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Production of IAA by Bradyrhizobium sp. 
Nisa Rachmania Mubarik, lrni Mahagiani, and Aris Tri Wahyudi 

Abstract-The objective of thts research was to detemtine the 
potency of indigenous acid-aluminium 1olerant Bradyrhizob1um 
japomcum as producer of tndole acetic acid (IAA) and applied it as 
mtrogen fixation on local soybeans viz Anjasmoro, Tanggamus 
(yellow soybean seeds), and Detam (black soybean seed). Three 
isolates of acid-aluminium tolerant 8radyrhizobium japonicum (BJ) 
were used in this research, i.e. BJ II (wt), BJ 11 (19) - BJ I l{wt) 
mutant, and USDA 110 as a reference isolate. All of isolates lested to 
produce the !AA by using Solkow~ky method. Effect of IAA 
producuon by each of 8. japomcum was tested on growth pouch and 
greenhouse using three vancties of soybean All isolates could grow 
'~ell and produce IAA on yeast mannitol broth (YMB) medium in 
the presence of 0.5 mM L-uyptophan. BJ 11 (19) produced the 
highest of IAA at 4 days mcubation compared to BJ 11 (wt) and 
USDA 110. All 1ested ISOiates of 8radyrh1zobium japomcum have 
showed effect on stimulating the fonnation of root nodules in 
soybean varieties grown on Leonard bottle. The concentralion of 
JAA on root nodules of soybean symbiotic with 8. japonicum was 
significantly different with control, except on the treatment using 
Tanggamus soybean. 

Keywords- Acid-aluminium tolerant isolate, Bradyrhizob1u111 
;apomcum. indole aceuc acid, soybean 

I. INTRODUCTION 

M ANY efforts have been developed to increase the 
productivity of soybean such as, cultivating the plant on 

acid soil which is supplemented with acid-tolerant root nodule 
bacteria producing indole-3- acetic hormone (IA/\). 

Acid-aluminium tolerant 8radyrhizobium japonicum is one 
of root nodule bacteria that can contribute on plant growth by 
pr{>viding fixed nitrogen in nodules of soybean grown in acid 
soil (I). Some strains of 8. japomcum were tolerant on an acid 
condition. even at the pH level 4.0-4.5 [2]. Twenty five strains 
of 8 japonicum had been selected for acid tolerance using 
either solid and broth medium. 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 [I]. One of the indigenous isolate, BJ 
11 (wt), has been shown to increase the growth and production 
of soybean grown in acidic soil (pH 5.0-5.5) [3]. 

Furthennore, Wahyudi et <11. [4] constructed several 
mutants of 8. japonicwn using 1ransposon Tn5 mutagenesis. 
One of the mutant of BJ 11, i.e. BJ 11(19), besides of the 

N R. Mubank 1s comsponding ou1hor and with the Dcpartmcnl or 
01olog}. Facully of Mathematics and Natural Sciences, Bogor Agricul1ural 
Uni•ers11y, Jalan Aga1is, IPB Dcrmasa. Oogor 16680, Indonesia (phone +62· 
251-8622833, fax +62-251-8622833, e-mail nrachmania@ipbac 1d) 

I Mahagiam is a gradualc from M&JOr of Microbiology, Postgraduate 
School ofBogor Agricultural Umvcrs11y, Bogor 16680, Indonesia. 

AT Wahyud1 1s "tth the Departmem of Biology, Faculty of Mathemaucs 
and Natural Sciences, Bogor Agncullural University, Jalan Agat1s, IPB 
Dcrmaga. Bogor 16680, lndoncsia 

wild-type were able to fonn root nodules on soybean could 
increase plant height, shoot- and root- weight, number of 
flowers, pods, seeds, seeds dry weight, and shoot and seed 
nitrogen content (5]. In the Leonard bottle experiment, BJ 11 
( 19) significantly could increase dry weight of the upper crop 
and nitrogen uptake of soybean cultivar Slamet higher than 
standard strain from USA, USDA 110 [6). 

Fuhrmann [7] described the diversity of Bradyrhizobium 
strains dividing them into two groups, B. elkanii and B. 
japonicum, according to IAA production. The aim of this 
study was to determine the potency of plant growth promoting 
8radyrhizobium japonicum as producer of IAA and its 
application on three varieties of soybean, i.e. Anjasmoro, 
Tanggamus, and Detam. Anjasmoro and Tanggarnus are 
including yellow soybean seeds (Glycine max), whereas 
Oetam is a black soybean seed (Glycine soja). Tanggamus is 
one of leading variety which is adapted in dry acid soil. 

152 

II. MATERJALS AND METHODS 

A. Materials 

Indigenous isolate of 8 ;aponicum, i.e. BJ 11 (wt) and BJ 
11 ( 19) one of BJ 11 (wt) mutant, and reference isolate. USDA 
110 wi:re maintained at culture collection of Microbiology 
Laboratory and lnstitut Pertanian Bogor Culture Collection 
(IPBCC). Biology Department, Faculty of Mathematics and 
Natural Sciences, Bogor Agricultural University (lPB). Three 
varieties of soybean seeds, i.e. Anjasmoro, Tanggamus 
(yellow soybean seeds) and Detam (black soybean seed) were 
obtained from Research Institute for Beans and Tubers, 
Malang- Indonesia. 

8. lnoculants Prepa.ration 

Production of IAA by 8. japonicum was assayed as 
described by Patten and Glick [8]. A number of 101 cells/ml 
8. japonicum of each isolates was grown on Yeast Mannitol 
Broth (YMB) that consist of mannitol 10 gL·1, K2HPO~ 0.5 
gL·1

, MgS047H20 0.2 gL·', NaCl 0.2 gL·1
, yeast extract 0.5 

gL"1, rifampicin 50 µg mr1 [4] supplemented with 0.5 mM L­
tryptophan or without (control). The isolates were incubated 
for about 8 days at 125 rpm shaker and room temperature. 
Bacterial cells were removed by centrifugation at 8400 g for 
10 minutes at 46C to obtain the crude extract of lndole acetic 
acid (IAA). One ml of the supernatant was mixed with 4 ml of 
Salkowski's reagent in the ratio of I :4 and incubated at room 
temperature for 20 min. Development of a pink colour 
indicated indoles. The absorbance of supernatant mixture 
(supernatant + Salkowski's reagent) for !AA production was 
measured al 520 nm The quantity of indoles was determined 
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by comparison with a standard curve using an IAA standard 
graph. 

C. Treatments with 8. japomcum on Soybean Seedlings on 
Growth Pouch 

Soybean seeds were selected based on size and healthiness 
(able to produce shoot). In a growth pouch study [9], soybean 
seeds were surface sterilized by using 95% ethanol for ten 
seconds, 5% H20i for five minutes and they were rinsed 
seven times using sterilized water. After 24 hours incubation, 
genninated seeds were selected based on 2-3 mm radicula 
length and put on growth pouch. Seed growth pouches 
sterilized at 121°C for 15 to 20 min were filled with sterile N­
free Alva (pH 4.5) solution, respectively [6). Each 100 µI 
culture of B. japonicum (109 Cell/ml) was inoculated into 
genninated seeds and incubated for 7 days at room 
temperature and dark conditions. Seeds treated without 
culture served as controls. At 8 days after inoculation, B. 
japomcum inoculation, parameters of primary root length and 
number of lateral roots were measured as indicators of early 
growth promotion. 

D. Greenhouse Experiments 

Two days germinated seeds were sown on Leonard bottle 
[SJ.Three soybean seedlings were grown charcoal-sand media 
on Leonard bottle containing nitrogen-deficient sterile N-free 
~hmed-Evans (pH 6.9) and Alva (pH 4.5) solu1ion, 
respectively. The solution provided by capillary watering. 
Seedlings were maintained for 35 days afier planting (OAP) 
based on vegetative phase growth of soybean. The following 
parameters were measured: (a) shoot- and root- dry weight, (b) 
primary root length, (c) number of nodules per plant and (d) 
concentration of IAA. on nodules. fa.traction of IAA from 
nodule was used by Unyayar et al. method (IO]. 

£. Stat1st1ca/ Analysis 

Experiments were performed in triplicate. Values shown 
represent mean _ standard error of mean (SEM). Data were 
analyzed for variance by ANOV A followed by Duncan test 
(a= 0.05). Analyses were performed using SPSS 16 
programme for Windo,.,s. 

III. REsUL TS AND DISCUSSION 

A. Growth and /AA Production 

USDA I JO showed less growth than BJ 11 (wt) and BJ 11 
(19) on YMB medium supplemented with 0.5 mM L­
tryptophan (Fig. I). At 8 days incubation, the number of cell 
was achieved by BJ 11 (wt) and BJ 11 ( 19) viz 6.0 and 5.8, 
respectively. Whereas USDA 110 only achieved log 3.4. All 
isolates could not produce IAA on YMB medium without 
supplemented with 0.5 mM L-tryptophan (data not shov.ed). 
At 8 days incubation, in the presence of0.5 mM L-tryptophan, 
BJ I I (19) produced significantly higher !AA than BJ 11 (wt) 
and USDA 110 (Fig. 2). BJ 11 ( 19) produced lAA maximum 
at day 4, while BJ 11 (Y.1) at day 2, and USDA 110 at day 7. 
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Fig. I The growth ofaeid-alwninium tolerant Bradyrhizob111m 
japomcum strains on YMB medium supplemented with 0.5 mM L­

tryptophan 
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Fig. 2 IAA production of acid-alumrnrum toleranl Bradyrhr::ob1um 
japomcum $!rains 

B. Treatments with B. japonicum on Soybean Seedling in 
Growth Pouch 

Treatment of soybean seeds inoculated with isolates BJ 11 
(wt), BJ 11 ( 19) and USDA 110 showed no significant effect to 
induce primary root elongation (Table I, II and Ill). 

Treatments with isolates BJ 11 (wt), BJ 11 ( 19). and 
USDA 110 on soybean seedlings shO\\ed significant effect to 
induce the formation of lateral roots better than control 
(without inoculation) on Detam soybean. The highest number 
of lateral root on each soybean variety was found on the seeds 
inoculated with USDA 110 on Anjasmoro soybean (Table I) 
and BJ 11(\\1) on Tnnggamus (Table II). Patten and Glick [8) 
reported that !AA-producing bacteria can stimulate the gr0\\.1h 
of the host root system. Lateral root gro, ... 1h of plants induced 
by a high concentration of IAA, ,.,hile the main root was 
stimulated by low concentrations of IAA, bel:\veen 10'9- f 0'12 

M. 
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TABLE I 
PRIMARY ROOT ELONGATION AND Nut.IDER OF LATERAL ROOT OF 

ANJASMORO V ARJETY SOYBEAN INOCULATED WITH 8. )APOAICUM AT PH 4.5, 
8Dll YS AFTER INOC'ULllTION lN GROWTH POUCH 

Primary roo1 Number of lateral 
Tn:atments length (cm) root 

3.07±0. 75a t 7 .IXH: I.IS c 
3. l 7±0.29a 11.00±0.SS ab 
8.00±0.Sba 9.00±2.00ab 

USDA 110 
BJ t t(wt) 
BJ 11(19) 
Control 
inoculation) 

(withoul 
2 73±0.2Sa 8.00:tJ 78a 

Numbers on the same column followed by the same letter 
were not significantly different based on Duncan Multiple 
Range units in parentheses. Do not label axes only with units. 
Test (a= 0.05). Data were the mean value of three replicates± 
deviation standard. 

TABLE II 
PRIMAllY ROOT ELONGATION AND NUMBER OF LATERAL ROOT OF 
T ANOGAMUS VARIETY SOYBEAN I NOC ULA TED WITH 8. )A PON/CUM 

ATPH4.S, 8 DAYS AFTER INOCULATION IN GROWTH POUCH 

Treatment 
USDA ltO 
BJ I !(wt) 
BJ 11(19) 
Comrol (w11hou1 
moculat1on) 

Primary roor 
lcngth(cm) 
2 67:t0.29a 
4 17±1.26a 
3.33.tt.76a 

Number of lateral roo1 
9.00%2.3 la 
16.00±4.04b 
8 00±0.SSa 

8 00:3.5la 

Numbers on the same column followed by the same letter 
~vere not significantly different based on Duncan Multiple 
Range Test (u = 0.05). Data were the mean value of three 
replicates ±deviation standard. 

TABLE Ill 
PRIMARY ROOT ELONGATION AND NL~IBER OF L \ TERAL ROOT OF DET AM 

VARIETY SOYBEAN INOCULATED WITH fl. )APON/Cl/M AT 
PH 4 5, 8 DAYS ~FTER INOC'ULA TION IN GROWTH PoUCH 

Trca1mcn1 
USDA tlO 
BJ l t(\\1) 
BJ t l(t9) 
Control (without 
t noculation) 

Pnmnry roo1 
lcnt;lh(cm) 
t 5. 00.:0.5b 
16 50cd.32b 
16.83±2.75b 

1467H.16b 

Number of la1cral root 
10.00±1 Slb 
13.00±1.53c 
IO.OO±l.S3b 

5 00±1 OOa 

Numbers on the same column followed by the same letter 
were not significantly different based on Duncan Multiple 
Range Test (u = o.g5). Data were the mean value of three 
replicates± deviation standard. 

C Greenhouse Experiments 
At 35 DAP, treatments on soybean inoculated with isolates 

BJ 11 (wt}, BJ 11 (19) and USDA! 10 showed no significant 
effect on shoot dry weight, root dry weight, and primary root 
length (Table IVa, band c) l'he number of nodules formed on 
the roots of plants treated with isolate BJ 11 (wt) was 
significantly different \\hen compared with control plan1s of 
the three varieties of soybean (Fig. 3. Table IV a, band c). 
Treatments with BJ 11 (v .. t) and 13J 11 (19) shov.ed better 
effect compared to treatment with USDA 110 on Tanggamus 
and Detam soybean, respectively. While the control planlS 
were inoculated only with YMB (conlrol without inoculation) 
just not able to form root nodules. This sug.gests that IAA also 

played an important role in the fonnation of legume nodule 
[I I). 

The concentration of IAA on nodules was significantly 
different with control (Table IV), except on the treatment 
using Tanggamus soybean (Table !Vb). This is presumably 
due to the complexity of the !AA influence on plant growth. 
The number of enzymes produced by microbes plays a role in 
activating of the !AA production, while other enzymes can 
inhibit its production [12]. 

t54 

Fig. 3 Treatment of B.japomcum inoculation on the growth 
of AnJasmoro soybean roots at 35 OAP on Leonard bottle under 

greenhouse condition. (a) Control (withoul inoculation). (b) USDA 
110, (c) BJ 11 (wt), and (d) SJ 11 ( 19) 

TABLE IV 
8 . .IAPONICllMEFF1:CTS ON GROWTH Of (A) ANJASMORO, (B) TANOOAMUS, 

AND (C) 0£T AM SOYBEAN SEEDLINGS GROWN FOR 35 OAP UNDER 
GREENllOUSE CONDITIONS 

a Aniasmoro 
Con1rol 
(wi1hou1 
inocula· 

Para merer BJ 1 liwl} BJ 11(19) USDAllO 11011) 

Shoo1 dry 2,31±0,31 2.24±1,12 2,61t0,72 1,93±0,SS 
weit1hl (g) a a a 

Roo1 dry 0,47z0,0l 0,40t0.07 0.47t0,09 0,59±0,04 
\\C1gh1 (g) ab a ab b 
Root length 19,75±2,47 17.25±0,35 2t,OO±O,OO 20,00±5.6 
(cm) a 6a 
Nodule 
number 33,50±0, 71 29.00±5,66 34,50%12,02 0,00±0,00 
(plan1 "1) b b b a 
Concemra-
lion of lAA 
on nodules 10,81%3,39 9,77±1,91 7,69±0,00 0,00±0,00 
(E!E!ml b b ab 

Numbers on the same column followed by the same letter 
were nol significantly different based on Duncan Multiple 
Range Test (a • 0.05). Data \.\Cre the mean value of three 
replicates ±deviation standard. 
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b. Tanggamus 

Control 
(without 
mocula-

Parameter BJ ll(wt) BJ 11(192 USDAllO tion2 

Shoot di}' 1,63±0,01 
weight (g) l,60±0,69a l,6S±0,36a l ,65±0,08a a 
Root dry 4,50±-0,00 
weight (g) 4 ,00±-0 ,OOa 3.S0±0,71a 4,00±0,00a a 
Root length 34,7S±2,I 
(cm) 17,75± l,77a 16,65±0,49• 18,50±4,95a Sa 

Nodule 
number 24,00±6,00a 14,00±5,66 0,00±0,00 
(plant ·1) 21,00±0,00b b ab a 
Concentra-
tionoflAA 
on nodules 0,00±0,00 
!l!l!m2 4,58%6148a 0100±0,ooa 7104:!9,96ab a 

Numbers on the same column followed by the same letter 
were not significantly different based on Duncan Multiple 
Range Test (a = 0.05). Data were the mean value of three 
replicates ± deviation standard. 

c. Dctam 
Parameter 

Shoot dry 
weight (g) 

Root dry 
wc1ght(g) 

Root lenlJlh 
(cm) 

Nodule 
number 
{plant ·1) 
Conccntra· 
1ion of!AA 
on nodules 
<ppm) 

BJ 1 l(wt) 

2,13±0.58a 

o.ss .. o.ooa 

• 21,00±2,83a 

25,50:1:3,53 
be 

12,15,0,89 
b 

BJ 11(192 

l,95±0,07a 

0,52±0,68a 

21,75>:1,77a 

34,00:!:8,48 

28,68±0,00c 

Control 
(without 
inocula-

USDAllO lion} 

2,01±0,21 
2,0i±0,02a 

0,56±0,17 
0,46±0,00a 

18,75±3,1 
22,50±2.83a Sa 

13,00±8,48 0,00±0,00 
ab a 

17.37±0,00 0,00±0,00 
b a 

Numbers on the same column followed by the same letter 
were not significant1y different based on Duncan Multiple 
Range Test (a = 0.05). Data were the mean value of three 
replicates± deviation standard. 

Treatment plants inoculated with Bradyrhizobium strains 
showed trend the same influences on the shoot· and root· dry 
\\>eight in all three soybean varieties compared to control 
(Table IV a, b and c). There were no significant effects. 
Ilusen et al. [ 12] reported that the roots arc inhibited by the 
high concentration of !AA \vhich can activate the l­
aminocyclopropane-1-carboxylate (ACC) aminase to 
synthesize ACC which is a precursor of the hormone ethylene. 
If isolate produces ACC deaminase, such as produced by 
Pseudomonas, this ellZ)me will able to stimulate the growth 
of soybean by pressing the ethylene biosynthesis. 

IV. CONCLUSION 

Bradyrhizobium japonicum isolates tested, i.e. BJ 11 (wt), 
BJ 11 (19), and USDA 110 could grow well and produce 
indole acetic acid (IAA) on yeast mannitol broth (YMB) 
medium in the presence of0.5 mM L-tryptophan. lndole acetic 
acid produced by Bradyrhizobium japonicum have showed 
effect on stimulating the formation of root nodules in soybean 
varieties, i.e. varieties Anjasmoro, Tanggamus, and Detam 
grown on Leonard bottle. 
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