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This study wils an experimental research using four kinds of bacteria which had

nifrogen fixing abihty vtz : Azotobacter venilandii, Beijerinckia indica, Azospirtllum

and Acetobacter diuotrophiats. Completely Randomized Design was used to carry out

treatuents with three repititions four kinds of nitrogen-fixing bacteria w€re fermerted with

filter sludge from the sugar mill in sder to find the efficiency of nitogen fixation

kind ofbacteria.

The results of the reearch found that the temperature and pH of the compsted

udge had sligfofly changed tbroughout the treahents. The average temperature was 32 oc.

verage pH was 6.5-6.8. The humidity was 60 o/o which was suitable for the growth of

ingbacteria. After the teatnetrts the compsted filter sludge had more nitrogen The Ni

the composted filter sludge rn Beijerinckia indica was higher than that of the composted

sludge in the other kinds of bacteria at a statistically significant levels of 99 o/o. The value

Phosphorus, Potassfi:m, Organic matter, and CA.I ratio had cbanged sligbtly. forn kinds

fixingbacteria did not effect a change in other nutrielrts and had no statistically

ignificant difference. As for biological properties, four kinds of baderi4viz :

venilandii, Beijerinchia indica, Azospirillwm bwsilense md Acetobacter diazotrophiats

grow in the composted filter sludge. Beijertnckia indica had more ability in sgnriving and

than other kinds of nitrogen- fixing-bacteria This study suggests that Beliertnckta

be utilized for agriculture in the firture.
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ucisdrt'l:fi n1lr'rqortr:ndnrrr6'rorofi oXilurliurarhiffi uqils Inurafl rgfl q'luln:rou
do oj s ddtlunrfr fisrodosfi nr:t#ilursrfi drildau $cifi rnfi nr:lditumfi o'nciofiurfl u:cusr?a1u'nl

osrirl#fiurdoruqtunrtld firfluiivr:rufiu6'irfllufit#fruu'rniiqn6o {oluln:rou rdosorn

lulnlwdun',qomr#firdornr:1uil3rurorurn uriri'ruurnrdarJ?lrarlulnrtwludurTn

fihirfiNnssionersrds{nr:q,o{fis n::riGlunr:a6n{u'lu1n:rouiild#uo$luih1riurflu

n::ruffiddott#nftuutunr:nr6erq{ 6sdrnatr?{odldfi:mlurr{r 6'rrfu6.rldfinr:6odurr

if; r.friru tuln: rtuh{urifiu lnuc,ilrunr:nfstuln:nunrsfirnrnlnuqfiuvriti

fi $uvi6dlu6uuarsrfisrdarrurtan€r'luln:rouorRo'rn1f, hi'hJoqilugilrorrrq

lulnrroufifirJ:clsnfsiofis dqru',rrol:n€qluln:routurqadfirif d.unt*{c,o{!rq

'luln:rou'ldornnr:fiqduvr€derur:oqnfudrsframs uagilnnildsuosnurlu;rl Nitrate

rdolrtfinirlrJldld' uasfiurrdruovoqitufiu dsrfudrfiufiqfiuvr6tinrjrudeqifiovdrilr:o

rfi'urJiurartrqlulnttouldqnlil Efiun6dnrirudosfipulsrilulnrfirua nrrurrnnJduufirry

luln:rout#narutflun:nosfiIu uavar:il:cnoululrr:rudurl#fisrJrhJldld (g unrir

asattuln:rwfifiuvmvrdrfrcgeionr:rnun:6o 6u rir rrasil::ulrlrs frnr:nJfiuuurJnrgr.l

rttuctotluln:toundulilrrnaonnarrflutorluln:rnu drnr:fiarrur:orirluln:r0unrn

ornrsnfiuar{fiuldrurnrfi u.rtn fi delfi rJ:c lffifeionr:rnsn:urnnirtfu tul

1d'fr{'rJ:vrfiu'l{r'raro:c,ot'luIfl:rorfifio',rrryufiuuoqilur::rusrfifiil:sruror

+m drudueiofl dtntqqriloovrfioromril?un'D Denitrifierion rJrgilrfl zts d'ruiluolflfllt

mrlfir?unsnr::cn4nl:surar tgs drudu rnrvfirrqluln:rouocldndururtudnuflJyflo{

tfldu titA'to ,,urdu1 il:srurru zoo d'rufiu ornnr:nfrtulsr:rounN*rnrvril:vil'ror lz0

drufiu uagorRl:tt'ruqndrrnrru 30 drudu d.roc#ul6drnrrcrfq'lu1n:rounrr6anm
d o C ber*frqrilnTul6lnsnr:nrsfirw.r lfiuvfirlfiuarrr:orirmq'luln:rounduurl#ldrJ:curu rzo

drun'ucioil d.rdrmrnrirurl#tunr:mun:fioccrilTanarnunr:1#ils'lulnrrou'ldrieunr.'r

dtrfuftr#uld'iriloftriidrdrxrurnrJ:vnr:udrtunr:drtn{flu'rn'rlRusr:odr{fi{6u 6enr:t#
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uol(nn?nglag uumnotao!fl na rn.u(nnlulnOnu:rqrufillrndsurdsfinrurlnrun) / 3

if;nr:vrrtfr?R'r?r nr:1#l6uvr6dtunr:rJiurJqrqornrlrdurdonr:rRUsr: riurflui6dfi

rJ:sfivrf;nrnif;nua'tiialrr:u,fiu^ar.r6nn^sld d.rriurflu6Rrnr?yr1{rfiuo{ddrcuh$nc
-otAnlilr:nurrru:v gnn1d161u:vuunr:frslurd&fiu (s)

2. uu?R?rilfialunrmirnrriinur

,l q q a o n9 < I6 ilnlriuiinrrrirffanaosldornlrqrruqnflfi nr:ruf rnra donrnncnoururnfinrfl u
.H-4d'o
{urnrin frtriluntd'uolflo{tflunduulfi#rflurj:sls$fdoRl:rnunr uas&rflunr:qiaufiu

Snsrcnrnuandoru6ndru

nrrf,nuro9qdtfl unr:dnurrdoririaqiirrdol# vrionanno0ldnrnn:sil?un'rt
I

ru6ncro{I:{.:rurirs'rarurrirrflu{u daqntfioldiidrrurflnur fionrnncnsu (Filter cate) dqrfio
JcAesrd.g
ilulunrcuaunr:rufrnrirnradrsurar e ozo rorfirilr.Tndou tu$eiasilocfrnrnnsnoumrirfi

u'lRu'lu ornrunnr:?tn:rsfnrnnsooudldglfl R:sr.J?uRtr Carbonation wu'irfi lu1sl:rou

o.69 o/o, v{oadoia o2B o/a, Inuncrfiuu 023 o/o uuoolndff.rfirmarfiru $ncuunfi60il

lurJ:^rurariiqodo,nultdovl#frufiufifienrnrflun:o riaunrnmynoufildornRryu?unl:

Defecation riufirrq{oqrn'lrnrnu:n 6ofi1uln:rou r.77 o , v,loadoia 0.69% rray

Inumcrfruru 0.52o/o(7)

{oufiniikiaqtudufrrJ?rurnrduvrtd{erqq.r ossiesiliuilq{r!iln'r?rqros6utuociu

rtavff.rsiauffiilrtEolt4l5t#uri6ulosn:{drffiloshiunrdonJEuurfiultiu{urnfi (s) tunr:fir
nr:tnun:lufloqriufinr:1#{urnfrdrrufrlnr:td{u6uvr5dlrso9omT nfinr:1#ludn:'rdeufi

himrursaru iliotdo^sreiofiurflu:susnnrurunvrirnrnrfirt#uirrqmcqardilrYfiilorduduuuo
- J d o a <ad< ,tiltluumiinr:rir1fiuvrE6fifirJ:cfrnfrnrnlunr:n:'.rluIn:roururl#deufriiluurin

RtnelsRoltornl:strud'lnrarnool#rfluGnrn1fis1rolr#o1fiuvr5rifiarrur:nnfrluln:rnufinc

rflunr:rfiun?'rilqnildru:;:nfro.r6u drriurflunr:tdvrflnurn:orh.r{rurir rnyftdu anrir

ldrirulu nrrl#{ ornfi enrirr$rnr unc ffiarilr:n dr ffn I:n ldvn,rdoru6 ndes rdor ornfiufr nrrru

qnrucrur;:of dufisfiwroiqsontrurfitu:s finrrrudruvrrucislrn$ncurrnqrisruot#nfinnn

nrsdrunr:rnuq,n,^rudu
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OAAOA]A
il8l$n2nomo l|l.rmno1a0!?rna

3. Grililaglu

rn.r(rnnlulainururmlior,radorrdsf,nrurtuun) / s

4.1 rdo f, nurrj:c fi n Gn rnlun'rr nf{ lulnlourordsuunft tisue{ncrfi n lu

{orarin nrn ns Roudlulro rfl ufl rils crot r6L $uvr6elfi crrrr n nf r luln:rtu

+ iorqrl:va.rri

fl unrinnrnew nou cJ or l:ooru ri',n ru

a.z rdodnurnr:rfirrJiuraurncn?'md'nJlrolunT :oqi:ounuodu,,unfi riunfs

luln: rouueiasrfi n rdsnardnrfiufiu{tmrinnlnns nouros l:sqrurirnra

4.3 rdoritrorituurinnlnocnou{orl:ro',urfroluurrf,ilrirInufi rrfl uer:fl rilc

, uodu,,uofi 6 ufi arilr:osrf qluIn:rnu

s. {CIulrnRrrfinur

s. I { urnr3n nr nns Rou 0 1fl I:.r uurirnradrirurl#lunrrf, nurn$od ri',u', r'ro

I:wtuuifvrwiuFuno'r

s: lunr:fronlo9odrr1#rdo$un6diinfqlulnrrtuldq.r a nrrqa'ldrri

5.2.1 Azotobacter venilmdii

5 22 Beijerinckia indica

5.2.3 Azospirillwn brasilense

5.2.4 Acetabacter diu.otrophiats

o. *do',"drov'l6iu

qc,fl € d,da, d A . .

ld{o6uvr5riBrnrufi rfrurJ:gfrn?nmlunrrnfrlulnlouc,o.ruunfi riu rras

crur:ndrrurl#ldlfi n:J:c luinfurinrrrRUcr:unsrdoo.t rnnr:rruuft6u
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7. Cl€r'n{nnaaoit

unfrle

r as a ada I da a
RQIJ{',rU?0U3nUn:gnu no{ilgl't?ytu'l ntil?lrlfl'lttnunt
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u8lfl n?ngla0 lMt?nslnslJilaa m.u.6nnluln6ott.n,,oudou:adorrdofiaulflun) / 7

uvrd z

ltuYt?u?:io[R::11

r. frnuarvfia'liluavruaromouldluqnrrnorruri',"",u

t. I frnuargfirhJm.rrirurhvnoldrq s,ordou

doutflufitlu,fiLodu. irnrnu{riioqjluaqa (Genus) sacchanrm drrflufis

rrrvqatdurfrlc?railr{ {rrlrnn rmrudrnodudu fidovrrttvrursranf,ir sacchantm

fficinarum rollolnlf,gou uatuooffo,rnvrirudu fiururJqntiu:vn'irudu{sfi gs srnrmfio

uaslfflurhcmf,lnu cru:nrlqn'tdqnnrnunr{unrnld nr:ilqnrmvrortn{ufiirlnutfriou

fiu{ nr:rJqndoufi z dnuars 6o nr:rJgnd'ouduqqrlu wrJqn:vrn'h':6ounqunrnru fir

ntnCI1nil uavnr:ilqndaurJaruelu fliodeuc?'rilrd{ lrJqnrvrirrdourorqainruufi{dou

Qrnrfiud) (r) douil:snou dttt z dru6o eiauiirfluar:asnrud{?ruruo*.rd1dsuarur;:ai

(Absolutejuice) uasrirufi'lriacar0 rsiunrndou rdutueirrr rirdouovoqilueirudrdud.rft
I

rirnrnoqirJrsilm{ so riloftdud cirudn zo nJsfrfiudrvoqilurieurilaoonuagc?oilf,or uoflolR

ddo sff.r rJ : y n o u'hJ fi r uar : odu 1 6 n rir ucn { tu n r : r r fi r
ei
doufi rJqnturJ:sryrs'lvrurnisrfl u z rfin 6o

t.t.t dosrfinnJdsnuft w1#1uqnarun::runfinrirnra

t.t: dossfinrila'sndou (doun*u)

do srfi o r:Jfio ndou oc tdlu nr: cr u rd'ar nf e fi :rdruq n ntf, nfi u ur, qone,rdo

firnrirndurirdou tll
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qrr loo:'rnl IUn?U?:r8lR::lJ/ E

nl:l{fi t rieuil:gnouflo.rdmeirqludou

ivggr'va-av
Ylu1 : dtl'lUununtr1ll0gflfilil1flAA?{dil1{n'DtnUn:[tAgqOd'114R::iltnUni ?.,??1?nU1AU

4
lRUntfndnl,254l

nr:afroilrnmrmdoufi z?6 6o

t. nr:afisrrirdoalnatdqnfiu +-e qmas 3 gnnd{ 6ruru 1-2 rroa flrr'r€,d{ n'r:
Gl 9 .t
lSlt:.lflOlJUqnfiil

z. nr:afisrrirdoulnuldd{mfoqnn rrasrnnfinnrtdrnrn ilil1u6{ nr:ldqnfi u
4ai.

tms nl:qnfru uEsfi 6un'i'r Diffirsion t'?ufiil

1.2 Hailaou'ld1uqnd1?tn:rrurfrfl ra

lun:surunr: a6nrirnra 01ndosilonmn0s'lddlnrard?ft ldnr6n nrarnraoutd

ilnlusfin dquanqlunrr{fi 2

deuil:cnou rj?urfl("/")

lt1

gIn:a
J oo 4.d /s

rirnra5nrni (rfi nniln:cuns nil?Iad)

ar:6uvrid ( lduri }J:6u,'n:n6uvri 4 rfl ulnryru, rfi nfi u, arl rfi o fi , ddr

rfludu )

n:nofiuyridrfi.rrj:cnou ( lduri v'lscrv{n, nao't:d, fias{n, lumwL

1ry6uu,

I:Jucrarfisu, unarduil rfludu )

flmJisnoillulsr:rou (lduri n:nocfi lu, usruIrurfi u, osfin, dnrlfiuood

rfludu

ruir

lunrndou (ldmef)

6v7s

8-16

0.5-2.0

026.0

0.5-1.0

03-1.0

lG16
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riorfi ninurfis uurinsrfroufi n a m.u.(rnnlul a6or:r'n unudlmnds urCsriaumrun) / 9

4ytdarga!
fi.rdrrnj{dlun{unruriunounltrudn0srnisldlfl u z dm6o

riaudrds rfl uriauii ldornnr:rfiu rdoalduri uonlu uac nquilo,Qdo u

rirudasq tfl urtruii ldurlurc ndrr nrsu?uR$ ardn lduri nrndo u, olorilr,uqu

firu ilasnrnnsnou

nrtrtd 2 ilirumtna^nrYsre{ragnanaoulddldornnrcueunr:ndnrirnrnlnul#dos lm du
dsa
luu?f,qnll

llu'lu[?191 * GFPr ACEA/UNDP,Cited in Silverio (1991)

** dr:anrrnilrsrmglnu

drur r anrfiudun{r rsas#sJu'rrufinrunnrqnr?rnusr? slasqnrn?rn::ilrnun: ilfirimurfru

munrfldni,zs+t

narnnoulfftu:cfl 'irrn:cuaunrrnfi urfro'ru rhsnoudrg s riru 6o

t. nr n do u rfl u riru dulsil o qd r du dsu ii lft {d.r m n dru n r: fi u rfu afi'n rir o o n udr

ilrsnoud:utittdulu rncYrflfiavarulddru:urdnriou cirutuqjnrndouiildrsrirrurtd

rJ:clsililuqn(nilnt:unrdnrTflsirdokl nhr fl:snlu $flr Board rnr'odrr1 naonwl#rflu
E a bgrar t
tsotlla{ looRn?s

nfinfiarqiuagflaflasuld rj?urar (fru)* rJiurar (du)**

frnra (Recovera ble sugu)

nrndss (nrrrudu so z")
t

nrnrirntaqnfrru (88 " grix)

drrouu (o.ludu no)
tuttrfisr

luufit

uondou

12.o

n.5

3.4

3.4

7.8

6.9

6.9

rL-12

2s-30

5
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qnr loo:rnn illn?u?t:0rn:tlt / l0

/ tt . !.--. _ I I/ z. n'nti'rn'n rfl uilo': rrn?qodrsii 1d0r n nl: ff Anrh srrn In snlr n n n u noudr1
&ctv,u"et?rnuni{ frdnsas{iunrfisrdrirnrarjudr rrt,Roono'rnnf;nrirld Inuefieirq niu uundtu

r r?o il u lu du qn dr uun v'[ri ri r ndu trJ nrfi sr dl n m6 n
3 d,q g., | - 9sa o i a

R'lRU'lnlAUOn0'rn0srflufrur?rriqooRc,o{il:slvrf,ildrwrunrrulfllRulnlnil]flan

rdsldrfluornr:fin{Inurqfl'rsrflusrnr:dl#rdusqndruavnnv r?r:1vtuR1nrirs,rnovfi
a a C iurr 4
?n1uu B comptex vrd'mlronsa1CIillld drluqnieunslmshidlu'rrod{rnrrcfinrfiursqld

uonilndunrnrirnrafftfi rrqormr::osds 6rrfl uoionr:fi qrnril6crsqdni uasfiqfi

fl?n Lodins copper, Manganese Ltd:- zrnc lurJ?trordnirfiuiiuulurrflrur?.r snr{u cobatt
-l

(rl:srurar 0.6 ppM) dtfirj:^rursuflu z nir {sr1ufirfr.,nflq 6{dunrrrfiuolnrilr.uarluorur:
e d4 cg aa s s adc& * do A t J va
dn?0.1tl1U?frfl'ltlflU'ldo?vltUlJ l:n nlfi9l0'lflfl'l:q,'lO Cobalt tlngIUO€0'1fl tUn'lRil1n'lAB{tJ

potassium dqfiflntunr:tsulu ueidrfiturJSilruq{osfiHnn:snudotcuilRlrdouorilrrnld
J J sGl

uonolnfrRrnilrnra$.:fi:asnnd riru:J$urJqrqarcrufier^nr:rr'r1s6'?fionirun::ruffinr:fir[#.t

6ocrfl ufl rilugtum:frgt€o unvn:nr,locdo?nluorur:dsr{fi rflurormnr,

3. Rlnns nou lun:silaunrr fl dcrdlnmnlrsfi{ rdorJucirrl tio qilud1'flo udo eiru

nnru9sunarudrurJuue vrior'londau so, nio co, ufirornnr:l4rt#nnnsnourtdansgnrun

oofllaun1:R:o{ rfinnr::rru6'arflu#ou riun'irnrnnsnou Rrflnsnourrrildfiurludu

un n rirr fiu bJ ra g ciruluqior rfl u aoio" ii ldolnfl :su?ilnr:rfi rla (Defecarion) nr: n:oltu

I:s.:ruvYrhJ ostdrnfo{r Rotary vacur:m flter Inul#ffrast6uos,osnrndofltfludasirun:o.l

(Filter Aids) nlnns nsud tdolorndor osfi nundurj:slrfl 80% ilfu rar rms osr{:J:snoiln'lR

nvneuduoqitiu aorufirlqnfiu{dou rJ:cfiyrf;nrflRlrflio{r uasisnrrfirlaq rT.ruanrlu

o'rt'rofi 3 flr:rsfi 4 uasnl:'r{ii s ttl
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rjsfininsras urr?narf,oufrna mu(rnnlula6nrrrrqrrudlmedsudorinrurruiln)/n

snrl{fi g otrfiJ:gnouro{Rlfletsflou

filr: Paturau(1982)

-----d . --l.r ---,- jls I sn'lt1.tyr 4 o{niltcRousto{RlRngnoum16tlRfltgu?ltR1tRto{gi'l.tfiu

druil:cnsu sirqlnsrhhj < "zlnedrnrinur?t )
AArs
fln{ tmc tililil
Ac
ttotu
t
oulnm

ftJ:6u Nx62s)

rdrt{otoun

sio2

CaO

Pro5

Meo

5-14

15-30

5-15

5-15

*20

4-10

L-4

1-3

0.5-1.5

mlnsflilfnrflun VacumFilter(%) Filterpness ( % )

gln:et
IA

n?'lusu
it'
{fl{l

lcrx?u

luln:rou

PrO,

qo
CaO
io
IfJO tU

2.1

78.2

2.0

1.6

0.4

0.4

0.02

o8

4.3

7.3

60'4

2.t

1.8

0.7

0.7

0.02

1.1

6.5

dul , putlroo(tggz
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tJlrloo:m!

nrrl{d 5 fl:nosfiludrfluriruil:snoilclorRrflncfloil

(nriru % N RinocfiIutuN}J:6urfinrn)

IunIu?ttstnt:tt/ 12

: Paturau (1982)

J

uonorndffsnur'r artlnfi nrrudrfl uumriqr{oan{nuncfirjiilrilluln:rourflu

dauil:snou (il:srrartz) osrirh?dsuro?qrfiulnd nrnrgouufinldornn:yueunr:nfin
I

drnratrndos fiTlocrdnuaglil:fiudusrrirj:snsu drrvrfluurrirfidtunr:t# n r-i.
substance uridoa uuoolodffofludrnrnngouudtdornRrsrl?uRlra6nrirnrn arrur:affiu

I

nerrufruunsrj$uanruduldstir.rfi6ndau (3)

(9) f,nurds nrrl#rJ:s lusrfornnnnaooldroqnolnorruri.ro'ru d{flu.ir

fllflnsnoufildornqnrnnrrurilmu rms vinasse dtdornnr:ndu,runnosodrfluannrfiq
d< a adq ta s I
friiar:6uvtEti"lurlTurorq.rlnufinrnncnoufidauflcucrssdoeir{nlurJiil'rarq{ vinasse fi

druil:snouc,otlfl$yrarduu unnrdurugr arrur:of rrur1#rflu{ulunr:rJirLrJE6ulrnfi

rJ:cfrnf;nrrl

(ro) ldritnrrflnuruagrnudtrdst#R1nnsfl ourirnratdnqluduogrfiunr:rfiu

rJiurararrduvriti rrqdoav{eia unnrdurulr?uridu uasfrrl#fiufi pn rdrudu ldnraafin

doulunrlfi urFsrrreia go#ofiu du

Aspartic acid

Tlreonine

Serine

Glutamicacid

Proline

Glycine

Alanine

Valine

Methionine

4.4

2.8

3A

3.7

2.7

7.2

5.8

3.5

0.5

Iso-Ieucine

Leucine

Tyrosine

Phenylalanine

TrSptophan

Histidine

Lysine

Arginine

2.1

3.6

0.6

1.3

1.2

22

2.1

2.9
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riufi ninorda ur rinordsuiina m.u.(rnalula6nr:nlusudril:ndorrCsfrarurnrun) / t3

(r t) ldvrnaolki Triple superphosphate (TPS) llasfl 'lflelsfl sunrtuduturctn
r a da r rd , I

${1silqnfi$firfiot Faisalabad rJ:srvrsrJrfidolurul'il Tps ocrfiildoar,loicl#fiu6utusir,r

n'lrm'lsilqn$tnmcn9{daer ucido:susr?n1ei1u1rhJ:sfin?nrnm{ Tps osaoaq lumrcfi
fl'lRetsflol.tnsfirJ:sfivrt'nrnrfiruqldun'rilr?a'l 6'trfuluqir{n'l:rilrvilqnn9,rfiarurasn$.riifi

RlflnsRolJ0cfiil:gfinfrntv{u'lnn'j'r rps duruas{tlJ'10'lnd't5o'lt41r uasdl:o'unEdcir.rf iilud
tunrnnsnou

R'lRns fl oudtiluol#rfiurJ:sfi n?nril1o{6uluuiraar fi rJqndo utdd{ o'lnR1t

f,nur{oq (tz) t#nrnncnoudun{uuduocrirsnnnrrilrducroqdu ffirnarruriudt ttiriuau

unc fi rh?fiufi nrrrm'ruqu fi rl#fl a fi d'ndoulum n6du

(13) lpYvrnaotlrinrnnvnsuaqtudurufiuad{rurir so % rmcililfi 37 0,rf,1

rsatfiua tflutrar zs iu nudrnlRnsRouosrfiurjirurarluln:muuacdsarlsiah?fiufiu

ludel +s iutt:n ufi'rmnrfuroloadoYancanatlumrsfilulnlouftoofi uunorndnrrt#

nrnncnoulurJ?rurrufiq.rovsiruffi:JilFilrare?qncfi (zn) rmsmo,:uo.r (cu) d.rnraomnrpirufuJ

:JBilrardrnc fi ocanaq tucrorciiilSil'rnlyro{run,q os rfi rur,rndut#rirdu

(la) ldrfirnr:frnsrtu'irrdokinrnnsnoulu:Jirumr 50 rns 100 du eiognnr{nr

tudu (Hastic dark Soil) ncfi rt#finuatsyn{R'luRrlrsroq6uddu nrirrn^ofi r1#6udauqu rfr

olnlf, aru:nr.iruldacorn rirl#rfinwnfieionr:rJqnfirtuuFnnrrfu

z. lulstaoulufiu

lu In : r o u rfl u n E o'r ?r 1 rfi rii ffo o qi lu nei u r o s r r q o rnr : ndn dsfi ydo.r nrrt#lu
ilSrurnrriou{r.rq-r uasdotnr:nnon:susrornr:ro?qr6ulnrorl,ros lunr::JgnfiryIosrfrlrJ

udrrYndoqfinr:leiluIn:rourfirurfira.r}JtudutugrJtos{uraro nrqluln:rouiifioqllu

rrrurnfirirutnqieqitu grLtihidurtrslnsflnan:tdTu$ufi" dodor6'u.rgnrirh{nlfiouur

eqilugrloqrya'lum:m Oro;y n5o oqqnuoulrrfisu NH) rdurioufrsa*sld:J:clsjnjld
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z.r uilrirdilrcrortuln:rouludu

z. t. t'tdur mn frrs'lulnt rru (Nr) fi rfl uo{r{rJ:c nou fl o{ornlf,1u6u Inueiru

vr1.:fltsu?unr:n6.:lulenroulrorqfiuvrid uurdodfifianrfiosir{'l ludu (giologcal Nitogen

Fixation)

z.t.z tdrurornfrrqlulnrrru (Nr)tuu::r,rnrofi qn8en6'lnvr (oxidation)

rudra c a r uur f,urir Elu uf o fi r s nw r fiududu

z.r .3 Idrur orn{ udtda.r trJtufiulprurqilrr { ennfi ii q nds rn :rs dduru r do

Inurirutu qiudr nct# N, rfl u{nq6u

2.2 tulsr:roudldiuornnr:ldarbJlugrJro.:{u

6ud ldnnrrc rlq n ln ucirulnqiudrrTn ov fi rq luln: rou'lrinorfi tj{d rs l#ilrs Issni

urifrs (ts) tduoolon,qluln:rnuarrr:oqqrfiomn6uldlnur::uen6 unsTnssueunr:

D€nitrifi cation tosqfiuvridurqerfiodrosrirl#rrqlulsr:rouludu qrgrfiutrJluantrfirflu

drs dtrfuftdorfinr:r6rtrqtuln:toutr?urifiutudnuilscro.rR'r:kf{urnfi uiolnunr:tci
A aaa i<

Efr uvr?drr-ufi iinauaur:olunr:n:olluln:rourlRo'lRtf, il1l#tsl

or nnr: rufi e do u r rqo rr r: fua'rrfl ufl o ffudrriqo drsrd.r Inurny{rco drsEs rrq

luln:rouriudrrflumEiifinnudrrYqtunrrrfirunnnfindou rdo{ornluln:rou:iaun:v{u

nr:rn?cgrfiulcumclfluotn{rJ:cnoufidrrYqruosl:J:6uturqnd (16) olnnrflnurnu'iT rJ:^rurm

6ou zadu wqntrqlulot:rouornfiuhJt# rc ds z2fiInniru (tz)

(rs) ldfirnr:dnurnudrilolriurnusr:n:rratddou$ounc ss fiuruki{umfi

r3rqt6u lnutnnrsotirr0smqluln:r$u dumriddrdqtor'luln:rnu ($ouas za ) oqjtu

g rfnrwlu In : ro utuu : : r,r R'r fl

2.3 fi nn:rrunr:1#rrqluln:roulnunfiuvi?6

fi 1fi uvridludufi nrssu^ndarurrnnfrlulnrrwornornretfrfl unq luln:rnufi
alrsdvAsilrj:vlusnidufrs JnuRrsurunr:n:'stulcr:roulurnradfir drurdsmrrqluln:muorn

nr:d fuvridarur:nqerdunqluln:roudaunumr dnriruud'rncilnnrJfioo'trJlugrJ Nirrate
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risfininsrf,s turinsrf,oufina o.l.(rnnlu In6o.r..r,rnudomn dsudofr'aumruilil) / ts

rdslt?fisn:r1il1#1d rtacdau?ru4toveqjlufiu rTrrfu#rn^ufiq6un€dnrirudoqjfiovarrur:nrfiru

rJiunrtrq'tulnuouk?qn1fl ffiuvritinriudocfiroulryri'lu1n:trua arrur:onlduufirry

luln:rouldnnrurflun:nocfiIu uasal:il:cns:r1uln:roudul lfrfisnirhJl#td p'uvrid

uanfinf.rluln:rnuldd osmhsonrflu z ncjruluqj1 6o yrrnfidororfiudrilfiufis6.:w

nfrluln:rould uasilrnfi arilr:nn€{lulcnrouldrorlerero$odrr6a:s (s)

3. rf flmllrso.rqiun6eflufiu

lrvtutvrl,o{ 1n'uvri dlu6udArdq6snr:doucnru6un€dinqlu6ununarsrfl u
a s o olya ddo a o d I
drf am c ri'thisr-ufi fr dr Brriafi n a ru drdrg dt fi

t.rfl uurci.rorurdruiunr:ro?qtotnorrrarqn'uvrtrl

z. rfirt#fiufi qnrnrnddu rururydrriunr:mrvrJqn

r. rfimririirflu utr", rirh? pn cro{fiurilAuuurJnslilodrs#1t

+. sirst#6u{'util16'ulodu

s. dr urfi ru udrrq eirq tu6u ou m rury eis nr: roiq 6u ln rorn^v

nrtdosenruuns n.t: til6 uuuiln{ c,o.ro^un€rfar:eir'r1 Ino 1fi uvrSdocfi rtfildarr
rJ:snou sfiuvr?tisir{r rsiu ti'rruvfiu r,loan'ln unnrfiuil rfludu dlniuigffn:crosar:tudufi

drdqlduri ig f,n:luln:rtu iqffn:nrfuoumcig f,n:drruvdu

ig ffn:'lu Io : rouiidrdrx lduri

Nitrogen fixation rfl u nr: ri r frrrylu In : tou 0'r Ro'r R'r f,in njd su urj n.r}flrfl uar:
il:cnoutscnluln:rtu du nrnosfiIu nr:uJdsuffiJuod,fiuololfiuvrEd z nriu lduri

$uvridiioqio'e:stu6u rmrtrfiuvriddoqidaruduf,rriuqr p^uvr366c:c Azotobact€r nsii

n?'rild'rrJ'r:olunr: n6{luIsr: roulddiiqel

a <ai el rq A I o t
Efruvr3dfiorfiooqilufiuriufioqi o nrnluqft 6o runfiFsusnfiIuilrufia :r

arndru }Jrlsrdruagle$a dtnr:urk1fiuvr6fto.rfiurfu finivrmnranftduri.rnriln?'ur

dolnr: rlqo'nnt o'rR'rf, cnrnurndorurirq qaq drrtrlfifinr:rnfuqfiuviFrioonlftflu z

nrjrutnqil 6s Autochthonous rflulfiun3dnrniildiun'rqCI'nn:0rn6ulnun:slournflry
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6uvridinqdfiuqiluAurirhirl?urrul6umtdriouc?rrnsfinaur,',a'r drunrirudaosnoo

Zymogenous rflurnrnlfiunttidfinmruhsioAtrilanrlnoruiirfildulu6u rirl#rJ:^ilrar{s.r

f uvri drfiudustirq:rer rilrgiilirrar wnnnqdrdsrnJnnilauuiifi u gtudurfuanoqlnudrlil
A d.l : ara

EfiuvrEdnenfi nsiirjiumrriosurnlufi u (D)

3.r rirsu?uRlsnf.rluln:rouln uqfi uvri d uayd.rdfi flinludu

R:c1,?un'rtn€tfirry'luTn5r0u (Nr) iirfluorr{rhcnoufluoulolsdoqitudosdrrror
a Q a 4td a
eru ret Eaun:uruneirtl rnsluln:rnurirud'rnrirr osrflurhslusnicisfrslunrurds do

R:su?uR'riduriqlddu z il:gmm 6o

3 . l. 1 nr s u ru nr: n:'s firslu In r rou In uo r fruo gi:'au fiu fiu: rnf, vn:u qa tir

dttflus,urunr:firflufionr:udrrufiu:vn'lrslfiuvr6ddu uasfislnrsdla^uvr6douTdiuar:

il:gnsu6uvr5rinrnnrflutsrn:nrrofradriuorfiu:'rruo$ uasrnilTnnf{rorfirrylulnlou

olnoln'lfltudurrrldlflurJ:slsfiild ffiuvrtdftnrirrlduriu:rnfifiulu Ge,nus Rhizobium

3. 1.2 R: s lnunr: nfqfirrytuln: rou Inudnfi fiindorfiuoqjodrs rfl udc:glu

6u mirosnldrflu r nriutuqft 6o

3.1.2.t uuofiriu (Bact€ria) dr fi z ilrgmyl

t. rl:cmnfi"uuaol*resduiifidruryrsrnrsd fiufirj?uror

son6rouyrorfi wddrftg 16wi a*totnt"r,Betjerrtnckia

z. :J:e envrdsoildR'nrlro'r6udfi nr:siruryrornrglrid $asil'rn
a lo s h9gonfrrufidrdqld uti Ptordo oo ,rEnsptrtttum

3.12.2 rrtrsil:ymyr (Some Soil Fungi)

3.t.2 s arildrutlrfi sJruorrfl,iu (Blue-green algae) unv fi'rfi 6e'n du1

(15)

3 2 tfinclot Bacteria 6e:sfi aru:on€qluln:rou

'[u lcn rou duolt1 fi dltitg dril iufiicrds rfl u owirJ:s noil Nucleic acia tJ:6u fi s fi

fiinvftilarutrhito3qrfiulnrdsuomqtuln:roudo$lugrJfiwarur:nrirtrJt#16' tuornra

,i,nau unsludufi rrq'lulnloulugrlmurfraeqirfl u 6rueurrn ft dsfi fitnriautnqihi

erur:oogfirhJldld tur::rurlduffc'luln:rouluornreqnuJduuurJart#o$luErJdffs

rrrrrrnrirtjt#tdfirq rsiu lne,rlu?uRl:ntfilrrnrr rllrnu $nsplu Inu{urunr:nrqrnii
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triu rfi norn{sclllT,l misnruon n{u dtruqudrardu rmslo0ru?un1ryrNfi?RlilInucru?u1.r:

dosrfie,dud{ 120 drudu unclufiruaudriaulnqiocrfinduornnr:mun:fir ag drudu unc

rfl unr:rfinlnuldteifirn:v gaf,.luavndrft sa drudu

16 uvrid6attda'tu't, unfqluln: rtud'nJr:CI rniroonnrunarrdos nrroo n6rou

ldl nriru 6e

3 2.1 nrjrufi do s nr: s snfirou tdrrri ru*ifv Azotobacreraceae

r:: nriuddoqnr:oonfiroudrdtldlui ramity BaciltaceqEnterobacteriaceae

tt03 Spirillaceae

r.z: nrirudhido.rnrroonfirtu lduri ra-ily raciuaceae-'ldlui Genus

ClostridiumoFmily Spirillaceae ldrrri Ceoos Desulfoibria-LLd!, Desulfomaculun

3.3 fuvr66a:cfi fl ur:onsosluln:rouldq'riiri:ulnqirirurl#ludrunr:dun{r

,du,firu^u^fi nnrqnr:rnun: llasrsrJunr:frorurnr:rnun:odrr$,r6ufi drfrrg 6o

3.3. I Amnb rcter-tiluuuofi risfi fi dnuorr grl rryaduuunat6 gilirwrrurta

nJduu$ilashJnruantrurodou uavorqwadoqifiurflurjl ufonrirudou fisrft'hifinuRrilail

'tria$r.r arjof r$ienry{$andsuhiruusaru sada$rrrurirnur Azotobactertdorflulsrn:vl

lugrlarrrl:cnoudun€d rfluunri{olfi'rr uacrflfrrrru crrur:orr't6'lu6urfatJ dqusi

rfl srilul? ornreou{u lrJoufiqrc,nfi fi ornrsgou

3.3.1.1 frnsnrnnr:nfqluln:rouflolt Azotobacter drrlttnn6{

luln:rouldluanrnda:slnutaduil:sruror to finfiniru luln:rouornufialuln:mulu

ilitslnlf,eionr:t#nrflulsrn:n t nSru d{ldlirnr:flnsrnu'ir Azonbacter firTnrfionnrn

ilinal:rndos arilr:nnftlulnlnuld +sorzr0 N Mole c47Me protein/du dcl:rnr:

n€tluIn:toufirurnmfo#ouduoqitiusfisrclorrd'o rrnsdnlflrr?ndoildrilrlrscu uasnu.ir

tdo t*no*t"rfinsn'ldornuimar:rnc?relnnarur:anfsluln:rould o.ors-ryg.MN mole

c2H4/10'ceuiu (s)

' g .3.1.2 an rn ur n do u fi ,n u'r, au 6'u r6fl'o Azotob acter

t. nrurfiun:n rflurirr anmnarurilun:nrflusir.rrosfiufi

Azotob acter roicg ldo gtg t,t irq 4.9-g.o tpinrr s#s luln: rou oy fi o ldluanryr 6u rfl unnrs 6o
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PH s.5-72 (zol 6udfianr{tflun:nfiud.rnr:ffiru6ruru ffisfioniiilnrrsrfqtulsnrou ufitcr

ldlnunr:firurluua duurnrrurfl un:a dcosdauff'runr:nfr'luln:rou'ld (zr)

z. oonfirou Amtobacter dsqnr:ssnfiroutunr:nruto rn?,ir

oo nfi rnuosdudtfu ifqfi on::runr:n:oq luln:tou ueidrluannrdfi oonfiroudrndru:rr,'rR'rf,

ocfittfi'fion::ilnr:ctfttulntrouq e Azotobacter rl?Ipotnr:ro?rgr6ulnrdsfioonGrouq.:

tn rrs oo nfi rou ffu dlnr: nf t lu ln: ro'il azotob acter't drf,orurnnfi rutoln gl#rou trydlulstr
a C I o 9a
6rua frtrio"lrirnnarrfifind.rnuqt (ATp) drniunrrrf,r:rfrr'nrw Azotobacter 6ndao

nr:a9rtrfion (slime) dsrfluar::Jisfloll Poly soccbariae doru:surrynduiolnlnfi rirl#
oon6roupirurqTrld#suouhi:unrufion::rucrorroutryr.flu1n:6ruc riotnll#uunfirou

Mrurcer.rf,uflrslJ?unlrnfrlu1n:rou (s)

ortldornnr:tfiruar:6uvridinql#uri6u niurirs,ra r,lmfire rfludu (zo) nr:rfiruduvr3d

{nqrflunr:tfiilunriqnrfuouftrirt fr .,t-tobntu nfqlulnlouuloduuuc6{dunr:fir1#

CA.[ ratio qldurfi rl#anrfl urndoilrurursaufiunr:n€rluln:r0uto,l azotobacter

+. sfiuvr6dinqtufiu niu nqunnduru uuniirduu firilsfru

nad n uas Irufi ufi riru 6rtfl usio fi o n::runr: n€{ luln: rou cJ ol a zotob acter losrqfl rg r14 f, n uns
s a a- d * J
rilaunuilqr,{n ruornil:cRolJiro{routmiluIn:6rua

s . cr:rj:c nou luln: Lsrtt azotobacter t#luln:routi'rfs
grJnfra uasar:il:vnortuln:rou odrrt:fisrrruar:il:snoutuln:rouur.rn9.rfifinnru6rffu

eionr:ro?rgrfiulo rmsnffin€qtuln:rou,Jo I Azotobacter rdu rdoH{u luln:rou rJitrar

\toi Azotobrcter orrfiururndu rmctdoar:ilrcnoululnltuana{ firn::runr:nfrluln:rou
d s J oog,s 4tn s o 9

fr ocfiorur$u r4rlfdn:rnrtn$.rlulnloutu:crlcfi qsilrn (s)

e. q or n 4 fi A zotob actexfl u tr 6uvr3 ddrouqant4fi rJruna r.r

qarraqfidntursarurlrvural 25-30 oqmrryards cI Azotobrcterfinnrununrue{oqalnqfidrlffi

ndrqorn4fiqtlnuarur:aro?qrn^ru6ru'luld ncinr:n6olulcr:rouoynoasfiqonl4filn#

0 oserrryatduaosfiamtirl#tuln:6rua'lririrqrud{dduoul0lo Fe protein hir4rrru (zz)

,. 
".lu#r, 

o.ludt firrorurscrufrur#o Amtobacter noo 6G?0

rrJefrdud to.{in?T.rd'rrur:olunr:rf,rurirro.rfiu nr:rsr{rtr?rdsarrurrnldEuvr€dnrfuould
:J I
E.t tu t ta s tm rurc ci o nr: r nFrg rfi u In nrt nf.r 1 u I A$usull. Amtob acter (23)

r. 6uyr6 din quo R 0'r n 0s ldorner: tirlofisduos nrurud.lfi.r
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3.3. 1.3 nerru drufiudt g il'ir{ d'o Azotob acterfiufiy

,du ^ru*u Inufalilndaroiqoqiuinorrrnfirlnu:rnfirwilfisufi r6untdoontl{fiu
u?nat:ou1:rnfir fi-r}fr ezotobacter ldiuar:o^unttirfluundmrfuoulunr:roiqr6:rln

uasnr:niqlulq:ttu f,seirqsfinfifinrnlunrrn:'qluln:rnuc, El Amtnbrc.ter uinarrrnfir
eir'rtiuluudr Paspalumnotatrm fitds *otoutacter paspali orfruoqiuinru:rn (24)

(2s) flNru'ira"lu,:nn€tlulnrrsuld ts-qr fiInnfululnlouispnnrfdofl
d.rrJiurululn:toufinf.rlddrfiuqnss{onrlriqm'ulnrosmfinnonqgnrnrfiurduan?hifi

nrrld{urnu rrt lrurdu.fiurjiurornftnluln:rour fli amtobacterfinr:nnnsrtu$arfiu rrac

rhcrnf,dulugl:rlnudrennfintor{rrsfinsir t fiyr riunliq nsfidrilfi ilgrfioms unrgn

-^d^..--e^s---qr.d- reo d e a aq{xuNoun'|l tcltto Azotobacter (26) ld$rnt:FlnsrdnGtatornrtnqnrfro Ambbrcter

durfiuitululn:nutursduirtl fiu (0J0,60g0 n.n. iomnnrf) fiu{rrdltrfl urcwna.l

st'Freiofiu:cucnar g il runnr:nnastil:rna'irrdo Azotobacter rirlr?nr:roiqrfi:rlnrorriu

{r.rift rmgnnndnrfiudutf.t I fl othsl:finru nanrrf,nurdsariunrtrirdo 
^rto.*riu

u'too9oulouudrnr:nouaustcisrdofirlou riotiu,odurornfirdolurj?rurruhirurnns tu
rJrgrnslnsldrhnrrnnno'rHrds Az.otobrcter deufiunr:rJqn{ralnn flu.irsiast#{ra1fln

rt?qrfiulerdndrhilcitdo yiqanrillun:so'r{nflaoqmslucnrnuilarnnao{ $lRnl:mono{
oyd . o .
ldrfisdaufrunr:rlqn{r.rr{rq unc{'rr nldr:irur{iuflaflfinflo{frr?r{r{ unc{rr (s)

3.3.2 B eij erirckia rfl u rrunfi ri ud nf s lu In: rou rdofr os n6mudrniunrutn

iicfumrsadtf, nAi't a-tobrct", eiurraro?qrfiulnuncnfsluln:rouldluanrnuaodsud

tflun:n uloofo pH tom'udrd.r r Beijerinckiafiffrarrumom?q6ulnrmco:'{1uln1u1d

(27) Beijerirrckia rfluuunfiris6cf:cfiarur:on:'qluln:roudfigrlirnnl rmgnndi ?rfo

urisdu r ruadoqirflurryadrdua 1 u6o{ arur:omuoouiildlnsur{nronfrru rryad&sudfin

uoruuurdoroirgruaorn'ttduoduuunfiriuiirJ:rsnrnlulnsrtuqnrrlur{uf,roFqldsmr:
99

tfiUrldsfifi Glucoss Fnrctose tlog Susrose tfluumriqorur:uasndr.rru ucildartroro?qlu

ulnltfifi Peptone rflurrnciqnr#uou Beijerinckia nulfiufiunn$ou uargou#ururnn,ir

nnouqiurn€or$nilu1?

3.3.2.1 frn snrnlu nrr nf .r lu Inr roufl ot B eij erinckia crur: onf.r

tulnrtouldrJ:cilril to findniu lutnlouriomrlfiirnranqlnc r niu rrnm:Flnur
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rJrsfinf;nrnlunr:nf.:ntuIn:tnuc,uotdu BeiJerinchia d{:ru:'rrrrrnuiraar:rndoucJo.r

rJr g rnnlnu nu'ircrrr: nn:'q luln:rtuld zg - I I (D NMole cflo / mg protein I iu (s)

3 3 z 2 cn rn urer douft ,n u'r, cu 6'u rdo B eij erinc Ha

t . nrrufl un:n rfl urirr du a ai "rt*ftio roScgtuorrr: os rfi rld
oltnttfluntn tdo{ornrfinor$ueu'loesnlqd uasnro Actic 01flfirs1r?un'lrr{1uh urnnr:

f,nurrrutruit a"ti"anckra d'nllrorn?qldtuanrntflun:sr pH 3-10 $acerilrrnn€r

'lulsnrruldqtii pH +.s

z. son6mu rdu B"ri"n*k o doqnr:sonfiroulunr:ro?rg

rfi u In ucifi on:runr:n:'r1uln: rouqrtucnrrsdfi eonfi roudrn,irornra

r. qarrn4fi qaua4fifirnilrccufirnrrrriqrfiulno{:rn.hr

2o30 B{rf,1riila r&ua naiur*uormnrn0svruioqarnrgfidrldtd'irovffiutudqoruqu^ 4 o.rfir

rryarfrua nnr 3-4[6ou

3s2s nrrrufrifiuf,rsndr.rrde Beijerinchia fiuf,r rdu r"y***o
orfruo {u?matrrndoo rmsnudrlufiuiihi rnurJqndoorurriou rderJqndooudrngfi rds

Beiierinckia fiudu zo30 nir rmsdodndooude z r6ou nudr rdu ,"ri"r*k o osanarrflu

trurururn oloo',roudu Beiierirrckiafrrufiu{ugfiu dcr:r qo fiIan$lsiorsnnrf ritt#nnnfin

c,ot{rrffir,urnndrl#rdegdio ao fiInnirusisrannr$odrqfiu? uoRnlnd6snildrduoqodu

BeiierincHa t#rrrifruneru rlrlr?rfrurinurft rmcil3ilrrurrqluln:routuduuorrfiuulndu

Q4)

3.3 3 Azospiillan tfl uuunfi rSoiiciruln qiorfioo{l?raar:r nfrr ua; orfruoqi

fiu:rnfis Inumflrsfirn:vgar.r{r rsiu r?r'}Iiln {rerilrq dou c?rrard uavr,r{ufineirr 1 lu
tc, n$ou orrd w?,urlrnilf orlsodue $fiuil o frueir.: 1 niu oo nfi rou o.ludu narurfl unr n rfl u

rir.r 6uvrtdarrqontqfi filrfiarm$uvrttidu Inurhlrtud:tsilu Azospirill.,- tumn$ou

rurnn'irtumnoutiu

3.3.3.1 frnunriltunr:n€rtuln:rou f,nsnrfltunr:nfrluln:rou

flo{ Azospirillwtt unncirtduduoqifrurfin ilacuildtnrfuou tda Amsptrtlhmt lipferutn

n€tluln:tould zOsO fiafiniu lulnrttunirunqlna Azospiriltunt Brasilense fllu'lro

n€.rluln:rou'ld zoz-t018 N Mole c2H4 /rvlg protein /iu
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3 .3 3 2 dnru I r?e do rufi rr ru ry aru fi'u r6i'o Azo spiriuum

l. qilnqfi qant4fifitrrilrvdulro{rdo lmspintrwn ogj:vn,irl

2G40 0{flrsrnr6ua

2. n?lrlrfl un:nrfl urir,: Azospiriilum dtulrol6uln ldririi
pH 5-7 ,4u 

^*rnu*rr0sn1uluo1r.t'ttdoorq%iit 
Mohte rfluunriqnr$uoudqfirlfrorflr:

rflurir.r

3. oon6[0u Azospiriuum ro?qluornr:d,rruardfi Mohte

tfluuurimrfuou tdaorroiqluortr:dn t-r fia6run: uanq'irrdodoqnr:oon8rruriosn.ir

rJnfi ru?'irosffshivr:rurjirurotnrrrudarnr:oon6murdol61unr:firsto ucison6rqufi

0.0005-0.007s cJoqnarilduui:u'rRlf,eirutr{nr: fl€.rluIn: rouldg.r

a. umcir 6uvr5 dnrf:ro uar: 6uyr6 tiii:rnfi rduo o Rrn rfl u

rrurknrfuoudltiurde Azospirillwn oltii,qi,r,r?ltloqiludodr rioornrrclo.rnnfir r[rt#
td'utay, Photospthates td'uf* sucorse rfluormr:hildusin:yurunr:nNfirrnficJor:rnfiosog

nj6au surcose t#rfl uar:6uvr5ddui,irn rccuf,ur#o Azospirirturld

3.3.3.3 nflrudlrfiud:sm'jr,:rdo Azospiriltum tilfir tdo Azosptrtllum

fin nc orfruo qidrru fiu:rnn^#fi nr:fi.r rn:rc fuaurilil c-4 rsiu {relnsr {rrfl r{ unc

ilurt n$ouviar hJ sndu doc d{fl ild 1 Atuspirittun brasitense ldorfrudrru riu:rn

trnnr:frnurflu'irnr:nqndo Azospirilh:m tdrrrinrrlnnr?lu rlos setaria italica

luvr:rudteirtdo uncil:rsorn luln:rru luanrnriounncfidufiamrirt#rj?rurar

nrt#{cto{duuasltl crnonoululn:rouvf'rr,lilntudurc'yfi nfsluTn:rouldfr rj3ru'ralil.rn

lrinqnr6io Purustrothaman and Govindarajan (1986) :ruqu'iriliul*rd'u AzospirtttunlrA

Rhizosphere rras Rhizoplane finisu{rtqtrdolfiultiuuunfi6uiist€,:1u1fl:roustirr

n ud r#o osfi rlFrurnr q.r qnlusia{ iln nfl o uns oo Rr, o n r#o,rrirdriautndfi dn:r

:n€qluln:tou:sudrs r fis z+.4 finfin$rululn:rnu c{oniilcrosnrfl Malic vr$owirfii

N moles flo{l Acetylene Reductiom Activity (ARA) 0lfltlu{luflu'iln%{1n1Rfloir

o1g 15 iual hjtuerruru,udu Amspiriilun ud'. r6fo Amspirillwn nvorfiuoxfn:.r

ir t"tociluginoussheath roll1 :lRwadsu mc wnrrdutriqo$n:ruimord.rndrl6ru
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nlufid{nr:nEnldoffiu't 30 ulfi ut4Gi{nlsorfiuorou#o Amspirittum tilnnrueiou{rrrfu

wfi ft nsr'6iauilnru:1nclo{:rnru€iou ouurdrrirulnufl oq:rn (s)

r.a rl uduvr6d rl u6uvrid6or] utitrlornfaqnrnrnufirryrnfrn{ qadn{oirr1
v. 4 .li, S, a dd6 a 4 + ^ alJ-naon0u?619ltilnO tt0'lR [:{{luqnCt'll.lR::lJ [[ny lnuil5tJ9ruU'1.:sun drtluo-uvr5uilEs

arilr:o rnisoofl n'ril ?{arraestdnrnfi.rfi 6infi uoncirqfiu

r.4. t {loornfiafl aouldcror 1:wruqndl?,rR:rru do{uiildnrnruafl aountdorn

Itwruqnarun:rreirtr niu nrnrfiuf o',orf'ro',u R'rnnsRou nlnfl{grd dudu d,riaqnra

rnnsuldnrci'd olulru,fiun.qulnr:fisrdstriaqludu rnvuoRnRdanrriuifuivruremnf

uactmnlulaE ttri':il:vrnnlvruk?nrfin{usfinnd.rornrdofuvr€dfiunrn Azotobacter dr

1a^uvr6dfiarfin{orfinfiarur:nn€rluIn:rou unsffrarrurrorJanrJdouar:nrv{uurrodrq

druilnr:toiqrfiulertsrfis ifinr:Erfin{urfioii Aut:ldu Azotobacter arnruf,ufiu vloanln

rac8rrialnsFirunrsueunucirl 0ud'ru1:oe.rdnrflu{old fion{emfin'ir {ululn:60
ft ril ld'irdu uu rir{u'[uln: rufi arrur: nrirmt#vrn uvruilsrnfi ldduo drt6

s.+.2 rJ : s lurrfr o,: { u6u vr6 ti rl u6u vrt tiffn td'.irrfl u{ udfi rJ: y luryriuas fi
It

nrrrudrdqoioil:stmgmo' vi.:vrr.rdrunr:rflun: n:ugfio uasnr:utYilrgnleolnfisurodorutd

rfl uo drrd doclul, o oy:?rl:?rr unv aqrJ rfl u{or 1d'6'{d 6o

3 .4.2.r da u ffi'il iliu mr 6u vri riin q trlduri n'u ldrfl u o dr.r 6 Io fl rnil r s

fi utuu?r'larn rn nc iu o o n 6 u.: m fi o

o1filr rsiutuln:mu

3.4.2.2 qirufnuraCIlusn?'rilqnraruq:nirordu rfirurJ?rurornrq

3.4.2.3 ri'lulunr:iliurlqrln:.:a$r{{ordut#ntlrcciln'snr:mrc

3.4.2.4 siaut#nr:rn?uru6u nr:1nn:'rudu,irsdu uacinurnrril

3.4.2.s rirsrfiililiurarrorqduvritifiudrfl urhg lurfcionrlflun:

rJqn rirl#fiudeuqudu

Ir4qufl

g

u1fl{u
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rl:slumi

3.4.2.6 dr ufi rl#mu n: n: ldf,ffn n1n:dnq rn dst# ndu rurlfil#rfl u

3.42.7 arrur:al#riluo'll.t'lrito,$rJarur.rrfinld

3.4.2.8 riruan duqu drm Yu il o ffulu nr: nfi n'166 nm rs ruar

3.4.2.s sir uins rn tril dc oln uasanilafistr?rTurjrc rnssn61ftfl u

odr.rd (rs)

l.s nntdrdrgt o.rduvr6din q eiona1ilqnildr.rru:a1no{6u 6uvri din qrfufi narru
oetA.9

drfrrgodrtE'reioqtuaruri6mrduvi.rqararurTfimr.:nrunr'ryr1{rrnfi rrnsmNfi?nrflclotfiu Ins

rnfl1sr1qorilr:c,otfivd.rovgnrJnnildoooonilravauoqiludu udrornduvridinq lsiu

qrntts mndsr{ fi'r:Jfrqneir.r1anru6'rloufion::ilq,o.rfuvr3&rnsnr:carufiato{urnfifitri

a.r'trJtu6udqanrndrououltflrrrilnran:ndun6d 'tnfiu hJ:6u ar:dokeir.rl uayfr.rE

srrr:fis ttqotut:ttovsfisriirflurJ:slu?nosqnqnduleruer:6unttiinqdrflu:J:vlusdeio

ffrld d.rrJ:r lurn w q n ua nnJduuufovro uvrud lourJ:v lurndeofium{ 6nrhc nr:fl uir

duvrSdinqiifiqtuaruffirflun:n uiorir'rdc,fin,rduorn nrfuoutnoonlry#qnrJanrJfiouoon

rur do6uvr€rlinqaarudaf,{sirflasnrurlqolfi1iur{odr{tfidurl:glufiieisfisdndru

nurlrlrulunr:rirs^uvri dinqrufiol#rurrirrfl u{udun6d tdumu,rnunr:1d{urnfi

rfuriirufiuvrurvrdticxrurndu fiudsreiil:srnslyrofinarrun:smrindsilrgurnr:nndrrc,orcr:

mft ludu rm;ilqurfiturndorudu1 :eudsnr:egrururnaru6olunr:rirntmunsul,u$odu
6 Alv A o I a d
6uvr565nqn'rfioldr.rarutfinfiqararuri6firurursarutunr:ilrrurldrflurluldlnurfluumrit

nrfuourtasmqorur:lfiurifis fiilnnrJAounqornrrodrrfil rfirl#f,nirhJtfiJ:slsenfld

sdrq16ilddte{rtnrnilurnfi uuoo'rodff.drorliurJqsqararurifivrr{n'ruRlncro.rFulrthdudas

nrirrdo qirufirt#6u:'ruqu uav{rurirlfidrocfiruarisfi0n:rilc,o{rqfiuvridfiu (zs) (zq) nrirr

dr {uduvridrfluuuri.rtrqorutilrrpu fio'tumrvr r{ocrdn danln lrufiurrn uagnaol:d

dtov:iruqndrrrqorrr:fi#firJ:vqurnldl#firldl#urndu'[rilrflqnrvdrtlrlld{ru1

uuoolotfuftsirsfirt#fiufinrrrdrunrugionr:rildsuurJar pH torduldrnndu 6uvridiorq

finrrruarur:etunr:flstriunr:nnnsnoutorrlodn{n ffif,n rmcoqfiriu sirut#y{oa$'ln

runndrrflurJ:clusfeisfierurndu InurJnfi{u6uvridflnqd6.rhildrJq{rei.rdru{urnfirfuocfi

n',qurn',rdrruro 6'.:rfunr:1#{u6uvrEdrdoffiru'rqulnr:Inun:rdsrl#rJirurnrurndhuruegd
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n?:rdunffi1#{uduvridufineirtl miu ituurTn ilunon rdoiliurJqrln:sa$r{crs.rdul#rds

rirurueionrrl#rf rslsnicro{rrqo'n{'rreirqludu

ornnr:dnurfi druu arrur:oduffu6.r:J:ylumiflorduvr5d{nqrnf,o1#1uu.i{u

1d6'tii (ro) ldvr nas{t#nrn ns nuuril,fi u ornl: s s rurirdnn ru Brriaornl: s qru anTr e rm s

nrnnvritdalfiurlutnfi rfre:Jqnffnnrnc,rrilfituqn6u:rrqi alrJtrduvrSdinqnrdold

arruuarirrurrflu{uduvriuld ucinarruarrr:nluR1:nnrnuiturnfidunJd$uuilarhJnru

rJ?ttortul*r,ountonuu dn:reiru:crdr.:nrfuousisluln:r0rJrrasn?rilurn.ir0roqRr:

anrsdrcrotduvridinq dttunr:fit'r:arrrfisnt#6uvr6diaqnrfieldnrrird:'rruriuiturnfi drrflu

do{fi nr:flnurdn :rnr:lddmrurs aru riou

(g t)lFiilrtetRlRacnoudouornl:{.',uri'ro',u o'rourouurf,rfi0ornl:{r'ruqi'r

rasl:{qrurfisf Inofiluln:ttutudn:r zoo ppm. rur1#rflu{u{rttu'itR'r'rnnsRoudou uns

R'r nff s r'r o u dr r r: o r4 r l#na Hfi sr c?rr lndrd ur fiu

r.o {ufrrnrn

{ ufi r n rn u uruo'.r iaq vr6o nfi n fiar q{ ii fi rdo p'uvr6 drf; t u fir o o n q vr G1u nr: rio tr?

rfinrlfrninrdonr:rfirbflfiv'ldYunqo',r',rfidoon1: (31) ra6o r:'sn.jr{ufuvriri 6snr:rjr

orqfiuvridrurld:JiurJqtduvrwfianril ntRluRrn nrrmfifiac uacnrrdoudamd'rr6uvrid

naonouRl:rlnnrJdosfrlqCIlfiltnrnffr orn6uvridinq rmrnfoornduvrielinq r5omn

6^uvridrfiorirurl#n:c{unr:rriq6uln uisrfimnldrunrul:ncJorfir dooloo.lunu1u

c, o -t dlir { ufirn rn ov ni udrlufiurtar bJ thfi $u vri dd fi rJ:v lusfoqiudr fi r,r rurannru.irlu

6uffi nrfu 1 nv fi { ufirnruo qlrhutdrturJ?ilrnr cir.r r fiu fi u d fi dnutus yrr.:6rn rnii66{il il'ru

drduiirl:vnoutrJfiru$uvr3&finrdrq iifirJ:slusflunr:rJYurlqranrufiu uasd'nn:n

rfl urJ:c luenilt oltrfir,or:ro?qr6ulnl#frufis16'

fuvr5tiiiidurdoslunr:rtr{odrnru udsoonl dfiu znrjrulncf 6o
.iauc

t . nq ru vr nf { lu lcr: tou n'tnol Rlf, ov rfl u $uvridrneniirfi r}irfi n fl uru nr:nr.r

drivrtjltufiudarr'ltnoss#{ufralulolouornornra uayfirou'lryridocuJduuornanruufic

hi'rfi u{u1uln:rsut#frdrhJ1#r$urJ:slsnilunrrrfi unr:rsiqrfi uln uas nnrufi n
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'tdln^uvr6 dii il u r: o n:*{'tu In : ro u o'r R o 1 Rr f, 'ldurh o o n rfl u 2 fl ? n6o H ? n d do { o r fruo qid ur

fiufirft arru:onfrluln:rould ffi uvridnrnd tdrtri lrlqrfi 'uru 
crndrudrfiuruourir,Su

uutntodc',ilr:onfq'tuln:rou'tdmlnu'til6rffudororfruo$uderufiufirtn1 $uvr5&rand
<Aarad/a
iifro rE un'lrqduvr566d:c ldari rwnn ot"r, B eij erinckia LLrru Amspiriuwt rfl udu

z. nriruddruhi'fisldiumqurul:du1 uonrufio}Jornnrol'tuln:r0u $uvi5d
n.ntildrni h lna l:qir $uvri ddo ufi ur{ eanln dudu (s)

Copyright by Mahidol University



qrr loffirnn linr:finur r ze

un{i r
a4l
?fiRl:ftftHl

o as J jy^- ur, o ^ ao n9s ia"[unr:?ffsniriiffi ffutdtrsrrnunlrdrffi unr:i6ul{drfr frs

rh{omrinnmnsnoufildornlrwrurflrlu ilrirn:rgflam{rfiJ:snounrqrnfi $asfrlEor?fr:

ornrfuri{oufinnrnnsnouurnarufiurdsuunfirSsnfqlulnlou losrdouunfirEudtdovfioqi

4 O:gqn do Azotobacter, Beijerinckia, AzospirilumLLdE Acetobacter ilfnf:Ufn:rrufiUfflU

r?ar 3 r6ou ra$oud'ldrur?mnsr{ilro{r{d:gnsuvrtmfi eislil

r. qrlntdunrrnnaoiruur,#uunofi r?sn€r'lulnrrou

t. I rdsuunfi r€unf{luln:mudldornnrjrusruiffolfiuvr5ddu nosrlgfi?vrur

nrruirrnr:rnun? + arurf,u{ dfi rJ:sfinBnrfl lunrrcf.rtuln:rnu ri.rd

l.l.r Antob acter venilmdiiddErJ irt dnsars rryad uas In Infi ft n rnii t

nfnfi | Azptobacter venilmdii
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uuq|n?nulag ufi mnu'ta0ufl nn m.u.(rnnlula6nurqrnrdgraodoudsflour ffi$n, t n

r.1,.2 Beijertnckia indicaftfigrJirt dnsargsad rmglnlnii dqnrnd z

nmd 2BeijertrcHaindlca

t.1.3 Anspirithnr brasilenseddgrJlrt dnuorsrqad unslnlnfi ft nnrd r

mnfr 3 Azosptrtllm bruilense
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qs'r los?m,r

€rurilnm

?finuflnsr l2s

1.1.4 Acetobacter dieotrophi.o" dsfi grJirlfrnuilursadrraslnlafi d,rnrnd +

nmd 4 Acetobacter diuotrophicta

r.z dlimfi ms rnfoqdrtunrrirn:rs#nrsmrfi

1.3 firnarafindmsuufinrdouunfi ffi unfqoluIn:roufiunrnnsnounfinornlrr

t.+ {urr3nnrnng nouu?fvurpiufiuvroq

1.5 m{ot Specrophotometo

1.6 rndoq{o Gas chomatograph

r.7 mfosimr:rsf l{iroeBo

1.8 microwave

1.9 Incubator

1.10 Autocave

l.1l pHMeter

1.12 Shaker

I,l3 Vortex Genie-2

r.re {*irrdo

t.ts ,o{uo#o

1.16 ndorpyri?f,f

r.rz {rf,u
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riorfintnsrf,o !fl rin srf,uuf, n a m.u@nlula6nuen unruiiqmn ds urdsfiaurcuuil) / 2e

2 n1rfi1rirn?rruffirrYu{:cildr{il?ilraudouuniir6sn€l'lulnaouffunarru {u
( Optical density : OD ) t Oito'ttnt

ti
InU60.t[fro Azotobacter venilmdiin Beijerirakia indic6, Amspirihan brasilense llflU

ttt
Acetobacter diazotrophicusluorr.rr:rfisstdotaflrc uriaseien{u{ rfiudeodr.ruio o, 6, !2,24o

36, 48 o 60, 72, 84, 96, LoL, 14/., 216, :z8fi.Iuo ou ndrrlirur*rdu iiuu"ar rirrurinrirnrruriu
y ^- I t

un c fiuiliil ril t6o ru n fi rG ssrf c lu ln: rourYr neirr tuorur: rdw rdo usias$rin In sif; Dilution

platecorm.

2.1 nrrindn:rnr:roiqtosuunfidis fi z ffi6s

2.r.1 R'lntl @ical density ( oo )Inuilrrdouunfi6sn:'{lulnrrordldolo

fl'lt streak plate riotEdrundo': lnmrrf,d dr rnq qdnutuv gr.l* r'r mq r.radnunfi ri unf ,t

luln:tou 'irfidnunrcrwadaru:;:nfmfohi nrnarurpaifinvrilduurrduqluol?rlrrl4ar Insrir

aau,fiodolrrarrb{tt?unqunsilisul#6uluornra udrornrfurirntnriiurdur',,,rrdlnlafi

r6ualo,o.rrduuunfiriemfrluln:rnu r#oudafirira.nriurdourrjruluorurrnnurdrJiillni 25

run. lu Fhsk flu1n 2j0 ila. rir,dolu,nfocrflrh ( sraspr ) dnrrlr$a 220 rou/u.rii Inufinnril
a i dd dh e 'nl:t0:0Jfloltssuund6uf,f{'luln:rsuqm o dalruq firnr:{srnarruliu ( opticat a-rtty I d

nerilflniiaoouou 600n-.

2.1.2 fi1 Ditrrion ptate coutr (32) nr:riu6ruauqfiuvr€diififianef;r,l"'o dt+

tmnfinnrrr4rt#6'sn€sfrrodr.rt6orrraq (diltrion I drsdlfiiorilnfie 0.85% ( normat satine )

fipirunr:.lirrdu,*dr,rucn:ruilBurn:fiuduou ( dilution blank ) urid6iiqo6o Ringer solution

( o.r% peptone water ) nr:rfir1#r#ot6ssr{ 6rdol#finr:ro?quollnlnfirdurrcrosffiuvr6d

6rueufituilrccu dqnrrur6so',0fi,nul,eu or:rflunnrur6sor.:dflInlaficlo{rdotuorur:

,duoduttndr{ so - roo InIafi ufo colmy forming unit ( cFU ) lnujnfiosrfirtr?rfiorrr$iru

duu#out ro nirrfludrdu ( ten fold serial dilution I rdet#.irueienr:rJfrrifi uagnr:druau

6ruru In Infi cisr,rrirur.Tu ( nilnioua. )

daquavqrJn:ai

t. 6'rodrriar; niondnfisddfi $uvr€d

Z. ulr1rrduordu *rn *" glucose yeast exhacr aeer ( TGy ) iliedr5sndl ptate

count agar ( PCA )
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3. 01u[14]stfro

4. water blank Ut:lflxong 90 iln.

s. flnjniiou,lhdo

?5il0un
o 4 v 4 i; ;

R',llnln?1il Hto 0'l{ fl o{?d9114:o r$ovt 0s n:? ltulj

t. ftiaq to nill kia.rlu water blank 90 run. osldn'lrrr6o0'lt : t:to rcldrl#rflr

riud rjrcurs 25 ng.t

frunmrutdoo'r{r t:lo3

23 q*tif,uiio.luttomt l:103 6ruau t rua. triarlu water blank g ila. flirriu

nrrru16orrq t:10a

z.n qtrdudn?rtJr6o0l{ r:td 6ruau t ua. triaqlil water blank 9 run. nirfiu

nrrrutoooors l:lo'

2.s tunrdiifiqrjn:oi'lrirfiu.rrno oromiuurfiuq 2 rvdrnarrur6oorr lduri

l:lo3 ttag l:lo5 ( 2.1ILay, z.3)

nr rvro'n4t tci ptate nfu ru r#o

t. ilaoilolfi 'rr TGy udrl.r 1{1#l6uasrhcurar +s o s grrnra rdou

z. qur#udorrrurdorrr t:10o, I:105, t:106 nrrrurdool{ns t run. trinstuorurnry

,do z o',un€uEr,6iulifiomilm^oorq r:r03 iliuar o.l ila. kiaslunru,n',rdu 2 o.ru

g. fi:sdunrrutdoors t:105 rj€ruru t rn. 6ruru 2 orll uasrj5rurs o.r run.6n z

oru drocffurcdun:rilrtooNdnmofii t:ld, l:105 ung l:106 nrrudrdu

4. ryr olfi 'E om{o t. nrlu nruntlr rdu rionrunlu{o z. ufiauryu ou nru{rurfrnr

5:oll yrrurfiruurfinl 5:orl ,uduuoludras s rfiua ,,unuduuoruhjfirg snr 6n s rfiur

qn loo:rar iinnflnurrm

z. t#ilnJnqu,#uiiriltrir6uol.r t:to rdorirnrrurfioorrfiosrirrnt# nrdnr:riu

6rueu r ru n fi ri errint#n rrru 16o rrr I : I o4o 1 : I 05, I : I 06 nrrud r6'u In u:J fr ri6d.rd

2.t qurduiio'r"rrur6oorr 1:10 6ruru t rua. trinqtu water btank 9 run. nsld

nrrrurdo mqmirrTu t : to' rqdrl#r{rfiud

z: quduiinertrdorrq l:102 6ruru t un. kiaqlil water btank 9 rua. rsryir

( shake plate ) rdolfirdonraruuasRrs0'rurY'ruln',rrduords n.r'l{nuorur:r6unav{un{rda
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s. rirhjuru In unr: ndudrurirt oru rn rs rdo l{#rqu u (drrm'u mrL n fi fi u) fi q m m 4ru^

30 o{firlrardua uru z-l iu
R'l:n:?trua

t. nr:fiudrurulnlnfi lfirfionqn olu,nlrdu fi fi firurulnlafi rn?rgoqiilrcuor

3G300 InInfi 01nn?lilr6oors6ur dtir z oru ( duplicate ) luue{nsn?1ilr6o01{ trfl:ur

irurulnlafi tetv{s 2 tru udailr:s1ru z oc$irdu{ru.urnduno{lnlnfififillqlds r neril

t6ooreismu

z. r{rueardruaulnlafidedrodrdaq rniru nio rfin66n: kidsd
- at 

" I
arurtrfi'ir firueutnfiu{os1nlafifnrnSrvirfri gs.q lnlnfi riu'ldornnerrur6oor I : 105

drrfu {rurulnlafieiodrodtiaeg rniru r.rio r fia6fi0: rirurs tdrfi'rd

6'rotir.r {cq t / 105 niru riuuunfifiuld :99.9 InIafi

iaq t nSru fiuuunfifisld'

3. riunonruaastu:rwru

3. nr:?m:rvr{qeraruri6ro.rilurnYnn'rfl qsnou lriounr:nnaor;

:99.9x10'/r InInfi
:9.99 x 106

rir{urnrYnnlnns nou 0'rnI:qrrurirnrnlilirn:rs #ura:rrTfi vrr.: rn fi dqd
a.ta / q
ifi?m:rvfqarcrurl6qloq{onfnnrnnsRou (r) ucersluRlnflu?fl R

3.1 pn ({uurin :tir= I :2)

3.2 o.lud, ( Moisture )

3.3 rJ?ilrflo^uytid{nq ( oreanic matr€r, oJvI. )

3.+ im:rsdrrrj?rrarluln:rou

3.s irn:rcdnrrjirurarr{oar,loia

3.6 nr:im:rsriur:J?uar }or uyrarfi un

3.7 garn4fi lnadril:ovrhJrjrulunes{uurin

3.8 im:rcfc l*tio
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. !. raoo4. 1ugrol{Rr5uflUnnr?noao{

4.L rlu?n?1il6n1unr:ilnass

iinuilnurlsz

ilunrinnrnnsRou BAcTERH nf.rlulcnrsu

IooA
Yt'lR1tl.mRrso

? [a :'rs 1,r 5't qo'l14'15

i
- ROURltnonO{

v
- ila{fll:mnao{

- Dilutionplate

count

. MPN

- Acefylene

Reduction

Activity

- (ARA)

tlnunlnfi 5rtu?fi?'liln^nlunr:rJfl^riO^fl 15mfl ao{l

4.2 rsriuilrdo uunfi risnfr lulnrrnu

4.2.1 n1l Streak plate method

oC443
ilrtfromnfir5u?i.t + Cqa fio Azotobacter venilandii, Beijerinckia indica,

Azospirillum brasilense, Llfil- Acetobacter diazotrophicus ul Streak plate ilufirot?ll: Ingld
tPt9

nanrfiutds riout#doqnnnrsrrfisrdotduor rjasuh?rduluornrmlfofrruruosfifirormr:rdo

hf,nrnrfisrdoo$tuqont4firJn6 riraenrfisrd'odnr#iirntsrTiurunvfi$oil{unoutnc,ou

ttuascJosotu*lrrdu nrnnrorfiurdorurl lnuh?druuuuclo{iln1ua?ounsuai?1uufir{uhJ
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fr" _$
rl1 +5 r#u rrctacdul#lndriururndqnniriirsrirld:s{.rsdrlt?a.rduduflonrhllu{u flo

nlroru ra*oudamnuturqiutdul#unrmcfirtrflrdunrlnefililfisuriufiildrrduurlunrudn

rlout#ruuseiluasnfiatun,r: streak rflnahoru streak o#od z Ine,ldaanrdodu*ludud

unsl{lunfiurnnrnliluuufir{u 5-6 du rsft odrl#armdodu lrturududH storur 1{

rioururnrfiuhJ r#ondrflnrhoru riurdol{dqnruqfi#o.r Inudn:rnr:rffirgrerrdoueiavaqn

l#raareirqriuflo ,man*t", venilndit ilrcurar z-g iu Beijerinckia indica ilrglror s-l iu
Azospiritlanbrasilenseil:curil Z-giu ItdS acetobrcter dieotroph'arzs il:gtmt +Siu

422,furuu,,uri6nrrlunr:Esrfluunfi riun:"rluln:rou6c:suurrrrRsu

t. Smear rduuu stide il'l{lungau'hl t-, o9o

z. nand Crystal violet osuu StiOe lfirirruiog Smear ruodu n{ll{ulu
turfi

3. tYt crystal 
"toro 

d. udrdrrosn#tuti', udruun Iodine h?yi:urou smear

uordol{ulu t urfi

+. dx lodine eoodrrrrit udrdrq6nn9od.ru Atcohot ss% (1ri6u zo turfi )

udr6{dNoondrsdlfrufi

s. fierurTu6oo9od.u Safrannro uru t urft

o. drqdrerdludrd. sride t#udr
qe.l dnu'nrac druuntdouunfi 6snf.r lu Tn:roulnol#n#orqavrrrsd

rirrdodtdornnr:forufi rurfr nuruns druunrdo uunfi r6un€sluln: rnu leruq

nrstdndo{pvr:rorf fifird{qtru too uir unsl#ailfiu oil immersion rdofiqrnndnuurtrrl

dr r cr o r tryn duu n fi r€ s rio u ii w f rbJ rdw tus r rrln a r eis lil
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5. R1t'Jr{ilN1{RltnOAO.t

RandomizedDesr$ ; CRD ) fi 6 treament g fi fTrfi

5. 1 tlur rinnrn ers noucro r I:o o'rurir r.u 6o I: s.truuisvurpiuduvro.:
!f 'Js2 rfroulnfiriun€r'lulnrrou lunr:mnno,rfi o r."rt-.m drfi

52.1 1d16idu ( 
"o*ot 

)

52.2 Azotobactervenilmdii

523 Beijerirckiaindica

5 2.4 Azospirillum brasilense

5 2.5 Acetobacter diaz,otrophicus

iinr:flnur I rn

lu nrIm n a o r flifferld?'r{ uplunlrnn n o{r rnl1t{ruuualr*:ai t completely

P9e
sz.6 rfisna:r ( Mixed ) rfrouunfir6unf{luln:rou fir + arurffu{

Copyright by Mahidol University



gA
u8l.nn?nolno !?t't?n0'ta0l|ltna

Bacteria

Cordrol

Azotobacter

Beijertnckia

m.l.(rnalulndn'nrsrnudrumdou*ofisuuuiln) / 3s

I

I

I

OA
lr'lvt I

q'r'dz

rirli r

qi''li :Azospirillum

Acetobacter I

od0r1il I ,frnfi2

uaunlilfi 6 llFruRl:mnao{

rir{ oufinnlRn s Rouu'rkiluft uaran^nrJ?rurfl s, n0 niu/d{ nr.J rrfl l{Rlrnnno{

rrulJ cRD 6o o rreanoent I 
"ir 

dsffiunudu,,unfiriuiil#nqnfiu{unfinnrnnsRou ocldorn
99

o, t td uo du lu o r u r : ru a r tfi n dn : r n r: roi ry r o ud'o l ddr unr:fi -,ru'rr#ud rd^ lu o rr r: rua r
rurinrrrir opfical d€nsiry( oo.y lnudoldrirolflnliio on. udr fiwfrurffisuriun:rduan.l

nr:to?qto{tdouunfitssnfttuln:rourfineirql ( standard ) ud'rrrnrfufiocfirrurdru?fll ?f'l

rJ?rururr{fodnvrirlrJl#lunr:nqndu{unrinnrnnsRou Inunruqm.',u#rh{uq1fi:cdu e$zo

rJirursrdoiidruanr'ldfid'sd Inu controt rl?rurruririikitutiqnnno{ 2,820 onr. flu

iltinnrnngnou 5,130 nfilldt tdo Azotobactervenitandi; rir oo.io'[ d o.lzar.ttrurrurdedlcitu

dqnqnoq l,560 ml. ri'.t ,,rro rnt. llumrinnrnflyflou s,t:o nirulds du u"r1"n*n a indica

3

2 3

2

2

2 3

3
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rir oo.in'[d o.aas rlirurrurd'odtcilurirvrnaoi r,lrc .t. tit r,rz4 mt. {unrinnrnnsRou

qtr loo:mr iiinr:flnur I so

s,tlo niruldudu 
^*,nuu- 

brasitenserir oo.inldo.ztz il?lraududtrituti'onnao{ 1,403

.1.li1 !,47 m|.{unr7nnrnnsnou s,tgo nf,rulfrq tdg acetobacter diuotrophiansrir oo.iorld

O.zzt rJiruraududUtu;oilnao{ l,zl8 ml. i'r r,rrrmt. {unrinn'rncrsnou s,tm nirulfl.r

rdu^ou ( Mixed) fie:Jirurrurdev{s + arurf,uf dkilu;.:v,nno.: dn:rriaur.rarufid.rd

,4u 
^ru**, venilandiirJ?ruroldodtrituo'{mano{ 390 mt. Beijerirrckia indicarJilrail#ii

lcitud.rvrnao{ 436.5 rnl. azospirillum brasilense rJ:^rurarrdodtrilufrsvroao{ 350.25 ml.
9tI

Acetobacter diuotrophictts rl?rurrutfrofilcitudsvrnno{ 429.5 mt. rir l,263as mt. {ur.rr?nnrn

srsflou s,tgo ni:r/rYr

rfiufrrotjrq{ uufrnnrns,rooufi 
^nll#suunfi 

fi snfsluln:rou rdofirnr:yrnnor

o'l8l l, 6, 13, 20, 27, 34, 41, 4, 55, 62,69 tlng rc iunurJirurartdoana.r

c. rYurj?ruraurunfi riun€s'lulsrlou

6. 1 Dihrion plate counr ( ifinr:mnnosrilfroufiu{o z.t.z nfi't za )

G.2 fl 'nyrn€roilRrrnfqlulnlounuo,#u16uvr6dnf,:luln:rou6a:c

IetU e,cetytene Reduction Activity (ARA)
Io taoa

IUnOURl:lJ0iln

rnEu:.rorilrr N- Free floudoudncsfio d{ilronqluln:rou trisrur: 30 d. lu
Flask c,il'ror 125 ml. nd.:ornflnlndrd {ruwiuoqn'riu udrftd.r*irr6t 30 ml. ra$oudrrir

Flask ur#qlfft#r6u udrrirtdorurrdu{'ti1uslnlr,nurfirniuil1{ ;f,d.rfntfrd.ro?qrfirln
C,ag
tfrsttciassfrnfu ovtt?cyld#rr$r hirvirrYu 6o azotobacter 3 - 5 {u nrnfinr:l#
BromthSm.eot blue o.s "z lu orrr:nrutu r - s {u ormr:wrilfiuulflufiMfiuor{o R"ro uar.,
,Eaasd.'

'irrfrottirgtfiulnffirufiri'ItABeijerinckia octdnarurudq z - t4 5u drufunr:mirgrfilln

,*rlrrfl udufi ro?rX#tnfl rtou colony nsagr{ polysaccbaride du:rrnrud.rrnnrfi uld#n.ir

rsndfidnsarcmfiu? finl?{u nuinn1'nf.rtu1nrrgud{rilldhivrgsmu rdodlnri?dorudo{

{errieudodln#r tmirdo4nrfindorr?irv'r1{ t7 -a4sru. rda6ufiufrrodr.urfialrJindaarndo.:

gas chromatoer"pn do doroiqrn'u Inrdrudrdarirnr:irrnr:nfq'tu In:rnuft d

Copyright by Mahidol University



gA
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trJderu ln ornqndrdrfl unhtenfi fi lnurtao{dufinoqidrulnuriounJ6uuna:qirrdo

dauAl*hot 7@/o liotnu6dudurJrrul* ro urfi udr6.rnu'lr,liirJrnnaudusirrdoriou

nJd uu q ndrfidrunhmn ii 6n 1 n ur 1{

durildot lo Flask rdrfiqnufiaorn Fhsk 00fl ro x udalriufre acetytene rc?1lil

[[vfu 10 m tqiufiu rrdaffunnr Inocubate rdol#Nihogenase enrymefirnr: Reduced Acetylene

tflu etng*. tflunar L7-24 :ru. udrftrfiuufrctrnun nask fi Incubare 1{ ro cc. kitu
suctii:n tute rirl:Jindrsrndo.r Gas Cbromatogralrp fiov'ldruaqls.: peak drfinorrufra Ethytene

ttflv Acetylene nrudrdu mrrirnrrruqtflo{ peak l:Jr{ruasurlisuffiuilftJrilil1nrg'tu

gn: nr:rlrurardrr:rnr:nfcluI0:tnu

lOt x BxV

2200 Std-xAx22.4
'a

a: narfitfiil cas d Incubate

B: rit Sample
v

v = dueqitTurjiurn:ufraiifinu?rbjcro{ Flask fi tncubate nrirurflu u mol. tbr. r

Flask- 0.00

22@:rJ3rurs Ethylene lu Rast uo{ Std-

z. irn:rvr{n-rmlffinrrmfi

a.l^ I q
TBirn:rvfqarailffi sto.t{unrTnnrnnsRou (33) $ao{tuRlfl r.tu?n R

7.r icr pn

7.2 rj?rurnrnlrudu

7.3 qnnr4fi

7.4 irn:rcfduvridinq

7 .s irn:rstirJirurfl luIsr:rnufi'sfl ile

z.o im :ry#rlFrurardorrr,l o iafr"l rln
7.7 imr:rr{rjiruraluuncdsrufrrurun

7.8 r{ruanrurrj?u1ot ca.I rario

Copyright by Mahidol University



qrt loorrnr

( euove ) nodoiln?ltJtrnnd1{flo.tuunfir5unfqluln:r0u:sil'jl{usinsilnffu rdonu,irfi

ntril ttn n sirl fiuo drsfi fiudrdrgvrr.re6fid:sdu 0.05 :stt ils ueiacil n fruudafi oyrirrurfi rnr:
nerasrLdruei Duncan's nerv multiple range test ( DMRT )

8.2 nr:itn:rsfnoryn leruif; LsD. uJi uu rfi uucrrTfi nrqrnfi ruor{unrinnrn

st v nou riou R'l: fl nao{ unsudt nr: n n ao{ durrao:rnarilunneirqcJss uunfi rEun€r

luIn:routu$ciacih6'u

a. afifi ffi flunr:irn:rv#r?orya

8. I irnns#{sqn In ulffif; im:rs #n arru uil:ilmu Analysis of variance.

if;nr:f,nsv sa

Copyright by Mahidol University



rigfininorfio uilrinarf,aliina m.u.(rnn'lulainr:nunudrurndsrrCo{'auuurrn) / 39

unfi 4

fl afl lsnqao{ smso6il:1rrfla

r. rirnr:rru#rurft'udc,osrJtilHrdoffun?ril{il

1.1 ,4u *orob*r", venilmdiilngfirnr:tdt, srdo *otobacter venilmdii luorur:
mn?fi qruilQfi #or trdainnarruljuto.tor?r't: ( optical density ; oD. ) dnnilsrrsia.rnduuar

600 nm. n$oruv{trilrJiururdsdruiG oiluuonptate count qn"l 6 #alrut udrrlrrurrfiuun:rvldr
etsdlal-r4

n?1ildilr{urf ctorilSxlrattfrofrunnru{urorornr: flan1:dnulnrilnr:r{fi 6 llayeitn?lil
-ct-.-e!-.c- 3 r ' E ;C Adil{urim{tfrottncnarJrjutowrnr:nr:rn:rdfi z il?urarro'rrfroocrfrilf,utlnl5unlrnnao.r

wdiududu 6.03 x l0o cFU. rdo o #rlrur udsornr?ilRr:mnao{ firirnnru{u o.4l t600 nm.

rracd,iildurdoqoudr 7.24x10t czu. du es #rlru.r rirnrrru{u r2r t600.* dqfirJiul*du

rurnfi qer n6't ornrfurJiu* r#u osaru,r

tz rdu r"ri"r*k o rndxalaufrio,rrdu.rdu Beijerinckia indica luorrr:rvarfi
qan4fi#ot udr{onrrru{utotormr: ( opicat densiry ; oD.) finarilurreiasuduuao 600 nm.

n#oruv{oriurJ?rutnrrdsdruefi Dilotion plate count qn"l 6 #rlrus rdrrirrurrfi uun:rd6rnerru

drufiufctotrJsrurarr{%fi':Lnrrru{uruoso1fir: nnnr:dnurnrruur:-Nfi 7 uayeirnrrildrurfiufclor

,du,,uro'rlr{uroso,rtnr:nrrun:rv{d e il?ilriltso,6i,ooufiudrolnr?r,or:muuuoor,fiudu,flu

3.89 x 103 cru. du tz #rlru-r ufisorn#iln'nnaao{r firirnrrrurju 0.2g / 600 nm. unsrfirudu

rdoqouo'.r 4.47 x10t cFU. du toe f:lut rirnrrru{u t.z6 | 600o-. dqfirJiuln,#urnfiqn

udq or nrfu:J?ruraud's w n" a.r

1.3 tdo uosprrittum brasilenselturirnr:rdu{ rdu *o*rrrr* brasilenseluornr:

t u.dq*tn4fi#os udriotnrrru{utotorrr: ( opticat densrty; oD. ) frnrrruuneiroudu,,ao
-7t9

6{x) nm. ngourff'rriurJ$rumrr6od:u6G oitution plate couor qn.l 6 #elil{ udrririlrrfiuun:rv'lfir
c2v4rA3or4

narrudrur{ud toqil5rurutfrof,inrrru{urorormr: flanr:f,nsrn1ilnr:r{fi 8 uasrirnnn
s^.-e!^..!^.-^.4-- ,.-.-- , ' C e C Adrur{uriclottfrottacfllu{utotorur:nriln:rr'|fi g rJ?rurarc,o{rso0y[?uJl,ut'rR[:rJRrryrnno{r

ouiiududu 9.55 x r03 cFU. du rz #elm r.rfiirrnr?run'r:mnao.{Copyright by Mahidol University
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firimerru{u 0.36 / 600 nm. unsrfirudu#uurou6.: z.sq x loe cFU. du qo #ahs rirnrrru{u

I 20 / 6oo nm - d.rfi rlirurartduuloiiqu ndq rrnduiliu'r* du o, u u uo

t.O du Acetobacter diazotrophicttslnur4rnr:tdu stdg ,qcetobacter diazotropha*\u

urtlrtnlu'rftqontqfiv?ol u#ainnarru{utororur: ( optical d€nsiry; oD. ) finmruurfiiamdu

trd{ 6@ *- n$slv{-rriurJiruroudodaui6 Dilution plate count qn1 6 de}n u#rririlrrfiuu

n:rv{rirnarrueYrufruf,qro.rrJiuraudofiunnru{uro{ro'r1415 ruanr:finsrurr,rlrlqfi g unsrir

-^^^.rr-.^-q-.1-.- -.3- .. , ' C ; C anrrrudtlt{u:ic,ottfro$nvnrrru{urosorfir:nriln:rdfi to rJiilrarcJo.rrssoyrfrnf,uornr:runr:

,tuuuoorrfir,durflu 3.38 x 102c2. du rz #alru.r ud.rrrn6runlrnaao{ firirnnru{u

022 | 600nm.uutt{i*,r{udoaloufir 3.31 x toe cru. mao 120 foluo rirnrrru{u 1.26 /600nm.
dar^ & i t I
8.1 fr il5u rar tfro ru r n fi qo m a',r n r nriu il?il rar rBo oc a n a r
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mn{d o rirn:rru#rufiuduosrdo Azotobader vennandn ffunlrru{u

r?nl( eru. )
rd

n?1il1uyl

( 600nm- )

I
O'l Log rl?rlrurdo

( cFU.)

0

6

t2

24

36

48

60

72

96

TM

216

228

0.u2

0.41

o.@

1.08

1.16

t.2l

130

1.10

1.(b

r.o2

0.86

0.73

0.00

4.78

6.61

7.92

8.29

8.86

7.93

7.79

7.76

7.69

5.52

0.@

0.@

6.03 x ld
4.M xl06

8.32 x 107

1.95 x 10t

7.24x10E

8.51 x 107

6J7 xrd
7

5.75 x l0

a.soxrl

3.31 x 10s

0.@

E 6.00
:)lro
B 4.00

0.02 0.41 0.64 1.08 1.16 1.21 1.30 1.10 1.06

Absorbance ( 600 nm. )

1.02 0.86 0.73

n1 fl fi Z rirnr r uffirfiudm.r r#o Aaota bac:ter v enttandn ffun a r ru {uCopyright by Mahidol University
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sf r tNd z rirn r rruffi I rfr'udm.u#s B dJ efl ncHa t ndtca ffuna rru {u
r?n'r ( srJ. ) rirnerrurjufi

( 600m )

I
n'l Log. :J?ruror

d|
trilo

( cru.;
0

t2

24

,18

72

96

108

120

t32

t4
156

168

180

t92

2M

2t6

2&

0.01

o28

0.74

0.91

1.11

1.13

1.15

1.18

120

r.22

r.23

r26

1.19

t.22

r.20

r.t7

0.98

0.00

3.59

5.97

7.r8

7.20

7.3r

7.49

7.6

7.80

t24

E.33

8.65

8.21

8.14

7.77

6.92

4.60

0.00

3.89 x 103

9.33 x 10s

1.51x 107

1.58 x l0?

z.c/xrd

3.@ x 107

a.s7 xtd

6.31x 107

l.74xllE

2.14x 10E

4.47 xlOB

1.62 x lOE

1.38 x lOt

5.89 x 107

832 x 106

3.98 x lOa

10.00

-: 8.00
E
I 6.00
ILo a.oo
ctf

J z.oo

0.00

0.01 0.28 a.74 0.91 1.11 1.131.15 1.18 1.20 1.n 1.23 1.26 1.19 1.22 120 1.17 0.98
Absorbance ( 600 nm. )

nril{f g rirn rrilffirfr'ud cro {rdo BdJ ertncma t"a* Xt^*tu
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et l:N d o rirn e r ru#ru rfr'u d to { rdo Azo sptrntum hrasnens e ffun : r r,r {u
r?a'r ( gfiJ. )

rrd
nln?'uJwrYl

( 6oom. )

fl'l Log rlirurorde

(c2.)
0

T2

24

36

I

60

72

u
96

108

r20

132

IM

168

2M

324

0.01

036

0.63

0.89

o.94

0.98

1.06

L.L2

120

1.13

1.08

1.05

1.03

0.90

0.84

0.82

0.00

3.98

6.4

7.88

8.r2

8.32

8.81

9.83

9.88

8.79

7.94

7.76

7.69

7.39

s.69

4.23

0.@

3
9.55 x 10

6
3.02 x l0

7
7.59 xlO

8
L.32xl0

8
2.@ xlO

8
6.46x10

9
6.76xL0

9
7.59 x 10

8
6.17 xlO

7
8.71x l0

7
5.75 x l0

7
4.90 x l0

7
2.45x10

5
4.90 x 10

4
1.70 x 10

15.00

E ro.oo
f
ll-o
B 5.oo

Y I I trlttll---lm

0.01 0.36 0.63 0.89 0.94 0.98 1.06 1.12 1.20 1.131.08 1.05 1.03 0.90 A.84 0.82

Absorbance 600 nm.

0.00

nt n d I nirna r ru#x fiudr s.r rdo Azo sptrut u m hrusitense ffun a r l tiu
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n r:1 { d g rirnr ril#urfi'u#m.u do Aceto b actq dtazotrophlcu s ffun arru {u
[?n'r ( srJ. )

rd
n?'rilcluvl

( 600m- )

I
nl Log. rj6rurauds

( cFU. )

0

T2

24

36

I
60

72

w

96

108

rza

132

t4
t92

zil
336

0.01

022

0.37

0.58

0.81

0.90

0.93

0.95

0.99

1.19

lz-it

r2/t

r.02

1.6

1.02

0.96

0.@

2.53

4.39

5.58

7.15

7.92

849

8.76

8.93

921

9.s2

9.r2

9.06

8.58

7.73

524

0.00

2
338 x 10

4
2A5xl0

5
3.80 x 10

7
l.4l x 10

7
8.32 x 10

I
3.@ x l0

8
5.75 x 10

E

8.51x 10

I
l.62xIO

I
331x 10

9
1.32 x 10

9
1.15 x 10

8
3.80x l0

7
5.37 x 10

6
L.74xIA

10.00

8,00

E

I 6.00
l!
-_ 4,00
o

2.00

0.00

0.01 0.22 0.37 0.58 0.81 0.90 0.93 0.95 0.99 1.19 1.26 1.24
Absorbance 600 nm.

1,02 1.A6 1.02 0.96

ntnfr ro rirn er ruffiir{u#r o s rdo Aceto h actcr dtazotrophtau s 6'uo.l u 1iu

Copyright by Mahidol University



rierfininsrfls uu rinsra'sufi na ml.0nnlula6nurNnrmiln:adoudofrnrurruun) / 4s

2. rlildillmnl{Rlsnlrl

2.t qnru4fi riounrrnnao.rinqarr4fidaurnoffu firnof qun4firndunirfirL

32 o{mrlrurfiua ( RloFru?R n nlttfi zl ) ndrnlryroao{ {oqtunqfidrurvroflufirnof

qont4firnduryirfiu 32 o{flrerurfisa ( nlnnu?R o ,'r:'rofi z+)

2.2 ulludr riounr:mnauo o.luduro.r{ur,rrYnnrnnsnourioufl'nnnao{

finmrudu z.st nJofrdud ( nrnamn n ,r:lod zs ) u6'.rnr:mono{r n?uqiln?'ril#t t#u4tu

:cdu oo nJoftdud loe,ilnr.hfi.rnarafinudrnrnrirnr:nruso duo.uqrnvdun.luqtutt?ood

2.3 pH ftanrim:rc?itarrir pn frtrioun'Hnaao{rmcfifirnr:ilnas{ rir pH ii
A r!9 ro . ,irn:rvrildovoqilurir,r 6.5{.8 ( nrnruurn o nrrrsfi zo )

ornnrfrnsrqeraurio^vrrqnrunrillduri quu4fi o.,udu pn rhrnqdrnaoaRr:

m nn o t fi n r : uJd uu ril a { rfi w rf, n r.lo u rvi r tfu rdo.: r r n { uil finnr nn g no u l:.rq rurirnrn rfl u{ u
^--ql^d-.-.----i.2t e<ur rd r I t ce.i u?lilRn6riluttutta? qalil8ru0{ tilrilasilrlrjn{5sfi?lirvrnao{lrasn2lilgrun?uflulfioqmrsdrj

60 x tu:su'irtnr:moas.: tY{iilddrnfurnlinrdsuunfir6sn€.rlulsr:roufru{unrinnrnosnou

ldrJfrrifinr:nnaotlul:rr5ou dtrirulunr:rirsrnnarrugou fiuusrnfiualu n?ilqilqar?r4fiuav
d otgro 4n?liluu [noRvt'r{rfiu{
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qrr nloo:rnu

3. qorfiilfiAnl{rnfi

nafirnnao{rragsfiil:rsna / ar

3.1 lulo:rru irnnc#ilrrirrj?rurorluln:rouyiqfirln ( Total nitrogen ) firnr:
irn:rsf misoo nrfl u z sier 6o riounr:mnno{r uas ?rd{n.rrfl nao{

rlsldiltific,o{n'lnnsnoilriounrrmnnor imrrsrfitrrirrj?urar'[uTnrrouyitrrun

( Total nitrogen ) rq u'irfi riril3rurar'lu ln : rou rnfi ur?ir fril I I 0.3 I gN./pot.

(nrnnurn n nr:rlfi zz )

t,rt'roft to rjirurarluln:,ourf.ruruor udrnr:nnao.r

cv : 1.4 "z rirrqduiinrildrudns:u,truooutYuhiunnsirrriuvrr.rafisr^fi:yrYun.rrudo

riu s "t"Insi? DMRT.

o'rou,r'rufi ro qs rfi u ld,i r rdu, 
"ri "r*k oarrur, n rfi uJ?rror lu In: roub?f,:r

{uufnnrnnsnoururnn'j . du *orobacter uavtdl Azospirittum d.:tr?rjirurar luln:routnd
rdu{riu ri'rudu acetobacter,,uudurou lflrrJ?rurar1uln:mulu:cdlfilndrfiu.rtiunrirunruqru

(nrnnurn .t o",r"'nfi lz )

fl{lnflAO.1 Toalnitrogen
'?U

!4
n'ttanu

tr-i
uuililnRlRstgRou+ tlro Treatment I Treatuent 2 Treatmd 3 g.N"rpot.

Control 110.4 n2.0 IIT2 33t2 111./m d

Amtobacter ii8.4 116.0 1L7.6 3s2.0 1i7.33 b

Beijerinckia t232 t24.0 rtg2 366'4 122.L3 a

Azospiri&wr 113.6 115.2 116.8 345.6 115"20 bc

Acetabacter 112.8 tts2 tt4A 342.4 114.13 cd

lviixd n2.0 113.6 lI52 340.8 I13.60 cd
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clrtfr tt r:Jie,urfiuuruanltern:rv#vrr.rafifirsuJ?rurarlulcr:routu{urarTnnrnnsnoudou

R1:nnao{tmsfifi{R]:nnao{

{tunrTnnrnnsRou rirrnfis gNJpot.
t

ROURItnnAO{l 11031

ua{tR1:noao{

Control 11120

Azotobacter tt733

Beijerirckia t2233

Amspirillum 1r520

Acetobacter t14.t3

Mixed ( du^auuuofiGu + flufiuf ) n3.60

01nn'r:1{fi l l $dn{1#u1u'irquarurifilunr:s6.: luln:routo,ruunfi fi uv{.l

asfin finarilunnsirtfruodrqfiriudrrTqfuvrr.rafifid:sdunerrurdoriu gg,A ,,uuduncru finmru

unndrtfruodrlfiriudrdqvrr{4fi6fi:sdrnrrrurdorT, gs oto Insfiuunfir:'unf{luln:rruucias
I

rfinrtastdonraru firj:sfivrfinrr,'rlunrrn:'{'lulntrou doti'ttt?firj3rumrluTn:muffirdu udr

ornftruarufiu{unrinnrnervnsu rfrutunrirunruqru rJ?rurnr'lu1a:r0lJriourrnsild{nr:nnno.r

'triunndrsfru (nrnnu:n r nr:rrfi gl )

rr n nr:dnsrrnrudr rfi o nJE uu rfi uuil?urar luIn:rouriouunsduqn Rlrnnaowudr

{n Treatment iildd'u,,uufir€ufiaiilr:nnf{luln:rou fi:J?rurnrluln:rou,fiudu tioti*duo

or n: g udNnrrfi nsrrdo,runfi fi oq nrfi nfr nr:srfs luIn: rnu
jJ

rfi ofr uqn nr:nnaotnudtlu Trearnent oirrl rliruru lu In: rou rqfi u or nurn til?r'r
e -!

UOU 9lilil Beijerirckia indica > Amtobacter venilandii > Azospirtllum brasilense > Acetobacter

,o ( rdor.raru:cv'ir{uunfiriel#.: + arurf,u{ ) > connot ( nr:rsfi l0 ) d{ii
^-4----- e 4 t 'H s 4 | v t t
tilosornntttTtytortBolu{urrinnrnnsnaufrnlilrrnneir{fru (or:rtfi 20 uaslre.tunrvrfi s )

r43e
nrirrfio t&o B"iiurincbo indica rdotrrnFqrrntirudunr:nnaosrufi{:suyq{qnrdo +r {u
flficnr:nnnoldn:rnr:roFqto.tdefirhcurfl 4.37 xl08 czu/g olorfur#uovrioul ana{ iru

drrquolrnruuo rr6odsr:rnr:rr?rxtosrderJ:smru 3.24 x l0' cFU/g. tdo Azotobacter
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venilandifiJ:^rurnudorfirrduornr?runnnorrudr zz iuudwnnos 6'n:rnr:roirgruod'ufi
ilrcilrar 33r x t08 cru/g. $asosanatrfou1 oufiodrrquolrrnaor rufiorfit|.l 1.55 * r0,

CFU/g. nrrudrdu
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l.z r'lo ar'lsfa trn:rs fu rrirrjtruru rrl e d?'lo ia#{ ?riln ( Total phosphonrs )

drnuimncd rniqoondu z fir 6o riounrrnnao{uosr{drnr:nnasr drnrrrrdotjd
qorarurifito{tR'lRnsRouriounr:mnao.r irn:rc#tatrirrJirurflT{oadoiavf.rmrun

( Total Phosphonrs ) yrudrfi rirrJirurarr'loar{oiarqAsflirfiu rtl.g6&prtrot.

( nrnnurn n nr:Nd 28 )

o', r ro fi p rJiru rar r{ s ayt s iarfq tr ru n n f,r nr:n n a I {

cv : I 4 z rirroduii nrrudrudns:rmfi ou fiu hiusr ngirq fiuvnq afi 6fi :sdunrurudo

ri'u s mlooif; DMRr.

o.no'tt'tofi 12 ovr#ulddrrJitramloallsiaudrnr:mnao.$ lunriuvrrraoreirqfi

:JFrurtuvloalloSaln#rds'rfiuhifinrrilunneirsfruoeirqfifiudrdqvrr.:afifiii:sdlnr,turdurfu

95 o/o (Rlnfiu?R .l n'rr'rofi ga )

frsnanoq Total phosphorus 5?tJ
td

n1[sau

g.P.ipot.
+tsd
quilunfllnnsnou+rtro Treafuent I Treatueynrt2 Treafine,ff 3

Confrol 116.8 trg.2 118.4 354.4 118.13 a

Azotobacter 122.4 116.8 r17.6 3s6.8 118.93 a

Beijerinckia 120.8 TI9,2 rt7.6 357.6 ll9.2o a

Azospirillwt 116.8 117.6 rr9.2 353.6 117.87 a

Acetabrcter 118.4 1r9.2 118.4 356.0 Lt8.67 a

Mixed t17.6 r19.2 ttg.2 3s6.0 118.67 a
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qm'loo:m! ilaRuilnaounsofiil:rann I so

ctlttd tg tilSuutfiuup{nRrrern:'rs#vrr'rafificlo.rrjirurarlloarrloialu{uurinnrnnsRou
l9

ROURltilnno{ttagfi n{Rlrmnao{

flentrinnrnersRou
rd

n1tAAU g.N./pot.
I

fl0Uf'l'l:nOAO'l 1r7.96
v

iln{fl]:mnao{

Contol 118.13

Azotobacter 118.93

Beijerinckia r19.20

Azospirillum tt7.87

Acetobacter 118.67

Mixed ( rdonaruuunfi 6u a dtufi'u{ ) 118.67

$'lna1:rtfi 13 ucnsl#n1u'iruunfi6un:'rluIn:rnucrufiu{drs1 hifirunrio

rlFrurtur,loarlo:-a Inulunrjruvrono.reir':1 'hifiearurnns{r{fiuodr.rfiriudrfrqmNdfier'
.A
( nlnr.ru?R { nl:}tli 35 )

nr:flnsrrjirurnrr'loadoia nu'irfidqornr{nnlrirnrrsfrjiurardocr'loiariouuas

udlnr:nnaol rirrrlsar'loiafrim:rc#ldhinhsuurjn'rfirj?rrartnd6wfiudum:rsdr rd.

trunfiiTuni*{'[ulpr:rnuvft + arufiu{ kifinrasionr:nJ6uuurJarrorilirurorr{oarnlofa kidrrds

ruunfi riunirluln:rnu osfi rjiilrarcruorEf,or+iudurisanar
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riorfi ninsrde !fl rinorfrsrf ina rm.(rnnlula6nr:,lrqunmdqnndourCofimurluiln) / s l

3.3 lvrunarfrsru irn:rsfuril?urarlnunarfiurufirurun ( Total potassium )
o A I t __-e*-- ^ r A r s e I b I

r{lfl]t?tnt'lg?i ttti{oontilu z qia{fro fiouR'Dyrnao{uas?td{Rlrnnao{ d.rnrr,reishJfi

qararurTfito'{R'lnnsRourisunr:mnaor r^m:rv#mrrirrJilrnrlnuvrardoilvi,rHrJel

( Total potassium ) nudddrrJiilru lfl uytdduru mfi uflhftJ 86.53 g.IUpot

( nrnruuan n nr:l{d 29 )

,'tr'rofi ta rl?rurarInuvrarfiuilvf{ilun ?rd{nl:mnaoir

d'innnO.l Total potassium :?il
Ird

n]lqnu
+tsA
uu?lilRn'rnnsRou+[$o Treatuent I Treatuent 2 Treatuent 3 g.KJpot.

Control 84.8 87.2 88.0 260.0 86.67 a

Azotobacter 89.6 83.2 86.4 259.2 86.40 a

Beijerinckia 87.2 84.8 90.4 262.4 87.47 a

Az.ospiriAum 85.6 89.6 84.8 260.0 86.67 a

Acetobacter 84.8 90.4 84.0 259.2 86.40a

Mixed 89.6 83.2 87.2 260.0 86.67 a

cv : 3.3 v" rir rqAsfi ntildrudns:nrfi o u f,u hiun nsit fiuvr, q afi fi fi :s dun arru rde

fu s xlouiE DMRr.

olnnrrl{d r+ octfiu'ld'irrJ?rurarlnumarfirundrR'rrmnao{ lunrjruvrnaoroir.rlfi

rJirurar},rnvratdurulndrfiu'r6'u 'hifin?1ilrrnn$i'r.rriuotir.:firiudrrTqvrr,rafififi:sdunrrurdufu

gs % (RlnHu?R { nlr,ll|d 36 )
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ellt'l{fi ts nJ5uutfiuut{anltitn:rvrivrr.rafificro{il?:JrilIuumarfisrutu{unrinnrflnsRou

riounr:n oa sr unsu dt nl:ilaao{r

{lunfinnrnersnou rirrndu g.N/pot.
f

ROUR'lSytOAO{l 86.s3

rn{fl"l:mnno{t

Control 86.67

Azotobacter 86.40

Beijerinckia 87.47

Azospirillum 86.67

Acetobact€r 86.2f0

Mixed 1 rdorueruuunfir5u + arufru{y 86.67

o'too'tt'tofi ts uan.rh?nXu'iruunfirEunfrluln:rouarur{u{eir.rlhifinadorJirurar

Iilunatduil Ioutun{ruvronoteirrl hifi narruunncixriuodNfi riudrriqvn{dfifi

( nrnnurn o uulod rz )

nr:fl nurrj?rurat lrt unatdsru fi u'irildq nr:n fl noqrjiurar Tn uvr arfr uurio riurruu,

rdcnr:nnaotrirlmumarduilfiirn:rsr{ld'hirilduuuilardrfi:JBrurarlndGmfiurflurvr:rs.ir
E ad drn o 9

tfrsttunfiFun5ttuln:toufr'q a ererfruflilfinracionr:r:JduuuilalrcJo{rjFrurruInuvrarfiurulri.ir
Ie,-4-..-.-d< 4u s dra a i C arsoltilnn[:ugttit tu tnt[0u09ruilrilrfl tsto$!.il{urSonnnt
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ilerfinlnorf,s urtinorfiuuf, a a m:r.(rnnluln6mr nqrnu fu r,rndourdoiiarurruiln) / s3

r.+ 6uvrtuietq

im:rcfiariliurordunidinq t organic matrer ) rirnr:?mrrsf rnimsnrflu z dr.rde

ds u nr: mna or uns ?r d{ n1: naa o{

qorarutiEto.t RlRns fl ouriounrrmnao{ im:rgflnrirrJturnr6uvr6d{etq

( organic matrer ) nu'irfi rirrJfu rnrduvrEdinq rndunirf,u gzsgsz g.oM/por
.A
( nlnr{u?R n n'H,l{m 30 )

,lnsd te rJ?ruror6uvrid{nq ndqnr:fl nasr

sr : 4.4 x ritrndsii nril deudnurnrfi oudu'triun neir{ fiuvrr{a66fi rc rTu oarrurdu

riu s xlnuiG DMRr.

olortttod ro octfiulfi'itrJiurarduvridinq ndsnlrflnno{ lufi.rvrnno.rfirJfurar
€f- dds q 9a s_ qrd r u r as o, u -oqC - A itouvl:u?nq lnntnu{nu lililn?'ril[lstRsn{Ru0u'l{tIlJurndqflNdrlgt-f,:gdun'lrru['ofu gs %

( nrnnu:n { nlil{d 38 )

frtmnnor Organic matter t?lJ
I

n
d

lteau

g.O-illt/pot.
+tea
quililRRlnngRou+tso Treatment I Treatumt2 Treatnent 3

Control 2896.8 3048.0 3225.6 9t70.4 3056.80 a

Azotobacter 2942.4 2969.6 30/.3.2 8955.2 2985.07 a

Beijerinckia 2890,4 2729.6 2884.0 8504.0 2834.67 a

Azospirillwn 2768.O 2920.8 3M32 8732.0 2910.67 a

Acetobacter 2734.4 3rr2.8 2834.4 8681.6 2893.87 a

Mixed 2893.6 2920.0 30t4,4 8828.0 2942.67 a
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nr:1{fi tz riltuurfi uuflan1:6rnnsrivrr'rafi fi toqduvr6dinqlu{unrinnrnnsnou

riounr:nnno{ ilns rfirnr:nnasq

{uurYnnrnersRou 'inllnAg g.N./pot.
I

ROlJR',limAAO{ 3258.37

fia{fl'r:noao{

Control 3056.80

Azotobacter 2985.07

Beijerinc.kia 2834.67

Azospirillum 2910.67

Acetobact€r 2893.87

Mixed 1 doruaruuunfi r3u 4 ilufiu{ ) 2942.67

l'lnn'I:'l{fi rz ocniulddtJilrarduvrid{nqmd.rnrrnnao{r firJitlrsanaqlnud'o

Beiierinckia, Azospirtllun,Acetobacter,,#u^ou rl?rurnrduvrSeidnq finrrilrrnncirrfruodr.rfifiu
o,-A aaC u i &
drrity&vrrrannfi:cd':Jn?1iltfiofu gg % Ins Azotobbaaer finrrilunneirrtiuodr.:firiudrdcy

vntafi 6fi : s dun rrru tdo tfu ss m riau nrjru n?urpJ hifi ntul rn n cirs fruo dNfi riudrdcg yr l{ rrAA
jr<aq+rsr-
riionJ5ourfruufru{uufnnmnsRoudouRlrmnao{ ( nmflil?R { nr:}tfi 39 )

riounr:moaotfi :J?rumr6uvr€d{nqrn du gzst.st gJo.N,Ibot. rdsnr:nnaosil:'rnq

dr {nTreatment nsfirir6uvr5dinqnnar tfodduoo'rn{utrrYnnrnnsfloufin:su?un1:dou

anrulnulfiuvrtdoqinnonnalmsrl:^rurarduvridinQann{tu Trearmeff Beijerinckia indica >

Acetobacter diamtrophictts > Amspirillum brasilense > Mixed ( rdonrail:cndrtrrunfi6*f., u
- v J. - o - d ar uaru{u{ ) > Azotobacter venilandii > Control enilnlell !r{[lju hjturiruorrdurfrutfunr:nfs

I tl

lu1ct:tnu vi{firdostrfl Treatue,nt u:rnfi6uficrfrluln:rouldq.:ovfinr:drrfiufion::ilriou

aarslffi n'iruunfi 6ufi nfqluln:mudr
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CAgA
uufln2ng1n0 rJul?n0'tao!ilna rn.u.1rno'[ula6nu rnunuErurndourCsf;alurruiln) / 5s

3.5 cN ratio im:rvr{urrlirurat cnt ratio firnr:irn:rsr{rniqoonlflu z girr 6o

riou nr:m na o r un g ildq n'lril nno{t

qarauffito{R'rflncnourioununnaoq im:rc?fi{rrirrJitror C/N ratio nu'irfirir

rJSnrar ca.{ ratio mdugirfiu tt.26 (Rm?,tu?R u ,ltrofi gr )

nr:rfi te iliilrs ca.I rario ilfiqnr:ilnaoq

cv : 2.4 m rirrna'sfi n ril drudnu : pr fi o u riu hinsr n cirs riuvrr.r afi 6fi :c dun:rru rde

rTu s xloraiG DMRr.

o.lonlrrofi rg wr#uld'j'l control firjirurar ca.r ratio rurnn'irrdodul odrrfiriu

drrYqvrtafi 6 tdo uospirtttun, Acetobacteror,ur,#u^ou firJ?ruru CA.[ ratio oqilu:vdlrfio:fru

frrJ3rurru CN ratio rurnn'ir tds Azonbacter Lrrty Beijerinckiaodr.rfiriudrrirgvrrsafifi
99

t6o Azot ob ac t e r Lt?u t6a B eij e ri nc ki a fi rJi ru r nr CA.I ratio o qjlu: v du rd ue fiu

( Rlnnu?R q nr:r{fr 40 )

fl{mnaoit CA.{ ratio :?TJ
rd

nltqneJ
.H-t
4gililRR1RAgflOU+rSO Treatment I Treatme,nt 2 Treatnent 3

Contol 10.93 11.09 10.99 33.0r 11.00 a

Azotobacter 9.47 9.16 9.29 27.92 9.31 c

Beijerinckia 8.62 9.6r 8.89 27.12 9.M c

Azospirillun 9.92 9.90 9.98 29.80 9.93 b

Acetobacter t0.t2 9.94 t0.ll 30.17 10.06 b

Mixed 1030 10.01 9.99 30.30 r0.10b
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ntil{fi tg nJiuutfioll.mnr:irn:rc#ilr.:cfifiqJo.r ca.[ rdio 1u{or,rrinnrRnsnouriounr:
g

iln00{ ttn g il A { fl ltn nA O\t

{unrTnmnnsRou
ld

n1lilaU gNJpot.
I

ROlJR',HilnAO.{t tt.26

fiA{Rltilnn0.t

Control 11.00

Azotobacter 9.31

Beijerinckia 9.M

Azospirilfum 9.93

Acetobacter 10.06

Mixed ( rfionaruutnfi 6u 4 flufiu{ ) 10.10

Olnn1l1{fi tg iliilf0{ CA.[ ratio qlo.rrdo Azotobacter, Beijerinckia, Azospirilhan,

Acetobacter uagtdofleu firJ?rurnr ca[ ratio unndrrriuodr.rfiriudrrTqfuvrr{afifid:srTiln?'lrJ

tdut?" 99o/odtulunrirunauqrurJ?rrar ctNratio hifinnruunneirsriuotirrfifiudrriqnxdfiA

( nrnnurn { nr:Nd 4l )

e{nnl:iln:1sfrJ?ilrfl ca't ratio riounr:meraerfirirrqdg rt.ze unyrdoud{nr:

rnnnoqil:rn4'h firit ctN ratio rnds g.M, 931,9.93, 10.06, to.toms lt.o0 lu Trernent

Beiierinckia indica, Azotobacter venilmdiio Azospirillum brasilense, Acetobacter diazotrophicrts
!!t

,Mixed 1 rfroanu:vu'irurunfiriaviq a aror{u{1rae Coffiol nrrudrdl

cA.{ ratio tflunr:t:J6urLrfiuu rirdn:rrieuilolt carbon eio Nitrogen d.r c*uoo osfi

nr:aalufrrrurnlu Treatrne,nt dfinr:nftluln:rouldqo dod,*t"'rrdo1fiuvr?dtisuaars

duvr5dsorq rilorlulcr:roufi ldornnr:n:*rtuln:rtuurfl ornrnurt#dru

or n nr:fl nsrr sr il:c eu i:s nrrn rfi s (r+) {erilrinii nc fi rlillrirfl u{ub?fiunoy do.r

firirdflriru{ornr$uouadoluln:tou ca.[ ratio rloen'ir zo:t dcirl#rfiu'ir{unfinnlnnynou
jo o9 v v &
frrirrur'tdnrindurfiouuofiriunf.:luln:r0u rflu{u6uvridiiaurpaiudr 6nil'Eadlilrt#rflu{u
d.l t S /r A rn9,
vtuu:y tusuFtov{s t9

Copyright by Mahidol University



I a4
u8|fln2n0lag ullnnalaguilna m.!.(rnnlulafinx?r{ufiuA{madourdon'aurruuil) / 5?

4. flilfrilrmilNfixn]il

4.1 nllt?qfl ot$unfi r5unfrlulcnroutu{umrYnnrnnsRou
a e a 4a dE I

flnnlsitntlrrinr:rnTqflo{ttilnfi6un5'rluln:t0uto{rfro Amtobrcter venilandii,

Beiierinckia indica, Azospirillum brasilense tldl Acetobacter diazotrophiats lu{umflnnfn

sfsflou HnR'riero:'lvd:J:rng'ir ,4u ,"ri"r*rro indicadlur:oroirgld'ddqo unvroicXlddlu

si:trcsc +t f,urnnc,o{Rlrnnaor dnnnr:to?qflo{rdo 437 xro8 czu/g ro{a{ulo'to

tda Azotobactervenilandinn?cgldfitusiaq :suc 22 iuu:nqro{R1:mnno\: dst:rnr:ro?qnuordu

firJ:gilrfl 3.31 x 10E cruJg. du 
^*rruu* 

brasilensecrrur:om?qld6tusiN: sus 27 iu
u:flflo.1fl1:nnao{ dnnnr:rn?rgruo,#ufitl:sillal 1.58 x tot cru./g. [[os Acetobacter

dieotrophictts flrll:ol0iq'lffitusiat:vils 20 iuurncfo{nffinnao{t dn:rnr:ro?qnuordufi

il:srur:tu 138 x t08 czu.rg. nrrudrd'u drnr:rsfi zo

nr: ro?qrotuunfi r5un6{lulnlou (Mixed)

ftaRtlentlvr{nttniqclsttntnfifiunf{'tuln:routio 4 dqa 6o Antobacter vmitwtdii,

Betjerinckia indica, Azospiriltan brastlense LL?Y Acetobacter diazotrophicus drtdrirnrtnqn

,d.t{. 4 dQn l{drufiu ?lafntvrono.::J:rn4'h du u"ri***o indicafinmuarrur:otunr:oqi
A A g !t frld-^ __e_,-__- .--- _-- .!l g4q | -- v v:oorrosro?qtfiuInlffifiqo roFrgrurursaruld6tusia{:srls at iuu:nclo{R'l:mnao{t oa:'ln'li

roiqrfiulntuordufitJttulat 6.03 x lo?cru-/g. :o{a{:ll6o rdu o*rob*uvenilandinoiq'td

dtuEhq:cuc zz {urnnc,srn'rrilnno{ s'nnnr:ro5qr6tlnro.rrdufirJrrul* 324 x 10?
.?

CFUJg. czu lfio azospirilhan brasilense eirur:ntoitglffilusirl:s,uy, 27 iuu:nqosRr:

noao{ dn:rnurnirgrfirlerrosdufirJrrul* 3.39 x 106 cFU./g. ,,urd'u acetobacter

dieotrophiats errur:oto?qlffitusieqtsuv 20 iurnnrosnlrnnao{r dn:rnrlniqrfiulnro.r

,dufirJrrulor 1.91x 106cru-/g. nrrudrdu dqnr:r{fi zr
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4.2 R1:Vteldounr:ct€rluTn:[0u qJo{rdo

Reduction Activiry ( ARA )

fiaRTemtls#dn:rnr:nilluln:rouct0{tdo Azotobacter veriliodii ,Beijerinckia

indica,Azospirttlutn brasilense LtdS Acetobacter diazotrophiczrs tu{urntlnnrnngnou0lRtt{-nu

FtnRl:vlnno{Rlremt€r{ dsr:rnrrnfqluTn:muro{rdo rfo n oqu 6s A*nb*t",
verilimdii ,Beiierinckia indica, AmspirtIlum brasilense, Acetobacter diuotraphiats uagtdon6u

(vrixea) runRltnnno.rrJ:rnqdudu o*rpn*ko indics fidnrrnr:n:tsluln:rouldqriiqn

dn:rnr:n${luln:souoro$turies 4r {uu:ncJo{Rlinono{flrJ'Dn0${luln:rould

51.33 p mole,/gJhr. Azotobacter venilondii dntrnr:n€qlulnttouoqilueht zz {uurnc,o{R'l:

nnao{d]ill:n nf{luln:ttuld 14.64 p mole/g-lhr. Azospirttlun brasilense dnrrnrtnfq
'[u Ie : rou tu o qiludx z7 iuu: nro\r Rlrnnn o{ n€.r lu In : rou'td $.z t p mole/g/tr. rdu 

^ou
( Mixed ) 6'n:rnr:nftluln:ttunvoqjlud'n :4 iuu:nclo{rRl:mnno{ crrur:nnfqluln:rnu'ld

rJ?ruror 32.L2 lrmole/g-rhr. Acetobacter diazotrophistts dn:rnr:n:otluln:touoroqituda.r zo

{uu:nqrotnl:moao{dlrur:onfrlulq:muldil5rurar zz.tz p mole/g-rbr. nrildrdu
va
a{nl:'l{lvt22

a r n R'r : n a a o { rdo $u n fi G sfr aril rr o n6{ 1 u In r lou fi fi?n e d kilu fl ur fn nrn

nsnouornlroo',ur.i'to'.ru tu:J:^rurarfiovrirriluflufirnrvrld tumnrrioun.ir oo iu doo,,

ilnno{dfrn?rilunnei1{srflRl?nnaowo{duhunsur?il1q (35) (36) d{rru{rudrrdo

Azotobacter uur,#u Azospirillumarrur:ntoin;rdulsrtudufivrlsift + r6ou nd.:ornt#rd'o uas

Itlfl:1u{t1uiro.: lJtil.t'rru dt:ru.rru'irnr:t#ieqnr6ot#ornnr:nrrsninfirilu6.rnrn rlu.irhi
,nu',r au d os rlrtfl uar:n'rrrr n uo,#u azotobacter nfl :rc:Jiilrmrasfi onr:runuo du rruuuo

odrqrant$r rfl?rsiflEn4fio1#ornnrrr?,r1srfinerrqnrdorfinrirrs1ilr6uil6durqsfin1illd

rasrieuludufivrrirhJl#rdnrios rdorirrurrirrfluar:nruy6sn'rur:nilanrjAoaar:6uvr€ridfi

rJ :s lusfdodu **ouuoo 6cfi rtfi'dio6,:nrrmfi ooqiturJ?rurtuft grtuGuff vr

0rnRr:nnaoqfl u'irdn:rnrsr:osluln:rousruoduqouurrfl unnrurunrudrsiu
Ya

dsfi ( nr:r{ fi ZZ fnv*nunltrld $ ') Beijertnckia indica >,4zotsbrcter venilandii > Azospirillurn

brasilense> Mixed ( rdonrail:cndrltrunfir?utf.t o arur{uf ) > Acetobacter diuotrophicus >

control ntrudtn-u d'rnrirusruiffafuvridfiu (t ld:rrNrududu u"i1un**ro indica,,undu

fiafrunnaD{[a;oftJ:rsfl a / st

1fi uvr6derfqtuln:loulnu Acetytene

I
o

u1nln
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Azotobacter venilandii rfluuunfiriuddornr:o1n'rf,rlasdlur:onfqluln:rould ufi,irfi
oonfirouoqidrufi nru tioii,*t'tt tduvtraotsfis,fi ffionnou:Jsrfiussnfi,wd oru.rrun.rulu

cJurunr:n€ttuln:tou d{rfluclurunr: Reduction eirurds Azospirith,mr brasitense t1?t!

Ac eabrcter die.otrophicns ct u?unlrnf{'lulm rou rsffi ndsfi sonfi rourlounirdu
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enrl{d 20 rno{Rrlro?qto.rrdouunfirtsntrlulsr:rou ( nries : log cFtrJmr. )

Day

I

6

13

20

27

34

41

48

55

62

69

76

Azotobacter Beijerinckia Azospirillum Acetobacter

6.40

7.44

7.83

8.23

8.52

7.71

6.52

s.53

4.51

3.57

2.49

2.19

7.07

7.31

7.69

7.80

8.02

8.28

8.64

8.21

7.62

6.52

5.73

3.51

4.20

5.54

5.59

7.45

8.20

7.33

6.05

4.42

3.57

2.96

2.23

1,83

5.22

6.28

7.54

8.14

6.73

5.59

4.08

2.62

1.76

10.00

9.00

8.00

7.00

5 6.00

b 5.00

g 4.oo

3.00

2.00

1.00

0.00

13 20 27 34 41 48 55 76

Day =ffifl:????l8'Azosoirillum*- Acetobacter

62 69

nrnfi 1 I ufin{frlttotrxto.rrdouunfi risnt{'lulnaouCopyright by Mahidol University



nrrNd 2t u6ro{nttroBqto,rrdoflcr! ( nrirs : log cFUJmr. )

Day

1

6

13

20

27

34

41

48

55

62

69

76

Azotobacter

4.79

4.84

5.72

6.61

7.51

6.68

5.89

4.12

3.84

3.21

2.25

riafi niyrordo rr riyrordo ufi na ryr.r.onnluln6nr: rr.tuHudqurndotrCor{nrurvuun) / 61

Beijerinckia

4.67

4.71

5.61

5.72

6.58

7.34

7.78

6.64

5.49

4.48

3.59

2.84

Azospirillum

3.20

4.15

5.34

6.04

6.53

6.12

5.65

5.22

Acetobacter

3.45

4.78

5.87

6.28

5.59

4.83

3.32

2.12

4.39

3.46

2.85

I

8

-7

6
-:E
-q
='Ll-o^
o)'o
J

3

2

1

0

13 20 27 34 41 48 55 62 69 76

Day
-{- Azotobacter{- Beijerinckia

Azospirillum-# Acetobacter

n 1 ild I 2 | rcrn {R r l o?rg t o,r rdo uu n fi rt u n€ olul* ;;d**Copyright by Mahidol University
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!

nrrr{fi 22 fi6ro{frn:rnr:n5{'luln:rouroluunfi 6s

fi aRr:nRao.ltncofid:ruila / cz

Day

1

6

13

20

27

48

55

62

69

76

B3

0.73

0.67

0.82

0.91

0.89

0.91

0.78

0.75

0.78

0.72

0.79

0.84

0.75

30.41

31.27

33.29

41.68

44.64

40.84

25.14

14.04

7.49

4.10

2.36

1.13

1.02

29.19

29.21

30.91

34.11

36.55

45.87

51.33

38.98

29.60

22.99

15.78

3.21

2.10

21.99

22.40

24.32

28.53

33.71

32.23

21.35

9.21

3.44

2.85

1.90

1.49

1.07

20.20

21.57

23.89

27.12

15.47

12.11

6.08

2.98

1.55

1.18

1.01

0.93

0.78

Mixed

19.87

20.94

22.14

26.39

28.82

32.12

24.73

15.B1

9.71

3.50

1.44

1.01

0.94

Controf Azotobacter Beijeinckia Azospirittum Acetobacter

34

41

60

50

40
o
o
E

830
.9

= 20

10

0

13 20 27 34 41

Day

48 55 62 69 76 83

--<F Control*Azotobacter
Beiierinckia

*-Azosoirillum
*- Acetobacter-{-Mixed

_ - .a -_ v 4 | g dd
Rltr?r 13 fidn{ontlntrnt{llt lntrol{to{uuntiritCopyright by Mahidol University
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alrJuavnotailouus

tlnnnnliflnul rhcfiilinrutun.rln:osluln:roulnsrdonunfi fiuluiluurinnrn

Erv Rou olnI:€{rudlnm aqrJl6'h

1.1 qeraurifinr{Rlsnrl

ldoqiturh.r 6.5-6.8

t.t.t qfl ?rgfi riounr:nnao{unsfl d{fl'Hmnno{ qum4ru^tndurvirfi:r 32 o{rtrl

tryntdua dqhifi nneiodn:rn.t:rnirgruo du,,unfi 6unfr luln: roulu{uilfnnrnsrs nou

,., : o.ludu lu:sl,r'irq nr:nnaoq dodinrrnauqu u rludrrhflo$lurrfiu fi

eo ujsfrryud

1.1.3 pH nnnr:irnrrcffiounr:naoourasilfirfi'lrnnno{ rir pn iiirnrrsf

L2 qnrarffinrrmfi

t.z.t nr:frnurnJiuuffi uurl?rurnr Tobl Nitrogen lu{urrTnnrnncnoufisu

Rltnnno{trasildqnr:mnasq nanr:itnnsr{ roat Nfuogsn ndrnr:nrraor nudrtufis
r d I u , o- o - aa s a vmnnoteirtl finerumngirtfruodrtfrriudrdcgvrrtafifi Inu{urafnnrnng flo'tr+Berterinckia f!

rJiurtulultttouulofiqt :ssnrrurds {uurinnrnnsnou+ azotobacter, {uulinnrn
A!'fio1t+Amspirilhzn , {unrTnnrnngRou+ Acetobacter, ilumlinnrRngRou+ tffgnaru uag

control nrrudrdl uas'ldr4rnr:nl3uurfiuurdournfir6un6{1uln:roulnunr:nrrir Totar

Nitogen 1u{ourinnrnncnouriorJRrtilnoo{msufirnr:nnaCI{flaR1:im:rsdnrwfi6 nu

il B"iiurr*kio, Azotobacter, Azospirillwn lcetobac.ter finrrilunngir{fiugdr{firiudrdtg0svrr.r
.AA & J e J, a I e r ae o e qa

don ltacMixed ( lsCIf.tduvr{ 4 dlur{uri ) :Jnfl:rrrsrnnrrnuodrsrir.Iurlrflqn1{dr]6' rms

coffiol hifi a:rru un ncir.tfiuo drr fi riodrriqnrdfifi
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t.2.2 r'nlflnurnJSuurfiuudSrural Total Phosphorus lu{uurlnnlnnsRou

dounr:nnno{ltag?rd{n1:maoo{ Hanl:eln:rs# rotut Phosphonrs udqnr:nnaor nu'irlu
A I A - -+t v +, v
frtmoaotsir{l 60 Conhol iJunfrnnrnnsRou , iluurlnnrnerHflail + Azotobacter, fJuufinnrn

gfgRou + Beijerinckia, {omfnnrnnvflolt + AmspirtItwn, {uufinnrnngnou t Acetobacter
y t!. e

uastfro Mixed {ur.rrinnrnnsRou+ 6ofr.t + aror{u{ nu'irtufr.rvroao{d'r{1 hifinarruunn

eit{fiuo drtfi riodrdqvn{d66 rms ldrirnr:nJisurfi erurdsuunfi rEunf{luln:roulosRr:ur

rir rotat Phosphorus lu{un rinn'rn ns noufio uRltnna o{tuas ild{ nlrnnao{r fl anr:im:rgf
ye

n1{dfiA al-Jil ,q,-nnactur, Beijerinckia, Azospirillun, Acetobacter, Mixed ( doHAUfis 4 dlu

fruf )uar confiol lilfi netlrsrnsirfiuodNfi riudrrYqvrNdfi 6

t :.g nr:flnurnJ5suffi uurJ?urar Total potassium lu{urfn nrnns nouriou

RtnnnCI{ttngilfr{Rltnnao{ wnnr:?rn:rcf fot l Potassium udtnr:unaos rlru'jrtufir
iA-+lv+tw_+rv

nAAO{9f1{1 nO Control ilUililnnlnngR0il , ilunilnnlnncflOil + Azotobacter, tJufrlnnrn

gtgflou + Beijerinckia, iluufinnrnngRou + Azospirilhan, flumrinnrnngRou * Acetobacter
e , & J q d 16r d r brd

runstfro Mixed {unfnnrnnsnou+ rfror[q + aror{u{ nu'irlufrrvrnao.:n1{1 nJiln?lillrnn
I

sirtfiuodrlfiriudr6'qvrl:dfin^ rmslshirnr:nJSuurfiulrdsnunfi16unf.rlulsr:roulounr:n

rir roat Potassium tu{unfnnrnasnoufioufllsnnao{msfid{nrrmnao,{ flanr:irntrsf
7tt

ilNdAA nuil A-tob*t"r, Beijerinckia, Amspiritlum, Acetobacter, Mixed ( rfronaruvis 4 dltl

r{u { ; un v control hi fi n a rru un n ci rt du o dr.r fi riudr dty vr 1.: dfi fi

tz.+ nr:f,nurnJiuuffiuuil3rurar organic matt€r tu{ourinnrnncnsufiou

R15vlnn8{tltasudsnrlvtnao{ flaRltr^mtrg?i Orepnic matter rdlnr:unaosluAflnnoqeirq"l

fro comot {umrinnrnnsRou, {ur.rrTnnrnnsfiou * Amtobrcter , {unrinnrnnsRou +

Beijertnckia, {uurinnrftglgfl ou + Amspirillwt, {uufinnrRng RCIu * Acetobacter rrurrdu
99

Mixed {uufrnnrnnsflou+ dtd{. a aror{u{ nu'irlufi.rvrnaoseirsl hifinlruunnsir.:tiu

sdr.rfirisdrrTqvrrtc66 uacldfirnr:riltuurfiuurdsulnfirisnfrtuln:rrulnsnr:?nrir

organic matter luflunrinn'lnngnoufiouR'l:mnao{ttasild{R'r:mnao{ ,.ranl:aln:'lyr{mrr

a6n' flu'ir Beijerinckia, Azospirtltun fcetobacter,Mixed t t6i'u^autfo + arur{u{ ) finnruunn

cirqfiuotir{firiudrdq6{il'r{d6fi,&o tobacter?{anltatoilc?ifinrril$nneir{riuodtfiriudrdty

n r': dfi A r ro u control lil fi n rr ru nn n si rr fiuo drr fi riudr rirg vr Ndfi A
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1.2.5 fll:finurr:Jiuurfiuuil3ilror ca.{ ratiotu{unrinnrRnsRourioun.r:

nnao{luagildqnr:nnao{ 9,tan'l:eln:rvf cnt ratio mn'rn'l:nnno{llufirvrnnoleir.rl 6o

control itunrinnrnnsflot{, iluurinnrnnsnou * Azotobrcter, {uurinnrnnsRou +
Beijerinckia, ifuurinnrnngflou + Azospirithan {uurTnnrRngnou * Acetobrcter uuttdu

Mixed {uvrrinnrnnsnou+ dtt{- + arufiu{nu'irlufi'rvrnaoreirtl finmil$nneirrfiuodr.rfi

ritldrdqmrffififi uacldrfirnrlrJie,r,fisurduuunfi6unf.rluln:rrulnunr:mrrir ca,.r ratio
q--tl-- e r v a / eatuqtJt4tJflnlnnsflounouR'l:mnao{ltasfiii{fl1tvtoao{ ruafll:Trn:rsrimrseldd Betlertnckia,

AzotobacteroAzospirillun lcetobrcteroMixed t r6f'onarut{o + arurf,uf I fin'lrtrrornsiNfiuodrs
as o v d aq
fi riudrrTrgE{fl rtdfi a rrfl 3 coffior hifi narumneir{fiuodr.rfi riudrdqvn{dfi a

1.3 qararurifivrrrdrnrn

t:.r finurnr:ro?qroril?ruraurunfi r5snfrluln:rou1u{ufifiRn.lRnsnou

$rnfianrim:rc?iilu'i. du ,"ri"n*k o indicafinrrrucrrur:nlunr:niqlddiiqn Inuroirg

't6'6tudr.r: sus 4t iuurnclotn'r:flnno{r drr:rnr:mirgruordufitJ:yil1or 4.37 x to' czuJg.

arrur:orfiuin"ldulduluft oz 5u :otatru'tdu rdo Azotabrcter venitmdii m3qldhtud.lr

xvus 27 {uu:nclorn'l:ilaao{ dn:rnr:m?rgruod'ufithyil'la{ 3.31 x tos czu"rg. arrur:nfiu

inu#ioldurufiq +t {u r6iu Azospirtth.un brasitense to?q lffi ludas:srrc 2z iuu:nclo{Rlt

mnno{ dn:rnr:roirgru.tdufirJ:surar r.58 x tos cru./g. arrur:nfiuinsrr#lsiurufio

+t iu LIel:' Acetobacter dieotrophicttsroiqldfioufiqn n^oro?q1ffi1usia.:: sus 2oiurr:nqlsr

Rltnnao{ dn:rnr:r0itgnuot6fufithvil'rar L3B x tot czuJg. errurrnrfiuinurrdolduruds

2l iu rtav0'rnn'Eflnurnr:toicgtosilSruraulnfi6anf{luln:rou tufi.r naixeo r#u^ou rio ,
artduf nanr:?rn:rsr{nu'iudu rri**wo indicafinarrarrur:alunr:oqi:on rmvrn?qtd
4C A h9,do r e a , I
fifiqer ro?qlrifilurirs:cus +t iuu:nclo{rfll:maao{ dn:rnr:roicgroufrorJ:uil1ar 6.03 x 107

CFU"/g. :oqa{ilrfio Amtabocter venilndii ro?cg1d61uria.::ctls zz iutr:nilo{Rtrilnao{

dn:rnr: tffi q t uo tdufi tl:vu'tflt 3 24 xt07 cruJg. tdo AzospirilIwt brasitensearruuo roiq ld
6tusir{:sus 2l iutt:nflo{Rl:noaor dsr:rnr:roiryoro,rrdofi:J:srurar 339 x 106 cFU/g.

,,urrdu Acetobac'ter dio.otrophinn ro?rgldrioofrqn fiero?qlffiturir.r zo {uurnclo{Rl:

noao{ dn:rnrloirxrerrfrofirJrsil'rar 1.91 x t06 czuJg.
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t . 
g .z f, n u r n r: nf r 1 u In : r 0 lJ i, o { rdo uu n fi 6 utu { uu rYn nr n ns.R o u 0'r fl fl n

nr:irn:rc#il:ui't Beqeanckia indiea fldnnnr:nftlulnlou ldqriiqo o'nflnrrnfq

lu1n:ttuovo$luriat +t {uu:nto{rlrtnano{ crilr:nnf.rluln:rould st.$ p mole/g.rh.

:omwr6o Azotobac.tervqilodit dn:rnr:niqluln:ru o{lurfu zz {urunto{Rl:mnao{

crur:nnflluln:rtuld u.up mole/g.rlr . Azospirillwn brasilensedn:rnrrnftlulrrrrouo{

ludx zt iuu:ncls{n'l:nnao{t n:*r'tulnttnuld3l.zr pmoldg"rh. du*ou Mixeddn:rnr:

nfqlulnrrouovogilurirq il f,uu:nro{Rtmnao{ arur:nnfqluln:nul d lz.tz

p mole/g-rhr. tLrtr Acetobacter diuotrophian n€tlulnrrtu'tdr?ouiiqn dn:mrrn:'.r

luln:rouovo$tudt 2o {un:nqrs,irR'rrnnno{r nS.rluln:rouldzl.tzp mote/g"rhr.

z. {omuouusornRrtiffr,

ornnrrflnutrfor rj:cfin?n'rilrrasrrRl?gd,uu',raillunrrnfqluln:mulns

rrunfi riutu{unrinnrnngnsuqrnl:oolrrrirulu rfuffi truldfi {onusuugft eislrJii

z.r fJourinnrnncnouornl:oolurilr',u dsudrurmnuuoqoo9o dorrir{ourYn

RrRnsnouurno.r unsmde,plarunqnrndrfti'r{rfiu fulfiuiidrudob?firJirurunrruduoqilu
vav

:gourot?Ru

z.z z s n i'tt fi r n r : u rTn rds uu n fi rE u n6{'tu In : m u ffu { ura rin fl r R n s R o u o r n Ir r
o',uri'to'tu dor nruqun.lu#rMuEtu:sdufi ntil'rs du 6eo$:vra'ir{ 60{5 m r4r'tdlnsnr:

floshfi.rnarafin rfief,uo.ludt hitt?rsn4?,oofl ungrfiudle1inaonnnrrdoo.lrdrruruo

2.s o,ruqodu,tunfi riunftlulrr:rnuriu{unrTnnrners nou nerfr nrrnqnrnfirtt?

vTan^tunsrsn'irqfi rnrtnnno{nerfi nrrnmu{uurinnrnngRsusdroa*,i',rauu,n%tttrft du

n:vqnoqitupl16or rnsrflunr:sia0ffix,eisvix:sndrr6udqnsdautunlrn?ilqilurludrrtu

dr vr oae.rlt?fi nrruduo qitu :sdud nmceu

ii 2.4 orn{o alrJ orn nr:ifruluu 9ofi os u? u lddrfi n err d u hJ ldq.rtunr:rhl u

iltinnrnnsnsutrnl:colurf.u,u rflucrrnrrvlunr:rriqnuorduuuofir6snf{lulnuu

runcfirt#n:rudqil:sfiflinrfluacen','rsd,rrryerulunr:n6{luIn:ruu"uoduucinseiu
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rt'u{ rdorflurJ:slusdlunr:rir{ovrfnnrnnsnsu0'rRIi{{'rutitr',u t:Jl#tuqrurflun:fl::ru

uns rdorfl uuurmrqlunr:flnurifiudrriufrdaulolulonraciolil
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t. fruqvrfr #ua::arqrJ6. nrrrl$rLrJqtfiu uasnr:1#{udruf,ufrrrarugfirlu6uld. no.rrlgf,

inur n:ilisrfllirfluf, i; 2541.

z. drrinuunilsRtruRr:dsurmslilnranrls drrin.rrurJdnR:snr?irEnd'riln:5u.(2 5+2541).

I:qrrufi rnralurJ:srvr glns. fl rsyrr?{Endlfl nrril.

3. anrtiudun{r rmsfrerulnAnnamr{R1:lflun:uasEnflfiR:nrlnunr.InxnliflRulnaflaou

ldornnr:nrfi nrfrnrn. ililr?msrfi'urRsn:flldn €: 2sat.

+. nnur{orurrj:sfrvrinrnnr:nfindoursss sfl .es+zsu).

s. nrjrutruiffofuvr€rifiu.roncr:r'nnr:{ufirnrn. nrjru.rruiffu1fiuvrirffiunotrlgfiinul R:ru

?trlR'l:rRun?;2539.

e. qr^n:r 4a lrnu. {ofr nrrlrrdo Rr: mu nr. nrnisnm n lu ln6nr: nfi nfir. n arv yro lu lad

rf 'r:rnunr. anrriumnluladnrs murndrrffrqarnilualern: vfry zslz

z. u{qm 5 loaoanr.ndnnr: fl fi nuavnrl#{u.nrnimrJgfi imur nors rnsn: ililriilurfiu

rnsnrfldsr{;2536.
^ .- q o" - ! _r4, lq t a qg+t s e 4 A
8. drdyrr ?fl t:yrulu. enon'l:il:il1j8{FturmsR'nl5ilu.na$fl::ilRt:{nn0nr:um-orfruRo{
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f2. Shamon"E. Salting effecb rdrced bD' nill mu4 BSES Bulletiq 1994.

13. Desbmukb,VN,et al,. Bffects of pressmud cake onthe availability of nutrients in Black

Soil" Joumat of Mahamshfra Agricultural Universities; 1993.

14. CairqCP.et.alSffect of filtermudpress onthe stnrstural properties of aplastuc dark

soil. Centro Azacar; 1994.

Copyright by Mahidol University



risrfi ninarf,s uilrinsrdsrfina rn.u.(rnnlula6nu, unuilunndslrdofrauuuuil) / 69

r s. funqf q?::arind. n?tuqnildrr:;:airol6u, nrnimrJgfiinur nfl y rnu n:
Aqd

tJ il'l?Vl g'ld UIRU ntff16f n r ; 2536.
ood.)

to. o::nfrnf;- qqr::ru rmsnars. nr:m^ru6ruauni{uncil?urer{ululn:rnurdsffiuanrfin

douturcf Fnirrlu. rrurrunasuiffedouil:c 6ril zsrz qudifufirldqvr::arq?

esrrriu?ffun^r'l:' nru?snnrimu nr; 2532.

rz. eria nq$qa. nr: t#{ofirl dos. rsncrlnuundnriufi rs In: I nr:iffsms uugdrnrr

rvrn lulatfi u uav{ u nrnirnrlgfi in ar nals nsn r ru urr'n urdurns n : f,r a ai ; 2533.
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za. nrirunui 6'u 1fi uvri d6u. ro ncr:imnr:uuifiufianrn miru z . nrj ruuui ffu 16 u vr3 d6u

no.rrJgfi?vrur n:iliennr;lRue:; 2541.

25. Dobereiner , J. Foragm grasses and grain crops, p 535-555. In FJ. Bergprsen (ed) Mefhods of

evaiuationbiolosical nitroganfixation-johuiley and sons ltd. Chichester, united

kingdoq 1980.

26. ShendeS.T.,G3Rudrajsha"Rajani Apte and RS. Rourt. Azotobacter inocglafien

Nitigen economy and respense of sorgfoum CsHlJn cereal Nitrogenfixation"

Procdings of the working group meeting held af ICRTSAT Center India; 1986.

zt.auilnd 5.r1u.qfiuvriduayfion::rulu6uornimrJgfiivru'r narsrrlurrr lrrrinurdu

tflsn:fndn{;2525.

28. fi# i:suuyi. olrdoulduqdutunr:douaarsffisilarrdonr:nfinilo6uvr€dn:fiflnurmu

ilarcJorl:s{lu:Jnm;sfl orivrurfi nuf:JFryrXrifl ursrcsrfilHrriarfi-n eiclr
s saC A v e a o a
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Copyright by Mahidol University



rltl ]oarmrl r1gnrdl{6{ /70
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nilsrRun: ililriilendurnsnrflda {; 2s31.
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R]n9{U?R R

A<Adqa4A
?fi ? tR tl s?ta1}|UgtYl'l.t lRll lf o.tFt u

nr:imnsrflulsrlouluGu Inse6cro{ Kjeldahl rfluiG wet oxidation r4rl#tulcr:rou

tufiunJduuuroqitugrJto{r ( NH4 L sq
dl:mfi ( ReaspNrts ) fi t#rl:snoudau

1. n:ntirilcdu ( Sulturic acid, rlSoo ) r#ru{u g5-g7 %sp. gr. 1.84

2. dltndlJ Catalyst: IqSq: CuSQ: Se@er 100: 10:l ( rLn}flncr6tln )
;rnado,'3. SodiumhyroxideNaoH 10N: {l NaoH4o0 nil asalstuill t a^n: rfiulunlsusfifi

drfl n rdo fl os fiu lill#ffrryn rfiLo u'ln o o n lsei ( co, ) rcir lil ld
4. Boric acid indicator solution2 o/o(pHil:grurat S.O )

4.1 Mixed indicator : d.r O.O6O niru Bromocresol green [[ns 0.033 niru uetlt reO tritu

Volumehic fiask cru'rn 100 un. nsalsd?u Ethanol rirlrflrj3urn:tflu tOO run.

4.2 asalsRrer Boric ( It, Bo, ) 20 niru turfrfsu 700 ila. .lodo1flti"6u

+: r6ru Bhanol200 ila. tlas 201J6. Mixed indicator lmgRtgl ILBO, ZOO la. ntlu

Vohrmetric flask.rJU'r9 t fisr: lail NaOH 0.05 N :J:srurs 3-4 iln. tun:svir t un.

to{ Boric acid indicater njduurfludtfiur€ioudorfiurirnfiu t rua.

5. Standard sulturic 0.02 N.IIrSq: tfirun:n ILSq nrrrut{ru{u lN (ampoule) 20 ua.

nqlu votumerricflask tule 16fl: rfiilfrnduruauuacfiriliun:rilu t 6n:

1. n'lttiotl (Digpstion)

&- r a d. I
fqn"rodrsdufrr:'ourirunsun:{fluln 0.5 uil. t.ooo nilkilu lqucan flask rlll'lo

100 fJ. lunr:r::l6udrodr'rri.rhJlu flask dor:sftodrl#fiufifl rrasrflrvo$fino nast

rfiuar:rueru catalystrl:curar I niru unsn?':R:n rLSq lir{uti, s la. a{lil rttirrurl

dol#6u uns n:ndru{rdrufru. do l{rJ wular ndq#r hNrirhJnruurn r digest drdru

b,l 6euf tu: s uc r: n udar$iru tv,l 1#,t udr.rn*B digest n?:?rqu nast hJ: ouf tfl uo9o

?frR'I5

n:rr rdosirul#fi nr:nqnrndrfiud du rdofi qro.r n rnrlu n^t r3rula digest sio 1il6n
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:J:srurtu 30 ulfi 6':un nurk oonolnrnlildou nask tns.rt{tt?rdu irurilndudxtoill no

flast ilrcumt 1Gt5 ua. mdrl#n?rfiuudrmrurstruaalu nast dunirqaruqfiror#or

udrrirutci votumefiic nasr rjiurl?urn:drudlndurflu 100 rl4. rcrdrt#arragnrerdlf,u

nr:irn:rc#fido.ryh blank determinatioo InutffiGnr:cir{ 't tilfisufiuflufincirurrudr
,t

4nil:v nr: ucitilfi 6"to drrfiunirriu

2. nr:nfru (Distillation)

o
R1tnlUX0l

z. t ritanfsqnduuasdro,nduqndu t nfq lerunlto8t riloilur#erndu

Z.Z iutilu'tBoric acid indicator 2i/oilzcutuS rua. lu Erle, eyer flask {u'ln 50 ilfi.

rir'trJm{1{lufirsqiuts.rrnfsqnfrule,ul#Jare,druoqintfiorirul Boric rdnr?ss

(hina:rfiu t rt.)
2.3 pipene 6'rodr{ei:acnrsdqdouearudrun:a qsq 6ruru t0-20 run. altu

distillation flu.r fiududrgdrodr{ blant riou

z.+ 6ruar:asa1s 10 N. NaoH 5-10un. lucsriltationoast drrdrudlndudnfiou

ruascrffoeirrdnndr.rt#tnnaqlilcrilriu6'rsdrrn^ry

z.s r3runfruunv ffu lun.oldldrj?urn:rj:suril 35 ua. 6.rugarnfe,rna'u

2.6 ro'tErlemmeryer fl ask o o R drr mf sq n duda fi fi ndu rioufi ns ndudao drq ei s tJ
3. nr:lntn:fl (Titration)

rirarracnrolu rnenmeryer nast {oqils{ncdaodtfi ocndu'ld rit"ut" das shndara

ESoo 0.02 N ouflclo r cr: a carunJd uuor nfl rfi enrfl u fl ri rr uns ouriun'nrJ?il rcr :
omiil# r{ru:ormrrjims luln:rou

7oN : Nx(T-B)x l4O

t0
7t

ra. 6'rotirr x rirnrinfiu t nSru

N : fl ?1ildil{ucforn:nd1d titrate

t: {ruau ua. flo{R5ndt#u*," fiid'rotirs

B : {ruru ila. {{oflinfi1#,i*r" fiu ttant
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ilil'lu[?r9l

dolrir blank titratioo duoo,odlttnfiul{odNornnsfi'tuln:rruoqirflu i-p*ityo'l6rrflu

dotirn:rs#ndrfioqinirl:rfluriou rirc,or correctedmd(r-s)'ldilrlounl:aurit ila. clo{r blank
irnc, a v .

oon01fl iln. fl tgr0'lR9u9r?ou'l{t

adadtav
?f ?[nflv?rilofrtlo:fr
o io e 9 ra&
?rfi u srulurio.: rJfr ri6nrI6o nr:tio u ( Digestion ) 6udr un:n Hc I01 r{ru {u
if;nr:

1. rnfstfio rnfos Specrophotometer

2. d'Hrnfr

2.1 HC104 7b72o/o

2.2 Free acid molybdovanadate solution

2.2.1 nsalfl ammonium molybdate ( NH4 )6 Mo, O r. 4II2O zlniru lurir$ouil:cilral

600 iln.

222 nsalu ammonium metavanadate NH1 Vq f niu lurir$ourJ:srurat 600 rla.

22.3 lyld1:agalu ammonium molyMate gllil{o 2.2.1 a{lufl :aga1u ammonium

metavanadare n'til {o z.z.z udttJiuhi'rfl u z fi n: tcldrh?rc?1fiu

2.3 Standard phosphorus solution

2.3.1 Standardphosphorus solution 1@ ppm- mirulnunrr#o frfrfOo ( ouii 105 o{ffl

rsntdud u1u2drfur ) o.43g3nYru kitu vol. Flask 1,000mI. :J$urjiurst:1#1d

1,000 iln.

2.3.2 Shndardphosphorus solution 0, 5, 10, 15 ttag 20 ppm. orn{o 2.3.1 ungfill#ar:

aualuurn:lgludrfluo:n Inulddn:'rci?u Hcr04 : srD. p soln: r : 10

3. nmm6uildlinsa'ruo1nfr?odrr6u

foA, r niru lci Kjeldahl flask r6rn:n Hcl04 r{ruciu l0 iln. Digest tudlrasnlula ornrfu

d'ttntegu il:cilril t #elrrndq rirunqtu vol. Flask {lner 100 rua. udr:Jiu:J?ilrn:t#

td roo rua. nrirt#r{rriuu#rn:osdrun:snrun:o{ruof 42
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64 4l 4t
4. ?5rvru1j6Y

qndllnsaluuln:glu P 0, 5, 10, 15 uas 20ppmP llagdltnUnlu0maud?odrqac S rua.

kiaqtu erlenmeyer flask flu1n 50 tta. tfiruer:asnls molybdovanadate s rua. $dr1#tfi;utr{*rtt

otirtrlou go urfi ritlrJindaurndos specropnotometer fi wavetengtn 42lnm.drurir ,t"

Transmittmce (%) uieAbsorbance e rirririiintdtrnrirurrurn:gruhJrfisun:rll:yrjrlnarru

rc?il{uftJ zoT mfs a Inodrdu y"r tfft#n:sn1u s€mi-logaritbm drrflu a t#n:cnrun:rrl

fr ::ilen rrnrfurodrfi dru'tdqro{dlrasn'ru6uilrrfi uu Standard cunre

s. iirirurar

ppm p: ppm 0'1fl curve x dihfion factor
ada cs 4
?f ? tn :1vfi [?I$Ytdto[tjtt

t. cr:mfi

1.1 Perchloric acid ( HCIO ) , conc.

1.2 Standard K solution, 1000 ppm.

z. ifinr:

z.r f.r6uur?q r niru lci Tst tube flu1n 100 run. rfiru perchloric acid 8-10 rua. udrrir'trJ

digest lJu digestion btock d.:dtoqitu firme hood fi?ufltlE0lu4fitfogjrJ:vl'lat 2@ o{ffl

tryutdua oudr:nsalula 6qorooouldodolitt?rduudrrfiuirnitut#ldrj?rurer: roo

ila. fl ro{rmsffi ilar:agnrurirufi 1c1{drniuirn:rsririo'trj

z.ziw'w'rk luar:agnrugleg Flame photometer uio Atomic absorption

Spectophotometer fi wavelengfot 768 nm.

Total K ppm: rirfirjruld ( ppm ) x iliilrnttoq solution x dilution fac{or
Iosa

u'll.tuRgru

zs vltstandard curve d:s dol#dtriurirurarureir tatar r 1u6u

3. nl:filu?al
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?ril'lult4E

l. c,ars digest:s{'rodrtfirirultu digestiontube tni.t tt{t'rs0sfr'rt#rrqorur:u't{od1{q6g

fi 1ulil rmsolofi oRr::cdnduld

2. R1: aees druiGdarrur:orirhJirer:rsr{m Total form tfoitrl4du ld'd'ro niu ca,IvIg,

Na, P dlodl

nr:?rnnvt{6untdflnq ( oreanic matter ) InueG{gl ( walkley-Black,l98a )

l. q:Jn:oi

t.t rndotfr'r ( Analyticat balance )

12 Volumetric pipete 10 ml.

1.3 Volumetricflask 100 tlag 1,000m1.

1.4 Erlenmeyer flask 250 ml.

1.5 Bnret 25 ml.

1.6 Cylinder 100mI.

2. d'Hlnfi
' 2.1 Standard potassium dicromate sohfion, 1.0 N nga'lU \Cr}r( GR oilfi 105 o{tfltoru

rfiua ulu tz #rlru'r ) +g.ryniru lurfrndu udrrirl#riluar:nsnru I n'n: lu

Volumetric flask

2.2 conc.sutfrric acio l#n:n rLsq ( cR ) fifinrrrur{rufrukidrndr sa "/" drfiulufrrodrt

finnel:ri( ct ) eqirurnrfiil A&sq arlrJtun:srdn:r ts niil cion:n n se I a'er:

2.3 Redox indicator td Barium diphenylamine sulfonate ( BDS ) O.l5 %m€uilInuacaru

BDS 0.16 nSru lurirndu toont. mfesrotdoiphenylamine o.42o niuulnunsaru

Diphenylamine o.s nSru lurirndu 20mI. ltds Conc.Hrso4 100 ml.

2.4 Ferrous Ammonium S ulfate ( FAS ) sohfion, 0.5 N nunls Fe(NHJr(SO1) 16\0 ( GR )

le6.l nirulutilodu 8oo iln. drfi c*.. (NH4),(sq), oqizo rua. udrrirt#rfluar:

nsalu r fin: drtdlndulu vohrmetric nast fiuar:nsarutuflesrflrirnrn ( rdo

fiu uas ) uns os clorfl n Inl#ur"iuraruordo rfi :r

2.5 Conc. Phosphoric acid( IITPO. )85%

2.6 Sodium fluoride ( NaF ) sfietp.t.:
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3. ?frfl'r:

3.1 #{6ud{ilnttasdruns$n:{dou{uler 02{.5 ilil. ufn 0.5-2.0 niu lcilu Erlenmeyer

flask c,u'lo 250 ua. 6ru stanoato 1.0 N llcrro? a{lil 10.0 iln. Isrold pip€t un'fu nast

rurr rdolt?durmsdl:asarunerufiu ndrrfiru conc. r!So4 n{ 20 rua. Insuursrrudrt

do6ul#allrJoqilunrol#nun sdrl#rfiodurn6omrcoqinru{r.r flask un'fu Rask riou

{rqr:r il:crror t urfi ruf.doif-rttrrsil'rar 3o urfi r.rfoounrcyT{6u$acer:nru.ofi

nrarufiuo$ ( Mixture I r6umwirqanr4fi #os

g.z rfi*rdrnduarlrj too rua. udrrGl conc. Hfe r0 iln. ( rms NaF o: niru lun:fitild
diphenylamine rflu t oor indicator rnfsoshit#fild ) udld.rnuo indicaror a{hl z-r

ilun tm'is flask silflo{Hdil ( }v{ixtrne I r{rfiu6 fiflot mi*trre wrfluihirrrjurirrQu

u$ofrrir.rnorr

33 Titrate mixtnre dru rAS 0.5 N soiution otn Burer fitor mixture ocduflril.tduhJ

r6oq oun:sfi{fr.: endpoint fic,oq -i*t*e ovr:Jduurfluflrirriu rioul uuer ras fias

fi fln nudl end point fr rlot mixture os nl6 aurfl ufr r{ sr ffn ( Briliant geen )

l.+ rdolv?'ld end point iiqndor r6ru staodaro l.0 N rlcr,or nrhJdn 0.5 ua. rdo}flfi

Dicromate n,lfiotu solution6n fiqlot mixture tsnjfiuudufirixrjurirrtufiforir-tmt

6on9o ndarioul Tihate do Inufi un FAs 0.5 N sotfrion o.rlrJfi ncilun ou6,r *opoim
dgjoRni{ilu{

g.s drurnnrL'ir dudrodrltnfi dichromare nrfiooqituarrasnts ( riou Titrare) #os,ilrn

6o fieun'ir 2 ila. ( nsuu:nlfi:J I N IlCrrO, t0 ua. llnyqrt Organic carbon tu6u

reduced t:Junn'jr g ila. lu:cf irl digestion) dr solution rsrflufirfiuedoufios Titrate

fi rnr:irn:rcfluxi In€,1#6u1dfiserarn.ir6il

r.o rir Bhnk ft hifi fraodrsdunu{'hJfiesfiunr:irn:ryfd.lodr6u4nqn

g.z do{firnr:riuvr*n6ru?u iln. ro{r FAs solution fitdtunr: Tirate froruo Btank unsro{l

6ud'lodx rdorirrorhjeiruaormrrjiilrn o.c ciolil

nr:rirurar

% Organic matter ( OtvL ): 10.5 x 3lS_x_062
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tde ro.s : rufl. ilo{ standard Ilcrro? fildriil Blank uasfiildrotirqfiu

B = lto. cto{ FAS solution fil# fin"t" fru gtank

S :rud. cJo{ FAS solutionfildri*rr frufi'rotirtn^u

G:uo. u.u fiurflunYu

Facter O.6Z riruratillllR ( 1.0 N. ) x 12 xIZL4 x 100

4,W 0.77

tdu t.Otl. =Normality tlo{ Standard \CrrOr( tfinrn Normalify flo{l Standard Yt CrrO,

un neirs til tr n 1.0 N. qn: v1 nduqars1:s Normality I o{ Standard &CrrQ

12 :meqweig[t to{ Carbon

4000

uilrulilq

1. nr:6ru Conc.I{rPOo uas NaF firfroecfirl#rfiunr:nJfisuuilatfitoit Redox indicator

r$ofis Endpoint ld#nmu

2. dtrn6e,xJ Standard IlCrrO, solution u9ouru,n1 normality to{ Standard \Crr)rCI'lttCIg

'trirvirtiu t.oN. o?'r1 lun:tfimiuiiirrfludotrn€uil srandard 1.0N. Krcrro, dmiuou

los#c \crror+.go4 ni:J dru analvtical balance udrr4rrflu 100 ua. rdorothJlctrn:sl

ril fas 0.5 N. Solution u#'lmr Fas 0.5 N. Solution lil fitrate fiu StanOarO &C.rQ ii
tn€ urn: rra g r, lnl udrriruror normality Krcr ro rfi m5 uil n : rrnv ru rn1'[d

r.724-1u(ovr.finrfuou 58 % )

58

0.77 :oZ recovery flo{ oc tun'uTnuaf;fipirfi'u zz

% Organic Carbon ( OC.1 : o/o OM.

L.724

% Organicmatter ( OV. ) = % OC.X1.724
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Rms|u?R {

L qnt0nnX Aptobads

qntslfilrtrfir ldeear ts s.

qn:olfi 'lttfi a? ldki Ager rldsYeast

rir prtrrim plare cotr hild veast

Sucross

IlJIPoo

KrqPOo

CaC1".?JI"O

MgSOI.TITO

NqIUoOr2lIrO

FecL.6lto

Yeast e{ract

Bromthy-molblue

Wats

pH

2. qnroTrrx BdtedncH.o

6etto'lu'ttufi.r ld eear f S e
qn:oll4t tfi n? liltci Ager rrnsYeast

fir Pttrtim plde cotr hilci veast

qnrorrnr flds.rr#suunfi r€snidulntrou

2a&
0.05 g

0.15 E

0.02 g.

02E
0.002 g.

0.01 g.

02 e.

2 ml.

1,000 ml.

6.8

20

1

0.5

0.01

o.o2

0.05

Glucose

trGfoo

MgSO4.7II2O

F€Ct.61110

N%I\{oO42ILO

Yeast erfact

g.

g.

g

g.

g.

.}
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Water

pH

3. qntol?fl 1 Azosptrlllum

'u.1.(mnlula6nr:rrrrn doumdsurdsfrsuuuxn) /?9

1,000 ml.

5

59"
0.1 g.

0.4 g.

0.2 g.

0.1 g.

0.02 g.

0.01 s.

0.002 g.

49.
0.2 s.

2 ml.

1,000 nl.

6.8

1@ s.

0.2 g.

0.6 s.

o-2 e.

O.OZ g.

qn:st4ltlfinr liltri Agar lrCIu yeast

rir oitution plate count tritri Yeast exrract

Malicacid

K#Pq

KrtrPOo

MgSQ.TIlo

NaCl

CaClr.2t\O

FecL.6rLO

NqivIoQ.2II2O

KOH

Yeast extract

Bromthy-molblue

Wet€r

pH

4. ggf tOlt'1l X Acdohader

qnio1r41:ufi{ t6i Agar 15 g.

qnro'l?nrn4ar hitd Agar/east rac 6il N

fir Oilutionptate count lilkiVeast exfacr

qntolrir:uft triAgar 15 g

Sucross

KJPq

Krtrco

MgSq.7I{rO

CaCl"2ll"O Copyright by Mahidol University
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N%I\doq.2IIrO 0.002 g.

F{L.6IIrO 0.01 s.

Yeast exfact 0.05 g.

Bromthy-mol blue 0.5 ml. Solution in 02 N. KOH 5 mt

Water 1,000 ml.
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nmflu?n n

9.taRlinnao{

1. FFudilriailTtflluRlTl

1.1qiluQil

n'rr1{fi zl qililqfidoufl lrmnao{

nlr'r{fi 24 qor?r4fi?rdrnr:nnaos

qantqfi ( nir ) ril'rrl ( orgrrryurfiua )

I 32.5

2 32

3 32

4 31.5

5 32

Mean 32

qarm4fi ( n$s ) nilru ( ornrrryurfrua )

I 32

2 32.5

3 31.5

4 32

5 32

Mean 32
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1.3 pH

d-..-. I v
n'f :'l{yl 26 pH ROUR1tnnnO{tmgild.lR1Sy|OAO{

nmru?R/t2

12 n?TJdu
ry

nlrrfi 25 n?lilfrufiouRlrnnaoit

n?lildu ( n$.r ) nilrs ( njoirsud)

I 2.76

2 2.38

3 2.6s

4 2.45

5 2.41

Mean 2.53

pH(nit) I
RCIUR'l:ilOAO,{r

v
ila{Rltmnao{t

I 6.50 6.60

2 6.72 6.80

3 6.60 6.74

4 6.80 6.50

5 6.77 6.76
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2. rlfldilfiAnl.rlnfr

nr1{fi zz rjirurar lu ln: rouvir m ru n rio u nr: menCI{r

:n.1.(nnlulafinr::nuonr€lo,,T ndsurCofrnrurnrun) /83

{umfinnrnncRou ( n$r ) Total nitogen ( g.NJpot )

I 109.6

2 112.0

3 110.4

4 108.0

5 108.8

6 110.4

7 108.0

8 108.8

9 109.6

t0 LIzS

t1 110.4

12 109.6

t3 LIz.O

t4 110.4

15 TT2.O

L6 tlI2
17 1122

18 rtt.2

Mean n0.31
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nlrr{fi za iliurildoadoYar{.rmrun riounr:naao{

{lonrinnrnnsRou ( niq ) Toal phosphorus ( g.P/por )

I 1184

2 118.4

3 116.8

4 118.4

5 r20.8

6 t20.0

7 1.17.6

I 116.8

9 118.4

l0 r18.4

l1 tts2

t2 116.8

l3 tts2

14 TL7.6

l5 trg2

t6 116.8

L7 LLg2

18 ttg2

Mean 117.96
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stl:l{fi zq ilFilrarluumatfiuruvTtfl uo fioun'Evtaaoit

{onrinnrnnsnou ( niq ) T@l Potassium ( gJ(/fnt. )

I 84.8

2 M.0

3 88.0

4 84.8

5 872

6 84.8

7 89.6

8 872

I 86,4

l0 84.0

11 84.8

12 88.0

t3 85.6

L4 88.8

l5 E4.8

t6 89.6

17 872

18 88.0

Mean 86.53
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enrtd ro rJ?rrar6uvrtddoq riounr:mnnst

Rmfiu?R / t6

{onrinnrnnsnoil ( nf{ ) Organic matter ( g.OMJpot. )

I 2l)69.6

2 3V12.8

3 3208.0

4 3708.0

5 3277.6

6 3213.6

7 3616.8

8 3305.6

9 3t29.6

10 3072.O

il 3625.6

L2 3W92

l3 3\432

14 3609.6

15 339t2

t6 2969.6

L7 3065.6

t8 3193.6

Mean 325837
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nr:tfr rt rj?ruru CNratio riounr:moaor

rn.u(rnnluln6nr: nruru 6iluzn do urfiorf,'nru riuun) /&7

{uurinnrnnsRou ( nir ) CA.I ratio

I fi.34

2 11.09

3 11.25

4 11.50

5 11.42

6 tI.25

7 11.50

8 tt.42

I tt34

10 il.09

1l tL.25

t2 1t34

13 11.@

t4 Lt.25

15 11.09

l6 tt.t7

l7 11.17

18 IL.T7

Mean tt26
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Rm9.lu?R {l

a^4 A ty
flRgt lunl:?tn:]s?tto{a

irn:rs#{orynloulffiim:rs#nrrruu:J:il:ru ( Analysis of Variance; A}troVA ) mnaounrrru

rusr R gi'r{ fl o{ uu nfi ri ssf r 
ntuln 

: mu uciay il n ffu

?rn:rvrflulsraou

nr:rrfi 32 flanrrernrrydnrafifiInunJ5uurfi uurJirurilluln:routun{umoaor

sv DF ss MS F

TREATMENT

(r)

5 214.0800000 42.8160000 l6*'&

ERROR 12 30.7200000 2.5600000

TOTAL 17 244.800m00

w: l.4o/o

** : significant at I Volwel

TREATMENT RANKS MEAI.IS

Coffiol 6 111200 d

Azotobacter 2 117.333 b

Beijerinckia I 122.133 a

Azospirillum 3 115.200 bc

Acetobacter 4 114.133 cd

Mixed 5 113.6@ cd

MEAN 115.600

Means followedby a commonlett€r are not significantly differeirt atthe 5 % lwel by DMRT.
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irn:rs #c?o4alo ui6 rsn.

:n.u.(rnnlula6nr:rnunudo,rmdolrf, ofraurruun) /89

n1:Nfi $ e{nnl:ern:1sr{vrrsafio^InurilEuurfiuurjirurmtulfl:toufiouflr:nono{rrnuufr{nr:

sr:1.3 Yo

'** : significant atlo/olevel

** : significant at 1 % level

* : significant at 5 % level

ns : not significant

Comparison

2-Tmeans

S.EJ. LSD ( 5% ) LSD( 1% )

1.209 2.594 3.600

nnao{

sv DF ss MS F

TREATMENT

(r)

6 286.O391t43 47.6731857 21.73**

ERROR L4 30.7200000 2.19428s7

TOTAL 20 316.7591143

TREATMENT MEAI{S DIFFERENCE

TI ( CONTROL 1) 110.310

T2 ( CONTROL2) 111.200 0.890 ns

T3 AZOTOBACTER 1r7.333 7.023 **

T4BEIJERINCKIA L22.t33 11.923 **

T5 AZOSPIRILLUM 115.200 4.990 **

T6 ACETOBACTER 114.133 3.823 **

T7 MDGD n3.600 3.290*

MEANI r14.84
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?rnns#r{oar,loYa

n'r:'r{d 34 p,ranrarn:rgfnta6fiInunJisurfi0uilir.frflr'lear,leialunrirunnnor

TREATMENT RAI.IKS MEAI{S

Control 5 118.133 a

Azotobacter 2 118.933 a

Be{€rinckia 1 119200 a

Azospirillum 6 117.867 a

Acetobact€r 4 l18.6Sa

Mixed 3 1.L8.667 a

MEAN 118.567

Mms followedby a commonletter ae not significantly different af &e 5 % lwel by DMRT.

sv DF ss MS F

TREATMENT

(r)

5 3.67333333 0.73466667 <1

ERROR L2 3t.7M66667 2.64222222

TOTAL t7 35.38000000

w: LAVo
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irn:rsfdorynlnui6 rso.

enixfi 35 flan1:eln:'rc#mrsafifiInsnGerufiul:Jiuuv'loar'lsYadsufl'r:mnao{rrnsufr{tRl:

mnno{

sv DF ss MS F

TREATMENT

(r)

6 4.67916190 o.77986032 <r

ERROR T4 3r.57333333 225523810

TOTAL 20 36.2s249524

w:1.3%o

TREATMENT MEANS DIFFERENCE

T1( CONTROL l) 117.960

T2 ( CONTROL 2) 118.133 0.173 ns

T3 AZOTOBACTER 118.933 0.973 ns

T4 BEUERINCKIA n9.200 1.240 ns

T5 AZOSPIRILLUM 1I7.867 -0.093 ns

T6 ACETOBACTER rr8.667 0.707 ns

fiMDGD rr8.667 0.707 ns

MEAN 118.490

ns:not significant

Comparison

2-T means

S.E.D. LSD ( 5% ) LSD ( 1% )

t.226 2.630 3.650
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irnnst{Inumatdsil

o'rt'rod 36 nanr:irnrrsdnr{afifiInunJiuurfiuuiliurallnuvrarfiurtunriuvrnao'r

TREATMENT RA}IKS MEANS

Control 2 86.667 a

Azotobacter 3 86.400 a

Be[ierinckia I 87.467 a

Azospirillum 2 86.667 a

Acetobacter 4 86.4@a

Mixed 2 86.667 a

MEA\I 86.7Lr

Means followed by a common lett€r are not significantly differeff at the 5 o/oletrcl by DMRT.

sv DF' ss MS F

TREATMENT

(r)

J 2.3llllt1 0.622222 <l

ERROR L2 ro0.2666667 8.3555556

TOTAL t7 r02.5777778

crt:3.3 o/o
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irn:rs fclorya1er uif; rso.

rn.l.(rnnIu'ln0nr: :'t0,,*u firu:nds urCafiaru rruun) /93

ern'r{fi 32 flafl'riirns-rsfnl{dfifiIsrur:Jisurfiuuil3ilrarlfluflcrfiururisunr:mono{uacmdtRr:

mnao{

TREATMENT MEANS DIFFERENCE

T1 ( CONTROL r.) 86.530

T2 ( CONTROL2) 86.ffi1 0.137 ns

T3 AZOTOBACTER 86.,100 -0.130 ns

T4BEUERINCKIA 87.K7 0.937 ns

T5 AZOSPIRILLUM 86.667 0.137 ns

T6 ACETOBACTER 86.400 -0.130 ns

T7 MIXED 86.667 0.137 ns

MEAN 86.68s

ns: not significant

Comparison S.E.D. LSD ( 5% ) LSD ( 1% )

2-T 2.185 4.687 6.504

sv DF ss MS F

TREATMENT

(r)

6 2.3954571 0.3992429 <l

ERROR 14 L002666667 7.1619048

TOTAL 20 r02.6621238

w:3.1 o/o
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A da alv
?tnf'tufiountel?nq

erENfi 38 flan'r:ern:rs#vnsafi fi Inuril5uurfi m:Jiruror6uvrtdirrqlunriunnaot

w:4.4Vo

ns:not significant

Rmsrum/ 94

TREATMENT RANKS MEANS

Coffiol I 3056.80 a

Azstobgrdrer 2 2985.47 a

Beiierinckia 6 2834.67 a

Azospirillum 4 291O.67 a

Acetobact€r 5 2893.87 a

Mixed 3 2942.e1a

MEANI 293729

Means followed by a commm lett€r are not significantly differerf at the 5 % lwel b!' DMRT.

sv I'F ss MS F

TREATMENT

(r)

5 891602844 L7832.4569 1.07 ns

ERROR t2 199L75.2533 16s975378

TOTAL L7 288335.5378
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irn:u#doqnlnoe6 Lso.

rn.l.(rnnluln6nrrrunnudluradsurdofaurtuun) /95

sn:r{fi 39 r.rnnliirnrls#vnrcfr6lnunl6uurfiulrJiruror6uv6tiinqrieuR'livtooo,{ttrasud{n'l:

nnao{

cv:4.0Ya

*. : significant at 5 o/olelltel

** - significant at I % level

*: significant at 5 % level

ns:not significant

Comparison

2-T means

s.E.D. LSD ( 5% ) LSD ( 1%

97.39 208.89 289.90

sv DF ss MS F

TREATMENT

(r)

6 354256.77s6 s9M2.7959 4.15 *

ERROR T4 199L75.2533 1426.8038

TOTAL 20 553432,02m

TREATMENT MEANS DIFFERENCE

TI ( CONTROL I) 3258.37

T2 ( CONTROL 2) 3056.80 -201.57 ns

T3 AZOTOBACTER 298s.07 -27330*

T4BEUERINCKIA 2834.67 -423.7A**

T5 AZOSPIRILLUM 29rO.67 -347.14**

T6 ACETOBACTER 2893.87 -3@.50 **

T7 MDGD 2942.67 -315.70 **

MEAN 2983.16
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nr:rfi 40 nanr:ernrrsr{mtcfifi losn liuurfi uuiliilrfl cN ratiolunrirunnnot

st:2Ao/o

**: significant at I % level

TREATMENT RAI{KS MEAI{S

Control I 11.@3 a

Azotobacter 5 9.307 c

Bederinckia 6 9.040 c

Azospirillum 4 9.933 b

Acetobacter 3 10.057 b

Mixed 2 10.100 b

MEA}I

Means followed by a common letter axe not significantly different at the 5 % lwel by DMRT.

sv DF ss MS F

TREATMENT

(r)

5 7.t2313333 1.4262667 25.54**

ERROR t2 0.66946,667 0.0s578889

TOTAL t7 7.7926W0
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srwl{fi 41 eqnnr:iln:ls#m1{td66losnjiuurfisurj:^rurot cN ratio rioun'limaao':ltnsudtnr:

cv :2.2 o/o

**: significant at 1 % level

** : significant at 1 % level

ns: not significant

Comparison

2-T means

s.E.D. LSD ( 5% ) LSD ( l% )

0.179 0.383 0.531

sv DF ss MS F

TREATMENT

(r)

6 11.83273333 t.97212222 4L24**

ERROR 1.4 o.6696667 0.0478190s

TOTAL 20 t2.5022W

TREATMENT MEAI{S DIFFERENCE

T1 ( CONTROL l) tr260

T2 ( CONTROL2) 11.003 -0.257 ns

T3 AZOTOBACTER 9.307 -1.953 *x

T4 BEUERINCKIA 9.W -2.220**

T5 AZOSPIRILLUM 9.933 -1.327 **

T6 ACETOBACTER 10.057 -1.203 **

T7 MDGD 10.100 -1.160 **

MEAI{ 10.100
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SIIMMARY

Study on Efficiency of Nifogen Fixation By Bacteria In Composted Filter Sludge

From Sugar Mill.

This study was the experimental research by using 4 kinds of Bactsia which had

ability in fixing Nitroge,n vtz Azotobacter venilandii, Beijerinckia indica, Azospirillwn brasilense,

Acetobacter diuotrophian.I had studied the efficiency of Nitrogen fixation by Bactuia in the

composted filter sludge from the sugar mill.

l. Objectives

1.1 To Study the ef;Ecienry of Nitrogen fixation by each kind of Bacteria in the

composted filter sludge of the sugar mill

12 To study the increase of the quantity and surviving ability of each kind of

Nitrogen-fixing Bacteria after it was ferme,nted with the composted filter sludge of the zugar mill

13 To increase the value of the composted filter sludge of the zugar mill by rnaking

the composted filter sludge as the carrier of Bacteria which could fix Nitrogen

2 Method of study

As for the treatnents, I had ferme,nted 4 kitrds of the Nitrogen-fixing-Bacteria with the

composted filter sludge from the sugar mill in order to find the efficiency of Nitrogen fixation by

each kind of Bacteria- I had plannd the treatue,ffs as Completely.

Randomized Design (CRD) by dividing the treatrnents into 6 treatm€nts 3 Repetitions

as fallows;

Trefinent 1. Control Composted Filter Sludge

Treafue,nt 2. Azotob acter v enilandiilComposted Filter Sludge

Trafine,nt 3, Beijerinckia indica+Compsted Filter Studge

Treatuent 4. Azospirillutn brasilenserComposted Filto Sludge

Tr@tment 5. Acetobacter diazotrophictts+Composted Filter Sludge

Treatment 6. Mixed Mied arnong 4 kinds of Bacteria
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This treatment wouldbe divided into 2 parts as follows;

Part 1 : To raise 4 kinds of bacteria in the liquid medium in order to be made as the

liquid Bacteria for preparing to ferment withthe composted filter sludge

Part 2 : To find the total average hmidity of the composted filter sludge from the

sugar mill by spreading the composted filter sludge on the floor so ttrat the humidity of the

composted filter sludge vihich would be used in the tqtue,nt equally had average humidity. the

av€rage humidity of the composted filter sludge wu 2.53Yo. After that, 5,130 grams of composted

filter sludge would be pts in each plastic bin There were 6 treatue,nts 3 repetitions. The

treafu€,ffs were done as follows; 4 kinds of Bacteria, vrz Azotobacter venilandii, Beijerinckia

indica, AzospiriWwn brasilense, Acetobacter diuotrophictn, Mixed and Comtrol which derived

from raising in the liquid medium or liquid Bacteria would be bnougbt to calculate to find the

beginning Bacteria quantity. This could be done by measuring the optical d€nsity of 4 kinds of

liquid Bacteria" comparing vrith the graph showing the growth of each kind of Nitrogen-fixing

Bacteri4 and calcutating to find the begiming Bacteria quatrity which wou.ld be usd in the

treabn€l$s. The growing rate of each kind of liqnid Bacteria was not equal. There fore, it was

necessary to find the value of the teginning Bacteria qtnntily of each kind of Bact€ria so that the

Bacteria quantity used in the treafinents would equa[y have the beginning rate. As for the

treatments 4 kinds of liquid Bact€ria woutd be feme,nted with the composted filter sludge by

having 3 components as follows; liquid Bacteria quantity derived from calculation, fertilised

distilled water, and the composted filter sludge.

The quantity of bacteria which were calculated were as follows; Control consisted of

2,870 ml. Of water and 5,130 grams of the composted filter sludge put in the bin- OD. Of

Azotobactervenilandiiwas0.T26. Therewere 1.,560 m7.Of Azotobactervenilandii,l,3l0ml. Of

watern and 5,130 grams of the composted filter sludge put in the bin QD of Beijerinckia indica

was 0.845. There were 1,746 mL. Of the Bacteri4 1,124 ml. Of water, and 5,130 grams of the

composted filt€r sludge put in the bin OD of Aznspirillum brosil.ens, was 0.712. There were 1,403

ml. Of this Bacteria 1467 frl. Of water and 5,130 gfims of the composted filter sludge put in the

bin- OD of Acetobrcter diuotrophictts was 0,721. There w€re 1,718 ml. of this Bacteria 1,152 ml.

of water, md 5,130 gruns of the composted filt€r sludge put in the bin Mixed was four kinds of

bacteria quantity put in the bin- The mixing ratio was as follows; 390 ml. of Azotobrcter

venilandiio 436.5 ml. of Beijerinckia indica,350.75 rnl. of Azospiillum brasilense, 429.5 ml. of
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Acetobacter diazotrophicus,1,263.25 ml. of water, 5,130 grams of the composted filter sludge per

birt.

The example of the composted filter sludge which was fennented with the Nitrogp l-

fixing-Bacteria would be k€pt when the teatuers of 1,6,13p02734{1r4,55,62,69 and 26 days

was done rmtil the Bacteria quantity decreased-

The example of the composted filto sludge which was ferme,ntd with the Nifiogen-

frxing-Bacteria was bnougft to anulyse to find various properties which could be divided into 3

cutegorie as follows; Physical properties were temperature and hr:midity. Ch€micat properties

were Nitroge'n, Phosphonrs, Potassium, Organic maft€r, CA.[ ratiqand pH. And Biological

properties were Dilutisn plate cormt, Most Probable Number and Acerylene Reduction Activity

( ARA ). After various properties, of the composted filter sludge were analysed, the results of the

analysis, viz temperature humidity, Nitroge,n, Phosphorus, Potassium, Organic matter, CA.[ ratio

and pH. Wouldbe brought to compure the difference before the trearhnent and after the teaffienf.

After that the study of the growing rate of each Nitogen-fixing-Bacteriawas conducted Then the

study of the rafe of Nitogen fixation by Bacteria from the begiming to the end of the tr€atmelil

was conducted in order to bring the restrlts to consider the efficienry of Nitrogen fixation by

Bacteria in the compsted filter sludge from the sugar mill and to khow the suitable time for using

the composted filter sludge inthe farm inthe future

3 Summary of freatrrent results

3.1 Physical

3.1.1 Temperature3efore the treahent and after the tr€tmert, the average

temperature was 32 
oC 

*hich did not effect the growing rate of the Nitrogm-fixiag-Bactaia in the

composted filter sludge.

3.12 Humidity. During the treatment thehumiditymustbe controlledto be

60%

3.1.3 pH. The result of analysis before fte treatm€nt and after the treamem

folnd that pH was betweeir 6.5-6.8
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3.2 Chemicd properties

32.1 The study to conpare the quamity of total Nitrogen in fte composted filter

sludge before the treatuent and after the treahnqf was condnctd- The results of analysing total

Nitrogen after the fretm€d found that various things of &e tr@tmd had difference at fte

statistic significance. The composted filter sbdge+Beijerinckia extre,mely had Nitogen quantity.

Second were the compostd filter sludgerlzatobacter, the composted filter sludgs+lzo.qpirillum,

the composted filter shrdge+Acetobacter, the composted filter sludgetMixed, aod Cont'ol

respectively. The comparison of the Nihogen-fixing-Bacteria was done !1r finding the value of

total Nitogen in the composted filter sludge before the treatumt and after the treatue,nt. The

result of statistic analysis found that Beijerinckio, Azntobrcter, Anspirithm, Acetabacter had,

difference at the statistic significance. And Mixed ( Mixd of 4 kinds of Bacteria ) had difference

at the statistic signifience. And Control had no difference at the statistic significance.

32.2 Ttle study to compare the quantity of total Phosphorus in the composted

filter sludge bfse the teahed and after the fiea[nelrt was conducted. The resulb of analysing

total phoqphorus after ths teatment found that various tings of the treafinent, viz Confrol of the

composted filter sluGe the compostd fitter sludgerlaotobrcter, the composted filtu
sltdge*Beiierinckia, the composted filter sludge+Azospirillun, the composted filter

sh$ge+Acetobrcter, and Mixed of the oompsted filter sludgef4 kinds of Bacteria had no

difference at the statistic significance. And the comparison of the Nitrogen-fixing-Bacteria was

done by finding the value of tohl Phosphonrs in the composted filter sludge before the trffient
and after the treamem. The result of statistic analysis found that Amtobrcter, Beijerinckia,

Azospirillurno Acetobacter, Mixed ( Mixed of 4 kinds of Bacteria ) and Confiol had no difference

at the statistic significance.

323 The study to compare the quamity of toul Pohssftrm in the compostd

filter sludge. Before the teatuent and after the treatue,nt was conrducted. The results of analysing

total Potassium after the treabnetr found that various thinS of the tratue,nt, viz Comol of the

composted filter sludge, the cmposted filter sladg*Azotobacter, the composted filter

sludge+Beryerinckia, the composted filter sludgeilzospirillum, the composted filter

sfudge+Acetobactir and Mixed of the composted filter sludger4 kinds of Bact€ria had no

difference at the statistic signifience. And tb€ comparison of the Nitrogen-fixing-Bacteria uras

done by finding the value of total Potassim in the composted filter sludge before the treatnent md
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after the teatuelrt. The result of statistic analysis found that Azotobocter, Beijerinckia,

Az.ospiriAwno Acetobrcter, Mixd ( Mixed of 4 kinds of Bacteria ) and Coffiol had no difference

at the statistic significance.

32.4 The study to compare tne guntity of the organic matter in the composted

filter sludge before the teatuent and after the teatnent was conducted. The The results of

analysing the organic matt€r after the Eeatuelrt found that various thinhs of the treameff viz

Control of the composted filter , sludge the composted filter slurdge+ Azotobacter, The composted

filter sludge *Beiierinckia the composted fiter sludge +Azospirillunt the composted filter

shtdge+Acetobacter and Mixed of the composted filter sludgefour kinds of Bact€ria had no

difference at the statistic significance. And the comparison of Nitogen-fting Bacteria was do ne

by finding the value of the organic matter in the composted filtter sludge before the teahe,lrt,

and after the treatment. The result of statistic,analysis found that Beijerirrckia,

Azospirillumfcetobacter, Mixed ( Mixed of kind of Bact€ria ) had difference at the statistic

significance. The result of analysis found that Azotobacter had difference aat the statistic

significence. And contol had no differe,nce at the statistic significience.

32.5 The study to aompare the quadity of CN ratio in the composted, filter

sludge before the teatmelrt and after the treafine,fi was conducted- The result of analysing

C/l.I ratio after the Treafinent found that Ovarious fhings of the treatuent VZ Controt of the

composted filter sludge , fhe composted filter sfudge+Antobactero the composted filter

shtdge+Beiierinckia, the composted filter sludge + Azospirillwt the composted filter sludge

*Acetobactero and Mixed of the compostd filter sludger4 kinds of Bacteria had difference at the

statistic significance. And the coparison of the Nitrigen-fixing Bacteria was done by finding the

value of CA.[ ratio in the composted filter sludge before the teatne,lrt and aflr the treame,nt. yhe

result of statistic analysis found that Beijerinckia fiznnbactery4zospirilluntlcetobacterlvltxed.

(mixed 0f 4 kinds of bacteria) had difference at the statistic significance. And Control had no

diffenrce at the statistic signifience.

3.3 Biological properties

3.3.1 The study of growth of the Nitrogeir-fixing Bacteria in the composted

filter sludge was conducted" The result of analysis formd that Beijerirckia indica had best-

growing:ability during the first 41 days of the treatuetr The growing rate of this Bacteria was

approx 4,37x108 CFUig This Basteria could be kept for 60 daysAzotobacter venilandii culd well
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grow dlring the first 27 days of the treahent. The growing rate Bacteria was approx 3.31 xl08

CFU/g . This Bacteria could be k€pt for 4 I days- Amspirillun brasilense could well grow drning

the first 27 days of the treatuent. The growing rate of this Bact€ria was approx l.5g xl08 CFU/g .

This Bacteria could be kept for 41 days.And Acetobacter dieotrophictts teast gror. This Bacteria

could well grow during ttre first 20 days of the teatnent. The growing rate of this Bacteria was

approx 138 x10t CFU/g. This Bacteria coutd be kept for 27 days.And after the stgdy of the

growth of the Nitrogen-fixing Bacteria in the bin of Mixed of 4 kinds of Bact€ria was conducted

the resuls of analysis found that Beiierinckia indica had best-growing and sunriring ability. This

Bacteria could well grow during the first 41 days of the treatuent. The growing rate of this

Bacteria was approx 6.03 x107 CFLIlg. Azotobacter venilandii could well grow during the first 27

days of the treatuent. The growing rate of this Bacteria was approx 3.24 xld CFU/g.

Azosptnllun brasilense could well grow in the first 21 days of the treatu€nt. The growing rate of

this Bacteria $4N approx 339 x106 CFU/g. Atd,Aceabacter diazotrophri?zs coutd least grow. It

could well grow in the first 20 days of the treatme,nt. The growing rate of this Bacteria was

approx 1.91 x106 CFU/g.

332 The study of Nitrogen fixation by Bacteria in the composted filter sludge

was conducted. The results of analysis formd that Beijerinckia indica had the highest rate of

Nitrogen fixation The Ntrogeir-fixation-rate was in the first 41 days of the tratnent It could fix

Nitoge'n by 51.33 pmole/g"thr. Azotobacter venilandii had the Nitrogen-fixing-rate during the

fitst 27 days of the tratuent. It could fix Nitrogen W 44.64 pmoldg.rbr. Azospirillum brasilense

had the Nitoge'lr-fixing-rate dwing the first 21 days of the treatnent. It couldNitrogen by

3 3 .7 1 p mol et e.lhr . Mixed had fte Nitrogen-fixing-rate during the first 34 days of the treatme1rt. It

could fix Niffogen by 32.12 p mole/g./hr. And Acetobqcter diazotrophicus colld least fix

Nitrogen- The Nitrogen-fixing-rate was in the first 20 days of the tretnent. It could fix Nitrogen

by27.l2 pmole/g-&r.

4. Recommendations

Aftu studying the efficieircy of Nitrogeir fixation by Bacteria in the composted filter

sludge from the Sular mill, the research€r had the following recommendations,Copyright by Mahidol University
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4.1 Before doing the treahelil every time, people had to pile, mi:r, and dry the

composted filter sludge in the shade in order to have the quatrity of humidity in the same lwel.

4.2 While fermenting the Nitogen-fxing-Bacteria with the composted filter sludge

from the sugar mill, pple had to control fte humidity to be in the zuihble lwel befween 6G65

% by closing the lid of the plastic bin in ords to prevent the humudity from waporation- And

people hadto fill thewateraJ all times whenthehumidity decreasd

4.3 People should thorougbly ferme,nt the Nihogen-fixing-Bacteria with the

cmposted filter sludge. During the treafinenl peopte shouldbrekup the composted filter sludge

at all times in order to prwe,lrt the Bacteria from clustoing in the same place and to help in

increase the gap befiveelr the soil, which would help coffiot the humidity in the bin to be in the

suitable level

4.4 The summary of this research enabled us to know that it was possible from

people to use the composted filter sludgo from the sugar mill as the carrier from the growth of

NiEogen-fixing-Bacieriu And it madeus knowthe efficiency ofNitogenfixationbv eachkind of

Bacteria which was useful for people to use the composted filter sludge from the sugar mill in the

agriculture. And this could be the guideline from the interested people to do the research in the

firtme.
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