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Rhizobia that nodulate cool season legumes are widely spread in the Mediterranean and highland agro
ecosystems. Faba bean is one of these important crops that represent the major protein source of
human nutrition, cash crop for farmers and component of the farming systems. This study is aimed at
identifying rhizobia isolates capable of guarantying efficient nitrogen derived from biological nitrogen
fixation. Due to this, a total of twenty-one isolates of Rhizobium were isolated from as many sampling
sites of northern Gondar using plant infection method. The isolates were characterized morphologically
and physiologically and tested on sand and soils to evaluate their symbiotic effectiveness. Studies on
symbiotic effectiveness on sand culture indicated that, the strains showed shoot dry matter ranging
from 0.4 (AUFR127) to 2.3 g/plant (AUFR124), with negative control (0.2 g/plant) and positive control of
2.4 g/plant. Eighty percent of the isolates were found to be effective and have very effective nitrogen
fixers based on their shoot dry matter accumulation (50 to 100%) in relation to the nitrogen fertilized
control plants. Culturally, almost all of them displayed large colonies with diameters of 2 to 4.5 mm,
generation time of 1.9 to 4.3 h and showed characteristics of fast growing rhizobia. With a few
exceptions, isolates grew at temperatures of 15 and 35°C and were found to be sensitive to salt, except
AUFR118 that grew up to 5% NaCl. The isolates also grew on a wide range of moderate acidity and
alkalinity (pH5.5-9).With the exception of gluconate, citrate and tartarate, almost all isolates grew on all
carbohydrates. The pattern of intrinsic antibiotic resistance showed that, almost all of them were
tolerant to chloramphenicol, nalidixic acid and erythromycin. Isolates AUFR118, AUFR128 and AUFR132
were found to be resistant to almost all tested antibiotics. These isolates were also included in the
effective and very effective symbiotic groups. The trial of the 5 selected effective isolates on two soil
types showed that, they performed well without any significant difference on their respective soils.
Interestingly, the isolates were found to nodulate the host on the highly acidic soil (pH 4.8) that failed to
be nodulated by the indigenous rhizobia. Generally, the present work shows the physiological and
symbiotic diversity of the isolates in the traditional agricultural areas of the region and the potential of
these rhizobia to be used as effective commercial inoculants in areas where the indigenous rhizobia fail
to do so. This will help to reclaim acidic soils for faba bean production.
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INTRODUCTION

Faba bean (Vicia faba L) is one of the cool season legumes widely cultivated in temperate, subtropical regions
and tropical regions with higher elevations (Hawtin and
Hebblethwaite, 1983). Ethiopia and Afghanistan are
considered as the centre of secondary diversity of the
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et al.,, 1985). It is an important food source, it contains
high protein content and appreciable amount of minerals
and vitamins (Senayit and Asrat, 1994), and is an important
export commodity of the country (Asfaw et al., 1994).

Faba bean is a legume capable of fixing nitrogen with
root nodule bacteria known as Rhizobium leguminosarum
bv. viciae. It is the most efficient nitrogen fixer of all cool
season pulse crops (McVicar et al., 2005). The amounts
of No-fixed by faba bean is estimated to be between 240
and 325 kg ha (Somasegaran and Hoben, 1994; Maidl
et al., 1996), with percentage efficiency (66% Ndfa; Nitro-
gen derived from the air) (Jensen, 1986) and fulfills 80%
of its nitrogen requirements (Zapta et al., 1987). For this
reason, it is incorporated in the traditional low-input mixed
agriculture providing a cheaper and more effective agro-
nomic practice by ensuring an adequate supply of N for
legume-based crop and pasture production.

The ability of faba bean to fix the desired amount of
nitrogen depends on many factors, such as the
effectiveness of the rhizobium strain, the genetic variation
of the host plant and other environmental and agronomic
factors (Nutman, 1976). In order to obtain a very effective
faba bean R. leguminosarum bv. viciae system, it is
necessary to search for effective indigenous rhizobia with
the host under laboratory and greenhouse conditions.

In Ethiopia, attempts have been made to conduct
research on rhizobiology of cool season legumes such as
faba bean and field bean for the last two decades (Asfaw
and Angaw, 2006). However, most of the works were
limited to inoculation trials with and without the
application of nitrogen/phosphorus fertilizers on different
soil types (Asgelil, 2000; Amanuel et al., 2000; Ayneabeba
et al., 2001). However, there is still a dearth of informa-
tion about the taxonomic and symbiotic diversity of
rhizobia nodulating faba bean from different agro
ecological zones of the country. The objective of this
study is to evaluate the status and symbiotic effective-
ness of faba bean rhizobia from North Gondar and to
assess the performance of selected isolates on two soil
types with contrasting physical and chemical characters.

MATERIALS AND METHODS

The Rhizobium isolation, identifications, pot experiments and total
nitrogen analysis were carried out at the Department of Biology,
Addis Ababa University. Soil chemical analysis was done at the
National Soil Laboratory (EARO).

Soil sites and sampling

Twenty one sampling sites from North Gondar, Amhara Regional
State were selected for the study (Figure 1). According to FAO (1990)
classification, they are found in agro ecological zones between
1500 m sub moist and 3500 m cold in altitude. The study sites are
characterized by mean annual temperature of 10 to 20°C and
average annual rainfall of 900 mm. Soils are characterized by
vertisol with mildly acidic and near neutral pH (Table 1). Composite
soil samples from 20 to 30 cm depth of each representative site
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were collected (October, 2004) in alcohol (70%) sterilized plastic
bags. They were taken and preserved in cold rooms at the Depart-
ment of Biology, Addis Ababa University.

Isolation of rhizoba

Rhizobia were isolated from the soil samples by using ‘plant
infection” method (Vincent, 1970). Each soil sample representative
was thoroughly mixed, sieved using 2 mm mesh-size sieve and
filled into 3 kg capacity surface-sterilized (70% alcohol) plastic pots.
Undamaged and selected seeds of faba bean of “Degaga” cultivar
were used to induce nodulation. Five seeds were surface- sterile-
zed, according to Vincent (1970) and were planted on each pot,
which were later thinned down to three after germination. The pots
were watered twice a week at full capacity and arranged in a
complete random block design in greenhouse with a photo period of
12 h for 45 days. The rhizobia were isolated from surface-sterilized
nodules, as before by streaking on Yeast-extract mannitol agar
medium (YEMA) and incubated at 28°C for 5 to 7 days. YEMA
contains g I"': Mannitol, 10; K:HPO,, 0.5; MgS0O.7H20, 0.2; NaCl,
0.1; yeast extract, 0.5; agar, 15.

Purified isolates were then preserved on YEMA slants containing
0.3% (w/v) CaCO; and stored at 4°C (Vincent, 1970). Rhizobia were
routinely cultured at room temperature in YEMB (without agar) on
rotary shaker operating at 100 cycles per minute to standardize the
inoculum size of (10® cells mI'") and in YEMA at 28°C for seven
days, for every experiment unless stated otherwise.

Colony morphology and growth rate

Colony morphology was characterized on YEMA according to
(Ahmed et al., 1984) and acid/base reaction was evaluated on
YEMA containing 25 pg ml™" bromothymol blue (BTB) (Lupwayi and
Haque, 1994). Growth rate of the isolates was determined as
described by Somasegaran and Hoben (1994).

Tolerance to acidity, alkalinity, salinity and temperature

All experiments on tolerance to acidity, alkalinity, temperature and
growth on carbohydrates and intrinsic antibiotic resistance were
performed according to Lupwayi and Haque (1994). Tolerance to
acidity and alkalinity of each isolate was evaluated on CIAT-
Modified Keyser medium (CIAT-KM) (CIAT, 1988) with pH previously
adjusted to 4.0, 4.5, 5.0, 5.5, 8.0 and 9.0 with sterile HCI or NaOH.
For salt tolerance, the isolates were transferred to YEMA plates
supplemented with NaCl at concentrations of 0.1, 0.3, 0.8, 1, 2, 3,
4, 5% (w/v). The ability of bacterial strains to grow at high and low
temperatures was monitored at incubation temperatures of 5, 10,
15, 35, 40 and 45°C.

Utilization of carbohydrates

Carbon utilization of strains was determined following the method of
Somasegaran and Hoben (1994) on seventeen carbohydrates
prepared as 10% (w/v) solution in water. The carbohydrate free YEMA
medium was modified by reducing the yeast extract to 0.05 gl liter.

Intrinsic antibiotic resistance

This intrinsic resistance of isolates was determined by inoculating
(10%cells ml-') on solid YEMA medium containing seven filter
sterilized (0, 22 um Millipore filters) antibiotics at concentrations of
2.5,5, and 10 um ml™" of water according to Josey et al. (1979).
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Figure 1. Location map of the sampling sites.

Authentication and preliminary evaluation of nitrogen-fixing
effectiveness (sand pot experiment)

Authentication of isolates as root nodule bacteria and prescreening
of their relative symbiotic effectiveness were undertaken on sand
pot experiment. Each isolate was grown on YMB, for three days and
adjusted to a concentration of (10° cells mI™"). About 3 kg of carefully
washed, sieved and sterilized river sand was filled into surface
disinfected plastic pots (70% alcohol). Seeds of “Degaga” faba
bean cultivar were surface-sterilized as before and planted on 3 kg
capacity alcohol-swabbed plastic pots containing acid washed river
sand. Four seeds were planted per pot individually treated with 1 ml
of inoculum and thinned to three per pot after 5 days of emergence

(DAE). They were once fertilized with 0.05% KNO; as a starter
nitrogen source and grown under greenhouse conditions (12 h
photoperiod; 29/18°C day/ night temperature). They received
quarter strength of  N-free nutrient solution (Broughton and
Dilworth, 1971) and distilled water once a week and every two days
, respectively. Control pots were included for an unfertilized and an
uninoculated negative control (TO) and uninoculated but nitrogen
fertilized (0.05% KNO3/week) positive control (TN).

Plants were harvested 45 DAE (day after emergence), evaluating
nodule number, nodule dry mass and shoot dry mass. The
experiment was statistically laid out with three replications using
randomized black design (Somasegaran and Hoben, 1994).
Relative effectiveness of isolates was calculated according to the
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Table 1. Sample location, altitude, soil pH and isolation types from the soil field.

S/N | lIsolation types Origin of isolation Alt(lrtnu)de pH of soil Colon(ymdr:‘a;meter grt‘;“('::; ?e?(lttunrg
1 AUFR112 Infranze ND* 6.7 2.5 2.1 LT
2 | AUFR113 Maksgnit 1929 7.2 <1 2.6 SD
3 | AUFR114 Aba Matabo 2264 5.8 3.5 3.1 LT
4 | AUFR115 Sabian 2419 6.7 3.5 3.2 LT
5 | AUFR116 Janhoy 2693 6.6 3.0 4.2 LT
6 | AUFR117 Kosaye 2898 6.3 4.0 4.1 LW
7 AUFR118 Ambasege 2694 6.8 5.0 29 LW
8 AUFR119 Godabage 2767 7.4 4.5 3.0 LW
9 | AUFR120 Dabat 2634 6.7 4.5 1.9 LW
10 | AUFR121 Dala 2672 6.7 3.5 29 LT
11 | AUFR122 Wakit 2758 6.5 3.0 4.1 LW
12 | AUFR123 Debark 2795 6.3 3.0 2.9 LT
13 | AUFR124 Jemberko 3196 6.9 3.5 3.2 LT
14 | AUFR125 Merzeneb medhanlem 3074 6.1 3.0 3.3 LT
15 | AUFR126 Saurae 3042 7.3 4.0 3.8 LW
16 | AUFR127 Dildykdanemihret 2923 6.6 4.0 3.0 LT
17 | AUFR128 Dib-bahir 2163 6.1 25 3.3 LT
18 | AUFR129 Bar-Mariyam 1586 7.5 25 3.1 LT
19 | AUFR130 Adi-Arkay 1529 6.8 2.0 3.2 LT

20 | AUFR132 Amba-Georgis 2837 7.3 25 4.3 LW
21 | AUFR134 Adis-Zemen 1923 7.5 25 25 LT

*ND, Not done; LT, large translucent; LW, large watery; SD: small dry.

equation proposed by Date et al. (1993) in Purchino et al. (2000)
(100 x inoculated plant DM/ N-fertilized plant DM) with Nitrogen
fixing effectiveness classified as ineffective <35%; lowly-effective,
35 to 50%; effective, 50 to 80%; and highly effective, >80%.

Symbiotic effectiveness under soil pot experiment

Two soil samples with contrasting texture and pH were selected
from Amba Girogis (North Gondar) and Holetta (Central Shoa). The
soil physical and chemical characters are not shown. Fine soil
samples from each site were sieved with 2 mm mesh-size and filled
in 3 kg capacity surface sterilized (70% alcohol) plastic pots. They
were once treated with fertilizer recommended by Somasegaran
and Hoben (1994). The composition of the fertilizers in mg/pt: 468
KH2PO4, 404.2 KCI, 533 MgS04.7H.0, 49.5 ZnS04.7H.O, 1.95
(NH,) and 6 MO 24.H,0. 219 mg pot” and urea was added as
nitrogen source for N-Control pots.

Before planting, the soils were watered to approximately 75%
field capacity. Selected seeds of “Degaga” faba bean were surface
sterilized as described before (Vincent, 1970) and allowed to
germinate on water agar for three days at 25°C. Five superior
strains from previously screened sand culture were selected and
prepared by growing in YEMB nutrients broth media to
approximately 10° cells mI™". One ml of each culture suspension was
flooded on each seedling for one hour. Four inoculated seedling were
planted on each pot which were later thinned down to three, and
watered twice a week. The experiment was set up in a randomized
complete block design with three blocks or replications in a
greenhouse with a 12/12 h photoperiod for 45 days. The whole
plants were carefully up rooted and their nodule number, nodule dry
weight and shoot dry mass and total nitrogen were determined.

Plant total nitrogen analysis

Total nitrogen was quantitatively determined by the modified “Wet”
Kjeldahl method after Sahelemedihin and Taye (2000).

Data analysis

Comparison between treatments was analyzed using one-way
ANOVA (Tukey’s HSD tests) (SPSS.10).

RESULTS AND DISCUSSION

Twenty-one isolates were recovered from nodules of faba
bean grown on soils from various sites of Northern
Gondar (Table 1). All isolates displayed fast growth with
doubling times between 1.9 and 4.3 h and large colonies
with  mucoid and watery textures upon 5 days of
incubation on YEMA medium. They changed the YEMA-
BTB medium into yellow color indicating that they
produced acid by preferentially utilizing the sugar
component of the medium for their growth (Tan and
Broughton, 1981). All these features are characteristics of
fast growing rhizobia, including the cross-inoculation
group of R. leguminosarum bv. viciae that are nodulates
member of the tribe Viceae (Faba bean, Field pea, Lentil
and Grass pea) (Vincent, 1977; Jordan, 1984;
Somasegaran and Hoben, 1994).
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Table 2. In vitro ecological competence and symbiotic effectiveness of isolates collected from faba bean of North Gondar, Ethiopia.

Salt .
isolate | (i on % | tolerance (<0 tolerance tolerance | Antibiotic tolerance® | L ¥RERCC
AUFR114 100 15-35 0.3 55-9 Ery, Nal, Chl VE
AUFR115 85 15-35 0.1 55-9 Str, Rif, Ery, Nal, Chl VE
AUFR116 85 15-35 0.1 55-9 Str, Rif, Ery, Nal, Chl E
AUFR117 85 15-35 0.3 55-9 Rif, Ery, Nal, Chl E
AUFR118 100 5-35 5.0 55-9 Amp, Str, Kan, Nal, Chl E
AUFR119 90 15-35 0.1 55-9 Rif, Kan, Ery, Nal, Chl E
AUFR120 85 15-35 0.1 55-9 Ery, Nal, Chl E
AUFR121 85 15-35 0.3 55-9 Rif, Ery, Chl E
AUFR122 90 15-40 0.5 7.0-9 Str, Chl. Ery, Nal, Chl E
AUFR123 80 15-35 0.1 55-9 Str, Rif, Ery, Nal, Chl E
AUFR124 85 15-35 0.1 55-9 Rif, Kan, Ery, Nal, Chl VE
AUFR125 85 15-35 0.3 55-9 Str, Rif, Ery, Nal, Chl E
AUFR126 100 5-35 0.5 55-9 Amp, Str, Rif, Kan, Ery, Nal, Chl E
AUFR128 100 15-40 2.0 50-9 Amp, Str, Rif, Kan, Ery, Nal, Chl VE
AUFR130 85 15-35 0.1 55-9 Ery, Nal, Chl E
AUFR132 85 15-35 0.1 55-9 Str, Rif, Kan, Ery Nal, Chl VE
AUFR134 85 15-35 0.1 55-9 Str, Ery, Nal, Chl E

*Amp, Ampicillin; Chl, chloramphenicol; Ery, erythromycin; Kan, kanamycin; Nal, nalidixic acid; Rif, rifampicin; VE, very effective; E, effective.

The isolates also grew on a wide range of moderate
acidity and alkalinity (pH 5.5 to 9) (Table 2). This is con-
current to the finding that R. leguminosarum bv. viciae
strains are generally sensitive to low pH and grow well on
near neutral and basic pH (Graham and Parker, 1964;
Jordan, 1984). The isolates were found to utilize 80 to
100% of the tested monosaccharide and disaccharides,
while many failed to metabolize gluconate and tartarate.
No isolate did grow on citrate. This finding corroborates with
previous reports of carbohydrate metabolism of R.
leguminosarum bv. viciae (Graham and Parker, 1964;
Jordan, 1984; Stowers, 1985; Lindstrom and Lhetomaki,
1988).

Almost all rhizobial isolates grew between 15 and 35°C
(Table 2), with a few isolates grew at incubation tempe-
ratures of 5 and10°C (AUFR118 and AUFR126) and 40°C
(AUFR 122 and AUFR128). This pattern of temperature
tolerance is within the range of T max; 32.5 to 34.5°C
reported for R. leguminosarum bv. viciae HAMBI499,
HAMBI 1125 and MPI 6001 isolated from faba bean and
field pea from USA, UK and the Netherlands (Lindstrom
and Lehtomaki, 1988).

With regard to salt tolerance, all isolates grew on the
medium containing 0.1% of NaCl (Table 2). However,
only isolates AURF128 and AUFR118 were found to be
tolerant to NaCl concentrations of 2 and 5%, respectively.
This finding is contrary to previous reports that, fast
growing Rhizobium in general, grew well at NaCl con-
centration between 3 and 5% (Abdul-wahab and Zahran,
1979; Zerhari et al., 2000).

All isolates exhibited variations in their intrinsic antibiotic
resistance (IAR) to different concentrations and types of
antibiotics. Ninety five percent of the tested isolates were
resistant to erythromycin, chloramphenicol and nalidixic
acid at all tested concentrations. AUFR128 was found to
be tolerant to all antibiotics followed by AUFR126 that
were able to grow on all, except higher concentrations of
streptomycin (10 pg ml, ') and nalidixic acid (10 pg ml, ™"
( data not shown). The pattern of antibiotic resistance of
the isolates was generally similar to the findings on other
isolates of R. leguminosarum bv. viciae with respect to
streptomycin and erythromycin (Josey et al., 1979;
Brockman and Bezdicek, 1989).

Preliminary screening of symbiotic effectiveness in
sand culture

All isolates, except AUFR113 were authenticated as root
nodule bacteria by forming nodules on the test host plants
(Table 3). The nodulating isolates showed differences in
nodule number 67 and 168/plant) and dry weight (37 and
111 mg/plant) and shoot dry weight ranging from 0.4
g/plant (AUFR127) to 2.3 g/plant (AUFR 124). The data
showed that there is a 6 fold difference between the
isolates accumulating the lowest and highest shoots dry
mass in the host which is a very good indicator of effecti-
veness in nitrogen fixation of legumes (Sorwill and
Myaton, 1986; Somasegaran and Hoben 1994; Date,
1993 in Purchino, 2000; Peoples et al, 2002).




Table 3. Nodulation and relative effectiveness of nitrogen fixation of R. leguminosarum bv. viciae isolates of North Gondar

tested on ‘Degaga’ variety of faba bean on sand culture.
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Treatment Nodule number/pl | Nodule dry mass (mg/pl) | Shoot dry mass (g/pl) | Efficiency N-fixation (%)
AUFR112 1332 108° 1.0° 42
AUFR113 - - - -
AUFR114 1482 91.1%® 212 88
AUFR115 1362 78.82 212 88
AUFR116 1342 55.2% 1.7 2 71
AUFR117 151 2 88.4% 152 63
AUFR118 1232 111.1°2 1.8°2 75
AUFR119 1252 832 1.8° 75
AUFR120 137° 81.8°2 1.9° 79
AUFR121 912 54.5% 1.7%® 71
AUFR122 1542 55.2% 1.8° 75
AUFR123 1192 77.7% 1.6°2 67
AUFR124 1682 78.8°2 233 96
AUFR125 128% 69.1% 1.4° 58
AUFR126 1562 79.2% 1.8°2 75
AUFR127 67° 37.0° 0.4° 17
AUFR128 1282 99.5% 212 88
AUFR129 78 42.8° 0.70° 29
AUFR130 912 53.7% 1.4° 58
AUFR132 137°2 79.9% 2.0° 92
AUFR134 8g® 74.9% 1.3%® 54
N- - - 0.2° 8
N+ - - 2.42 100
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-, Not found. Means in columns followed by the same letters are not significantly different at p < 0.05 (Tukey’s HSD test).

Based on the percentage differences of shoot dry weight
of inoculated and nitrogen-fertilized plants a measure
of effectiveness (Date, 1993 in Purcinho, 2002), more
than 23% of the isolates were found to be highly effective
(80 to 100%) and 57% were effective (50 to 80%)
nitrogen fixers (Table 3). The highest scores of 88 to 96%
effectiveness were displayed by isolates AUFR114,
AUFR115, AUFR124, AUFR128 and AUFR132 (Table 3).
The data show that, more than 80% of the sampling sites
in North Gondar harbor effective and very effective
rhizobia in the soil. This is contrary to the previous finding
of Desta and Angaw (1987) where only 11% of the
isolates from Central Shewa were effective. Such
variability in symbiotic effectiveness of faba bean
Rhizobium was also found to be widespread in Ethiopia
(Van Berkum et al., 1995) and in the USA (Brockman and
Bezdicek, 1989).

Symbiotic effectiveness of selected isolates on soil
culture

Based on the total shoot dry mass production, five elite
isolates were selected as inoculants to determine their In

situ symbiotic effectiveness on faba bean on soils from
Ambaghiorgis (North Gondar) (pH 7.3) and Holetta (West
Shoa) (pH 4.8) (Table 4). All isolates did not show signi-
ficant differences on nodule number, nodule dry mass and
shoot dry weight on their respective soils. The treated
plants also accumulated 81 to 100% of their shoot dry
weight compared to their respective N-fertilized controls
on the tested soil types, indicating that there were no
significant inter-isolate differences in nitrogen fixation on
tested soils. However, the data showed a significantly
higher increase in nodule number (171 to 239%), slightly
higher nodule dry weight (4 to 30%) and shoot dry matter
contents (4 to 30%) of the treated plants on Ambaghorgis
soil than the Holetta soil. The high nitrogen and phos-
phorus contents and the high pH (7.3) in Ambagiorgis soil
may have induced more favorable environment than
Holetta soil (4.8) for effective legume-Rhizobium symbiosis.

The uninoculated, N+ and N- treatments of the Holetta
soil failed to produce nodules whereas sufficient, but
reduced number of nodules were produced with treat-
ments of Ambagiorgis (Table 4). This indicates that, the
low pH, low nitrogen and phosphorus status of the
Holetta soil severely affected the survival of the indi-
genous rhizobia, their nodulation and nitrogen fixation. A
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Table 4. Comparative effectiveness of selected strains of R. leguminosarum bv. viciae from North Gondar on the growth and nitrogen fixation

of faba bean on soil culture.

Holeta Ambagiorgis

Treatment Nodule Nodule dry mass| Shootdry [Total nitrogen| Nodule number | Nodule dry Shoot dry Total nitrogen

number/plant (mg/pl) mass (g/pl) (%) /plant mass (mg/pl)] mass (g/pl) (%)
AUFR114 51% 54.0°% 2.4%2 2.3° 1222 26° 2.8° 3.9°
AUFR115 41%® 28.3% 2.3° 2.8® 67° 27 26° 35°
AUFR124 78° 49.3% 2.5% 278 84% 31.6% 2.6° 3.9°
AUFR128 86° 462 2.3° 29° 1042 347 3.0° 3.3°
AUFR132 73% 45.32 222 1.9 99? 43.6% 2.7% 2.6%
N + - - 2,72 3.2° 31° 14.0° 292 3.5°%
N - - - 1.5° 1.9°2 79° 19.33° 2.4° 3.3°

-, Not found. *Means in columns followed by the same letters are not significantly different at p < 0.05 (Tukey’s HSD test).

strong correlation between soil pH, survival and persis-
tence of rhizobia and nodule activity (Coventry and
Evans, 1989; Brockwell et al., 1991) and failure of
nodulation of faba bean at lower pH <5.5 (Evans et al.,
1980) and reduced growth at <pH 5.4 (Schubert et al.,
1990) and <pH 6 (Tang and Thomson, 1996) was well
recorded. In Ethiopia, Desta and Angaw (1988) also
reported limited nodulation on faba bean at Bekoji, south
eastern Ethiopia with a pH of 5.1.

All isolates were also found to increase shoot dry
weight in the range of 20 to 25% higher than their
respective sand cultures. This increase in shoot dry weight
in soil culture may be attributed to the high nitrogen
content of the soil and other rhizosphere effects on plant
growth (Kang and Mills, 2004). An increase in shoot dry
weight between sand and soil culture experiments on
faba bean production areas in Ethiopia was also reported
(Ayeneabeba et al., 2001; Assefa et al., 2010).

The fact that the inoculated selected isolates increased
shoot dry matter on Holetta soil indicates that, they fix
nitrogen on acidic soil although they were originally
isolated from a mildly acidic or near neutral pH. This
shows that it is possible to reverse failed nodulation and
extend the growth of legumes on acidic soils by primarily
selecting acid tolerant rhizobia. Selection and application
of acid tolerant strains retrieve production of faba bean
(Carter et al., 1994) and medics (Howieson et al., 1988;
Dilworth et al., 2001) on marginalized acidic soils of
Western Australia. A work on Assosa (pH 5.8), Kulumsa
(pH 6.0) and Bekaoiji soils (pH 5.1) in the central part of
Ethiopia also showed an increase of 13 to 24% of shoot
dry matter by inoculating effective rhizobia and fertilizer
treatment (Amanuel et al., 2000).

Although correlation of tolerance to different environ-
mental factors and symbiotic effectiveness was not
undertaken in the present work, the ability of AUFR128,
AUFR132 and AUFR118 to grow at higher temperatures
and all carbohydrates tolerance to a wide range of pH
and to most of the tested antibiotics and displaying the
highest shoot dry mass (75 to 92%) are remarkable
features for future screening of elite strains as inoculants

for pulse production under extreme environmental cond-
itions provided that their performance corroborate in field
trials under different stressed soil environments. From
this study, it can be concluded that the selection of highly
performed strains are worthy of further investigation from
different faba bean growing regions of Ethiopia. Given
that Gondar region is one of the important regions of faba
bean production, it may well be that more effective strains
of R. leguminosarum bv. viciae can be isolated from
other parts of Ethiopia.
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