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ABSTRACT

The aims of this study were to determine the community structure and the nifH gene
expression of endophytic diazotroph bacteria within each part and growing stage of cultivated rice in
different soil conditions. The total population of the viable endophytic bacteria in cultivated rice
(Oryza sativa L. cultivar KDML-105) was in the range between 10° to 10° CFU g'I fresh weight of rice
tissue. The fifty-six percent from the total isolates was most likely diazotroph. The interaction between
a single isolate from each diazotrophic consortium was observed. Both the inhibition and promotion of
N,-fixation from each diazotrophic consortium were found. Some chosen isolates were identified at the
species level, based on the nearly full sequence anélysis of the 16S rRNA gene. The results showed
that they are closely related to Enterobacter dissolvens, Brevundimonas aurantiaca, Pantoea
agglomerans, Pseudomonas spp., and Enterobacteriaceae bacterium. The carbon sources utilization,
and production of indole-3-acetic acid, pectinase and cellulase were also determined. The bacterial
localization in the rice tissue was detected in roots, stems and leaves. The most intense color on some
of the root hair and younger lateral roots were observed on the basis of GUS reporter gene. The PCR-
DGGE analysis conducted directly from the rice tissue using 168 rRNA primer could elucidate the
endophytic bacterial communities. The major bacterial strains in this community belong to E.
dissolvense, B. aurantiaca, P. agglomerans, and Pseudomonas spp. In addition, the community of
diazotrophic bacteria inside the rice tissue was demonstrated using nested PCR-DGGE analysis with
nifH primer. In order to detect the bacterial nitrogen fixing activity in the rice tissue, RT-PCR
approach was carried out. The results displayed that the nifff gene expression could be detected in

different parts and growing stages of rice plants. -
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Organic
Soil Texture Phosphorus  Potassium Calcium Magnesium
Original pH matter

%Sand  %Silt  %Clay Texture®* % Rate* ppm rae ppm Rale ppm Rate ppm  Rate

Paddy soil 7.8 65 16 19 SL 09 VL 39 H 70 L 3520 H 420 H
Forrest

soil 7.7 31 14 35 5C 2 M 11 M 330 VH 7600 H 1180 H

Texture; SL = sandy loam soil, SC = sandy clay soil

Rate = 525190 M 15 M35; VH = Very high; H = high; M = Medium; L = Low; VL = Very low
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4 4 q v A
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BuwUnfSy Fscherichia coli DHSCL (19 Asiwaraiia pBBR_nifHGUS U41# 7,600 bp
URENUAD kanamycin 1! gus translational 11aEHY niff! 1D Mesorhizobium huaki (OYATIEHN
Prof. Y. Murooka, Department of Engineering, Osaka University, Japan) ua%:!.l.‘l.lﬂﬁﬁﬂﬁ’.)“ﬁ?ﬂ (helper)
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4.2 Triparental mating
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(donor, helper, recipient) (NAAAHTUAINE1 100 YA, wa?]"aﬂ'smﬁagjuummiu,%q RMR. L3y 28°4
3 $u g uradinSounibonsoslduasn microcentrifuge WAUAY 9I1151MAI RMR 1 W2, Spread
UUOTHI5IUTHI RMR ‘ﬁﬁ 50 pg/uA. of kanamycin, 50 nug ua.” X-gluc and 50 pg wa,” ampliciflin 1an
1 280 5-7 S tionTaTafl wansconjugant A 1HAR

43 ManTeuuaatIezms inoculate AasuniiFenialulasnweulaly

enaindefiuinamldonveauiadingan 70% ethanol 1 11 1w 10% (wiv) caloium
hypochlorite 30 W17 &19devhaindo 3 A%a az 15 wif mzmAadndnanounszmsivyilon

A 1 o 3 g { 3]
RaFeuds wisnmiu 7 Suhdundrldilgnlunasanaaediussgemisuds Fahreaus 20 wa.

E v
(Elbeltagy et al, 2001) 89910 3 TU inoculate Ay transconjugant A Gus-tagged YTud 10°- 10°




cell/ifa. ATINTBUMTINIOY (Colonization) N5 Wy wazly Fwi% GUS (B-glucuronidase)
staining
4.4 Gus staining

7 &4

Tamaousd

4l

prouaiiGy Tatusnsin Sduiazluvesdiedietneiy 1 deou Aoy
Foanalu GUS assay solution (40 ul X-Gluc 20mg/3a, TunN, N-Dimethylformamide, 20 mg SDS, 2
19. methanol, 0.2 ¥91. 1M sodium phosphate buffer uam‘i’wﬂf‘;’u 7.76 18.) T4 vacuum 120 W% 4d)
ﬂﬂJﬁl 28°% 24 FU. mmfuﬁ’wﬁmthﬁnﬁ'm phosphate buffer ﬁfﬂu 5% (w/v} calcium hypochlorite
30 5uif uazdndnh 3 afe az 10 Wi nniumsgmsegofuveLafiediondes
ans seimeaes 1o {(Manassila et al. 2007)
5 meimnzdlaseNarusiteaiallasnumeulalvy

5.1 msadn DNA va4 wuafifanisluinsnueulalioindn

M3an® Total DNA A283F modified potassium acetate (Dellaporta et al. 1983) AM3UA
oediiumsrensiidodaeluTnsnumar udade i lunasenaaeswing 1.5 ua.
pre-heated extraction buffer (100 mM Tris-HCI, 5¢ mM EDTA, 500 mM NaCl 48$1.25 % (w/v) SDS)
720 . MLy 65 ° 15 Wi anaznewTusAndy sM potassium acetate 225 pl waiud e
20 W ThaMHUUYeINaBAINANAZNEY DNA A10 2/3 volume isopropanol t#u 1dI81342 70%
ethanol 154 u&1a¥a16 DNA 11 TE buffer uaziufi -20°C

52 MIFINE1IUVEY 168 rRNA taziu nifH Ingmaiia PCR

11 PCR w04 16S rRNA gene Tl universal primers PRBA338F (forward) ﬁﬁ GC-clamp
(5 GCGCCGCCGUGCGCGGCGGGCGGGGCGGGGGCACGGGGGG 3Y) G]"E)ﬁﬂtﬂﬂ 5 uag
PRUNS518R (reverse) (Ovreas et al. 1997)

A28 niE 1433 Nested-PCR Fawan191n33u0s Poly er al. (2001) Waz Roesch ef al.
(2006) ITusounsnupamsn1 PCR a¢1d PolF {u forward primer 403 PolR {4 reverse primer Tu
iﬂﬂﬁﬁﬂﬂﬂlﬂﬂmiﬁ'] PCR ¥ forward primer A9  nifHFor ‘I?lﬁ GC-clamp ﬁiﬂﬁﬂmﬂS’
(’CGCCCGCCGCGCCCCGCGCCCGTCCCGCCGCCCCCGCCCGACCCGCCTGATCCTGCACG
CCAAGG 3") g nifHRev K1 reverse primer 993 18HaNAAT I GC clamp ¥unslsEuns ~320
bp ATIINARAN PCR ﬁammﬁw%‘ﬁ electrophoresis T 1 % (wiv) agarose gel 1U 1X TAE buffer 102
Wunardagenainf -20°0 AeuSinzidin3t DGGE

53 mPmsizilay Denaturing Gradient Gel Electrophoresis (DGGE)

w3oumsalid My DGGE mugile Bio-Rad D Gene uasidinine BIO RAD DCode™
Universal Mutation Detection System (Bio-Rad, Hercules, CA) UUNANGR PCR ‘ﬁ 95%4% 5 119 A

:‘ d o 4 ot a 3 1 i
Tuhudaiufidioann1ssundunuy non-complementary 484 DNA 910y load A9 DGGE #iil




10% polyacrylamide gel (40%-acrylamide and N, N-methylenebisacrylamide solution (37.5:1, vw/v),
40% (v/v) formamide, 7 M wurea 18z X TAE) Tu denaturing gradient gels W1 1 W, 40-60%
denaturant TowazBidnTns T3 da 1w 12 $2T5e 71 120 V R98 1XTAE running buffer A71AM
qm%qﬁﬁ 60°4% mmfué’f@m%aé’hu ethedium bromide (0.5 pg/a.) Wotonmde  Gel
documentation and analysis (Ultra Violet Product, USA)

5.4 MydmTiSnFuwavewiaion DNA 7114210 DGGE uavirad

M3IATEHE IR0 DGGE uaziad 1935vse Sanger Tnudausas band fiaulenin
DGGE gels 181U sterilized vials {4 sterilized distilled H,0 20 a. Uy 4°4 24 ¥, ud2 115y DNA
template §1MTUNY PCR ¥BIUARE primer antfuasIvARULIRYeIHANER PCR AoBiin s 1
G SmTeidd i auosdudau DNA dandlag Macrogen Corp., South Korea W81 uad 14
i llalSeuidisy homologous sequence 11 GenBank 438 11/514n5% BlastN 2.0.13
6  MINTIVADUNIUTAIBONVOIEN nifH R IEUNATIA Reverse Transcriptase PCR (RT-PCR)

#fn Total RNA 910620819917 Taeld RNeasy Plant Mini Kit (QIAGEN, USA) 182aan13
ﬂmﬁaumm DNA #78 DNase id7aza’ RNA lu diethylpyrocarbonate-treated water 11391
Reverse-transcriptase polymerase chain reaction (RT-PCR) 41U two-step RT-PCR YBIoU nifH Tae
1y total RNAs @78 1 U 494 RNase free DNase (Promega, USA) 37°% 30 TRi %mﬁmﬁu stop
solution (20 mM EGTA [pHS.0] #f 25°%) 1 wa. Uufi 70°w. 15 Wil wwtu@y 25 gl of
Oligo(dT),; primer n3o 2.5 ng/ul random hexamers uda ﬂi.l‘ﬁ 70° 5 WA AN Reverse transcription
reaction (4 pl ImProm-11"™ 5X reaction buffer, 3 mM MgCl,, 0.67 mM dNTP mix, 20 U ribonuclease
inhibitor, 1 pl ImProm-1T™™ reverse transcriptase (Promega, USA)) 1471501310389 nuclease-free
water 19 18 15 ul mﬂﬁ"}uﬂw RNA 1Ag primer 5 pl i@ T 1u reverse transcription reaction mixture 9%
18U5ams5 20 i udiufi 25°% 5 17 ua extended i 42°9 60 1T LASMEAMTRIULEA reverse
transeriptase # 70°% 15 417 1At PCR Tanld cDNA @i DNA duwan uazlddonlamsin
PCR w0sBu i mufinauiuds uarldiu 168 mNA dhunnsgudmiusnneinaves
RNA 11341 PCR ‘ﬁﬁﬁﬂﬂi%&ﬂém Thermal cycler GeneAmp®PCR System 9700 (Perkin Elmer, USA)
AR5 1zANANEN PCR 208180 T3 W54 1% agarose gels iazfiondae 0.5 ug/ua. ethidium bromide
7 Nucleotide sequence accession numbers

Anvrdduiwatu 165 rRNA Taodudigudoyauod GenBank n10ld accession numbers
EU195902 - EU195912 a3Ud1#UWa91n DGGE band M9l@ accession numbers EU195913 -
EU19591¢6
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1. swmlszwnsusaiGeaidhdanaweulaliluda
T 3/ 1 3 9
YsgrnsuuaiGeaislulaseuwoulad  Auenlrensennilodsdinvensiideuds
o 1 a T t as g’ ar g A H
Gn &du uazlyy nuhiliswouszndn 10° - 10° CFU aensushminaaiifeedn (ms19h 2)
[ a at ] ]
Taswpdszrnnunnigalusin (2 x 10° - 3 x 10° CFU sensuhmiindailediad) wenlSvuhioy
a 3 ' = = o a e o 0
funersogmansyivla uazdszinnvesdufitlgn SrunlszmnsuuaiiGeoulaldilud
¥ o .y

Fuiidmnu 4 x 10° - 3 x 10° CFU denfurhwmiinaailatiofs daululuwudwiudsznnsiden

] ¥ 3 T
figa fio 1x 10°- 2.7 x 10° CFU deafmhmingadlodisdn

A o - Y A 4 g
15191 2 'i]'lu"]uu'llﬂmliﬂﬂllﬂﬂiﬂﬂ‘\ﬂlu@w@ﬁnq

CFU g fresh CFU g fresh CFU g fresh
foeha weight RLIE weight Mo weight

EIH

SFR 1.09 x 10° VER 510% 10° RFR 2.65 x 10’

SNR 225x10° VNR 351 % 10° RNR 1.81 x 10°

SUR 1.11 x 10° VUR 142 x 10° RUR 1.27 x 10°
ddu

SFS 1.02x 10° VFS 1.01 x 10* RFS 2.11x 10"

SNS 3.03x 10° VNS 1.39x 10° RNS 1.51x 10’

SUS 2.28 % 10° VUS 3.71 x 10° RUS 2.43x 10°
o

SFL 240x10° VEL 210 x 10° RFL 1.66x 10’

SNL 2.72x 10° VNL 3.78 x 10’ RNL 258 x 10°

SUL 6.06 x 10° VUL 128 % 10° RUL 2.62 x 10°

Ny SelD ﬁﬂﬂﬁﬁﬁu‘iﬂﬁﬂiﬁﬂxmnﬁﬂglﬁﬁTWU’&]»‘]‘ISJ)’!’J (S; seedling stage, V; vegetative stage, R,
reproductive stage), SAYIAIN 2 Avrilavedy (F; fertilizer amendment, N; no-fertilizer experiment,

U; undisturbed experiment) ttazSnusdaf 3 Avdmaoadudg (r; root, S; stem, L; leaf)




i e 21 * Qs 3 2 =g o @
vInHanInaasInydt uinadiliniregadevewuaiGonsa lulasoweu el ludh,

3 5; = [} c; & 3 W . B 9
yfaniiu WUNUTOIUIINUUWUUNTA FITDARADINUMTNATDIVD Zinniel er gf (2002} 113101

&.

¥ E
guopunatuaRFmiuinmuana1az nainwate Juegiuaiavasily ogve iy dnuusves

U
3

Bt naiumsfudiadie saudidaadoudan Tanlndudy dnwudsznsuuaidedou
mnﬁq@ﬁu?nmﬂn spqaufemdunarlua iy In1INRasIUee Muthukumaeasamy HAg
Ay (2005) W‘U'j’]ﬁjﬁ Gluconacetobacter diazotrophicus \WAE Acetobacter peroxydans ﬁmm”lﬁ%m
snuazdduvesiialgnluunidelumaldvealswedud Thuaialafegsenig 10-10°
CFU g imiinaayeadna Fandrofumsfnurludhameiug Hwsanbyeo flszmenmald #

¥
WU G. diazotrophicus Hdwau 10° cru g-lﬁWW‘LTﬂﬁ AU999 1) (Muthukumarasamy et al. 2007)

2. amnsslumseishlasnuvesnfiBeeulalvliluin
o F oot el a o =) . 1 =
nndredrauunfiBefiugnnndrndiuiu 135 naea (FUIUNTe consortium) WU 75
d'd A P ' - - g A -
waeanimsasalulasou Fallifanssu ARA 1A 10 nm CH, h'wbe’ Mimyoiuen 1dna
1 - ]
unguiinialuTasonldifly s6% voalsznsionun Taesmsndalulosisugeganuiigusy
Tungusin (40-4,000 omol C,H, h'wbe’) adoguanTudidu (180-5,800 nmol C,H, h'tube™)
wazwu luguyungulinfosfiqe (300-900 nmol C;H, h'tube™) LATWUIIYNTU VNS3-1 NLENI
VndduunasEeLi5u9en (Seedling stage) vasauh hildils (No-fertilizer soil) finsnTelulasiou
49qafD 5,840.07 nmol C,H, h'tube” (1151971 3) dauguauninizadalulasudiganyluguyn
1 ] 3
o uaziferhusazgusuinuondiule Tnander udriansadelulasnudnds ARA Banie
1 ] N 3 [ (?: = & W r d‘.
widweag lo Tmaniguaniansdudwarduaiumsnsa luTnsoudbatunezdu (M9 3) 910
=5 | S 9 3 3 o o t {I
wamsnaasanNuaanse lumaseluTaspunwuiinuonsludeiu wdihnsnadna iy
A A g .. 4 ¥ w 0w o ¢ ' g
Waled iy aerial Newsaliuaziveinmauay o, dMsunsduATITHUTY LANUIILIIATY
=y ¢ a a A TRy a = o ) ) & o
wuaiSeeu la liamsaniyiu Tavsoageidu 1A Tunaiudy anoxic microzones Fufinan
ruunfituewiaifnnamaelwediy  aeldanziiianududuves 0, gafaw
(Minamisawa et al. 2004)
a 3 =5 aly = as g L) =
msfudamsadaluTasioudl A e laan lugurududimsniyiu Taves
o té =y ¥y @ ' .
uuafiFodnds Fufinldvinma clear zone Y89 culture filrate UUIFOBNAD MngUR 2 wuh'le
o q Y a 4 = d 4 4 X
laan VER3-1-2 939 1#iAn clear zone yufinfrvesloTaian VER3-1-1 Advsuuemsifsaie
! 3 1 ¢ o 1
o614 Isfaw wudngueyuay SFS2-2, SNA3-1, SNS2-3, 1Az RUL2-2 nduliwy clear zone 59119

WO culture filtrate YAz 1o Isan@enay
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9/ 4

H = a e
19197 3 MIAATIY A LI RewoUaI0W16S (RNA (full tength) voala Tmanwauuaz 1o

Taan@nivasuuaiFonsa luTnsaueu Ta luy lud

Consortium  N,~fixing Single N, ~fixing
Putative identity

Isolate activity isolate activity

SFES2-2 2,201.67 SF82-2{1}) 1,738.50 96% Enterobacter dissolvens LMG 2683
SF582-2(2) 7,395.70 98% Brevundimonas aurantiaca

VNS3-1 5,840.70 VNS3-1(1) 18.34 99% Pantoea agglomerans WAB1927
VNS3-1(2) 23,319.17 99% Entercbacter dissolvens LMG 2683

RULZ2-2 949.24 RUL2-2(1) 6,123.88 99% Pseudomonas sp. BWDY-42
RULZ-2(2) 6,355.38 99% Enterobacteriaceae bacterium ZHS8050721

N,-fixing activity = Ethylene concentration (nmol C,H, h'tube™)

?“J"ﬂﬁ‘if.l'i) “’ﬂyS@T'msﬂﬁmwxmm?ty!ﬁﬂmﬁuaa%’n (8; seedling stage, V; vegetative stage, R; reproductive stage),

o af

nusRaT 2 Rerinveedu {F; fertilizer amendment, N; no-fertilizer experiment, U; undisturbed experiment} (1D

o

SnYIAIN 3 ﬁafi’ammﬁu%’n (R, root, S; stem, L. leaf) FunundIdnusAe dilution factor HaY replication number

gﬂﬁ 1 A9A35UMIABATUYATNYDY culture filtrate 40418 Toxian VFR3-1 femstigyvesuuniiie
Fauaas¥iiiuen clear zone vuBMISUSY 1Y culture filtrate Y89 VFR3-1-2 HoauYU
VFR3-1-1 ﬁtgﬂwummm%aﬁﬂiWﬂmﬂ”lui'mmu ‘ﬁ 1 ul (A), 2 ul (B), 3 ul (C) unz 4 pl
(D)

y 3
mstiienaunTeagiuuuLyusulunasaeims uduaaannuamiinlunsaiy

o : [}
i iftesnnuuafiGongui lamnsonialulasmy  18Tdmseisnssumsade

]
el

o o 1 é e . .
Tulnsmulugaununfifedindn Fiaoandostunimaneauss Minamisawa et o, (2004)

]

WUNYUWU  anaerobic nitrogen-fixing consortia (ANFICOs) Usznounie clostridia ﬂfju‘ﬁm\‘l
ulasnld  unzaquithiounsaedslulanndd  TaowudwuaiiGendui hiaunsonds
Tulasould awrsomiionildl clostidia antsaielulanoldluamisfoguuunay mad

r
[l

= o 1 d' L ¥ =y
annuuafiGenguit liamisondelulanowldll 1dwdams w3e metabolites v13dlsymy 7
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mmmd&m?mf%‘ﬂﬁﬁg\amw?\aj’luigﬂnw“lsff NHAVDINTTNANDY culture Filrate w09 1o Twiam
VFR3-L 1 Fiannle lanifonadinaiinade o Tnandiuiedmminduludvosns
waaa IR as ARS8 (bactericidal effect) Wéowdansiaunsaiudngsuns
asatulag 1914 18 (bacteriostatic effect)

derinale Imanfithauls hifwundaszauatldd dromsdnmeiddumauostules
RNA HULRNED (A1313% 3) wudw"!ei«nmwﬁmmmﬁaumﬂﬁqﬂﬁu Enterobacter dissolvens,
Brevundimonas aurantiaca, Pantoea agglomerans, Pseudomonas spp. W0% Enterobacteriaceae
pacterium faaadlums1ef 3 91nN15FNNIOY Hoffmann UAZANS (2005) WU Enterobacter
cloacae subsp. dissolvens comb. nov. Lﬂmmﬂﬁﬁﬂﬁmwﬁa E. dissolvens Lmzwuinﬁmﬂui@"lﬂﬁ
ﬁuﬂﬂu'IMﬂﬁwszqaﬁ’n {Araujo et al. 2002) uaxi’fn (Fujii et al. 1987) @9 Brevundimonas
auranticcd wm’uﬂuumﬁGﬁm?a"luTmmuﬁuanummﬂmm%&ﬁu Dalbergia Tu Madagascar
(Rasolomampianina et al. 2005) N3 Anuveq Ruppel et al. (1992) WU Pantoea agglomerans 91

o190 intercellular 48350417 Twa uazdrduresdnmd uasfwnidduvesiumesee

@ d
uy
2

¥
anTaelul4d]oni luilssmaRan (Loiret et al. 2004) @MU Pseudomonas sp. Wi ananTonss

v
#Uf Koganesengan A28 (Asis and Adachi 2004) Wonandifaauisauensonut 1dandduvesdor
A
i

TuTasmuuaslimauaaisonvastu i 18 ludrfidgnuion Yangtze River Plain (Xie et al. 2006)

3. psAnmna@niiveauaiiSeniclilnsnueulaifuenldoindn
dioidoyavesuuafideadsluTarououTaliidau 51 TeTmanuadrs Dendrogram
wirhamnsouta1&idlu 4 clade (g4 2) uﬂm:i161;34wqﬁuﬂ?ﬁﬁﬁmmwmﬂﬂmﬂ Faii 60.8% fifi
Aunssnvoaeulml pectinase daufanssuvesnyland cellulose WUTY 96.08% tiipaninAsnsTa
89 pectinolytic 11¥ Azospirillum spp. annsndguiion middle lamella Y9951 UAZIDOLYN
03510018 (Bekri et al. 1999) AWM IATIVABUMTNAR cellulose N3B pectinase YDIMUARG Y
afeluTanououTaliilumonasessl  vinmammanswaniuunfiGendudanan T
awanselumsftsridhoyerfoRau3ng intercellular 40% intacellular voed1718 athaTls e
ﬁmimamﬁwu*jw endoglucanase WluvadiGeooulaly dzoarcus Sp. strain BH72 a1nsnEh
mﬁﬂﬂéﬂluﬂﬂ%ﬂqﬁ TavAmANYME  not-cellulose-metabolizing (Reinhold-Hurek et al. 2006)
uenni type IV pili fufluSnnilelsfovouafifesendn 1ua%umﬂuﬂﬁﬁ’hq:uaxmﬁu‘lumufw

Ty (Doerr et al. 1998)
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; i = < ] ; o
qiffi 2 4@A3 Dendrogram Aldammainnzy UPGMA cluster 11p¥0yams l5unasmsuey 013
2 . 3 e . . 2
HAM IAA, pectinase 1AE cellulose (BZIOYA antibiotic resistant ¥OUARTUATe U Tasiou

; ¥
o e 51 o Tanaw

- ' ~ = ] P
931 2 Wl clade fi 1 uas 3 JuwafiGenaluTasnueulaldbingunnnanngn
v 1
pazannTonas 1aA 14 uazinuunfizevavua 51 Telanan wudill 62.75% famnsontia 1AA
14 1wle Tosan SURS-3 SNR2-1 uag VNS3-3 uuaiiSelufiv uasuuniGehoifveglufiynae
a ar & ' ) = = T
gila Sanueusalumsdunsied 1aA SedrwduaSumadaydvTevosild Wy dzospirilium
spp., Alcaligenes fuecalis, Klebsiella, E. cloacae, G. diazotrophicus, H. seropedicae, Rhizobium A%
oy
Bradyrhizobium (Costacurta et al. 1998) WAy IRIAMsNARseliinyd uunfiSuenlaldiday
I = A o P
Tnaj (62.75%) amisonin 1AA 14 FedeandesiunMInansiued Teaumroong LazABY (2001) #
wu wuafidoeu e liendn nefiannsoasslulasnuld Aaunsonda 1aA Tamudu
A o ¥ 1 . )
doAnwmnuansaveuafiGelumsdumiude antibiotic w11 28.57% wea'le Tyan
9
Hanua'lade antibiotic Juarmududuaieg waznwud e lmandunin (88.24%) annsamuniu
@0 ampicillin e 1o chloramphenicol (86.27%) erythromyecin (78.43%) 8% spectinomycin
F
(78.43%) gauarwesalumsldunamiuoudneg 1 wutuuaiiSenisluTassudiumn
] b4 v
aunsoldnglaauay arabinose 18aRgasIARITuOUTINGA 14 3Hia Tnuneh thamnose, manose
. . 19 1 ' a o o 4 ' = e = ~
W02 tartaric acid ‘W ldunadamusuiimangeay (U 2) FusndwnnuuaiiSeasslulasoun
¥ ]
wonnind s ludszmenma fnuiwinld malate uny azelaic acids luundamiven udld
at 2
sucrose 1188 (Muthukumarasamy et al. 2007) Tunsnaassiidewudn urgleTsanannsaldhea
= [} 2 { o o = B
2 YUS WY sucrose LAY glucose Fuil exudates MYAWLUSHMINVOIRY n151iaTam exudation 9
4 4 a A A 4
il 1abile carbon compounds MNALUS NNy ondudsirnd@emlszrins i nifH genotypes
iy o W Ao q o = o s ad R
uagna'lnflonndluaumgdiny A ldifamsnasuulasdnseadtvoauangaunionss
T ] o ) ar ] ]
TuTasould 5109791 arabinose asaldiluunasmsueud sy G. diazosrophicus 14 ualal
a o ‘é at
MUTU G. johannae WRY G. azotocaptans (Muthukumarasamy et al. 2002) Fandetumsfne
uuafiSoou Ia lWnfuenndduuss Zea mays L. Uag Zea luxurians Anp a3l arabinose

182 thamnose r‘flusmdam%uau"lﬁ (Palus et al. 1996)

4. madmneilassahapuveawaiiBaeulaldiludidiemaiin PCR-DGGE
myldimaiia PCR-DGGE $2uf 168 tRNA primer dunyauaaafslnseadiavoguy
uuaiGoiouTaliilud 14 GUR 3) 910 DGGE fingerprinting Wuhdredaguyudnannigdl 2

a ar A v o d . a ' 2
uoundng  snduludiedefinninrzosduWug (reproductive stage) TussosEuonnuN i
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Sowazvsataunan 2 uou luyng @rediedu GEuasazﬁuﬁuﬁwﬁﬁ'ﬂymﬂé’wﬁu3zﬂ$§m'@n
sndulusn ednlsfiow  drwezvespluuuey DecE  Wannsessieaeyidetndaiy
sndunndntidinanduiiilddeed  weewuidnluszesduiufitiadeyuangiunid
AN Tzerang Taemniyatabsnindud A mmMIIUn L (Undistarbed soil) 1NHADY 168
RNA DGGE fingerprinting Wu fsiaudAvesauiioninadosniiszozmsnigudnTavein
wazduvasdudn degurnuuaiSoeulald eelsfam wuiwileTnanfuonldenly
iuﬁuﬁ“lﬁﬁﬂ'rﬂﬁﬂmﬂﬁﬁlunm syeemanigdula (SNL, VNL, RNL) 907 SFL, RFS, RFL,
sUL uaz RUS Wannsanstneuldasemaiin ARA m5wfl 1) fiosnnuunaiidoenTa i
urele Twtan lemisouon 18800113 309808 (onculturable strain) A£19UAUIMN DGGE
fingerprinting ATAAUNA culturable approach mm‘laimmwﬁ”m 311165 tRNA DGGE fingerprinting
fannsonSouion Tnseaheguruunfiduoylalbiludng ceandesfuvainismanes 4

dnw nguuuafiGeluduadeondisn (Yang et al. 2001; Aravjo et al. 2002; Dar et al, 2005; James

¢ ¢ . ¢
@“‘@é f@ é’@@ ﬁﬁﬁ'&ﬁﬁ qﬁ‘“@@-&ﬁﬂ

RELRSLASLAIR S LRSLRSLAPR S LR SLRSE L

et al. 2006)

Beadling slage Vegetative stage Reproductive stage

1 5/
U 3 3Uuw1 PCR-DGGE woddiy 165 :RNA vomunfiGoaialulasiouwenlaliludn gonsd
G'humiaaﬁ;aﬁgﬂﬁﬂuazmﬁwﬁ’muﬂﬁmma (a-d) Azt., Azotobacter sp.; Asp., Azospirillum sp.; R,

root; 8, stem; L, leaf

Wonsnuouaulennea DGGE wazth s udduia DNA WUh uay a IA1UARNY
ﬂﬁdq\‘m‘ﬂﬁ'ﬁj Enterobacter dissolvens (99%) 101 b AU Brevundimonas aurantiaca (98%) 10U ¢ i)

Pantoea agglomerans (99%) Haziod d A1 Pseudomonas sp. (99%)
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o’ 2w

Snwaizveaaunan 2 unu tugng dednau lusssesduiugasi AHUZARUAUIZOZTUIBN

3

1 4 @ i ' o
grimlunn sdlsAn dowmzveagtiuunoy DGGE  ldamisaasivaeu ldediedaiey
9 @ 1A P UL, =1 v A : a  ad
gndunindsdwianauiiladondl  uazwuidmluszesFudugeziinadegurigdunsd
YInATZEzdUY TaumnzoetanInAuR A IUNISIUNIN (Undisturbed soil) 91NAY03 168
RNA DGGE fingerprinting WU aaantavesdudannardosndiszozmaniydvTavedn
) 9 gf ' o o ) o 1 ~ 9
pazauvesdudny degurunuaiFoeulalulsl at1alsinm nunuielelwaniuenldanly
N ¥
Tuauft ldfimslddlueniilunyng ssezmsaiyduln (SNL, VNL, RNL) 59U SFL, RFS, RFL,
SUL uaz RUS Tamnsonsivaenidaiemaiin ARA (3190 1) issninuuaiitoeulaly
at ol
yne'le Taan luamnsouen 1ddaeemis@oadie 1d (nonculturable strain) HAZUNLOVIN DGGE
2
fingerprinting ATINUHD culturable approach m@s"laimmmﬁ’wq 111168 rRNA DGGE fingerprinting
3 = o~ Q’ i
fawnronfSeuioy Tasserhamsuuuniifueulatiludnld deandesfunaumnanes #
Anwn ﬂ’sjuuuﬂﬁz?u‘luﬁamﬂﬁ’ﬂmhaq (Yang et al. 2001; Araujo et al. 2002; Dar ¢t al. 2005; James

et al. 2006)

Seediing stage Vegstative stage Reproductive stage

1 9
1 3 31uuy PCR-DGGE o4du 165 rRNA vowuaiizuaTelulasmmeulaliiludn gnasd
@“ium‘timaﬁgﬂﬁﬂuaw’lﬁ1ﬁmuaﬁmma (a~d) Azt., Azotobacter sp.; Asp., Azospirillum sp.; R,

root; S, stem; L, leaf

Wonsnsoufiauleinea DGGE uazi llemddua DNA WU 4oy a Uanunay
ﬂﬁdi};ﬁﬁ(ﬂﬁﬁ Enterobacter dissolvens (99%) 4@ b A1l Brevundimonas aurantiaca (98%) 40U ¢ 1)

Pantoea agglomerans (99%) Unziay d AU Pseudomonas sp. (99%)



15

& ot EY) A af <8 ¢ 3 =
5. mamsedlasahapmuveaafiFen i lulansweulaldndeinnaiin  nested PCR-
DGGE

= 7 ¢ - ' [
Tumsinner Tnssadaguruvoswuaiidoll 1814%mada peR-DGGE Sawminswasd

B

o

e e I'd 1
wfH gaiwnzduuafiGeeiauTasnueulalii 9o DGGE  fingerprinting WUIHAIM

L

| ] v o
ad1AaeNY DGGE fingerprinting 484 168 rRNA primer (310 4) Fafiuaundndinam 2-3 noyly
] ! = ¥ 25 o = o 3 s 1
unazaaveamssguasduin TaenuuuaiiGoaietulnsnueulaldilusinvesdniiins ld

fleaiilunng ¥raveamanigdnla
&&

& B #
@ ¥ & A o B
& & & & & oF

iy
& Rl & & & & \@%

Seedling stage Vegetative stage Reproductive stage

it 4 3100 Nested PCR-DGGE v38Y niFy voauuaiiGensetulnsmuonlaliiludn ®,
root; S, stem; L, leaf)

o ] ° w ' = @ t o 1 1
Tudodadduvosdnszoefuiugo: linuuouusdy nigr Tuyndediaan winudid

ot ] & A w9 4 ! o ) a1
uouvestu i lusindunidousudnluszozSusen so1slsnen wundiuauvestuaandanlu
9 1] d‘. 1 1 = d‘ [} ’ ¢=‘ &
Tuvesdandrednah hildldenazAud idmnmssunananiidnlusseziuen Sigluuvues
as fdy 3 A oA
uovuluvestszezduiufifanuunndsaindissezdulugngduuuassdunldlgn
o % A ' 1 1 red
SnvazvestlszmnsuuafideadaluTaswmeuTlaliiluudasdiuvesdudn  Lifias
= | ar ] o =y W & o o 1 37 o s
aasuutlasetiedany  seuiumaniydulavesdimsenanlumanudtesndn  dmiy
@ vy e a  Ag o = o Alg vt a - . =
medrdnnmannduildilondl wosAun linunssunueslluuuvestu g ivanvaty
Y " w v oA P T - 1w ' P o ae ' oo 1
Tooniwodfimmndun Wldiunll  wagwuid@edasniinnnduiiims laijoadiuse
= s [ = = 3 9 1 o o 9 -
WuLaLYeIIY niE e lunna FremanTydn Taveswdud ednlstawludrduresszendula
o 9 o T s oA o 3 =] ] =4 . [ Qs 1
maddunazluluyng dreonsdudlddgniy fliwusauvestu rm wudu wawululuvemn
Fveamsiydn Tnvesdudia

Y { X ) 13 T oo [l Q0
Tuduit lirhumssunay wohgduuuves #ifH DGGE Juegiudiuvesdudia (n &

a
]

¥ A w o L ot A ) ] @ o
A ngcl'll) l‘ﬁuiﬂﬂ?ﬂﬂ‘qu‘ﬁullﬂﬂﬂﬁﬂ nltrlfyers nuANUHMINNRY m@ﬂgiuﬁ]ﬂm’l')ﬁ’]ﬂwu‘ﬁﬁ1ﬁq
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A

ﬁ‘ 4 H o4 ﬂ’
Briones et al. 2002) msnlAsuutlasveddy i dlssnnmsalavuulasrssmeiuiiinse
{

a

2 3 & o %

sunedovtyn  dtuduldnnmsdnewuniGeedslulesmuludnludszmmutha way

PP E'd ' e 4 g 4 i ow o

AsUtud  Teewudhdanedesiinane lasiadeueadsynnsuuaiFodana nunndniugily
A N aa o s - ) @ o

(Tan et al. 2003) wennni ludyAlimsdunsedunage eeiwansszdums lulamsalusinuayy

= [}

AU oneduTnuIN 1A (Feng et al. 2006)

6. MINTIVABUNTUARIDONVLIEY nifH F8UNANA RT-PCR
o
Aenssumsaielulaseuvenuafdonidlulnsmuoulaliiy  awnsonsvasy’ld

9 ot '

Taold matia RT-PCR 3WAY nifH primer RS umzAuuuaiSunguainanaueaslugili s

%1 i nea 33 3 N nﬁﬁ TS, 4 heﬁ
@e‘iw ﬁo,ﬂe{"wg \Sﬂﬁﬁw w&\w ﬂwmﬂﬂﬂ ‘}“&5&\\‘ ﬂﬁ;&fl" ﬂwm\%\’g‘ ot

o

RSLERSLRSILA® RSLRSLRSIL RS LRSILRS L +1+2 -

B o 5 e e e il W

65 e 22

e T e | W e i i ’w%

Seedling stage Vegetative stage Reproductive stage
gﬂﬁ 5 RT-PCR fingerprinting Y4t nifH Aaumnniln Reverse transcriptase L101% nested PCR SAY
IwSpi05 niff (A). RT-PCR fingerprinting ¥038w 168 RNA 1iflunasgwlumsia
IUIUYDY RNA (B) R, root; S, stem; L, leaf; Azt., Azotobacter sp.; +1, rice inoculated with

Azotobacter sp. as positive control; +2, Positive Control; -, negative control (no-template)

b1
Asuaanuedtu  mdr  fianmuenannudiuaieg  vesdudn  uasizesns
w3gdu In uazwuh lusinvomadnszozmaes g T luaunins ldiamil limuraseen
vostu o wewululuvemngreszezasniydvla W hdueziins ldionde hifaw
¥ ] [l
uennnTidenud asuaaseonvesdu i ludrduvemndaess enduludiegiefinnandud
! ! w o
Nifimsldfondluszee duiug
= o o & o et o A4 W {
Trodnfudn minansesnuesdu ny Tnidaduluaniieii o, & Fulanuludniidgnlu
2, ar A T 3’ 1 n:gl & 1 -~ ) 1
withdansedngnh  udlumsneassil  gullondtlulasnuniniluafisslinademsuaasesn
wpgdudana I UsznnsuuniGoadelulasioulusn selinmuldswudaadonuiilgnly
= 1 q o dg oy o A A 4 &
fimstaflmadl ananduildilundl  wazluszessueonguruuafiGendslulnsnusmuiy

P = - o W 4 = 4 o o = =
Llamﬂﬁﬁu\‘lq(ﬂﬂ'igﬂglﬂUTﬂ‘n'Nﬁ']ﬂulmgTﬂ Llﬁ3%$ﬂﬂﬂﬂu@ﬂ\ﬁ$ﬂgﬁuwuﬁ ﬁ’]ﬂlﬂiﬂﬂl‘ﬂﬂﬂtﬂw'lg

L]
r=

A | Ay & 1oy ! - rat
seozmween  uuaRGelianuvanvaisnnlusind Wendud Wiflosldijunll  walinnw



17

wanrated lunaf ldnnaunldijual uazdun Wkunssuny sey hilimsalaeundadly
o ¥ = - o * = = k1 ¢ -
Sduazlvvesdunngtuuy  Wunuenun prnuafifoaddluTasoueulaldd Hms
= 1 Qs A = 1= %) = dl. 1 o 1 =t s
alasuulasszniamsian wiensosganTavesd  sazdhmaulafinun duuanse
as el A = s 1 1 1 P4 ] s A
prdwognuinaly  WumswuSnadindaruihumaiemns  Tawnnizedbumdimiveuiify
WRuuuanGeasnay  uazmansvauesromIfuuaz 1 wlnsnusznnensiuuuaiicy uay
T ! Q‘ . a P ¥
AIHaRDMITIAN carbon sink LAYMTAUAIIZYIAT (Gyaneshwar et al. 2002) UBNIIAT LAINTOMS
a ' ar ] a g R
Funszvnaade linsznunioduda nifH transeription (You et al. 2005)
9INKA culturable approach WuNMs ladjunil luTasnuy ssosmaniyan Tauazdauvos
gudn  swdailatonedondug  dwdwadenulfsuasInseahalsnnsuuafiSonse
YR~ w ar as 3
Tulasnweulalddld  dolulasmwivnduilsfondnlumsiuddu  nirogenase unznya
a . o et 1 oel !
AINTTHUBE nitrogenase ﬂlmummiﬂnqwmﬂuTmmu (Egener et al. 1999; Fuentes-Ramirez et
] 4
al. 1999; Martin and Reinhold-Hurek 2002) uanuafiFendslulnsnuludniimsiiviunsoanas
1 g as ] A a 1 =1
at1rnia ldvdensldils msnenesues Roesch wazaAmy (2006) wudn iledinsldijoadl
i ¥
Tulasiou (185 mg Kg') Tusrausnvesszezmsmsyd i szdudimadhegefovesuuniiGy
asatulannuludniue  uandulilinadeszeemansy@ulanell  Tuvazinamasewes

1 2
Muthukumarasamy wazaaz (2007) wunmsldifolulasioufl 148 mg Kg' ezfugediuimy

1
=l @

] ¥ ]

uuafidelddelinsldieninsudis  lunmsneassiinon  Welimslafefissdudndues
nuATNg (35.9 mg Kg') dldnmumanuarsvesgiuuudu aym desas sazludun lidums
sumu wuhiianunannaetosnidui lifinisldilund dieedeilelulaseulyldlinade
TngnsenetszmnsuuafiGelunng ssozmandyduTe wuReIdy Herbaspirilium spp. fuen 18
3 [

vanndedaniimslduay lldfoTuTasu (Muthukumarasamy et al. 1999) 9INAFANEIAI

' 3 a ] 1 @ 1 =i =

wuh luTasmuiiussddszneundnluity Tnademserdueguossymnsuuaiifenialulnsou

1 k4 ]
18 (Muthukumarasamy et al. 1999; Reis et al. 2000) WuAognruuunfiGoasslulnsouaaduiiog
F- F t o u’; a o . & 'fl - - oo v A
Ty UsznoudionguuuaiFonuduiiily N-depletion FrvziludfafonuuailSongudu 1in
e yd r o oad ¥ o 4 A =
minaaesiuaadlimiun  Tuguaugdunidvasdniinisasunlaigs esninmsnlasuves

microenvironment

7. msAnmndumiey (Localization) vewwafideaishinsmuenlnirliliiedada
fiosninteTman VERS-3 lduaasdnnuamisalumsnielulasou mandn 1AA oz

annsonanon ] cellulase Az pectinase Feannsogaelumndrgiiedednnd fnfuleTsan

fnantegnideniiedninmsdhegerdivludn wiannldwadele Tvan VERs-3 Al Gus 18

ar ' ' o 4 & ' { o {
5 Su wyiimsegenfevad VERS-3 71510 Fenuanumuiiiugenuinadaissn (17 6p) uae
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@

1 ¥ T N
damgousanin (3R 6E) wenvnilfimumsaindues Gus Misnudwunasludie GUa er
k3

3
Yy ! =

waz 6G) damdodieh W lalawudeinunudves X-Glue MuansiumiseyeifvuosniiFous

athala (U 6A-C)

1 ’ ] a
qilit 6 amdwnnndeaanssmivessn 1w uazluvesdn fieny s Tundamsdganede
o of o 1 = =} 1 g - o ¥
VFRS-3 fifianainaag GUS dresnniugui ilimsdgnawdedism (o) 1du (B) uaz
8¢ 1 1
Ty (©) gaasFUTNANTANINUILLYBINNTITY GUS NIINVUBY (D) 508A0IENIN
710 (B) 1y (F) wazly (@)
sndndondioannisuves GUS 9nlelaan VFRS-3 WU InhuIimsInuugon
4 ~ C‘\ ! 4 = r F ) é 5'! 6‘.‘;.
Wissnnuuafidurzsudhgisiusousesaevessinvuseususauaus Fudugasudulunsi
=4 2 9 1 9o 1 ¢ 1 ¢ 1Ay ed
HUARSU9zE T IPUAINILTBBUEN (crack entry) HATMTVEIBNYTINNBY MTGHIAIBTTAS
1 c-}' o el 1
U mmmwu‘lsﬂuum’wﬁﬁ'amuiﬂ”[vlmﬁuq WY G diazotrophicus Tudoy (James and Olivares
1998) Azoarcus spp. Tudn mzwmﬂﬁ Kallar (Hurek et al. 1991) Herbaspirillum spp. ludozuazin
(James and Olivares 1998; James 2000; James et al. 2002) 1InHansnAaeanL 1o Tyan VERS-3
finunA1onaa 9% A1 Rheinheimera sp. 13-AN42 §5W091U R. baltica \unuaiiGoiiisdumy
9
ity uenldninnemueain (Brettar et al. 2002) #azu1EyNIUFAD (Romanenko et al. 2003)
3
wennniifsnu Rieinkeimera sp. ?ng:m‘fgfﬂﬁ wailesva arbuscular mycorrhizal fungi (Roesti et
= . Tas = ' A A
al. 2005) BATTINVOWETONA (Kim et al. 2006) wada hilinsainthuuniiGenaialulaseu
5/ ‘f 3 - =1 ) = e
18 vinwansnaaest] dluswauafuiniuanaliviui Tolman VERS-3 Hpuauiidveans

1y

HunuafiGeeieluTasoueulali feaunsadhgity udwaaimsadsluTasiould
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uNf 4

unagy

PINHANITNAABY culturable approach 1K 3o lamniAveanunfiGonu Ta v ludn
A o 9 I=) o3 4 y::!.'a o Al 9 3
uazdetlsznadudeyamsnaasoonvoddu  mr  WussanuinddgRzdhlen  guou

= o o v : Ly ' & w !
nuafifoaTaluTasewenla sy lilordeegiudridelauazerdosdnls devsdanuidendn

a3

-] Q

= n{ Ao 4 '

finnuddlumshezdsznanummisaveanafiGeaTalulasmuwenla i Tnemwmizedi
a o e 4 3 VoA e ! { '
ganoiufiawsamzfedIdierusaniadusuuuaiicooula ity Tumshendhyg

fruaznsaialuTanaugAsduihn 18 doudisedanniuilefnmdmiudade’)
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Develope large scale inoculant production (200 tons/year) as well as small scale
production.

Graduate Research Assistant study for Ph.DD. at Texas A&M

University College Station, Texas.

Research Leader in Rhizobium and inoculant production.

FAO Fellowship study for M.S. at Univetsity of Maryland, USA.

Research Leader in the use of Rhizobium to increase yield of economic legumes and

green manuring legumes.

RESEARCH GRANTS AWARDED :

USAID-Collabrative Research Support Program (CRSP) in peanut rhizobiz, 1983-1988.



Methods to culiure, maintain, and propagate Azolia under troical conditions, 1985-1988.

Awarded by BOSTID, US national Academy of Sciences.

The enhancement of the biological nitrogen fixation by genetic engineering technique. NCGEB, 1985-1988

Screening with nuclear and other techniques for yield and N, fixation in mungbean, [AEA 1986-1937.

Molecular indentification of Frankiae using cross inoculation group specific DNA sequences. PSTC 1987-1989.

Increasing biological nitrogen fixation of peanuts in developing countries. US-ISRAEL CDR Program, 1987-1990,

Indentification of rhizobium strains by genetic engineering for enhancement of N, fixation and inoculant production.
NCGEB 1987-1989.

Exploitation of new technologies to monitor the survival and nodulating effectiveness of Bradyrhizobium faponicum
inoculant strains of soybean, Commission of the European Communities. i939-1993.

Ecologically based models for prediction of legume inoculation requirement. USAID-PSTC 1989-1992,

On-farm optimization of biclogical nitrogen fixation of grain legumes. Commission of the European Communities.
1990-1993.

Screening with nuclera and other techniques for yield and N, fixation in grain legumes. TAEA 1990-1994,

Breeding of nitrogen-fixing bacteria in southeast asia. Monbusho International Scientific Research Program. 1594-

1997.

CONSULTANCIES :

Rhizobial inoculant production in Burma, USAID. July 2-8, 1985.

Biologycal nitrogen fixation traning course in Bangladesh, Winrock International. February 14-21, 1986 and
February 14-19, 1987.

Rhizobial inoculant production in Indonesia, Eurindo Combine Pt., April 20-30, 1986.

ACIAR Project on micronutrient enhancing nitrogen fixation. Australia Goverment. February 19-21, 1986.

Biotechnology. Faculty of Tecnology, Khon Kaen University, 1986.

Rhizobial inoculant production in Chiang Mai, Thailand. Appropriate Technology International, January 4-April 30,
1987,

Rhizobial technology and design field experiments to assess N, fixation in soybean using N-15 techniques to the
Democratic People’s Republic of Korea. TAEA, February 1-March 2, 1990,

Rhizobial technology and inoculant production to Anambra State University of Technology, Enugu, Nigeria. TAEA,
April 1-21, 1990.

Rhizobial technology and design field experiments to assess N, fixation in soybean using N-15 techniques to the
Democratic People’s Republic of Korea. IAEA, July i1-Auguust 3, 1991,

Increased yield and N, fixation in beans and soybeans to Kawanda Research Station, Uganda TAEA, November 18-
December 23, 1991.

Review of ACIAR Project 8829 : Biological nitrogen fixation by soybean in rotation with rice, Indonesia. April 26-
30, 1993.



34

Financial and envionmental impact of use of biclogically fixed nitrogen for soybean production in the People’s
Republic of China. June 28-July 14, 1993,

ANSAB Research Grant on Biofertilizer Production, Philippines, Sir-Lanka, India, June 1-15, 1993

BNF Technology and ®N technique for measuring N, fixation to the Mongolian National Agricultural University by
[AEA from August 25 to September 15, 1994,

Nuclear techniques to improve agricultural production : inoculant Production to BINA, Bangladesh, by IAEA from
January 12-22, 1995.

Isotope and nuclear techniques in crop production : Biological nitrogen fixation, to MAS Myanma by INEA from
January 24-February 8, 19935,

Nuclear techniques to improve agricuitural production : Inoculant Production to BINA, Bangkok, by IAEA from July

1-15, 1996.

ADVISORY COMMITTEES AND SUPERVISOR OF MS AND PhD STUDENTS AT :
® Biochemistry Department, Chulaongkorn University
® Microbiology Department, Kasetsart University
® Agronomy Department, Kasetsart University
® Soil Sciences Department, Kasetsart University
® Botany Department, Kasetsart University
® TForestry Department, Kasetsart University
® Faculty of Environmemt and Natural Resources, Mahidol University

® Biclogy Department, Srinakarinwirote University at Prasarnmit

OTHER EXPERIENCES :

Organizing International Training Course and Workshops :

® NifTAL International Training Course on Legume Rhizobium Technology. November I-December 10,
1982.

#® FAO International Training Course on Blue Green Algae, February 3-25, 1983.

® NifTAL-BNFRC International Training Course on Incculant Production, March 28, 1985.

® [AEA-Research Coordination Mecting on Improving Yield and N, Fixation in Grain Legumes,
November 17-21, 1986.

® FAOQ-NifTAL International Training Course on Rhizobial Technology and Inoclant Production, March
2-27, 1987.

® EC-ASEAN Workshop on Biological Nitrogwn Fixation, May 23-26, 1988,

® FAO-NifTAL-BNFRC International Training Course on Rhizobial Technology and Inoclant Utilization,
March 6-31, 1989,

® NiIfTAL International Training Course on legume Rhizobial Technology. November 1-28, 1989.
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? International Training on Biological Nitrogen Fixation Technology for Extension works. USAID-
NifTAL. March 26-April 6, 1990,

8 FAO-NiHTAL-BNFRC International Training Course on Rhizobial Technology and Inoclant Production.
September 14-October 16, 1992,

® FAO-NifTAL-BNFRC International Training Course on Legume-Rhizobial Technology for Research
and Application. July 26-August 27, 1993,

® AIT, IDRC, BNDRC International Training Course on Applied Legume BNF Technology. July 18-24,
1994,

TECHNICAL SKILL IN AGRICULURAL BIOTECHNOLOGY :
® [noculant Preduction and Guality Controf
-Develop technology for commereial inoculant production
-Establish method for controling the quality of inoculant
-Implementing technology transfer for inoculant production
® Serological Techniques including
~Agglutination & Immunodiffusion
-Immunofluoresent
-ELISA
-Immunoblot
~Monoclonal antibody production
® Methods for Measuring N, Fixation
-Total N
-Acetylene reduction assay
-Ureide assay
PN technique
® DNA isolation and restriction mapping
® Extlensive experience involving BNF in the field
® Plant tissue culture of nitrogen fixing trees

#® Mushroom production
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