommended
for field trail and ecological competitiveness sasd under different Ethiopian soil and

climatic conditions.During this study methods uded characterizing and distinguishing

rhizobial strains were morphological, physiologjcaimerical and symbiotic. However, these
traditional methods of rhizobial characterizatiorguently fail to identify strains within a

species. Thus, the isolates should also be mokbgwharacterized to species level so as to

understand their nature and competitiveness ing@fmodule occupancy.
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7. ANNEXES

Annex 1 The effect of faba bean rhizobia onLeaf color, ulechumber and nodule internal
colorof faba beanCD298DKvariety”

Isolate Leaf colol NIC Nodules meal Efficiency rate
replication

FBWS 3 1 4.7 4=€
FBW1( 3 3 25 6=E
FBW11 3 2 39.2 5=¢
FBW1Z 3 2 27.% 5=¢
FBW1: 3 3 377 6=E
FBW1¢ 2 2 49 4=€
FBW2( 2 2 27.% 4=¢
FBW2: 3 3 15 6=E
FBW3€ 2 1 16.7 3=l
FBW3E 3 4 537 7=E
FBW3¢ 3 3 27.1 6=E
FBWA4C 2 3 40.5 5=¢
FBWA4Z 3 1 4.7 4=€
FBWA4: 3 3 13.% 6=E
FBWAE 3 3 217 6=E
FBWA4€ 3 3 11.% 6=E
FBWS51 3 1 10 4=¢
FBW5Z 3 2 487 5=¢
FBW5€ 2 2 25 4=¢
FBW5E 2 3 78.7 5=¢
FBWG6( 2 3 31.2 5=¢
FBW61 3 3 35.7 6=E
FBWG6E 2 3 4.3 5=¢
FBWG6E 3 3 4.2 6=E
FBW7Z 3 3 42.( 6=E
FBW?7: 3 3 11 6=E
FBW77 3 3 4 6=E
FBW7¢ 2 3 7.2 3=¢€
FBW84 3 1 10.2 6=E
FBW8E 3 3 9 6=E
FBW9C 3 3 51.C 6=E
FBW94 3 3 39.7 6=E
FBWOE 3 4 51.7 7=E
FBW101 3 3 8 6=E
FBW10: 3 3 8 6=E
FBW10¢ 3 3 8.2 6=E
FBW107 3 3 7 6=E
FBW11< 1 3 5.7 4=|
FBW11¢ 2 3 6 5=¢
FBW12( 2 3 3 5=¢
FBW12:¢ 3 3 53.2 6=E
FBW12¢ 2 1 39.7 3=l
FBW12¢ 3 4 37.2 7=E
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FBW13: 3 1 9.2 4=¢
FBW13E 3 3 23 6=E
FBW13¢ 2 3 6.7 5=¢
FBW13¢ 3 3 13.2 6=E
FBW14( 3 4 49.¢ 7=E
FBW141 3 4 29.7 7=E
FBW14: 3 4 10.7 7=E
FBW14: 3 1 117 4=€
FBW14< 3 3 5.2 6=E
FBW14& 2 4 23.7 6=E
FBW14¢ 3 1 8.2 4=¢
FBW147 3 1 13.2 4=€
FBW14¢ 2 2 4 4=¢
FBW151 2 3 18 5=¢
FBW15Z 3 3 35.c 6=E
FBW15: 3 4 48.7 7=E
FBW15< 2 4 32 6=E
FBW15E 3 4 50.7 7=E
FBW157 2 3 21.c 5=¢
FBW15¢ 2 3 76.1 5=¢
FBW15¢ 3 1 11 4=¢
FBW16( 3 4 637 7=E
FBW161 2 3 25.7 5=¢
FBW162 3 4 60.C 7=E
FBW16: 3 4 64 7=E
FBW16< 3 3 14.% 6=E
FBW16E 2 4 497 6=E
D-sine 2 1 4 3=l

"NN, nodule number, NIC, nodule internal color, edemtely effective, E=effective,

I=ineffective, D/S, Debre-sina commercial straieak color scores; 1=similar with negative
control, 2= between positive and negative contBsisimilar with positive control, NIC

scores, 1=white, 2=green, 3=pink, 4=red
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Annex 2 Correlation coefficients among investigated patanin faba bean, nodule number,
root fresh and dry weight, shoot fresh and dry Weand symbiotic effectiveness efficiency.

NN RFW RDW SFW SDW SE%
NN 1
RFW 0.34*** 1
RDW 0.31*** 0.56*** 1
SFW 0.25%** 0.55%** 0.53*** 1
SDW 0.18** 0.49%** 0.55*** 0.69*** 1
SE% 0.17** 0.48*** 0.55%** 0.68*** 0.99*** 1

* ** and *** = Significant at p<0.05, p<0.01 andkp.001, respectively; NN=nodule number,
RFW= root fresh weight, RDW= root dry weight, SF\Wwest fresh weight, SDW= shoot dry
weight and SE (%)= symbiotic effectiveness efficign

Annex 3 Correlation coefficient among shoot dry weigh®oMnd total nitrogen of faba bean
inoculated with 21 strains selected for nitrogealgsis.

SDW PTN% PTC
SDW 1
PTN% 0.5%** 1
PTC 0.8*** 0.89*** 1

*** = Significant at p<0.001; SDW= shoot dry weigand SE (%) = symbiotic effectiveness
efficiency, PTN (%) = plant total nitrogen in %; €Tmg/pl) = plant total nitrogen content in
mg/plant, SDW=Shoot dry weight.

Annex 4 Mean squares for faba bean (CS298DK) inoculatéd aifferent 70 rhizobium
isolates including commercial strain (D/sina comeradrstrain).

Source of DF Mean square

variation NN RFW | RDW | SFW | SDW | SE%
Strains 72 1198.262.31 0.04 3.17 0.09 1204.66
error 146 27.32 0.04 0.001] 0.04 0.001  34.56
LSD (p<0.05) 7.02 0.81 0.04 0.27 0.04 7.9
CV (%) 20.73 6.68 9.6 5.8 6.51 9.9
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Annex 5 Mean squares for faba bean inoculated with sede@l isolates for nitrogen

analysis

Source of variation

Mean Squares

df SDW PTN (%) PTC
Isolates 22 0.08 0.31 0.61
SE 46 0.01 0.09 0.07
LSD (P<0.05) 0.04 0.042 0.08
CV (%) 4.2 17.36 22.3

Annex 6. ANOVA of nodule number, root fresh and dry weigstoot fresh and dry weight,
and Symbiotic effectiveness of faba bean inoculatétd 70 isolates of faba bean and one
commercial strain; including uninoculated positared negative control.

Variable N Mean Std Dev Sum Minimum Maximum

rep 219 2 0.81837 438 1 3
NN 219 25.2 20.3482 5522 0 82
RFW 219 2.9 0.88753 641.11 0.9 5.2
RDW 219 0.29 0.11245 64.25 0.09 0.7
SFW 219 3.5 1.03634 770.63 0.19 6.57
SDW 219 0.5 0.1717 110.32 0.13 1.01
SE 219 59.4 20.5 13002 15.3 126.3

Annex 7. Salt stress tolerance of faba bean nodulatingodia, on YEMA medium
contained0.5 to 5 % (W/V) NacCl

Isolates

0.5%

1%

1.5%

2%

2.5%

3%

3.5%

4%

45% S5

FBWS

+

+

FBW1C

FBW11

FBW1Z

FBW1:

FBW1¢

FBW2(

FBW?2:

FBW3¢

FBW3E

FBW3¢

ool o o o B o A o S R S

| | ||| ]+

e ol o e o e B o I I S I S A S

| ||| ||+

|+ + |+ +]+]+] +

||| | ]|+

| [+ ]+

+ |+ +]+

FBWA4C

(@)
o

%



+

+

+

+

+

+
+

+
+

+
+

+
+
+

+
+

+
+

+
+

+
+
+

+
+

+

+
+

+

+
+

+

+

FBWA4z
FBwWA4

FBWA4E
FBWA4¢
FBW51
FBW5Z
FBW5€
FBW5E
FBW6(
FBWG61
FBW6E
FBW6E
FBW7Z
FBW7

FBWT77
FBWT7S
FBW84
FBW8E
FBW9C
FBW94
FBWOE

~
-

~
-

FBW101 | +
FBW10

-
-

FBW10¢€ | +

FBW107

FBW11¢

FBW11¢€ | +

FBW12(C | +
FBW12

-
-

FBW12€ | +

FBW12¢€ | +
FBW13

~
-

FBW13¢

FBW13¢ | +

FBW13¢ | +

FBW14C | +

FBW141 | +

FBW14:
FBW14

-
-

81



FBW14<

FBW14:

FBW14¢

FBW14i

FBW14¢

+| ||+ +
+ ||+ |+
+ ||+ +
+| ||+ |+
+ ||+ +
+| ||+ +
+| +| |+

+| +| |+

FBW151

FBW15Z

FBW15:

FBW15/

FBW15t

FBW157

FBW15¢

+| [+ + ]+

|+ ||+ +
I e e e
e S S
e S N

FBW15¢

FBW16(

+
T
T
+
:

FBW161

FBW16=

FBW16:

FBW16¢<

FBW16¢

D/Sine

B/Jire

ol I o I o e o I o o O o o S N S A S
A R R R R R R R R R A R R

e I o I o e B o A B I I o I T
o I o I I I A o S s (A o A A o
| | ] F| T || ]+

||| F| ||+
|||+ +
o e A I S I
o e e S S I

EAL-
110

Total 71 71 70 68 65 63 62 59 54 46
growth

Growth | 97.3 97.3 | 95.9 93.1| 89 86.3 84.9 808 739 68
%

Annex 8 Acid/basestress tolerance of faba bean nodulatimpbia;on YEMA medium
adjusted at different pH values

Isolates 35 | 4 45| 5 55| 6.8 8 85 9 9.5 10
FBW9 + + + + + + + + + + +
FBW10 | + + + + + + + + + + +
FBW11 | - + + + + + + + + + +
FBW12 | - + + + + + + + + + +
FBW13 | - + + + + + + + + + +
FBW19 | + + + + + + + + + + +
FBW20 | + + + + + + + + + + +
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Annex 9Different incubation temperature tolerance

inoculated on YEMA medium

of faba@an nodulating rhizobia;

Isolates | 5°C 10°C 15° 20°-30°@37°C | 40°C 45°C
FBWWS | - + + + - - -
FBWI1C | + + + + + + -
FBW11 | - - + + + - -
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Annex 10Growth of isolates on different carbon sources
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Annex 11 Growth of isolates on different N sources

isoleucin
e

histidine

Phenyl
alanine

Asparagi
ne

aspartic
acid

Valine

Arginine

glycine

alanine

+
+

+
+
+

+
+

+
+

+

+
+

+
+
+

+
+

+
+
+

+
+

+
+

+

+
+

+

Isolates

FBWS

FBW1C
FBW11
FBW1Z
FBW1

FBW1¢
FBW2(
FBW2

FBW3¢
FBW3¢
FBW3¢
FBWAC
FBWA4z
FBwWA4

FBWA4E
FBWA4c¢
FBW51
FBWSZ
FBW5¢
FBW5E
FBW6C
FBW61
FBWG6E
FBW6E
FBW7Z
FBW7

FBWT77
FBWT7¢S

~
-
-

~
-
-

~
-

~
-
-

89



+

+

+

+

+

+

+
+

+
+

+

+

+

+

+

+

+

+

+
+

+

+

+

+
+
+

+

+

FBW84
FBW8E
FBWOC
FBW94
FBWOE

FBW101 | +

-
-

FBW10:

FBW10€ | +

FBW107

FBW11<

FBW11¢€ | +

FBW12(C | +
FBW12

-
-

FBWI12¢€ | +

FBW12¢€ | +
FBW13

-
-

FBW13¢

FBW13¢ | +

FBW13¢ | +

FBW14C | +

FBW141 | +

FBW14:Z
FBW14

-
«

FBW14<

FBW14t

FBW14¢ | +

FBW14i

FBW14¢ | +

FBW151 | +

FBW15Z
FBW15

-
-

FBW15/¢

FBW15t

FBW157

FBW15¢ | +

FBW15¢

FBW16C | +

FBW161 | +

FBW16=

90



FBW16:

FBW16<

FBW16=

D/Sine

B/Jire

EAL-
110

||+ ]+

||+ ]+

||+ ]+

||+ ]+

S e

o S IS S I

S S IS A I

o S IS S T

Total
growth

72

73

69

73

73

Growth
%

98.6

100

87.7

94.5

47.9

100

94.5

100

100

Annex 12intrinsic Antibiotic Resistance (IAR) patterns dfet faba bean nodulating rhizobial

isolates
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Annex 13:Samples showing good nodulation status of faba geamn in lath house in sterile
sandculture
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