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Abstract

The aim of the research was to study the symbiotic effectiveness of seven strains of acid-alumini-
um tolerance Bradyrhizobium japonicum on soybean plant cultivar Slamet. The research conducted 
in the greenhouse and used complete randomized design with seven inoculation treatments, 
two controls and one reference strain which used the nutrient solution at pH 4.5. Each treatment 
had three replications. The all of parameters were measured at 37 days after planting (DAP). Re-
sult of the experiments showed that mutant Bj 11 (19) inoculated to soybean plant had the highest 
symbiotic effectiveness. The treatment of Bj 11 (19) could increase the dry weight of t upper crop 
(64,88%), N-uptake (190,88%), and symbiotic effectiveness (65,87%) better than treatments with 
and without nitrate control and the reference strain, USDA 110.

Keywords: soybean, acid-aluminium tolerance, Bradyrhizobium japonicum, symbiotic effec-
tiveness.

1. Introduction 

Availability of sufficient nitrogen is one of the keys to increase the productivity of soybean plants. 
Soybean plants generally take nitrogen from the air by root-nodule bacteria and then the bacteria 
convert nitrogen into ammonia that is needed for plant growth. Bradyrhizobium japonicum is one 
species of slow-growing nodule bacteria which is very important to uptake atmospheric nitro-
gen in soybean plant [1]. 

Acid soils usually cause problems in soybean production, such as consist of low phosphorus and 
high aluminium [2] that strongly inhibit the growth of symbiotic nitrogen fixation bacteria on 
soybean plants [3]. The failure of nodulation under acid soil conditions is common, especially 
in soils of pH less than 5.0 [4]. B. japonicum is more tolerant at low pH, around pH 4.0-4.5 than 
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the fast growing nodule bacteria, such as Rhizobium [5]. Previous research by Endarini et al. [6] 
had managed to get acid aluminium tolerant B. japonicum from several locations in Indonesia 
[6]. The results showed that BJ 11 isolate has the highest tolerance on acid and had a good ability 
to grow on pH 4.5 media. Some of the strains showed more competitive than reference strain, 
USDA 110, in testing of the effectiveness symbiotic at greehouse. Furhermore, Wahyudi et al. [7] 
had constructed several strains of acid-aluminium tolerance B. japonicum with increased symbi-
otic effectiveness through transposon TN5 mutagenesis, such as Bj 11 (20) and KDR 15 (37). Some 
mutants showed the ability to form root nodules more than the wild-type strains viz. Bj 11 (5), Bj 
11 (19), Bj 11 (20), and KDR 15 (37).

The efforts to obtain potential strains are still wide open in agricultural research. The purpose of 
the research was aimed to study the symbiotic effectiveness of seven strains of acid-aluminium 
tolerance Bradyrhizobium japonicum on soybean plant cultivar Slamet. 

2. Materials and Methods

2.1. Materials

Acid tolerant isolates B. japonicum were used in the study viz. Bj 11 (wt), KDR 15 (wt), Bj 13 (wt), 
Bj 11 (5), Bj 11 (19), Bj 11(20), KDR 15 (37), and USDA 110. All bacteria were collected at IPB 
Culture Collection, Department of Biology, Faculty of Mathematics and Natural Sciences, Bogor 
Agricultural University. Soybean seeds cultivar Slamet were obtained from Research Institute for 
Food Crops and Genetic Resources, Bogor, Indonesia.

2.2. Methods

Experimental Design. All the data collected in greenhouse were analyzed using complete ran-
domized block design using Statistical Analysis System (SAS) and the means at p (0.05) level of 
significance. The experiment was arranged into seven inoculation treatments, two controls and 
one standard strain which used the nutrient solution at pH 4,5. Each treatments were made in 
three replications. Growth parameters such as height of plant, dry-weight of upper crop, dry-
weight of nodules, number of nodules, N uptake of plants, nitrogenase activity of root nodule, 
and symbiotic effectiveness were determined.

Medium and Inoculants Preparation. Bradyrhizobium japonicum isolates were grown on Yeast 
Mannitol Agar (YMA) for 7-8 days at room temperature. The YMA media consist of mannitol (10 
g/L), K2HPO4 (0.5 g/L), MgSO4

.7H2O (0.2 g/L), NaCl (0.2 g/L), yeast extract (0.5 g/L), added with 
0.0025% congo red and rifampicin (50 mg/ml). The isolates were resistant to rifampicin [7] & [8]. 
Then they were subcultured into Yeast Mannitol Broth (YMB) and incubated for seven days with 
125 rpm at room temperature. 

Soybean Seed Inoculation. Soybean seeds were selected based on size and healthiness (able 
to shoot). Seed surface were sterilized using 95% alcohol for 10 seconds and 5% H2O2 for five 
minutes then rinsed seven times using sterilized water. The seeds are germinated in a petri dish 
at room temperature without light. Two days old sprouts grown in Leonard jar, pots filled with 
sand [7] which filled with N-free nutrient solution of pH 4.5 [9]. Each sprout was inoculated with 
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108 cell. ml-1 of B. japonicum. N-free nutrient solution and nutrient solution contained KNO3 as 

control was added every second day. All treatment plants were maintained until 37 DAP. 

Plant Maintenace at Greenhouse. During soybean plants growing in the greenhouse regularly 
added with sterile nutrient solution into the bottom of Leonard bottle. Since 10 days after plant-
ing (DAP), plants sprayed with fungicide (1g/L) once a week. Harvesting plants were done by 
cutting plants at the cotyledon to the former boundary separating the top and plant roots. The 
roots are removed from the bottle and carefully cleaned of sand and charcoal then washed.

Test of Nitrogenase Activity. Nitrogenase activity was measured by acetilen reduction using 
gas chromatography. Each of root and nodule soybean plant put into incubation bottle and then 
sealed with a rubber cover. The next stage was to capture gas from the bottle as much as 2 ml 
and replaced it with the injection of 2 ml acetylene gas. The bottles were incubated for 30 minutes 
and then 0.1 ml was taken for gas injected into the gas chromatography Shimadzu 17A. There 
are three triplicates for each treatment. Ethylene gas produced was calculated based on peak 
areas on paper chromatograms. Nitrogenase activity was defined as the total amount of ethylene 
formed per number of plants per hour in units of µmol [8].

Symbiotic Effectiveness Test. Symbiotic effectiveness values (SE) was obtained by formula of 
Gibson [10] SEN (Symbiotic Effectiveness N) = percentage of dry weight of plants inoculated test 
strain to dry weight of plants treated with KNO3 and SER (Symbiotic Effectiveness R) = percent-
age of dry weight of plants inoculated test strain to dry weight of plants treated with reference 
strain, USDA 110.

Test of N Total Plant. N Total number of plant referred to the N total number of the canopy. 
Amount of N content was determined by Kjeldahl method [8]. 

3. Results and Discussion

3.1. Results

Bacterial Isolate Growth. Isolates were able to grow on YMA which were added with 0.0025% 
congo red and 50 mg/ml rifampicin after 7 days incubated on room temperature. Morphology of 
B. japonicum colonies were mucoid, not quite able to absorb congo red, and curve elevated (Fig.1)

Fig 1. The growth of Bradyrhizobium japonicum Bj 11 (19) on YMA media + 0.0025% congo red +  50 mg/ml 

rifampicin ten days after inoculation.
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Number and Dry-Weight of Nodules. Inoculation of variuos strains of B. japonicum on soybean 
cultivar Slamet showed variation number of nodule between 9-21 nodule per plant. The high-
est number of nodule was found in the plant inoculated with mutant strain, Bj 13 (wt) (Table 
1). Most of nodules were located on the secondary roots. The range of nodule dry-weight was 
0.0089-0.0440 g per plant. The highest nodule dry-weight presented in soybean plant inoculated 
by BJ 11 (5) (Table 1).

Height of Plant and Dry-weight of Upper Crop. All treatments were inoculated with B. japoni-

cum strains showed height plant higher than control N without inoculation, except Bj 11 (20) and 
KDR 15 (37). In general, the dry-weight of upper crop showed significantly different with control 
without inoculation and without added with 0.05% KNO3. 

Nitrogenase Activitity. Inoculation of various strains of B. japonicum on soybean cultivar Slamet 
were significantly influence on the activity of nitrogenase. Mutant strain Bj 11 (5) had a higher 
nitrogenase activity (12,79 mmol 2 plant-1) and significantly different than the other strains except 
Bj 11 (wt) and reference strain, USDA 110 (Table 1). 

Symbiotic Effectivenes. The highest symbiotic effectiveness was found in the plant inoculated 
with mutant strain Bj 11 (19) of 165,87% compared to control N effectivenes and 156.78% com-
pared to USDA 110. While strain KDR 15 (37) showed the lowest symbiotic effectivenes only 
97,30% (Table 1). 

N Uptake. In general, N uptake in plants inoculated with B. japonicum strains were significantly 
different with control treatments, except strain KDR15 (37). Maximum N uptake of the plant was 
noticed with the strain Bj 11 (19) up to 20,10 mg N plant-1 and significantly different with control 
treatments (Table 1). 

3.2. Discussion

The symbiotic interaction between soybean and root nodule bacteria played an important role 
in increasing the plant growth of soybean plant. Effectivity of a root nodule bacteria in fixing 
nitrogen were affected by the compatibility between bacteria and the soybean plant [11]. Data 
on the effect of inoculation acid-aluminium tolerance B. japonicum on nodulation and vegeta-
tive growth of soybean plant (Table 1) showed that inoculation of root nodule bacteria could 
increase height of could increase plant, and dry weight of upper-crop up to 37 DAP. Increasing 
in nodule dry weight could increase N fixination and the plant growth [12]. The nodule dry 
weight was positively correlated with the ability of plants to fix N and dry weight of the shoot. 
In the study, three strains viz. Bj 11 (wt), Bj 11 (5), and Bj (19) showed the best on height of plants, 
dry weight of upper crop, and dry weight of nodule. The highest symbiotic effectiveness, dry-
weight of upper crop, and N uptake was found in the soybean plant inoculated with Bj 11 (19) 
compared to plant inoculated with other strains and the reference strain, USDA 110. Bj 11 (19) 
was proposed to be useful isolate for soybean plant on acid soil pH 4.5. The success or failure 
of inoculation depends on the competitive nodulation ability against indigenous bradyrhizobia 
under natural conditions [4]. 
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Treatment

Number 

of 

nodule 
(nodule 
plant -1)

Dry-weight of 
nodule

 (g plant -1)

Height of 

plant (cm)

Nitro- 
genase 
activity 
(µmol 2 
plant -1 

hour -1 )

Dry-weight 
of upper

 crop 

 (g plant -1 )

 N uptake
 (mg N 

plant -1 )

SEN(%) SER (%)

Bj 11 (20) 17 abc 0,0338 abc 54,4 d 10,44 b 0,7407 bc 16,03 c 137,01 bc 124,85 ab

Bj 11 (19) 16 abc 0,0377 ab 69,3 ab 10,17 b 0,9083 a 20,10 a 165,87 a 156,78 a

Bj 11 (5) 10 c 0,0440 a 67,8 ab 12,79 a 0,8317 ab 18,65 ab 151,48 ab 144,05 ab

Bj 11 (wt) 17 abc 0,0397 a 71,4 a 12,54 a 0,8447 ab 16,88 ab 155,37 ab 144,55 ab

Bj 13 (wt) 21 a 0,0262 bc 60,7 c 9,79 b 0,7963 b 16,08 bc 145,86 ab 136,60 ab

KDR 15(37) 9 c 0,0089 d 48,8 d 9,38 b 0,5342 e 7,72 d 97,30 d 92,19 b

KDR 15(wt) 20 ab 0,0373 ab 63,6 ab 10,23 b 0,8031 ab 18,12 ab 146,54 ab 140,35 ab

USDA 110 12 bc 0,0241 c 63,0 b 12,21 a 0,6164 d 13,63 c 114,92 cd 100,00 ab

Control N 0 d 0 d 46,0 d 0 c 0,5509 de 13,58 c 100,00 cd 96,26 ab

Control NO 0 d 0 d 37,3 e 0 c 0,4561 e 6,91 d 83,88 d 77,55 b

Tabel 1. Effect of inoculation of B. japonicum on soybean cultivar Slamet at 37 DAP using N-free solution at pH 4,5 + A150 µM

Numbers on the same column followed by the same letter were not significantly different based on Duncan Multiple Range Test (α = 0.05). 0 
=no detection, N:without inoculation consist of KNO

3
 0,05%, N0: without inoculation and without KNO

3
 0,05%, Symbiotic Effectiveness (SE) 
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N-uptake (190,88%), symbiotic effectiveness (65,87%) better than treatments with and without 
nitrate and the standard strain, USDA 110.
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