
J. 





Conferences 

Committees 

Publications 

Notifications 

Membership 

Institutional 

International 

1 
"fNN.wasetorg/~ications.php 

WORLD ACADEMY OF SCIENCE, ENGINEERING AND TECHNOLOGY 

World Academy of Science, Engineering and Technology, is open access iourn9) of fu ll text paper of 
peer- reviewed scientific research, and enables fast dissemination of high quality scientific and 
technica l inforn1ation freely available 11\()rJdwide. 
World Academy of Science, Engineering and Technology is a scholarly open access, peer- reviewed, 

1nl~rd i sciplinary, month ly and fu lly refereed journal focus ing on theories, methods and applications in 
Science, Engineering and Technology. 
World Academy of Science, Engineering and Technology aims Lo maintain a rapid editorial procedure 

and a rigo rous peer-review system. The subm itted articles are reviewed within approx imately t hree 
months of submission and the accepted fu ll text articles are published on the internet immediately 
upon receiving the final version> . 

World Academy o f Science, Enginee ring and Technology offers a single, h ighly recognized p latform 
where pee r- revielM:'?d h igh quality scientific papers can be hosted and accessed by m illions o f 
researchers, enabling authors to keep abreast o f the latest developments in their fie ld . All accepted 
full text articles are published free of charge. 

Commenced in January 2007 

OCLC-10 Number: 70 1027477 

OC LC-lD Number: 711803673 

P-ISSN : 2010-376X 

Submit Journal Papers 

Scientific Editorial Board 

Frequency : Month ly Edition: Internationa l 

Indexed in lntemational Science ZDB OPAC IDN: 9974 25644 
Index, ClteSeerX, Google 
Scho lar, EBSCO, ERA 

Instructions for Authors 

Editor-in-Science 

ZDB-ID Number: 2519582-7 

E-I SSN : 2010-3778 

Manuscript Style Flies 

Full Journal Cover 

International Science Index is the unique database of peer-reviewed full text papers, scientific 
research, development & innovation and data dissemination . It kind ly encourages scientists 
contributing and campaign ing for open science, open research, open access, open publishing and 
communicating scientif ic knowledge. The online interdisc1pl111ary, rnult1disciphnary, transdiscipl inary & 
crossdisciplinary specia l journal issues ilre composed of peer-rev1e~~d papers from a number of 
academ ic disciplines. 

Internationa l Science Index : On line Special Journa l Issues 

Issue 0076: 2013 Issue 0077: 2013 

Issue 0071: 2012 Issue 0072: 2012 

Issue 0066: 2012 Issue 0067: 2012 

Issue 0061: 2012 Issue 0062: 2012 

Issue 0056: 2Ull Issue 0057: 2011 

Issue 0051: 2011 lssue 0052: 2011 

Issue 0046: 2010 Issue 0047: 2010 

Issue 0041: 2010 Issue 0042: 2010 

Issue 0036 · 2009 Issue 0037 2010 
Issue 0031: 2ooq hsue 0032: 2009 
ISStJe 0026: 2009 Issue 0027. 2009 
Issue 0021: 2008 Issue 0022: 2008 
Issue 0016. 2008 Issue 0017: 2008 

Issue 0011: 2007 Issue 0012: 2007 
Issue 0006: 2007 Issue 0007: 2007 

Issue 0001: 2007 Issue 0002: 2007 

Issue 0073: 2013 

Issue 0068: 2012 

Issue 0063· 2012 

Issue 0058: 2011 

Issue 0053: 2011 

Issue 0048: 2010 

Is.;ue 0043: 2010 

IsSUt:! 0038· 2010 

Issue 0033: 2009 

Jssue 0028: 2009 

Issue 0023: 2008 

Issue 0018: 2008 

Issue 0013: 2008 

i<:sue 00()8· 2007 

Issue 0003: 2007 

International Journal of Mathematical Sciences 

ISSUI:! 0074: 2013 

Issue 0069: 2012 

Issue 0064 : 2012 

Issue 0059: 2011 

Issue 0054: 2011 

Issue 0049: 2011 

Issue 0044: 2010 

lssue 0039: 2010 

fssue 0034: 2009 

Issue 0029: 2009 

issue 0024: 2003 

Issue 0019: 2008 

Issue 0014: 2008 

lssue 0009: 2ro7 

Issue 0004: J.007 

JSSUI:! 0075: 2013 

Issue 0070: 2012 

Issue 0065' 2012 

Issue 0060: 2011 

Issue 0055: 2011 

Issue 0050: 2011 

Issue 0045: 2010 

Issue 0040: 2010 

lsstie 0035: 2009 

Jo;sue 0030: 2009 

lssue 002 5: 2009 

Issue 0020: 2008 

Issue 0015: 2008 

rs~ue 0010 2007 

Issue 0005· 2007 

112 



I 
Conferences 

Commltees 

Publicatk>ns 

Notifications 

Membersh_, 

Institlt"lo nal 

ttematlonal 

World Academy of Science, Engineering and Technology 

International Sdentific Editorial Board Members 

a) Medical and Billogical Sciences b) Social and Human Sciences c) Englneemg and Physical Sciences 

Editorial Policies for Peer Review: The Flt text paper submissions are peer-reviewed by the members of the 
specific Scientific Committees and Editorial Boards to assess their qually and relevance to scope of the specific 
jo!nlal issues I conferences. Al ful text papers are refereed, and the Editor-n-Chief reserves the right to refuse any 
manoscr1Jt, whethef" on ilvtatt>n or otherwise, and to make suggestions ancl/or modifications before publcatlon. 
Therefore, a ful double - bli1d rtemational refereeiig process Is used in which : 

-Papers are sent to reviewers for their peer review process. 
-The reviewers' recommendations determine whether a paper wl be accepted / accepted subject to change I 
subject to resubmissbn with significant changes / rejected. 

The Peer Review Process: The entire review process Is ful double-bind. The papers are taken through the 
fuDowlng process. Topics which are relevant to the specific journal Issues / conference theme, are selected fur 
further revlewilg. 
A-Refereed Papers 
1- The papers are sent to three reviewers Identified as experts In the area of research. The anonymous reviewers 
are from different universities from around the world. 
2- Papers are deemed acceptable once at least two reviewers give positive eval.lation. 
3- The authors get an acceptance letter and review form from the reviewers. 
4- The authors are then advised to address the comments made by the reviewers. 
5- On corresponding, the paper Is referred back to the reviewers to check whether the comments are addressed. If 
the comments are not addressed, the paper is referred back to the authors to make good revisions. 
B·Edited Papers 
The accepted papers are then edted by the Edtorlal Board to remove the minor mistakes n punctuation, grammar 
and scientific: format. 

The SHERPA/RoHEO list for Permissions: The SHERPA/RoHE-0 summarises publsher'!> condtions fur pre-pr1nts 
and post-pmts and then assigns a colour category accordSlg to Ule permissions giVen. These are "green• fur 
pre-pmt and mmediate post-prtit archiving; "blue" II p(e-prtlts are not allowed; •yelow" l only Pfe-pmts are 
alowed and "whle" if archivilg is not alowed at al. World Academy of SC~, Engneerng and Technology is 
categortzed as "green· for pre-print and inmedlate post· prtlt an::hivng. 

Arkady Bolotln 
Ben-Gurion UniVersity of the Negev 
Beersheba' Israel 

Byo~·Tak Zhang 
School of Computer Science and EngWieerlng 
Seoul National Unlversly, Seoul, Korea 

Chen·Yuan Chen 
Department of Computer Science 
Nat10nal Pingtung University of Educatlon,TW 

Miemie Struwlg 
Nelson Mandela Metropoltan University 
School of Sciences, Port Eizabeth, ZA 

Ed'ison Mw:enda 
faculty of Engineering and the Built Environment 
Unlversly of Johannesburg, Doomfontei1, ZA 

Eric TT Wong 
Department of Mechanical Engineering 
The Hong Kong Polytechnic Universly, Hong Kono 

Joor Astrov 
Talion University ofTechnology 
Talion, Estonlcl 

Kenan Matawie 
School or Computng and Mathematics 
Unlversly of Western Sydney, Austraia 

J1rt Pavelka 
Masaryk University 
Department of Media Studies and Joumalsm, CZ 

Kevin Fong-Rey Uu 
Department of Safety, Health and Environmental 
Engineering, Milg Chi University ofTechnology, TW 

Quoc-Nam Tran 
Lamar (Texas State} University 
Beaumont, Texas, USA 

Karen Armstrong 
York University 
Facuty of Education, canada 

Pavel Selyshchev 
Universty of Pretoria 
Department of Physics, South Atnca 

Majid Tolouel-Rad 
SChool of Engineering 
Edith Cowan Urwersity, Perth, Australia 

Teodora Bakardtjeva 
lnstlute of Technology 
Varna Free University, Bulgaria 

Mlkhal E. Semenov 
Department of Math. and Mathematical Physics 
Tomsk Polytechnic University, Russia 

Miio~ Seda 
Brno University of Technology 
Institute of Automation and Computer Science, C7. 

Sabifna Fawzla 
Faculty of Built Environment and Engineering 
Queensland University of Technology, Australia 

Sinon Brown 
School of Human Life Sciences 
University of Tasmania, AustraliCI 

S M. A Burney 
Department of Computer Science 
University o r Karachi, Pakistan 

Yeon Mo Yang 
Department of Electronic Engineering 
Kumoh Nat10nal Institute of Technology, Korea 

Zarta Zalnucldln 
School of Mathematical Sciences 
Unlversitl Salns Malaysla 

7hanna Milgaleva 
Facuty of Economics 
Perm State University, Russia 

James. A. Nelson 
Department of Accountng and Information Systems 
New Mexico State University, USA 

Alexander Vaninsky 
Mathematics Department 
Hostos Community Colege, CUNY,USA 

Nerey H. Mvungt 
University of Dar es Salaam,Colege of Information and 
Communication Technologies, Tanzania 

5/23/2013 9:28 AM 



2 

Isaac OU5egm Osunmaki'lde 
Universty of Sotah Afiica 
School of Computi'lg, South Africa 

Hemilg BjomUld 
Unlversty In South Australa 
School of Commerce, Australa 

Contact and Support PrMtcy and Legal 

Chukwutoo c. lhueze 
NNamdi Azikiwe University,Awka 
Department of lndustrlaVProductlon Englneer'ng,NG 

Vlest:ll"S Rozenbergs 
Latvia Unlversty of Aglicul:ure 
Department of Nutllon, Latvia 

T111ms and Concht10ns Nondiscriminatbn Poley 

c 2013 World Academy ct Science. ~ineemg and Technology 

5/23/2013 9:28 AM 



2 

Conferences 

Commttees 

Publications 

Notifications 

Membership 

Institutona I 

International 

INTERNATIONAL SCIENTIFIC COUNCil. 

Contact Us Ol:Tel: ++97 1559099620 Tel:++l5756350018 
PO Box 3151 NMSU, Las cruoes, NM 88003-3151, USA 

Pavel Selyshchev 
University of Pretoria,Pretoria, SA 

Tel:++27761997149 

Ali Hital M1aqpi 
UAEU, Abu Dabi, UAE 

Tel:++9715067253J3 

Ahmad-Ur-Rahman Saljoki 
AUP, Peshawar, Pakistan 
Tel: ++923339139959 

S.B. Hinchigeri 
KU, Oharwad-580003,Jndia 

Tel: ++919448188417 

Igor Astrov 
TTU, Tatlk'ln, Estonia 
Tel: ++3726202113 

Milos Seda 
BUT, Brno, Czech Republic 

Tel: ++420541143332 

Alelcsandra Zebrowska 
AWF, Katowice, Poland 
Tel:++48608418581 

Yeon-Mo Yang 
KNIT, Kumoh, Korea 

Tel:++82163458620 

Tatyana Boikova 
BSA, Riga, Latvia 

Tel:++37128294266 

Knysztof Stypula 
PK, Krakow, Poland 

Tel:++48126282031 

Joanflil OulrlSka 
PK, Krakow, Poland 

Tel:++48126282351 

Jui-Pin Hung 
NCUT, Taichung, Taiwan 
Tel: ++886423924505 

Chen-Yuan Chen 
NPUE, Pingtung, Taiwan 
Tel: ++8869273 1123 1 

MlkhaD Semenov 
TPU,Tomsk, Russia 

Tel: ++79039522493 

Quoc- Nam Tran 
LU,Beaumont,Texas,USA 

Tel:++14098807995 

Teodora Bakardjieva 
VFU, Vama Bulgana 

Tel: ++359888843111 

Kenan Matawie Abd El Bath M. Mohamed 
uws, Sy<rley, Australa AASTMT, caro, Egypt 
Tel:++61411062244 Tel:++20122161730 

Kevin F.R. Lkl 
MCIJT, Tafpe~Taiwan 

Tel:t+886926995906 

Simon Brown 
lfT, Tasmania, Australa 
Tel:++61363245467 

Er1cTTWong 
HKPolyU, Hong Kong 

Tel:++825 97470507 

Zhou Xiaodong 
IMRE, Singapore 

Tel :++6591856378 

Seung-You Na 
CNU, Gwangju, Korea 
Tel:++82625301763 

Mohd. F. Shablr 
TEC, Chennal, India 

Tel:++919790713448 

Khadija Lureshl 
MUET,Slndh, Pakistan 

Tel:++923063009900 

Jl-Hwan Km 
SNU, Seoul, Korea 

Tel:++821041210181 

N.K. Narayanan 
Kannurt.J, Kerala, India 

Tel:++919446955830 

Sabrina Fawz la 
QUT, Brisbane, Australia 
Tel:++61731381012 

Stalakshmi Venkatraman 
UB, Balarat, Australa 
Tel:++61353279074 

G. Incerti 
UNIBS Brescia, Italy 

Tel:++ 39030371542 7 

Assam El·Osta 
Bakeridl, Auslralid 

Tel : H613853211 11 

Alexander Vaninsky 
HOSTOS CUNY, New York, USA 

Tel:++ 17185186615 

Mehmet Savsar 
Kuwait Unlversly, Kuwait 

Tel:++66SS04773 

Nerey H. Mvungi 
UO, Dodoma, Tanzania 
Tel:++255784279663 

RajabAbdullah Hokoma 
Unillersty ofTripol, TripoR, lbya 

Tel:++218914 771239 

Edison Muzenda 
UJ, Johannesburg, South Africa 

Tel:++27764072314 

Omar Fakih Hamad 
UJ, Johannesburg, South Africa 

Tel:+t27791112238 

Uchenna Virginia 0 kolie 
UN, Enugu, Nigeria 

Tel:++2348036741302 

Messaouda Azzouzl 
UO, Ojelfa, Algeria 

Tel:++213776705798 

Abdel-Badeeh M. Salem 
ASU, Cairo; Egypt 

Tel:++2022903906 

Abdulfatah Aboufayed 
TU, Tripofi, Lbya 

Tel:++218917627009 

Mano Mastnanl 
UNTref,Boenos Ares, Argenti'la 

Tel:++5491140826808 

Yan Liu 
Qinghai Universty,Xlning,China 
Tel: ++0086-13897248341 

Majid Tolouel-Rad 
ECU, Perth, Austraia 

Tel: ++61863045883 

Hial A. Fadhil 
UNIMAP, Peris, Malaysia 
Tel: ++60175483570 

Meteb M.S.Alaf 
KACST, Riyadh, Saudi Arabia 

Tel: ++966552995399 

James. A. Nelson 
NMSU,New Mexco,USA 

Tel:++15756495938 

Mashood Olawale Fadeyi 
BUID, Dubai, UAE 

Tel:++97143913626 

As per the scientific comml:ment to the enhancement of Science, Englneemg and Technology, We encourage vlSl:ors 
to contact us with their feedback, suggestions, comments and questions so that we may serve you better. 

Title .......................... Title ....................... . 

Contact Title 

Full Name 

Email Address 

Country 

Institution 

Type verification image 

Comments 

How did you find us? 

Whom do you Nish to contact? 

..................... Countiy .................... . 

,_ -
Please take a moment to tell u s how you were made aware of our website. 
Your assistance is appreciated in completing the following survey. 

(Optional) 

5/23/2013 9:09 AM 



2 

Send 

World Academy of Sdence, Engineering and Ted\nology Website Legal Oisdllimer 

World Academy of Science, Engheerilg and Technology has prepared the content of this website responsbly and 
carefully, but disclaims al warranties, express or inplied, as to the acancy of the i'lfonnatbn contailed i1 any of 
the rnaterlals on this websle or on other lhked websles or on any subsequent Inks. This i1cJudes but ls not by way 
or tnlatlon: 

1. any inplled warranties of men::hantabilty and ftness Ii.Jr a particular purpose 
2. any labilty for damage to your- computer hardware, data, Information, materials and business resulti'lg from the 
lnformatkrn or the lack of ilformatlon avalable 
3. any errors, omissions, or ilaccurades in the information 
4. any decision made or action taken or not taken In reliance upon the Information 

Wor1d Academy of Science, Engineering and Technology makes no warranty as to the content, accuracy, 
tlmelness or completeness of the Information or that the lnformatbn may be rer.ed upon for any reason and bears 
no responsibily for the accuracy, content or legalty of any fi'lked ste or for that of any subsequent Inks. World 
Academy of Science, Engineering and Technology makes no warranty that the website service wil be uninterrupted 
or error-free or that any defects can be corrected. 

World Academy of Science, Engtneer1ng and Technology shaft not be lable for any losses or damages (including 
without ffmtation consequential loss or damage) whatsoever from the use of, or reliance on, the Information In its 
website, or from the use of the Internet generally. Any links to other websites do not constitute an endorsement or 
an approval by World Academy o f Science, Englncer1ng and Technology of any products, services, policies or 
opinions of the organization or individual. 

Contact end Support Privacy and Legal Terms and Conditions Nondiscrimination Policy 

C 2013 Wol1d .tocademy ct Science. E~rneering and Technology 

5/23/2013 9:09 AM 



Conferences 

Commttees 
Article# 

Publications 
1 

Notifications 

Membership 2 
Institutional 

International 3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

lf4 

WORLD ACADEMY OF SCIENCE, ENGINEERING AND TECHNOLOGY 
ISSUE 0074 FEBRUARY 2013 

Post Elevated Temperature Effect on the Strength and Mlcrostructure of Thin High 
Performance Cementlbus Composites (TiiPCC) 

A. Q. Sobia, A. Shyzleen, M. S. Hamidah, I. Azmi, S. F. A. Rafeeqi, S. Ahmad 
Theoretical Study on Torsional Strengthening of Multi-cell RC Box Girders 
Abeer A. M., Allawi A. A., Chai H. K. 
A New I.Dad Frequency Controller based on Paralel Fuzzy Pl wth Conventional PO (FPI-PO) 
Aqeel S. Jaber, Abu Zaharin Ahmad, Ahmed N. Abdalla 
The Impact Behavior of the Predecessor and Successor on the Transmissbn of Famlly 
Busilesses in Tunisia 
B. Kettana 
Exper'mental Study of the Metal Foam Fbw Condltbner for 011flce Plate Aowmeters 
B. Manshoor, N. Ihsak, Amir Khalid 
Evaluation of Performance Requirements for Seismic Design of Piping System 
Bu Seog Ju, Woo Young Jung 
Knematk Opttnal Design on a New Robotic Platform for Stair Climbiig 
Byung Hoon Seo, Hyun Gyu Kim, Tae Won Seo 
Exper'mentalTesting of Compos le Tubes wth Different Corrugation Profile Subjected to 
lateral Compression Load 
Elfetori F. Abdewi 
Pleurotus Ostreatus for Ourabilty Test of Rubber and Sengon Woods using Indonesian 
National Standard and Japanese Standard Methods 
Elis N. Herliyana , Kunio Tsunoda, Yusuf S. Hadi, Arinana, Dewi A. Natalia 
The Utiity of Wavelet Transform In Surface Electromyography Feature Extraction - A 
Comparative Study of Different Mother Wavelets 
Farzaneh Akhavan Mahdavi, Siti Anom Ahmad, Mohd Hamiruce Marhaban, 
Mohammad-R. Akbarzadeh-T 
Research Topic Map Construction 
Hei-Chia Wang, Che-Tsung Yang 
Mainland Chilese Customers' L-itentlon toward Medical Tourism in Taiwan 
Hsiu-Yuan Wang, Shwu-Huey Wang 
Perfonnance Analysis of Adaptive LMS Filter through Regression Analysis using SystemC 
Hyeong-Geon Lee, Jae-Young Park, Suk-ki Lee, Jong-Tae Kim 
Dissipation of Higher Mode usng Numerical Integration Algorlhm in Dynamic Analysis 
Jin Sup Kim, Woo Young Jung, Minho Kwon 
A Multi-Agent Framework for Data Minng 
Kamal Ali Albashiri, Kha/ed Ahmed Kadouh 
A Combinator1al Approach to Planning Manufacturing Safety Programme 
Kazeem A. Adebiyi 
SystemC Modelilg of Adaptive Least Mean Square Filter 
Kyu Han Kim, Soon Kyu Kwon, Heung Sun Yoon, Jong Tae Kim 
Relative Contrbutlon of Livestock Species to Meat Supply in Bauchi Metropolis, Bauchi, 
Nigeria 
M. M. Abubakar, Y. M. Burrah 
Parameters Estimation of Double Diode Solar Cel Model 
M. R. A/Rashidi, K. M. El-Naggar, M. F. A/Hajri 
Finite Element Modeling To Predict the Effect of Nose Radk.ls on the Equivalent Strain (PEEQ) 
for Titanium Aloy (T1-6Al-4V) 
Moaz H. Ali, M. N. M. Ansari, Pang Jing Shen 
A Comparative Study of PV Models in Matlab/Simulink 
Mohammad Seifi, Azura Bt.Che Soh, Noor Izzrib.Abd. Wahab, Mohd Khalr 
B.Hassan 
Improved HI Cimbing and Simulated Annealing Algorithms for Size Optimizatkm of Trusses 
Morteza Kazemi Torbaghan, Seyed Mehran Kazemi, Rahele Zhiani, Fakhriye 
Hamed 
Differences in Goal Scoring and Passing Sequences between Winning and Losing Team in 
UEFA-EURO Championship 2012 
Muhamad S., Norasrudin S, Rahmat A. 
Evaluation of Green Roof System for Green Buildilg Projects In Malaysia 
Muhammad Ashraf Fauzi, Nurhayati Abdul Malek, Jami/ah Othman 
Preliminary Overview of Data Mining Technology for Knowledge Management System in 
Institutkms of Higher Leaming 
Muslihah Wook, Zawiyah M. Yusof, Mohd Zakree Ahmad Nazri 
An Implementation of Stipple Operations 
Nakhoon Baek 
A Standalone WebGL Supporting Architecture 
Nakhoon Baek 
Concepts, Goal, Techniques, Strategies and - Application of Psychotherapies for Depression: 
A Review Study 

Naziha S. AbdAti, Norzarina M. Zaharim, Yasmin 0. Mydin 
An Assessment of Ozone Levels i1 Typical Urban Areas in the Malaysian Peninsular 
Negar Banan, Mohd Talib Latif, Uew Juneng 
Productk>n of IM by Bradyrhizobium sp. 
Nisa Rachrnania Mubarik, Imi Mahagiani, Aris Tri Wahyudi 
Service Quality vs. CUstomer Satisfaction: Perspectives of Visitors to a Pubic Univ~rsity 
Librctry 
Norazah Mohd Suki, Norbayah Mohd Suki 
Adaptive Impedance Control for Unknown Non-Flat Environmeot 
Norsinnira Zainul Azlan, Hiroshi Yamaura 
Adaptive Impedance Control for Unknown Tme-Varyi'lg Environment Postlon and Stiffness 
Norsinnira Zainul Azlan, Hiroshi Yamaura 

Page# 

1 

7 

15 

21 

32 

37 

41 

47 

51 

57 

63 

66 

69 

73 

81 

85 

91 

96 

100 

104 

108 

114 

118 

124 

131 

137 

140 

144 

147 

152 

156 

161 

167 

5/23/2013 9:30 AM 



World Academy ofSc1eoce, Eng1necnng and Technology 74 2013 

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]. 
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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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