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SUTHA IYARAKOM : EFFICIENCY OF NITROGEN FIXATION BY BACTERIA IN

COMPOSTED FILTER SLUDGE FROM A SUGAR MILL. THESIS ADVISORS : SUCHART

NAWAGAWONG. MSc.,, ATCHARAPHORN FANGPHET. Ph.D., NARTSUDA

PHOOMJAMNONG. Ph.D., 105 p. ISBN 974-04-0785-4

This study was an experimental research using four kinds of bacteria which had
nitrogen fixing ability viz : Azotobacter venilandii, Beijerinckia indica, Azospirillum brasilense
and Acetobacter diazotrophicus. Completely Randomized Design was used to carry out six
treatments with three repititions four kinds of nitrogen-fixing bacteria were fermerted with the
composted filter siudge from the sugar mill in order to find the efficiency of nitrogen fixation by
each kind of bacteria.

The results of the research found that the temperature and pH of the composted filter
sludge had slightly changed throughout the treatments. The average temperature was 32 °C.
Average pH was 6.5-6.8. The humidity was 60 % which was suitable for the growth of nitrogen-
fixing-bacteria. After the treatments the composted filter sludge had more nitrogen. The Nitrogen
of the composted filter sludge in Beijerinckia indica was higher than that of the composted filter
sludge in the other kinds of bacteria at a statistically significant levels of 99 %. The value of
Phosphorus, Potassium; Organic matter, and C/N ratio had changed slightly. four kinds of]
Nitrogen- fixing-bacteria did not effect a change in other nutrients and had no statistically
significant difference. As for biological properties, four kinds of bacteria,viz : Azotobacter
venilandii, Beijerinckia indica, Azospirillum barsilense and Acetobacter diazotrophicus could
grow in the composted filter sludge. Bejjerinckia indica had more ability in surviving and fixing
nitrogen than other kinds of nitrogen- fixing-bacteria. This study suggests that Beijerinckia indica
could be utilized for agriculture in the future.
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¥ .
22 qasfiaTmResn 1:10° §1uu 1 wa. Idaslu water blank 9 wa. wwh
flunmife s 1:10°
¥ v
23 QaelaImte 1:10° §1uau 1 wa. ldaslu water blank 9 ua. whi
AR 1:10°
g A = 4 0 U [ -7
24 AaiennnuiRen 1:10° §1uau 1 va. ldaslu water blank 9 wa. Wi
A7NRD9 1:10°
2.5 lunsiifigUnsallifisane eawSoudfios 2 szAuamuitens 1dud
1:10° w2 1:10° ( 2.1 Uag 2.3 )
; &
M35 e Plate wionie
1. vaeueMs TGY ud1e I3 viBuasilszuna 45 essraidion
4 o ,
2. qatrefinnuBen 1:10°, 1:10°, 1:10° anierieas 1 wa. ldadlunumie
3 14 d ' A’
i¥e 2 BunsegaiFeilinnuifens 1:10° USinw 0.1 wa. tdaslusmumzide 2 o
3. NIzduANEeS 1:10° 1SN 1 wa. $1uau 2 91 wazdlSana 0.1 wa. B0 2
A ar A ar - 4
11y Feezdluszduarwidensiiasanty 1:10°, 1:10° uae 1:10° awd iy
¥ A & @ d ~
4. memnnnde 1. aslunumzienmualude 2. udmyuauaundungn
a A £ | A !
5 590 MUTNAM 5 50U dBUNUTUS 5 Wied uazdeue e v Bn 5 fien

& & 3 y 4 o
( shake plate ) e IisonaunaznszneilemsiRoude 'm'H'aua“ln’ls;?muazi'mﬁam
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5. il Tesnsndudmussemimnzde Bt @miuwniige) figamgi
30 pernalYe W 2-7 u

AIAIIMA

1. mauiaTalail Widengnonumzide it TnTafinSyediszine
30-300 InTadl 9nanuEes@er d1h 2 97 ( duplicate ) Tuudazaudene W
$auTaladl weeis 2 1w udavsdae 2 exshdusousdovesTatadidi e 1 aany
WoTABIIY

2. AMuudulalaiidedredieiag 1n5u u3e 1iiadans &l
@i SuumievesTaTafitnedhiu 999 Taladl iy ldnnnuidoats 1 : 10°

9
v w9

b4
Aty S InTalldedaediedag 105 vl 1 adtas Ao aded]

@206 J1g 1/10° ndu Wunuaield =99.9 Talail
Fag 1 nTu Huuuehield =99.9x10°/1 TaTail
=9.99x 10°

L

2
3. Tunnaaasluseny

3. mAmzvnaminvesiavinmnnsneu (leunsnAas)
ﬁ1ﬂwﬁ’nmnﬂznaumnhammf‘nma"lﬂ’?mswﬂmauﬁﬁmmﬁﬁ’aﬁ'
Wainneiquaviavesdjeviinnnagnou (33) uaaslumamian n
31 pH (ﬂﬂﬂﬁﬂ:‘l{‘l=l:2)
32 ArmdU (Moisture)
3.3 1SunuBuvidiag ( Organic matter, OM. )
3.4 AnseirndSnalulasiou
3.5 AwseimilSunaveanesa
3.6 msAmsAnlSua Inunedey
3.7 gungll laeinlsen lufulunesdlowdn
3.8 UATIEH C/N ratio
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4. Tuneumsdfiianiinaaes

4.1 wwanuanlumsnaaes

flentinanazneu BACTERIA #5411 Iastou
& v A
! IINTUUNLYD —
v v
Insedsigems - Dilution plate
-fiountInAney o ! count
- NRINISNAABY - MPN
- Acetylene
Reduction
Activity
- (ARA)

BHUATAT 5 uIR AR lumsfiansnaass

)4
42 wisueuuanGens e lulasou
4.2.1 N9 Streak plate method
o b4

Tiweuunfifens 4 ana A9 Azotobacter venilandii, Beijerinckia indica,

Azospirillum brasilense, W02 Acetobacter diazotrophicus 41 Streak plate UURI0 M Taeld
v g . 0 F13 . ° I‘a &
amaRede neulddewnandindeliuas taseliBulueimanseriuuas fiRemisie
¥ 4 & ' P a o 4 & o &£ d a ) -

Taaewesdlugungiilng ihataduvednireiieioniuuasiveufuveulavey

& 4 ] 14 .
iU e anmmlesennn Teelddnuuuveslaemauasisiguuiniulyl



o =3

uaINods uniinerdoutiaa

3 z Q o [
o wSudamandeseliuawas i ldiBuaslashmbousuiidhedumpondn
o S 4 4 4, X4
deelimungauuazadalums Streak @arhou streak aseh 2 Tavldarnluderusef
une Bluawsnanllummmiiu s-6 1y seTwenliantoteliiuazdoild srek B
1] L] 3 A () o -y g 1
Aovannifiulyl woudallarhe dudeinguugives Tnudasnsisgyveadeudazana
oA niuAe dzotobacter venilandii Usgunat 2-3 $u Beijerinckia indica Wszang 5-7 Su
Azospirillum brasilense Ussu1at 2-3 T a2 Acetobacter diazotrophicus 1533194 4-5
4
422 YussuunzIinmslumsdonduuaiifendelulasnudassuuuunsy
&L ; 4
1. Smear (09U Slide Uazau 1 1-2 a5a
. . 4 &
2. 1eAd Crystal violet 891U Slide 1¥vi3508 Smear o %o 7ie 1511w
1
. S v y o 2 ] 9 4
3. th Crystal violet YN uddneenmeth udmen Iodine 191%i74588 Smear
) .
uazie Bu 1 i
» L | K-
4. 3 Todine BBARYN UAA19BNATIAW Alcohol 95% ( Taifiu 20 Suafi )
1
uASadeoend MIuR
w2 o \, =t
5. BeunuBanTedne Safranin-0 WU 1 WTf
[ 4 £
6. aemeiwdana Stide Tt
o A
423 fAnvuazduundeuuaiBoadlulasulasldndosqanssemi
o & 4 o §
e ldnnasterd wndnuuazduundeuvnifesseluTasm Tnsg
9 ¢ o & 0 9 o 4R . A @ o7
awldndesganssend Aifdevens 100 wh uaz 1952wy Ol immersion efunadnuazyl

] [ 4
suveurasuuafiGe doufiseiirld@eslusmsmarde 1t/
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5. MINAWUNUMINARDY

lumsnanesdifeld1ununisnansswuuduuuuauysel ( Completely
Randomized Design ; CRD ) 1 6 Treatment 3 °§1 ﬁ'ﬁfr
51 ffenfomnazneuvesTssenhaa Ao TamnSinuiudunes
52 WonunfidenssuTasioy lunmsnaaesd 6 Treatment §4f]
521 'hildi¥e ( Control)
5.2.2 Azotobacter venilandii
523 Beijerinckia indica
5.2.4 Azospirillum brasilense
5.2.5 Acetobacter diazotrophicus

4 & Ao & o
5.2.6 (ewey ( Mixed ) 1euunfiSense lulasiou s 4 sefug
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COMPOST
Bacteria
~ o A o o o o
Control B 1 HIN 2 %N 3
Azotobacter 519 1 41 2 N3
s o s d o
Beijerinckia I 1 4419 2 19 3
o o o o o o
Azospirillum HIN 1 HIN 2 HIN 3
Acetobacter 17 1 H19 2 1% 3
o o o o
Mixed HIN 1 ¥ 2 %M 3

HHUNTHT 6 LWUAISNARBY

ilevinmnazneuinldludawata@nilSina 5,130 nfw/ds auusumsnaaes
o & s J a d o o
411 CRD 19 6 Treatment 3 1 detSanauseuuniifenldngatudleninnnazneu s'ldon
dw g 2 o a g ° g o ; )
mssauveluemismar dadanisesgyveuie lademsiweusenitedluemsman
LY ' . . & v [ a s
wIANIAN Optical density ( OD.) Tnewdie ldA191n1530 OD. uda feziinnfesudunsudag
a .&’ N Y- ] a e ar 3 =] o °
MInIgueurenLAiFende uTasouriiad1eq ( Standard ) nasnamiufeetinndnnu m
¥ » ° @ o g et [
WunangenwthlllFlunsagaduileninninazneu Taenuguanuduldediiszdu 60%
[ &’ d‘ -3 o/ dw & 3 4 1 o
Winanvendmnm1atiasl Tae Control YSunaniildludmanes 2,870 mi. e
14 ¥ ]
HINNMINAZNBY 5,130 N51/89 190 Azotobacter venilandii #1 OD.3a 18 0.726 Usanauveldlu

14 14
fNADB4 1,560 ml. 11 1,310 ml. fJeninninazneu 5,130 n5N/89 180 Beijerinckia indica
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#1 0D3A14 0845 Usnaudeild ugdmanes 1,746 m. 1h 1,124 mi. flevdinmanznou
5,130 AFU/09 3o Azospirillum brasilense f1 OD.Ya'l8 0.712 ﬂ?mmt%aﬁ“ld’luﬁ’mﬂam 1,403
ml, 1 1,467 ml. flovsinminagneu 5,130 niu/da {30 Acetobacter diazotrophicus 81 OD. 518
0.721 ﬂ?u‘nmﬁ?aﬁ‘ld‘luﬁ'«mam 1,718 ml. 11?1 1,152 ml. fjendinmnaznou 5,130 afu/ea
Wowen (Mixed ) BorfSinandiors 4 awiug Aldludmanes Sasrdrunauiigedt
(38 Azotobacter venilandii Winaudefildlugmanes 390 ml. Beijerinckia indica Binudedt
ldludmanes 436.5 ml. Azospirillum brasilense USnuideiildlugmaans 35075 ml,
Acetobacter diazotrophicus Winaudenldlugmanes 429.5 ml. i1 1,263.25 ml. ijansinmn
AZNBU 5,130 NTW/AI

Lﬁuﬁ"md‘mﬂﬂwﬁ'ﬂmnmsﬂeuﬁwﬁuté";’azsnﬂﬁﬁﬂﬂ?a‘luiﬂsnﬁu evhmsnanes
01 1, 6, 13, 20, 27, 34, 41, 48, 55, 62, 69 UDZ 76 TU wﬂ?mmlgaaﬂaa

6. vulSmnamunniGensalulasiou

6.1 Dilution plate count ( 23n15NAABMTOUNULS 2.1.2 M1l126)

6.2 m*zmﬁanmm‘%‘q‘luimmumaeéeqﬁuw‘%éﬁ?ﬂuhmuﬁﬁsz
T Acetylene Reduction Activity (ARA)

‘-i‘;"unaumsﬂf]ﬁ'ﬁ

1W3EUe M5 N- Free Yndi¥oudazyiin Saatglulasiow ldewns 30 mL u
Flask 4u1n 125 ml. ndenindagndia fuwiveqiivin udrSeieinge 30 m. wiudah
Flask 1ie B8y udnihdernded3uemsmaniitonts g@ﬁﬂﬂﬁéﬂlﬂ?i}ﬂaﬁiﬂ
Foudazaiiaviy wiesg 1835y Wiy Ao dzotobacter 3 — 5 Su winiimsld
Bromthymeol blue 0.5 % Tu ewsnolu 3 — 5 u emseenoudiudimdosts Flask uaaq
"j‘llﬁi‘mﬁtyLﬁﬂiﬂlﬁﬂﬁﬁ’mBeijerinckia wlfannube 7 - 14 Ju dwiunsuSayryla
mﬂzzﬁm%aﬁm?ag%ﬁmﬂsmz Colony 9zar¥1s Polysaccharide  unnoudunadiulddnh
wadtidnuazmilsd Fundu msfansadeluTanniein 8 lindouty dofi Tndatoudes
Saewidori Tadh uhdennaindeuded’3 17 24 wu. ud-SufudesaudalySadaundes

A g ~a ) 8 A 9 o o g [ d’,
gas chromatograph mﬂnfamimumnTnmumm'ammnﬂmsma"lu‘lﬂsmumu
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Lﬂﬁﬂuqnmnqnﬁﬁsﬂummﬂﬁﬁ'qnmmmguﬁﬂa@ﬁwiﬂﬂfiamﬂ?}aumsqin%a
&awAlcohol 70% falilug@ederszing 30 wift udsSeuliihavinitesideron
niReugndadaeshvaniidagnenl

denlAeugn Flask udaigaudaein Flask een 10 % udalduar Acctylene €l
U 10 % 13Uy wd2%1Ia Inocubate (ol Nitrogenase enzyme %1113 Reduced Acetylene
(i1 Ethylene it 17-24 s, udasaituudae1nuin Flask # Incubate 13 10 cc. ldlu
Suction tube 11111/3n&201A5 09 Gas Chromatograhp A9z 1dWaYBS peak MAATIALST Ethylene
1A Acetylene MUAAY 10IFIATNGIVO4 peak MlfnmBsufisududnnasg

g3 mefnnsnieeselulasiou

_123 x BxV

220Q Std.xAx22.4

A=Y Gas A Incubate

B=#1 Sample

V= %uagjﬁ'uﬂ?mmuﬁ"ﬁﬁﬁﬂn’fﬂﬂmm Flask i Incubate w26l U mol. / b, /
Flask = 0.00
2200 = U310 Ethylene 11 Flask 494 Std.

1. AmeRmeanRmand

Miwszdguauidvedjoninnaazaeu (33) uaaslumanian n
7.1 dapH

72 Uiy

73 QUNgil

74 Jmsviounidiag

75 SnszvilSnalulasoutoue

76 Swereilnaeaielaiome

7.7 SwreilSina Tnmaduiome

7.8 ATUIUNIUTUIU C/N ratio



q51 leesnu FEmsfnuy 38

8. adAnFlumImnzvdoyn
8.1 Amnzrdoyalaslditinseinnmuulsilsau Analysis of variance,
v 2 = J v [ ¥ & L |
( ANOVA ) vageuanuuanavveduaiifendslulanoussnitudaziledy Wewydil
] o [} @ o @ aad o ] ] [ o o ]
anuuandNduedlitedfgniadanszay 005 seniausaziledoudfeziihundinsg
NAAOUAYIT Duncan's new multiple range test ( DMRT )
8.2 alasevideynlaedd LsD. uSeudivuauiamuniivesilontnain
¥ o A ' - £ 5
AZNDUADUNITNARDY UASHENNISNANDY INONATBLAIIUUANANYBILUARSBASS

TuTaswulundazileds
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UNA 4
oy
wan1Inaasataze Al e

74 & e
1. annduusvesSmnanedunnuqgu

14 14 1 4
1.1 1¥® Azotobacter venilandii YpoVNM3@a¥e Azotobacter venilandii lue s
4 o ) [ 2 Ny a [ A
mannguugitos udainn11usjuuese1ns ( Optical density ; OD. ) fina1uE1IF29RRUIE
& & — & o '
600 nm. W3 ouVIatiLF1auEeA167T Dilution plate count A9 6 93119 i Teuns i
b4 []
auduius vesSnaFefuninuguuesems namsfnua a1 6 uazaAn
v o ¢ & ’ = a & 4 £ 4
duiuiveuveuazauyUYBssIIAUNI R 7 YSinaveulesmuiiunnEunsnaaes
4 4 A & o a ' '
wiiiutudly 6.03 x 10° CFU. die 6 $2Tus ndsnnGumMIManes Smarugu 0.41 / 600 nm.
s & 4 4 & ' ‘ 4 4
UASINTUITBE IR 7.24 x 10° CFU. 10 48 %2138 f1RMY 1.21 / 600 nm. #eiiSunanie

] b4 14
wnnga nasnavulsmadessanad

£ o ! 4 i
1.2 \¥® Beijerinckia indical@@MATROUY Beijerinckia indica o wismanf
gaumgiivios nd23anWYuYBIMIT ( Optical density ; OD. ) IANUEIFIARULAS 600 nm.
Y & . Y o .
wiownuiuSuanded 638 Dilution plate cont N7 6 2 Twe udninnFounsannu
s/ ]
fuiufveslSudefunnuguunsems namsanmamanaei 7 sazAnuduiuiuss
& ' d = 4 2 X 4 4 &
FouazANUYUIBIE MIA NI MY 8 USinavsusezuTUNnTUMINAaD LUy
A & v 3 ' ' 4 &
3.89 x 10° CFU. iie 12 %21 wAsoinSunsnanes Jf1A27u%u 0.28 / 600 nm. uaztiniy
A A & 3 [ & 4 {
1786 9Ufle 4.47 x 10° CFU. ife 168 42 Tua snamsju 1.26 / 600 nm. FsdlSumienniiqa

o ¢ i &
nasnniulsuadeIzanae

1.3 &‘?;'9 Azospirillum brasilenseiﬂflﬁ'lﬂ’lﬂgﬂﬂ%ﬂ Azospirillum brasilense 101115
mafigumgites udranamuuesemts ( Optical density ; OD. ) FinTwENTNARIIAS
600 nn. wéewieuLSinouded 633 Dilution plate count M0 6 92 Tus udaiun@euns i
mmz’f'uﬁ'u{vmﬂ?mmn";aﬁum’nmjmmmms mamsAnmAamAsNd 8 wazdinnu
ﬁuﬁ'ufmaqvi‘a;auazﬂ'nmjmjaammsmunﬂvlﬁ o Phnaveudoriudunndumsnanes

-~ J 4 o @ a2
szuyuiiu 9.55 x 10° CFU. iiie 12 9214 nasnnisuasnaass
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o ' 4 & . 5 < ' '
fifAamYu 0.36 / 600 nm. waztinTUEes9uTs 7.59 x 10° CFU. e 96 $2Tu AU

& [ g 3 Qs 3 e g
1.20/ 600 nm. Ftfsunanseinniige nasnaivdSunaieszanas

b 4 b4 A’
1.4 \¥® Acetobacter diazotrophicusiﬂtlﬁ‘lﬂ’li Q03150 dcetobacter diazotrophicus
4 ~ ar v . . { v &
2 MIsMaINgungivies ndrInANuYUYBI0 M ( Optical density ; OD. ) iR eNTNARY
v o s a g R R @ o =
Uer 600 nm. wiewviniuSuaFeA167T Dilution plate count A9 6 Falus udiuiGou
b 4 []
asmamanuduiuivealSunudefuanuuusse s nansAnyAMs i 9 wasen
¥ o @ & v a a 4 s 4 a
ANUTUNUTVOUFBUATANUYUYBIBTIIAWNT WA 10 USunavsudozuiunnSunis
4 & P . M . .
nanesezutwiiu 3.38 x 10° CFU. div 12 2 Tue ndsnnSuntsnanes Saarugu
Lo 4 4 h : ,
0.22 / 600 nm. Lmzmu%’umaqﬂuﬁq 3.31x 10° CFU. (19 120 %2 Tae 191091 1.26 / 600 nm.

«? o a 4 A o & @ &
auﬂsmmwamanﬂ nasnnMiulsuisveszanas
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il 6 MnnuduTve e Azorobacter venilandii fuANYY

e (L) | avugui 1 Log WSnauie
(600 nm. ) (CFU.)
0 0.02 0.00 0.00
6 0.41 478 6.03x10°
12 0.64 6.61 407x10°
2% 1.08 7.92 832x 10
36 1.16 8.29 195x 10"
48 121 8.86 724x10°
60 1.30 7.93 851x10
72 110 7.79 6.17x10'
96 1.06 7.76 575%10'
144 1.02 7.69 490x10'
216 0.86 5.52 331x10
228 0.73 0.00 0.00
10.00

8.00 /
6.00

Log CFU./mi
A
=)
)

002 041 064 108 116 121 130 110 106 102 088 073
Absorbance ( 600 nm. )

—&— 1 Log

; 2 5 L
MW 7 MATTMME V08 Azotobacter venllandii FunINTY
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il 7 An st v uTe Bejerinckia indica funIUYY

A () | Amoeuil | o Log. Sinauie
(600 nm. ) (CFU.)
0 0.01 0.00 0.00
12 0.28 3.59 389x10°
2% 0.74 5.97 933%10°
48 091 7.18 151x10'
72 111 7.20 158x10'
9 113 731 204x10'
108 115 7.49 3.09x10
120 118 7.66 457x10
132 1.20 7.80 631x10'
144 122 8.24 1.74% 10"
156 123 8.33 214%10"
168 126 8.65 447x10
180 1.19 821 162x10
192 122 8.14 138x 10
204 1.20 777 589x10'
216 117 6.92 832x10°
264 0.98 4.60 398x10°
10.00
. 800
£ 600
% 4.00
S 200
0.00 / i S e T SR ——

0.01 0.28 0.74 0.91 1.11 1.13 1.15 1.18 1.20 1.22 1.23 1.26 1.19 1.22 1.20 1.17 0.98

Absorbance (1600.nm. ) g

Y A )
AWl 8 AaNUGURUE YOO Bejjerinckia indica fumNYY
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' & v
A5 8 AANNTNNUE VR UTD Azospirilium brasilense FUATUYY

1387 (FY. ) fhﬂ'nmjuﬁ #1 Log. WSuandie
(600 nm. ) (CFU.)
0 0.01 0.00 0.00
12 036 398 9.55x 10"
24 0.63 6.48 3.02x10°
36 0.89 7.88 759%10’
48 0.94 8.12 132x10°
60 0.98 8.32 209x10°
72 1.06 881 646x10°
84 112 9.83 6.76x10
9 120 9.88 7.59x10
108 113 8.79 6.17x10°
120 1.08 7.94 871x10
132 1.05 7.76 575x10
144 1.03 7.6 490x10
168 0.90 7.39 245x10
204 0.84 560 490x10°
324 0.82 423 1.70x 10'
15.00

Log CFU./ml
o =]
Q o
o o

0.01 0.36 0.63 0.89 0.94 0.98 1.06 1.12 1.20 1.13 1.08 1.05 1.03 0.90 0.84 0.82
Absorbance 600 nm. —0— fi1 Log.

' . p;
AN 9 AU HE v uYe Azospirillum brasilense SR
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' X
A191970 9 A mEUN W Ve U Acetobacter diazotrophicas Fupmagu

e () | A 1 Log. USnaude
(600 nm. ) (CFU.)

0 0.01 0.00 0.00
12 022 253 338x10°
24 0.37 439 245x10°
36 0.58 558 380x 10°
48 081 7.15 141x10
60 0.90 792 832x 10’
7 0.93 8.49 3.09x10°
84 095 8.76 575x10°
96 0.99 893 851x10°
108 1.19 921 162x10
120 126 9.52 331x10
132 1.24 9.12 132x10°
144 1.02 9.06 115x10
192 1.06 8.58 380x10°
264 1.02 773 537x10
336 0.96 6.24 174%10°

10.00

. 8.00 ///*_‘XN-\

E \

3 6.00

& /
4,00 =

8 /

g
2.00

o.oo/,':::::::.':}::%

0.01 0.22 0.37 0.58 0.81 0.90 0.93 0.95 0.99 1.19 1.26 1.24 1.02 1.06 1.02 0.96

Ab ance 600 nm. o— -
sorbance 60 #4 Lag.

; z
Al 10 a U v Y0 Acetobacter diazotrophicus FUAMANY
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2. AAUENTANNMEMN

2.1 guvgll leunsnaassiaguvgiidemes Tulimes gunglimbenhiy
32 eertuuided ( mAeuan A maed 23 ) vdenemenes Sagungidiemes lufined
gaivgiindeniniy 32 ssnmuiBvs (AN A MIIH 24)
22 smidu feumanaaes mm?;’mmi]ﬂﬂﬁ’nmﬂﬂzﬂauﬁaumwﬂam
fnrwiu 2.53 wleddud (mamin a arefl 25 ) ndemsnanes mnqumwgu‘lﬁ'agﬂu
26 60 nlefiiud lasTlachdawana@nudenniinismaaes Lﬁamuqmzﬁuﬂmw’a’;ﬂﬁmﬁ
2.3 pH wam3idnaerimen pH ﬁaﬁaumwﬂamzmzﬁﬁqmivmam 1 pH
Anseidezagludne 6.5-6.8 (MmARIIN A M1519 26)
vnmisAngauianemenwidus gungl A pH dsingiwasans
nanesiimsn/Beunavisadntosminy Lﬁmmﬂﬂwﬁ'ﬂmnﬂzﬂauisammi”nmmi‘luﬂﬂ
wiinfiouysaluda qquﬁﬁa'lﬂxﬂ?iﬂuuﬂmszwhmﬂamu.azmmé’umnﬂuiﬁadﬁizﬁu
60 % luszninn1snaaes ﬁaﬁi%'ﬁm%'wﬁﬂﬁ?aLmﬂﬁﬁfm?\a"lu‘lmmuﬁuﬂwﬁ'nmﬂmnau
TéiaminaneslulseSou Fudaelunsdemarudou fuuaaiurh AIVYUYAUNYILAL
a8 nmanits
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3. paEuanani

3.1 Tulasou Seseimeantfinglulasoudovun ( Total nitrogen ) WIN1S
Fns1ed witeanilu 2 929 fe AeunsnansuzndimInaaes
queuiAvesmnazneuneuntimanes Inseimamiuna luTasautoun
( Total nitrogen ) Wy diaSua Tu Tasoumaeawity 11031 g N./pot.
(MARWIN A A1 27)

< a & o
ATNN 10 ﬂsmm"luiﬁmummﬂ UONMINAQN

famanes Total nitrogen 59 Aunde
fleniinmanznou+ {50 | Treatment 1 | Treatment 2 | Treatment 3 gN./pot.
Control 1104 112.0 111.2 3312 11140 d
Azotobacter 1184 116.0 117.6 3520 11733 b
Beijerinckia 1232 124.0 1192 366.4 122.13 a
Azospirillum 113.6 115.2 116.8 345.6 11520 be
Acetobacter 112.8 115.2 1144 3424 114.13 cd
Mixed 112.0 113.6 115.2 3408 113.60 cd

ov = 14 % mmfefinudesnusmioufuliuanieiunadansedunido
1 5 %163 DMRT.

1015197 10 9251 181 (90 Beierinchia aansatiuySineuTasou sy
{lowsinmnaznownnd Se Azotobacter uaziSe Azospirithem B9V S1es T Tastoulng
Rty dauidle dcerobacrer unziSaney “h’i'ﬂ?mm'luinmu'lu‘szﬁ'uﬁ‘lnﬁ'tﬁaqﬁ'mdumuﬂu

(MANUIN 9 9151991 32)
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A a aa a Y v
aNd 11 afsudfivumamsiaseineadavesSina lulasouluifensiamnaz neuden
INADBIUASHEINITNATDY

flendinmnazneu ARGe gN./pot.
ABUNINATDS 11031
VAN NANBY
Control 111.20
Azotobacter 11733
Beijerinckia 122.33
Azospirillum 11520
Acetobacter 114.13
Mixed ( ionaununiiie 4 MEvUg ) 113.60

a5 11 uaas i hguendRlunsedeluTasuve wwniidets

4 %ila TanumandnduednidedWasmuadanszauandesii 99 % uaziFonsu San
uandsfusdnifeddgnuadaiszauanudei 95 % TnofuuaiGestslulasouudas
iinunzdonau TlszAniamiumsedelyTnsiou FomMiRS e lulaneudiniu nds
nnfineruduilontinnnasnou dlunguaduge Psnalulassuneuuasndanmsnanss
Tiuand1efu (MAaruIn $ w15197 33)

mnmsﬁnymuinﬁﬂLﬂ?amﬁﬂuﬂ?mm1uiﬂssﬂuﬁausxas§uqﬂmsmaaawn'h
N Treatment MddouuafiGeimmnsontaTnsny Su5umlylasouduty Faflios
%’IﬂizWi‘lsﬂﬂ‘]iﬁﬂy‘léﬂlwﬂﬁﬁﬂ‘/jﬂ%ﬁﬂﬁﬂ’ﬁﬂgﬂuiﬂimu

Lﬁaé’uqﬂmswﬂamwuiﬂu Treatment @199 U5ana TuTasiow wHevinunlalm
1loy ﬁﬂ‘f: Beijerinckia indica > Azotobacter venilandii > Azospirillum brasilense > Acetobacter
diazotrophicus > Mixed ( 1¥eHENTEMNANAT oM 4 aewug ) > Control ( a1579# 10) Wadt
Lﬁﬂﬁ%’lﬂﬂ‘l‘il'ﬂ?ﬁy%ﬂﬂl§ﬂiuﬂﬂﬂﬂﬂﬂ1ﬂﬂ3ﬂauﬁﬂ’l‘lmmﬂﬁhﬁﬁu @157 20 HAZURUATWA 8 )
AEMAe 130 Beijerinckia indica ﬁ;'amm?tgmm‘s"uﬁumsmamwﬁaszazqaqmﬁ"a 41 Ju
ﬂé’aﬂ'lsmamé'ﬁﬂmsm?aﬁmﬁ;’aﬁﬂszmm 437 x 10° CFU/g. mnifm?;mzﬁaaq anas U

i 4 4 4
fuganinanes wmdedanmswsyveulellszana 324 x 10° CFU/s ¥ dzotobacter
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a 4 4 2 A o [ Y a &
venilandiillTinauyaiiuiunnGunanessude 27 Sundimanes 9ATIM IS Yuouied]
A t 4
sz 331 x 10° CFU/g. uazezannsosy sudsduganmananss miaediss 1.55 x 10°
CFU/g. muie
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32 eavleda SnsgimsSunameaneaiemun ( Total phosphorus )
mslnred wiseendlu 2 44 fle feuntmanswazndmInaass Semstede i
auauidvesninaznoursunnanes SnseimalSinarsadodavanun
( Total Phosphorus ) wu-iianfSuaeanesamasniiy 117.96 g.P./pot.
(MARLIN A A151971 28)

v E
a151eh 12 dSunaleaveSaianua nasnmsnaass

dmnany Total phosphorus 59U Aunae
ﬂﬂﬂﬁﬂﬂ'lﬂﬂ%ﬂﬂﬂﬂ‘l% Treatment 1 | Treatment 2 | Treatment 3 g.P./pot.
Control 116.8 119.2 118.4 354.4 118.13 a
Azotobacter 122.4 116.8 117.6 356.8 11893 a
Beijerinckia 1208 119.2 117.6 357.6 11920 2
Azospirillum 116.8 117.6 119.2 353.6 117.87a
Acetobacter 118.4 1192 118.4 356.0 118.67a
Mixed 117.6 1192 119.2 356.0 118.67 a

QD

ov = 14 % sundefinmdosausmilousu linandeiumeasansesuanuie
{4 5%1063% DMRT.

namseit 12 szdu g narearedandnmanes lungumanesdnqgil
Wnaeadeialndifseiulifinnuuandrsfusieifoddgmeadansesunmuseiy

95 % ( MANUIIN 9 AT WA 34)
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519 13 uSeufvunamsiasiimeatavesSinaeareialuilevinmaaznou
fIOUNMINANBIASHAINTINADY

fleninninazneu i gN/pot.

ADUMINANDY 117.96
NAININADDY

Control 118.13

Azotobacter 118.93

Beijerinckia . 119.20

Azospirillum 117.87

Acetobacter 118.67

Mixed ( Sonauuunfie 4 HeWUT ) 118.67

sInAsNR 13 uansiminafiBenselulasoumeiuiang  Lifinade
Rinarleareds Tnslungunaasssiey hifinnuuandredueduiiioddgmeada
(MARUIN 3 4137 35)

msAnynfinudearesa wuhmdinaramsieseilSinavearesadeuuas
vdsmananes Amlearesaiinnsedighinfouladifinalndfsstudumazh &e
uunfiSundelyTnsurs 4 aewug lifivadensalfoundasvesSunaeareda Tidude

N | a e d A2 4
llﬂﬂﬂﬁﬂﬂithuiﬂimuﬂz“ﬂiu‘]m‘”ﬂqwﬂl‘wuﬂu"iﬂaﬂaq
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33 Twumendow SmsevvimiSuna Inunadeantmun ( Total potassium )
ms sz wivesndlu 2 919l deummaaswazudsmsnanes feasede i

quautiAvesmnagneutsumsnaass daseimanSine wmadestun
( Total Potassium ) WudiianalSuta TnumeaSoumaeyiy 86.53 g.Kpot.

a
(MANUIN A AIT8N 29)

v »
A15799 14 Usua e eusiavun nasnisnaass

Aananes Total potassium 5 Aunde
‘ﬂﬂ‘nﬁ'ﬂmﬂm ﬂﬂuﬂ‘%ﬂ Treatment 1 | Treatment 2 | Treatment 3 g.K./pot.
Control 84.8 87.2 88.0 260.0 86.67 a
Azotobacter 89.6 83.2 86.4 259.2 86.40a
Beijerinckia 87.2 84.8 90.4 262.4 87.47a
Azospirillum 85.6 89.6 84.8 260.0 86.67 a
Acetobacter 84.8 90.4 84.0 259.2 8640 a
Mixed 89.6 83.2 87.2 260.0 86.67 a

ov = 33 % AunAfinudesaysmieuiu liuandsfuneadaniszduauide
114 5 %1n63% DMRT.

s il 14 sz g S umeFeumdanmanes lungunanssdegil
Wi Tnune@enlndifestu Liflamuuandstusndtsddgyneadansesunnuidesu

d
95 % ( MANUIN 9 A3 199 36)
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13 15 wiieuieumannlinsdmeatavesSua umaden ludjoninninaz nou

ﬁaumsmamu.azﬂﬁ'amsvmam

flendinmnazneu AURTY g N./pot.

ABUMSVINGDY 86.53
NAININANDY

Control 86.67

Azotobacter 86.40

Beijerinckia 87.47

Azospirillum 86.67

Acetobacter 86.40

Mixed ( (SonauILATIGe 4 AeWUE ) 86.67

NeTNA 15 uaasldiiuduniiGessluTaswumeiusee lisinadeySua
Tnunanden Tnslungunanesdng hifinnwuandefueditiioddyneada
P
(MANUIN 3 AITRH 37)
= r- | 9 s o =2 z ¥
mafnfFnaTnneden  wuimdsmsnanealSuna Inunadouiadouuas
o’ \d 'Q 1] A A ond 1
naImMInanee ImunamGounnimsizd 1o lunldsundasatils v lndideedudumse
o L4 y
weuuaiiSeadelulasiouis 4 mevusluinademsulfouulnsvonlSua Tnumendeoy T

.y Qa8 A 1A A A2 4
lﬁfﬂu‘ﬂﬂ’ﬂﬁﬂﬂiq1'“1@7“]“5]31]1'51’1&!lﬂfﬂl‘ﬂuiluﬁiﬂﬁﬂﬁﬂ
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34 Bunieiag

o 4 a o = Sor . Q = o H . A

AnTeMlsIuBUNSding ( Organic matter ) A HATIZN Wlveanidlu 2 Taefie
ABUNITNANBIALHAINIINATDY

quauiidvesninazneudeuntsnanes IasizimaSinadunidiag

= K e a @ - v @ .
( Organic matter) WuhiidnSunaBunsdiag maowiiy 325837 £.0.M./pot.
4

( MANUIN A AN519N 30)

P =y a S do ar
A1TNN 16 ﬂimmaummnq HNAINITINAADY

Aaneans Organic matter 57 Aunde

ﬂﬂwﬁ'ﬂﬂ’lﬂﬂzﬂﬂuﬂgﬂ Treatment 1 | Treatment 2 | Treatment 3 £.0.M/pot.
Control 2896.8 3048.0 3225.6 91704 | 3056.80a
Azotobacter 2942.4 2969.6 3043.2 89552 | 2985.07a
Beijerinckia 2890.4 2729.6 2884.0 85040 | 2834.67a
Azospirillum 2768.0 2920.8 3043.2 87320 | 2910.67a
Acetobacter 2734.4 3112.8 2834.4 86816 | 2893.87a
Mixed 2893.6 2920.0 3014.4 88280 | 2942.67a

ov = 44 % Aundefiawdesnusmdouiu liuanmeFumeadanisesunude
{1 5 %1638 DMRT.

a7l 16 wiinldinSinusunidiag niiminanes udmesedilSina
Buvsiiaglndifeetu Wiianuuandefusiniisddgmeadafiszdunimudeshi 95 %
(ARLAN 9 A15797 38)
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3w 17 suisuramsinseiniadavesdunidioqluijentnninazneu

ADUNISNANBILAL HAINMINADY

flendinmangneu AunAY gN./pot,

ABUNIINARDY 3258.37
NONIINADY

Control 3056.80

Azotobacter 2985.07

Beijerinckia 2834.67

Azospirillum 2910.67

Acetobacter 2893.87

Mixed ( iSonmunfie 4 mewug) 1 2942.67

¥ . 4
nnenseil 17 sgwiuldinfSuasuniiagudsmmeanes flSuaanaslaade
e . R L &’ 2 a N S = T @ I A
Beijerinckia, Azospirillum,Acetobacter, 30wt 1l5uaipunsding Januuanssdueeaiiiy
0 73 ‘:' o ey { QU A ﬂ" ¥ ar \ Qo (-] o
dngBanieaanszAuAMINTRNU 99 % UE Azotobbacter TinauuAnAN UG TdfiYy
ey { Qo A& G'I L J 1 1 Qs 1 Q/ o o aAn
meadanIsAuaNUYeNY 95 % daunguaugu hifianuuandetusteiisdfyneada
A ar L4 v $
denfSsumeuiuileninninaznounounInanes (MARWIN I 13197 39)
T = " - A o
AeumsvaassiitSuuBuysiingmnie 3258.37 g/OM/pot. ndsmINAnDlsINg
Yy 9
L T S 4 L4 & 4 A
91 WNTreatment if1BUNIdInganas Tslldleennilondnmnazneufinszurunisdes
amwlneqiuviidedaasanamaziSunadunsdingonaslu Treatment Bejerinckia indica >
k4 9
Acetobacter diazotrophicus > Azospirillum brasilense > Mixed ( I¥BReusZHINMUARSONY 4
U [- I é Q o e
o1eWUg ) > Azotobacter venilandii > Control mudwy Fufluliluhussderdudumsass
F A gp ) ag A & v = e a a ‘
TuTasiou Mistiufiosnn Treatment uunfiBenaelulasiouldgeeziimsdniiufonssudes

aane ldanuuaiGenase lulasoud



g o oo L= () - 3 A
vudinineds uniinedoutiaa maumalulainrukudanadoufionaniruun)/ss

3.5 C/N ratio UAsEvISIIe C/N ratio YiimsAasieviniseendiy 2 929 fie

ADUASNANBILASHAINITNAADY
¥ 4 [ [] ¥
AUMNIAYBININAZNBUABUNTINAGDY UATRHNIAUTIIN C/N ratio Wuhiie

153188 C/N ratio RAVIIND 11.26 (AIARUIN A A151991 31)

A157199 18 USUIR C/N ratio HAIMINARDY

fananes C/N ratio 37U Aundy
ﬂﬂﬂﬁﬂﬂ'lﬂﬁ%ﬂﬂuﬂéﬂ Treatment 1 | Treatment 2 | Treatment 3
Control 10.93 11.09 10.99 33.01 11.00a
Azotobacter 9.47 9.16 9.29 27.92 931c
Beijerinckia | 862 9.61 8.89 27.12 9.04 ¢
Azospirillum 9.92 9.90 9.98 29.80 9.93b
Acetobacter 10.12 9.94 10.11 30.17 10.06 b
Mixed 10.30 10.01 9.99 30.30 10.10b

ov = 24 % fmAeiamdaesnusmioud hinandnfumeadansefunuide
i 5 %1035 DMRT.

A Rd 18 weituldd Control f1USia C/N ratio mnn‘iu%aéuq ogelinly
MAgNata o Azospirillum, Acetobacter, WozieNEY T51781 C/N ratio edluszAumeIiu
TS0t C/N ratio AN 138 Azotobacter uae Beijerinckia 88 WItadfgneada
o dzotobacter unz e Beijerinckia $1I33184 C/N ratio agluszauien
(AARIAN 9 A1 40)



181 Teor wamiImanouazonlyena / s6

5NN 19 ulisuiieunan1slinsiziniadives ON ratio lufjensnmnaznoudeums
NANBIUASHAINISNATDY

ileniinninaznou Aunay gN./pot.

ABUNMINANDY 1126
NAINIINANDY

Control 11.00

Azotobacter 931

Beijerinckia 9.04

Azospirillum 9.93

Acetobacter 10.06

Mixed ( Soncuniie 4 AWRUE ) 10.10

9115197 19 SR CN ratio ¥oUTD Azotobacter, Beijerinckia, Azospirillum,
Acetobacter wazioney T1S1nar C/N ratio uanAnfuesihisdoBimeaaanszdunay
o 99% daulunguatugualSuna ON ratio Liflavmuandrsfiueidifoddymeada
(AANLIN § 15197 41)

WamsAmslSine CN ratio foumsnanesiinundy 1126 uazilowdems
naaestlsingi I CN mtio mAs 9.04, 931, 9.93, 10.06, 10.10ua 11.00 1 Treatment
Beijerinckia indica, Azotobacter venilandii, Azospirillum brasilense, Acetobacter diazotrophicus
Mixed ( ﬁ;ﬂwﬁmzﬂ'iNuUﬂﬁﬁﬂVfa 4 eWuT )uag Control ATNEIAY

C/N ratio SlumsufSeufion A18as189uves Carbon A Nitrogen #9 Carbon 923
msaaednly Treament Aifimsnselulasionldye ﬁiﬁmﬁzlgﬂﬂauﬂ?éﬁﬂﬂﬁﬁw
Suniding e luTasiouiildnnmseeulasusnetmmn e

vnnsfnyves szan Jsznswiily 34) eminfiesi U dduileldsuits deq

L [ . v é o g @
waduvesnisueuse lulasiou ON ratio Wosnh 20:1 e lfiuhijendnmnaznou

=h. £

[ o o g = 1 o
TuinldwiinfudenvafiSendelulasno dufledunidfauyssluds sansoiunidduile
aa 1 A uy

nilss Teaidony1a
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4. puENTANMSTININ

4.1 mswIgussuuaifensslulasnuluileninanazneu

wamﬁsﬂﬂzﬁmsm?tg'mnLmﬂﬁﬁaﬂ?ﬂuinmumeu%e Azotobacter venilandii,
Beijerinckia indica, Azospirillum brasilense UaZ Acetobacter diazotrophicus “1u1‘]e14ﬁ'nmn
azneu Kamsanszlsingt & Beijerinchia indica annsoseldatiqe uasedyldaty
FANILHL 41 TUUTNYBININATDY 6’m1mm?qwms§a 437x 10° CFU/g. y890911fi®
30 dzotobacter venilandi w3gy lealugag szeg 27 Fuusnuesnisnanes é’wﬂmm‘?q;mam%a
tszanm 3.31 x 10° CFU/g. o Azospirillum brasilense AW1501959) 107 U528 27 Ju
UINUBINMINANDS 6’ms1mm?rgmms§aﬁﬂszmm 158 x 10° CFU/g. Wag Acetobacter
diazotrophicus A5O3 1AAIUTINIZE 20 TunsnvBIMINARLY é’ns1n1svn?qmm¢§aﬁ
52150 1.38 x 10° CFU/g. MBI Faa157971 20

n1swsguaaunafifenselulasiou (Mixed)
mamslnnedmmdguenwniiGeasclulasoui 4 Aa A0 Azotobacter venilandii,
Beijerinckia indica, Azospirillum brasilense WQZ Acetobacter diazotrophicus éﬁﬁﬁ'lﬂ’i‘im]ﬂ
oris 4 ana ideiu samsmenesilsingh 0 Bejjerinckia indica gamnuemnsalunseg
soaunzinigiAuTnldafiqe wigmanzan Idalugasses 41 Suusnvesnsnaaes $as1ns
3giu TnveuTeilulszine 6.03 x 10'CFUJg. 30900188130 Azotobacter venilandii wigyld
filugnesze: 27 Juusnvsininanes é’ﬁﬂmsm‘?maﬁuimam‘?ﬂﬁﬂszu'um 324 x 10
CFU/g. CFU o Azospirillum brasilense 9W5ATY 1A IUTILEE 27 Tuusnueents
NANDY 59\'5‘]?!15L‘ﬂ?t};lﬁﬂiﬂﬂlﬂﬁﬁ?ﬂﬁﬂizu‘lm 339 x 10° CFU./g. wazido  dcetobacter
diazotrophicus Aoy lAAlugieszes 20 Juusnvesmananes SasimstSyRyTaves

4 [}
Folialszunas 1.91 x 10° CFU/g. mud iy faensen 21
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=3

4 a
42 mInaaeumsnielulnsouveudeqiunidaialulasioulae Acetylene
Reduction Activity ( ARA )
&
woms s Hensmeaselulasiouveudie dzowbacter veriliandii Beijerinckia
indica, Azospirillum brasilense W02 Acetobacter diazotrophicus 1uﬂwﬁ'nmﬂﬂzﬂaumﬂiswm
1 4
them
s o
HamInaaeIs NI dasmandelulnsiouveatie Ws 4 ana fe Azorwbacrer
veriliandii ,Beijerinckia indica, Azospirillum brasilense, Acetobacter diazotrophicus Llﬁ&%ﬂwﬁ U
4 []
(Mixed) waminanesilsngin e Beijerinckia indica  Tigasin13adsuTasin ldgefiqa
onIimIne lulasuezegiugae 41 uusnvesmsvaaesannsesdeiulasneuld
51.33 y mole/g/hr. Azotobacter venilandii ©n351013034 b lasiouegludng 27 Suusnuesnis
nanesnse a3 lulasiould 4464 p mole/g/r. Azospirillum brasilense S@IIMIIASS
1
TuTaseuszedluzag 27 Juusnvesnsnanes aselulasould 33.71 p mole/e/ir. Soma
(Mixed ) Sa71msnselulasouszegiugie 34 Suusnveamnanes snsonseluTaswuld
U310t 32.12 p mole/g/hr. Acetobacter diazotrophicus  Sas1mIAss luTasiouezegludas 20
TuusavesmananesaansondsiuTnsoulfalSana 27.12 p mole/e/mr. muddy
913191 22
& 1
nnmInanerRnuatiGenawToaTelulaseu 1%neg 14 luilendanin
By =) 4 1] =4 & L é
agnpunnlswhen lwnSuafeihdiullsdamls luawlesni 60 Su dms
? : 4 2
nanesHlaNuUAnd NINMInanosvosaulwpzuIIIg (35) (36) FeaTrenudnde
. A’i‘ a oA a o 4
Azotobacter WOL\Y¥® Azospirilhum A saI A lnlududin 1ans 4 Heu nfsnnldide uaz
& 3 9los A g/ g o -~ C v
MNTIBNUYEY BITMEY FasenuimsiFiagmasldnamsmeiadilleinm ol
a A a a &
zauiezduliuanmz oo Lzotobacter mizUSunmazAnssuveaudorcana
[] o Y =3 9 <] 3 g o o -4 = 9
P81959A137 Wz dngmne lgnnmsmizminorsgnizomainerssdunIduesiia Ul
' o © A o o 1 " &
sazauluauimhldiddndes dodwihdusswmeSmnsalanaseassunsons
1 g i} 5 o L = H
sz Temideide Azotobacter SevhldiFotanumiAsaghuSinafiqelufudin
T @ = zg - 3
NANINARBINLT §as1nends lu laswuveadegauaziilunaummuddu
o ; 4
fafl (715799 22 UagUNUNIND 13 ) Beijerinckia indica > Azotobacter venilandii > Azospirillum
b 4 4
brasilense > Mixed ( ¥onauszninuuafiGens 4 t’('lﬂﬁluf ) > Acetobacter diazotrophicus >

o & ¥ A a ' 3 tg 4
Control AWAAY FINGuaIVeqaunsEAu (5) 1R5109W51 158 Beijerinckia indica uaziso



L T-) = 3 A
vudininside uminodeutiaa munalulainanumudunadouioRazuum) /s

a '
Azotobacter venilandii WunuafiSuidesmsonauazannsonielulasionld udds
a ] o g 2 A & - ) a o
epndlausgnisnay Mellwszidensresriinfifenaseflosfusendioufiezusumuly
& . &
viuneaselulasow Fuluvioums Reduction d9WB0 Azospirillum brasilense uae

) . ) a A a a ) v &
Acetobacter dtazotrophtcus QIU'Juﬂ'IiﬂinuIﬂimu WNALLDUDBDAFIUUDEBIN LY
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; &
M1 20 uaasn1sto3gyveusenuaiitenilulnsion (viae = log CFU/mL )

Day

1
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

553

4.51

357
249
219

Log CFU./ml.

5.00

4.00
3.00
2.00
1.00
0.00

7.07
7.31
7.69
7.80

8.02

8.28

8.64

4.20
5.54
5.59
7.45

- 8.20

5.22
6.28
7.54
8.14

B3

5.59
4.08

—&— Azotobacter
Beijerinckia
Azospirillum
Acetobacter

Taor UTiv

ersity
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M3197 21 uamsmsto Sy veulienan ( My = log CFU./ml. )

Day Azotobacter Beijerinckia Azospirillum Acetobacter

1 4.79 4.67 3.20 3.45
6 4.84 4.71 4.15 4.78
13 5.72 5.61 5.34 5.87
20 6.61 572 6.04 6.28
27 7.51 6.58 6.53 5.59
34 6.68 7.34 6.12 4.83
41 5.89 7.78 7 5.65 332

48 412
55 3.84
62 3.21
69 2.2§
76

a O N o ©

S

Log CFU./ml.

w

/
/

-

1 6 13 20 27 34 41 48 55 62 69 76

—&— Azotobacter

Day —8— Beijerinckia
Azospinllum

—¥— Acetobacter

il 12 namamsfosqbsibubnendshdndiouidbaen | L 11V ETSITY
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M19199 22 uanI9nINIns e lulnsouvesuniisy

NaMINARRIAZBAY WA / 62

Day Control  Azotobacter Beijjerinckia Azospirillum Acetobacter Mixed
1 0.73 30.41 29.19 21.99 20.20 19.87
6 0.67 31.27 29.21 22.40 21.57 20.94
13 0.82 33.29 30.91 2432 23.89 22.14
20 0.91 41.68 34.11 28.53 2712 26.39
27 0.89 44.64 36.55 83.71 15.47 28.82
34 0.91 40.84 45.87 32.23 12.11 32.12
41 0.78 25.14 51.33 21.35 6.08 24.73
48 0.75 14.04 38.98 9.21 2.98 15.81
55 0.78 7.49 29.60 3.44 1.55 9.71
62 0.72 4.10 22.99 2.85 1.18 3.50
69 0.79 2.36 15.78 1.90 1.01 1.44
76 0.84 1.13 a2 1.43 0.93 1.01
83 0.75 1.02 2.10 1.07 0.78 0.94
60
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—&— Control
—#— Azotobacter

Beijerinckia
—— Azospirillum
—¥— Acetobacter
—&— Mixed

AN 13 taRIenIINITAIT TR Rb IR RISH




Tudindnerdo uniinedouiiag

apluazdemueuu
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aznouan Issenhaa aglldh

11 AuaulanienienTv
1.1.1 ungll NOUMINANBILASNAININARDY gUHQIImAsINT 32 D
a % 12 v a & Ao o8 < o
waied ¥4 hilinadedasimaieiguestonuaifendlulasnuluijminmanznou
1 ’ Yy o A g v »

1.12 Anuu luseninnsnanesaeainsaIugy A suneglussaun
60 Westrua

1.13 pH Aamadins e insumInanelasnainsnaans m pH fimsied
1Aegluse 6.5-68

12 fueiamunai

12.1 ananymSeufienisune Total Nitrogen lufjentinmnazneuneu
AINANBILASNEIMINARBY HAMSINTIZY Total Nitrogen MasnTINAass wiuhluds
AR, UAuuandwiuednlitsdwameada Teeljendnnnagneu+Beijerinckia 1
ﬂ?mm"lu‘lmmumﬂﬁqﬂ soenafie feninnnAznou+ dzotobacter , iloniinnin
LNOU+Azospirillum , TOHUNMINAZNBU+ Acetobacter , TjonlinAINAZABUF Wonay ua
Control mwddy uagldmmsuioudfioudouunfiGonielulnsoulnensme Totl
Nitrogen luijeniinmnaznoufBUNINARBIOSHAINIINANBINANITIATISHNNADA WY
N Beijerinckia, Azotobacter, Azospirillum ,Acetobacter ﬁﬂ'mJLmﬂehqﬁ’uethaﬁﬁﬂﬁﬁty?}ama
45R uATMixed ( oAU 4 dewug ) Sanuuendefustiiedgniada uay

Control hifinTuuananiuedifivodfgneada
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1.2.2 msfnuaSeudiensiSuna Total Phosphorus luijendinainasneu
AOUAIINARBILALAININARDY HANMIIATIEH Total Phosphorus MaIMINAALY Wil
Fananesdq fie Control fjevtinninazney , {feninmnazneu + zotobacter, Jendinmn

£ABU + Beijerinckia , eninMnALNBU + Azospirillum , TeViinAINAZNBY + Acetobacter
uazide Mixed flevinninagnou+ ok 4 aewug wuiﬂuﬁamamdwq Tifianuuan
Anfuedlisd g neana uaeldvmsuReuifeudeuuniGendeluTasoulaonism
fi1 Total Phosphorus luijeninninazneuAdUNIINANBASHAINITNAGBY HAMITIATISH
NNAORA WU Azotobacter, Beijerinckia, Azospirillum, Acetobacter, Mixed ( @enanits 4 e
Wug uag Control hiifianuuandniustnliioddgmeada

123 nsfnufSeudienlSina Total Potassium luijeviinmnasneudeu
ASNANBILASVAINTINARDY HAMIAATIEH Total Potassium Wasmsvieaes wudiluds
nAABIAIe A Control Hfevsinminaznew , Hendinmnazneu + zotobacter , fJevidinain
ANBU + Beijerinckia , 1jEMINMNAZNOU + Azospirillum , JOVNUNMINAZADY + Acetobacter
uazi¥e Mixed ilevinmnagnou+ otk 4 meiug wuhluBmacesdeg lifinamuan
safuediiieddgmeana uasidimsnSeudeudeunniiGentslyTasouTaonem
fi1 Total Potassium luilewiinninagnounounIINAABIEZHAININAGDY WANTTIATIEY
NNADA WU Azotobacter, Beijerinckia, Azospirillum, Acetobacter, Mixed ( ﬁ;awﬁu‘ffq 4 918
AWug )uag Control laiifinnuuandisfueesidedfgmieada

124 nAnySeufioinSuie Organic matter Tuijonsinninazneudeu
MINABBAALNEININANSS HANTI3IATIZY Organic matter Hdansnanesludmanesin
Ao Control ffoniinmnaznou, fjovinmnaznou + dzotobacter , flavinainazneu +
Beijerinckia , iJeninmnasnou + Azospirillum , TeninnINAsneu + Acetobacter uazido
Mixed ileviinnminazneu+ Forks 4 meiug nuhludmenesdien lianuunndeiy
sgniodgnieann uazidinsulfoufeudenuniGenialulasouTnemsmen
Organic matter WijeniNNINAZNBUABUNMINARDIUAZNGINITNANGY  HANTTAATILHNG
S10@ WU Beijerinckia, Azospirillum ,Acetobacter, Mixed ( Fonaui 4 @eug ) Tanuuan
aefuedaiiiud¥oBenaada, Azombacter FamsAnTEinuuandsiuediiiud i

NNA0A Uag Control Milinnuuandiiuesslitiodfagnieaoa
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125 asfnuulSeuifiendSuna ON ratiolufjentinninasneudeums
VADDIATNIIMINAREY WONTSIATIZH ON ratio wdsmsnanesludamansine fe
Control flendinminazneu, flewinninasneu + Azotobacter, leniinninaznou +
Beijerinckia, floviinnnesnou + dzospirillum, floninmnasnew + dcetobacter wazide
Mixed fjendinninagnou+ otk 4 aeviug woihludmanesdien Sanuuandeiuesned
Yodameadn uozldimsnSoufioudeuunfiGestalulasouTasnsmm ON ratio
TuffpvlinmnagneureunsnaneaznAnisnanes NMSIATISHNNTDA Beijerinchia,
Azotobacter, Azospirillum ,Acetobacter, Mixed ( Lﬁ’f;'awﬁm":"q 4 meWug ) Sanuuaneefueds
ThisddigyBameada uaz Control lifianunandsiusiuiivisdfgmeada

1.3 faaulianiedanmw

1.3.1 AammseSgyeeslSunauuaiieaselulasouluijovsinnmnazneu
VnraMT IR LT e Beijerinckia indica finnwamnsalumsnsyldafiga Taewsy
Tadlugneszes 41 Juusnvesnsmanes é"ﬂﬂmsm‘?mw%aﬁﬂszmm 437 x 10° CFU/g.
awsafudnnde 1die 62 Su s0e00nEe 130 dzotobacter venilandi w5y 1aa luge
282 27 JUNTNVDINTINAABY 6’mi1mm'§tg%u§eﬁﬂszmm 3.31 x 10° CFU/g. aansaifiy
oo ldumie 41 u o Azospirillum brasilense 1939) 199 WMF193282 27 JUusnveents

NnANGY é’m1mm§tgmau§aﬁﬂizmm 1.58 x 10° CFU./g. s aufiusamnide Idundls
41 31 Wag Acetobacter diazotrophicus 1139y 18vlesfign fewsy 18aludreazes 20 Suusnves
AINARDY é’ﬁﬂmm‘?tymmﬁ;aﬁﬂszmm 138 x 10° CFU/g. amnsafuiaynde Ifumnids
27 u uazvnmsAnnsisgeSinauuaiiGenelu Tasion Tuse Mixed o 1 4
aeiug mamsmseinud o Beijerinckia indica UaMuanio lumsogson uasiesgla
fiige 03ny 18R lugeszes 41 Suusnvesmsnanns a"ﬁﬁmm?mmmt%aﬂizmm 6.03 x 10’
CFU./g. 0404UWAB Azotobacter venilandii 1938y 147 lU%93282 27 FuusnueIn1INAaes
é'm'lﬂﬁm?mﬂmﬁ;aﬁﬂszmm 324x 10’ CFU/g. e Azospirillum brasilense AMNTON5 Y 18
alugneszes 21 Juusnveesmnaaed é’m’nmm?tywmgeﬁﬂizmm 3.39 x 10° CFU/g.
Wazde dcetobacter diazotrophicus 139 hieefign Aewsylaalusae 20 Suusnuesnts

b4
NAneY BATIMILITYuBifeliszuia 1.91 x 10° CFU/g.



51 losanu myunzdeicruonus / 66

1.3.2 ﬁﬂmmsn%’q'lu‘lmmumawﬁ’atmﬂﬁﬁalui’]wﬁ'ﬂnmm’;ﬂaumnwa
M5 IASIZINYT Beijerinckia indica T8asIAnsa3 IuTason Wefiqe Shsnsass
Tulasiuszeglugas 41 Suusnvesmsnanes awsoeselulasionld 51.33 p mole/g/ir.
TO0ININB Azotobacter venilandii 893115939 Tu Tastou oglusis 27 Sunsnvesmsnanes
ertinn3s luTnsiould 44.64 p mole/g/ir. Azospirillum brasilense Sas1n13934 TuTasiouey
Tua249 21 Juusnuesnisnanes a9 TuTasiounld 33.71 p mole/g /hr. orea Mixed §851113
34 lulasiouezegludae 34 Juusnussmsnanss aunsaadalulan’ld 32.12
u mole/g/hr. WAZ Acefobacter diazotrophicus @34 Tasoulfifesiiqa Sasin1sate
TuTasiouezeglugas 20 Junsnvesntananee ae Tulasionld 27.12 g mole/g /hr.

2. YerErHBNUTINNTIY

A a ‘5
1InmsAnuISes Usz@nTamuazanzimuizaulumseialulasioulae
b4 E 4 1 4
wuanGeludlendnmaagneusinlswnnihae dTudilsldtidoweueuus fede i
b4 i 4
2.1 ijpminmangneunnisanuthen fewinmeneswnais Asahifeviin
A S/ 3 L) g g AL
minazneunes uasindoneungniad idhiu Adl3lufisuie WS Snuaruduegly
shuRefiu
] o o g A L 8 . Cd
2.2 sgndimsnindesuniifeaTelulasoutuiloninnmnasneusinlse
v o v
uhaa desmugquanusuldeglussduimunzay Asedsznii 60-65 % Mlklaems

L4 o) d! [ g 9 Y = o’ L3 & J
Hedhdanarann wetuanusulilisemesen LaSAuUI8gAasanaitlaaNusUanay

g s Qs

23 nagnieuuaiiFenslulasuivileninmoaznou arslinsagrindr1f
G'I L] Q [ ; & L g
te wazsgnhehinanaass astimsnsuifevinmanzneusdeadiudue tieliildie

1 L Q' 1 R 1, <y 1 g

nszynegluganiion unzilumsseiindorinszniviudesslumsauguaniduly
o Yt dv [ { a o
daeasslilisiuduegluszauitnnzay

Yy 9
2 2.4 nindeaginnmsiteluaiell sziuldfiaruduly Wgadumairde
o o’ ) d’ o a =
niinmnaznsuninlssnuiymie  Wuanwmelumsnigveadouvaiienselulasiou
o~ A J '
uaztlinaudedsednsamuazaneimunzaylumsaselulasouvouioudazae
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AANUIN N

ada d RV =4 a
A5IANZHANVANUANVIIAU

mamnelulasnuluty Taed5eq Kjeldahl (11433 Wet oxidation ¥ 19 1u Tasteu

Tudunlfeunegluglves (NH, ), SO,

4
a131A1l (Reagents ) Nldnlsznoude

=b

1.
2.
3.

nIafie i ( Sulfuric acid, H,S0, ) Wudu 95-97 % sp. gr. 1.84

H13Wer! Catalyst : K,SO, : CuSO, : Se poder 100 : 10 :1 (valvinziden )

Sodium hyroxide NaOH 10N : §4 NaOH 400 N3 azaneluni 1 das i lunanuedis

thilaietlestulildfamsveulaeenled ( co,) dhly/ld

Boric acid indicator solution 2 % ( pH 1521184 5.0)

4.1 Mixed indicator : ‘ff"\‘l 0.066 1T Bromocresol green LLGY 0.033 N34 Methl red lalu
Volumetric fiask Y419 100 4. 8218778 Ethanol Yh1¥f/Sumsiilu 100 ua.

4.2 aza1en3a Boric ( H, BO, ) 20 N3% Turirdeu 700 wa. 1eiie 3By

4.3 1Ay Ethanol 200 ¥a. a2 20 40, Mixed indicator MaZN3a H,BO, 700 ua. nalu
Volumetric flask 4170 1 a3 Ay NaOH 0.05 N 15210 3-4 42, auns9ia 1 wa.
409 Boric acid indicater tlAnudhimBedoudoduingu 1 ua.

Standard sulfuric 0.02 N.H,S0, : iAunsa H,S0, ATUYU 1IN (ampoule) 20 ya.

v )
a9ly Volumetric flask ¥ia 1 8a3 @uihndunauuazyinlSuesdu 1 aas

13698 (Digestion)

& o v a Ao * [ ] .
FIAIDINAULITOURTUATLUNTIVUIA 0.5 WU, 1.000 ﬂiiﬂfﬂu Kjeldahl flask 4U19

100 4. Tumsussyfudaediedelilu flask dossz Yo liaunn uazinzogiine flask

AUESHAY catalyst szane 1051 uaza29nsa H,S0, Adudu 5 ua. aghl wewng

4 qya . @« A 4 < .
e lddunaznsasdndleiu. nelidszunansarluaiildneuwe digest dudae

v A &L &
Wosuq Tuszezusauduin I ldussluva digest aasviagu flask lalsouq Wuafs

i, v ad A 2 . '
as egwIiimsngandiudiu Wolveunarlu fask Suld digest Ao lidn
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Y ; a & 3
tlszutes 30 Wil son flask sennnlase flask A9IAIEY Sinhndudesens ae

flask sz 1015 va. whlidduudisesuveunanlu flask Buwhguuglivestes

t 4 [
wiaoeld volumetric flask USuSinasdreindwdiu 100 va. weldarsazmedhiy

9 [
NI AATIZHIABN blank determination TneldIEmsans q wiloududfufindiuiuda

9
ynlszms ua lilidredefuminiu

2.

MIndu (Distillation)

2.1 Dnndendutazdraniendu 1 afs Taemsnduirmundesndu

2.2 $uti1e Boric acid indicator 2 % Uszana 5 ua. 1u Erlenmeyer flask Y10 50 Wa.
ﬁ'a'lﬂ'm1‘5’114?;351q%"u11ENm?mnf;’uTﬂﬂ‘lﬁﬂmaﬁﬁuaﬂmﬁmfm Boric fntioy
(ladansifiu 1 9)

23 Pipette fIBENMITAZAIETGRLTNIEALNIA H,S0, $1147u 10-20 ua. aslu
distillation flask Fud§28# 0814 blank fow

2.4 Humsazaie 10 N. NaOH 5-10 ua. Tu distillation flask Sredaenbndudnen
ievdameiiandie i nanelusansudedeite

25 GunduuazduNe I8 Snasilszann 35 wa. Sigaindeendy

2.6 197 Erlenmeryer flask 880 S1undesnqudetinduseufiasndusosiede il

115 1A (Titration)

vreyazaiely Erdenmeryer flask voeuAazAa0g19fiegnau14 Titrate @28 Standard

H,50, 0.02N ufvesmsazaenlfeunndifvaiiuihizune sutufindSinas

asanld AunarmSualulasou

NISATUIN

%N = Nx(T-B) x 140
10
Q L :’ o o s
ya. §ed x umtindu 1 nfu
dow .
N = anududuusinsai ¥ titrate
o A . [V (]
T= $1urnt un. veansanld tiate MIAI1061

B= §117U Ua. 190nIAT 1Y titrate M1 blank
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VAL .
@Ao9¥i blank titration sifeevnesiiusedisetsszlilulaswuegiiu impurity Fedufiu

desTiaszivrifieguihlsfenou drues comected md (T-B) IdunTasmsaus ua, 494 blank
28n91n 1A, i IdTInANEI06e
FPannzvieanesa
Ssiitionludealfiamsfemstos ( Digestion) Audaunsa HC10, udu
B
1. 1n50sile N304 Spectrophotometer
2. sl
2.1 HC10, 70-72 %
2.2 Free acid molybdovanadate solution
22.1 03A18 ammonium molybdate ( NH, ), Mo, O,,. 4H,0 20 N5y Tuideunlszina
600 v,
222 ©ga18 ammonium metavanadate NH, VO, 1 N3u Tutideunlszana 600 1a.
223  WE1982018 ammonium molybdate a4 2.2.1 aeluaryazae ammonium
metavanadate A1990 2.2.2 ud1F0 19 2 Bas we lidriu
2.3 Standard phosphorus solution
23.1  Standard phosphorus solution 100 ppm. w38y Taen1s¥a KELPO, (vl 105 8aen
aiue w2 92109 ) 0.4393 i a1y Vol. Flask 1,000 ml. 150151na5 1918
1,000 1191,
232  Standard phosphorus solution 0, 5, 10, 15 182 20 ppm. 9198 2.3.1 uagyinlians
azmﬂmmmm‘f’:ﬁ‘luﬂm Taolddas1dau HC10, : STD. PSOLn=1:10
3. MISIRSENAISAZAIBINAIDLIAY
Fefu 1 n3u 1d Kjeldah! flask i@unse HC10, fudu 10 wa. Digest sussazaela simiu
TR B Alszan 1 52 Taards srwnelas vol. Flask v1na 100 wa. udalfutfinas 1

14 100 wa. wan Wdduudansesdlensemunseswny 42
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4. WReud
AATITATAWUIATIU P O, 5, 10, 15 1A 20 ppm P Haza1sazsaisninauaIo8Nas 5 ua.
Idasly erlenmeyer flask Y1471 50 WA, AuANIAZANY molybdovanadate 5 1a. 1w It iuie 13
athadon 30 wifi 1l adein3 89 Spectrophotometer /i Wavelength 420 nm. 81181 %
Transmittance ( % ) %38 Absorbance A ﬁ1ﬁ1ﬁ5’ﬂ"I.ﬁ'mmfwmmigm“lﬂﬁ'munﬁﬂizWiwmm
Waduiy %T 3o A Taeduilu %T Wldnsea1y semi-logarithm duflu A nszamns
s33um Nntueiie e Iduesensaz Aoy Standard curve
5. MU
ppm p = ppm 911 curve x dilution factor
I anelnmen o
1. asall
1.1 Perchloric acid ( HC1O, ) , conc.
1.2 Standard K solution, 1000 ppm.
2. /M
2.1 Fefuuie 1 n5u 1d Test tube ¥1IR 100 1A, 1A% perchloric acid 8-10 3@, 12111l
digest 114 digestion block e?qgaagilu fume hood AURURUMYN I Bgs2UM 200 BYFN
wuFen sumsazaisla Sumoonndene BB udduihndu 1805 nas 100
wa. nyewazivmsazawdui la Bdmivinsevdelal
2.2 Ha512v K Tensazaned e Flame photometer 130 Atomic absorption
Spectrophotometer ‘ﬁ wavelenght 768 nm.
2.3 71 Standard curve 4728 o198 mUA M IUNIN Tatal K Tudin
3. mIfmun
Total K, ppm = el ( ppm ) x US11ATUBA solution x dilution factor

14
HrUnAY
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MBI
1. woie digest 52300t 1vhirenlu digestion tube uis myzezihlisgemisinediegay
el uazeaifansszidinduld
2. M3 diges 826338 amsmth s ey Total form vess1may 18&78 151 Ca, Mg,
Na, P “a¢
3N TzidUN3E g ( Organic matter ) 1ne 35109 ( Walkley-Black,1984 )
1. qalngel
1.1 Lﬂ?m%'a ( Analytical balance )
1.2 Volumetric pipete 10 ml.
1.3 Volumetric flask 100 tag 1,000 mi.
1.4 Erlenmeyer flask 250 ml.
1.5 Buret 25 ml.
1.6 Cylinder 100 ml.
2. el
2.1 Standard potassium dicromate solution, 1.0 N 2218 K,Cr,0, (GR Ui 105 easnis
oe w12 99104 ) 49.04 n3u hhndu udaiifuasazais 1 das Tu
Volumetric flask
2.2 Conc. Sulfuric acid 19nsa H,80, ( GR ) Aifaamududulaidndt 98 % drduluded
fanolad (1) aguniin Ag,50, aslallunsadast 15 nfu densa B,50, 1 Aas
2.3 Redox indicator 19 Barium diphenylamine sulfonate ( BDS ) 0.15 % 3o Ingazane
BDS 0.16 n3u Wurindu 100 ml, viee1eld Diphenylamine 0.42 % 3o lneagaiy
Diphenylamine 0.5 131 Tun1n§1 20 ml. 11ag Conc.H,SO, 100 ml.
2.4 Ferrous Ammonium S ulfate ( FAS ) solution, 0.5 N 02a18 Fe(NH,),(SO,), 6H,O (GR )
196.1 ﬂ%’ﬂ“luﬁmé’;'u 800 191. Hsdi Conc. (NH,)(S0,), 8¢ 20 w0, wdavhldifluens
azane 1 8as Aaeinduly Volumetric flask fumsazasluvadtie (1ie
fuuas ) uazezdesilngn ooty
2.5 Conc. Phosphoric acid ( H,PO, ) 85 %
2.6 Sodium fluoride ( NaF ) #11AnS
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ary

3. 38015

3.1 FeduBruauazruazunssTouTm 0.2-0.5 1. Min 0.5-2.0 nda ldlu Erlenmeyer
flask Y410 250 1D (AN Standard 1.0 N K,Cr,0, 811l 10.0 wa. Taeld pipet nde flask
nnq e lAuuaz s azmeruiu udafy Conc. 1,50, 84 20 un. Tnswenenudns
Wedulacledlunsalinue sdrliidiafumasimeegadns flask unds flask dou
drauss dszana 1nft udadeie Plszana 30 1t viesunsyisdunnsmyazaned
waufiueg (Mixture ) Hunavihgumgiivies

3.2 ninduaslyl 100 ua. u§ai@y Con. H,PO, 10 49, (ung NaF 0.2 nfu Tunsdlnld
diphenylamine (51U redox indicator #3092 1119714 ) ud259ven indicator ae'lal 2-3
Y9 13 fask SuveIWENL ( Mixture ) WAAUA Fv89 mixture sziufiiaethuicy
nIoduuAg

3.3 Titrate mixture A28 FAS 0.5 N soiution 91 Buret §4/84 mixture 9zfiudiraud 'l
Gov unszieng end point U949 mixture senlAoudhudihcy fiDe7 vien FAS fiag
NBAIUDN end point HUBY mixture wnlaeuiudidesa (Briuiant green )

34170114 end point figndles i Standard 1.0 NK,Cr,0, asl1/8n 0.5 wa. il 175
Dicromate &8 solution §n Hv84 mixture wuffoushifiahuihiunsesaun
snate uﬁ"’;ﬁmq Titrate #i8 1AENEA FAS 0.5 N solution 8¢ 11/fiazvien 1uds endpoint
Snatamils

3.5 Svnawuh Audedlafl dichromate maeagluasazats ( Aoy Titrate ) osun
fie floend12 ua. (ADULIAAY 1 N K,Cr,0, 10 UA. UALYN Organic carbon TuAu
reduced 111310091 8 wa. 145EH4 digestion ) 4 solution szEiuFTeareUAL Titrate
winslnseinid Tagldaulidesasniudy

3.6 %1 Blank #s lifidaetuAuniug ldefunsinziaethedumnyn

3.7 Roevhmstiuiind1uau wa. v8e FAS solution A141UMS Titrate 9409 Blank HaZY8<
fuded iiothien lildnnammiSine o.c de'ly

MIAUIN

% Organic matter (OM. ) = 10.5 x B-S x 0.67
B G
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tile 10.5 = 10, Y84 Standard K,Cr,0, 7191 Blank uasfudiedrefu

B = 10 489 FAS solution i 19 Titrate A1) Blank

S =1, Y04 FAS solution 119 Titrate fudetifu

G =wua. w.u Auduniy
Facter 0.67 A1473041910 ( 1.ON. ) x 12 x 1.724 x 100

4,000 0.77

iii® 1.0 N. = Normality 484 Standard K,Cr,0, ( &1 Normality 484 Standard KCr,0,
uana1e11/91n 1.0 N. gasynSunuAIE Normality 489 Standard K,Cr,0,

12 =meqweight 494 Carbon
4,000
ANTOINE
1. 191N Conc.H,PO, A2 NaF fitoeilifumsuifeum)osdues Redox indicator
a8 End point 1a¥A1au
2. Susien Standard K,Cr,0, solution A3302310) normality Y84 Standard K,Cr,0, 8199%
Taiidu LON. 1549 Tunsdiguiisndiudoanien Sandard 10N, K,Cr,0, fluniuou
Tavd K,Cr,0, 4.904 1 &28 Analytical balance udafiuilu 100 wa. ool lamsa
1 Fas 0.5 N. Solution &181 Fas 0.5 N. Solution 1 Titrate U Standard K.Cr,0, #i
w3 BuATTIAZIINY Ud2A NN normality K.Cr,0, fiwSeuasiazuing 14
1.724=100 (OM.Tim15uBU 58 % )
58
0.77 = % recovery 499 OC luauTae3samii 77
% Organic Carbon ( OC. )

% OM,

1.724

% Organic matter ( OM. ) % 0C.X 1.724
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MANUIN Y

T X
gaiemmsoausuuniiisenishdasion

1. §A301MNS Azotobacter
gasemsude 1d Agar 15 ¢,
gasomsman 13ld Ager uazYeast
111 Dilution plate count 13i1d Yeast
Sucross 20 g.
K,HPO, 005 g
KH,PO, 015 g
CaCl,2H,0 002 g
MgS0,.7H,0 02 g
Na,MoO,2H,0 0002 g.
FeCL,.6H,0 001 g
Yeast extract 02 &g
Bromthy-mol blue 2 ml.
Water 1,600 ml
pH 6.8
2. Q50 I1NY Beljerinckia
gasomsude 1d Agar 15 ¢,

gasemsmad Wild Ager wngYeast

11 Dilution plate count Naild Yeast
Glucose 20 g.
KH,PO, 1 &
MgS0,.7H,0 05 g
FeCl,.6H,0 001 g
Na,Mo0,.2H,0 002 g
Yeast extract 005 g
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Water 1,000 ml
pH 5
3. QAI9IN3 Azospirillum

gaseviaude Id Agar 15 ¢,
gasemsmad Lild Agar uag Yeast

11 Dilution plate count 13ilef Yeast extract

Malic acid 5 g.
K,HPO, 01 g
KH,PO, 04 g
MgSO0,.7TH,0 02 g
NaCl 01 g
CaCl,.2H,0 002 g
FeCl,.6H,0 00l g
Na,Mo0,.2H,0 0.002 g
KOH 4 g
Yeast extract 0.2 g.
Bromthy-mol blue 2 ml.
Weter 1,000 ml.
pH 6.8
4. §AT0IHNI Acetobacter
gasomsudie 1d Agar 15 ¢,
gasemsmad 1ild Agar,Yeast uag 1y N
¥ Dilution plate count 13i1et Yeast extract
Sucross 100 g.
K,HPO, 0.2 g
KH,PO, 06 g
MgSO0,.7H,0 02 g
CaCl,2H,0 002 g
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Na,Mo0O,.2H,0 0.002 g
FeCl,.6H,0 001 g
Yeast extract 005 g
Bromthy-mol blue 0.5 ml. Solutionin 0.2 N.KOHS5 ml.
Water 1,000 mi
pH 6.8
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MARUIN A

WanInAaes
1. AUaNUANINNIENTW
1.1 gungil
a1t 23 gungiineuntsnanes
gangll ( a%1) W20 (DesuLTYn )
1 32.5
2 32
3 32
4 315
5 32
Mean 32
a1l 24 gunglivdsntimanes
N : o
gangll (A39) M2 ( DIR I )
1 32
2 325
3 315
4 32
5 32
Mean 32
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1.2 mmé'u

4 P
AN 25 ANUFUADUNIINADSY

A (A1) niqe (lofirud)
1 2.76
2 2.38
3 2.65
4 2.45
5 2.41
Mean 2.53

13 pH

< ' v
AT NN 26 pH NBUNITNAADNIASHAINITNATDY

pH ( a¥a ) ABUMINARDY NANTINANDY
1 6.50 6.60
2 6.72 6.80
3 6.60 6.74
4 6.80 6.50
5 6.77 6.76

NIANUIN/ 82
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2. fauautianiaal

v o
A157197 27 Wsuna tu Tasiourianun founisnanes

flevinninaznau ( a%q ) Total xiitrogen (gN./pot.)
1 109.6
2 112.0
3 1104
4 108.0
5 108.8
6 1104
7 108.0
8 108.8
9 109.6
10 112.0
1 110.4
12 109.6
13 112.0
14 1104
15 112.0
16 111.2
17 1122
18 111.2
Mean 110.31
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[} Fd
a1519% 28 USuudeadefanivua feunsnaany

fleviinminazneu ade ) Total phosphorus ( g.P./pot. )
1 1184
2 118.4
3 116.8
4 1184
5 120.8
6 120.0
7 117.6
8 116.8
9 118.4
10 118.4
11 1152
12 116.8
13 1152
14 117.6
15 119.2
16 116.8
17 1192
18 119.2
Mean 117.96

NMANUIN/ 84
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[ 4
131971 29 S ua Inuneafsunarua AOUNTNADDY

floniinmnazneu ( ade ) Total Potassium ( g.K./pot. )
1 84.8
2 84.0
3 88.0
4 84.8
5 87.2
6 84.8
7 89.6
8 872
9 86.4
10 84.0
11 84.8
12 88.0
13 85.6
14 88.8
15 84.8
16 89.6
17 872
18 88.0
Mean 86.53
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A a a Y '
3N 30 USunuduniding foumsmanes

flevinnmnaznou ( adq ) Organic matter ( g.0.M./pot.)
1 2969.6
2 30728
3 3208.0
4 3708.0
5 32776
6 3213.6
7 3616.8
8 3305.6
9 3129.6
10 3072.0
11 3625.6
12 3079.2
13 31432
14 3609.6
15 3391.2
16 2969.6
17 3065.6
18 31936
Mean 3258.37

NANUIN/ 86
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M15197 31 USU% C/N ratio ABUNMINARDY

{lonnmnnzneu (afe) C/N ratio

1 11.34
2 11.09
3 11.25
4 11.50
5 1142
6 11.25
7 11.50
8 11.42
9 1134
10 11.09
11 11.25
12 11.34
13 11.09
14 1125
15 11.09
16 11.17
17 11.17
18 11.17

Mean 11.26
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HMNANUIN 3

adalumsimazvideya

Ansrzvidoya Taoldiimsziauualsalsau ( Analysis of Variance; ANOVA ) nagouny
] oS =] ¥ [

uanaveuaiGeaselulasnuudazileds

Inserlulnsou

1517 32 wansAnszAneana lasnSeuisuySuna lu Tasinulungunaaes

sv DF SS MS F
TREATMENT 5 214.0800000 42.8160000 16%*
(M
ERROR 12 30.7200000 2.5600000
TOTAL 17 244.8000000
cv=14%
*¥ = significant at 1 % level
TREATMENT RANKS MEANS
Control 6 111.200d
Azotobacter 2 117.333 b
Beijerinckia 1 122.133 a
Azospirillum 3 115.200 be
Acetobacter 4 114.133 cd
Mixed 5 113.600 cd
MEAN 115.600

Means followed by a common letter are not significantly different at the 5 % level by DMRT.
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Jinzvideyalaeis LsD.
P a o aa P o 3 v
mufl 33 wamsnszineeda lnenSsudeudSua lulaswudounvenssazndems

naas .
sV DF S§ MS F
TREATMENT 6 286.0391143 47.6731857 21.73%
(D
ERROR 14 30.7200000 2.1942857
TOTAL 20 316.7591143
cv=13%

** = significant at 1 % level

TREATMENT MEANS DIFFERENCE

T1 (CONTROL 1) 110.310 -

T2 ( CONTROL 2) 111.200 0.890 ns
T3 AZOTOBACTER 117.333 7.023 **
T4 BEIJERINCKIA 122.133 11.823 **
T5 AZOSPIRILLUM 115.200 4.890 **
T6 ACETOBACTER 114.133 3.823 **

T7 MIXED 113.600 3.290 *
MEAN 114.844

** = significant at 1 % level

* = significant at 5 % level

ns = not significant
Comparison S.ED. LSD (5%) LSD( 1%)
2-T means 1.209 2.594 3.600
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Jinsevivieavleda
a = = o Q r
a13197 34 namTIRTIEIeaa InenSeufisulSunareareialungunaaes

sV DF SS MS F
TREATMENT 5 3.67333333 0.73466667 <i
(T
ERROR 12 31.70666667 2.64222222
TOTAL 17 35.38000000
cv=14%
TREATMENT RANKS MEANS
Control 5 118.133a
Azotobacter 2 118933 a
Beijerinckia 1 1192002
Azospirillum 6 117.867 a
Acetobacter 4 118.600 a
Mixed 3 118.667 a
MEAN 118.567

Means followed by a common letter are not significantly different at the 5 % level by DMRT.
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Jnseridoyalasds LsD.

a1519N 35 wamsARsEveaan laenSeudsullsuadeadeSadeumsnanoauasvaens

nanay
sV DF SS MS F
TREATMENT 6 4.67916190 0.77986032 <1
()
ERROR 14 31.57333333 2.25523810
TOTAL 20 36.25249524
cv=13%

TREATMENT MEANS DIFFERENCE
T1 (CONTROL 1) 117.960 -
T2 (CONTROL 2) 118.133 0.173 ns
T3 AZOTOBACTER 118.933 0.973 ns
T4 BEIJERINCKIA 119.200 1.240 ns
T5 AZOSPIRILLUM 117.867 -0.093 ns
T6 ACETOBACTER 118.667 0.707 ns
T7MIXED 118.667 0.707 ns
MEAN 118.490

ns = not significant
Comparison S.E.D. LSD (5%) LSD(1%)
2-T means 1.226 2.630 3.650
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=Y =
szl Ben

A oy ooy =) 4
A13199 36 Mans IR Eimeaaa nenSeudonfSuu nmaBen lungunaass

sV DF Ss MS F
TREATMENT 5 2.3111111 0.4622222 <1
(T
ERROR 12 100.2666667 8.3555556
TOTAL 17 102.5777778
cv=33%
TREATMENT RANKS MEANS
Control 2 86.667 a
Azotobacter 3 86.400 a
Beijerinckia 1 87.467 a
Azospirillum 2 86.667 a
Acetobacter 4 86.400 a
Mixed 2 86.667 a
MEAN 86.711

Means followed by a common letter are not significantly different at the 5 % level by DMRT.
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Jnsevidoyalaeit LsD.

o =) d oo =1 =) a ) @
AT NN 37 Nﬁﬂ'li'uﬂi'lz?m'lﬁﬁﬂﬁTﬂEJL']Eﬂ‘lJWIEJ‘]J1|51|"IilﬂwLl‘YIfTL“I!EJSJﬂBNﬂ'\TVIﬂﬁiNLmz‘ﬁﬁﬁﬂﬁ

nA[DY
SV DF SS MS F
TREATMENT | 6 2.3954571 0.3992429 <1
(T)
ERROR 14 100.2666667 7.1619048
TOTAL 20 102.6621238
cv=31%

TREATMENT MEANS DIFFERENCE

T1 (CONTROL 1) 86.530 -
T2 (CONTROL 2) 86.667 0.137 ns
T3 AZOTOBACTER 86.400 -0.130 ns
T4 BEIJERINCKIA 87.467 0.937 ns
T5 AZOSPIRILLUM 86.667 0.137 ns
T6 ACETOBACTER 86.400 -0.130 ns
T7MIXED 86.667 0.137 ns

MEAN 86.685

ns = not significant
Comparison S.E.D. LSD (5%) LSD(1%)
2-T 2.185 4.687 6.504
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Iinnzviouniding
sl 38 HanTslnsieada TasnFeuien SuBunidiag lungunaass
SV DF sS MS F
TREATMENT 5 89160.2844 17832.0569 1.07 ns
(T
ERROR 12 199175,2533 16597.9378
TOTAL 17 288335.5378
v=44%
ns = not significant
TREATMENT RANKS MEANS
Control 1 3056.80 a
Azotobacter 2 2985.07a
Beijerinckia 6 2834.67 a
Azospirillum 4 2910.67 a
Acetobacter 5 2893.87a
Mixed 3 2942.67 a
MEAN 293729

Means followed by a common letter are not significantty different at the 5 % level by DMRT.
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Anszvidoyalaeds LSD.

AT 30 mamsnzvmeaea lneaeufenSinuduniiiagroumsnansuazndims

nAaaeN
sV DF SS MS F
TREATMENT 6 354256.7756 59042.7959 4.15*
(T
ERROR 14 199175.2533 14226.8038
TOTAL 20 553432.0290
cv=4.0%

* = significant at 5 % level

TREATMENT MEANS DIFFERENCE
T1 ( CONTROL 1) 3258.37 .
T2 (CONTROL 2) 3056.80 -201.57 ns
T3 AZOTOBACTER 2985.07 -273.30 *
T4 BEIJERINCKIA 2834.67 -423.70 **
TS5 AZOSPIRILLUM 2910.67 -347.70 **
T6 ACETOBACTER 2893.87 -364.50 **
T7 MIXED 2942.67 -315.70 **
MEAN 2983.16

** = significant at 1 % level

* = significant at 5 % level

ns = not significant
Comparison S.E.D. LSD ( 5%) LSD(1%)
2-T means 97.39 208.89 289.90
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S1n5129 C/N ratio

A157971 40 NaMT AT NEHA InenSoufieuniSuin C/N ratiolungunanes

sV DF Ss MS F
TREATMENT 5 7.12313333 1.42462667 25.54 **
(T
ERROR 12 0.66946667 0.05578889
TOTAL 17 7.79260000
cv=24%

** = sipnificant at 1 % level

TREATMENT RANKS MEANS
Control 1 11.003 a
Azotobacter 5 9.307c
Beijerinckia 6 9.040c
Azospirillum 4 9933 b
Acetobacter 3 10.057b
Mixed 2 10.100b
MEAN

Means followed by a common letter are not significantly different at the 5 % level by DMRT.
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Jinzvdoyalaeds LSD.
a a ¢ aa a a . v Y
asudl 41 wanmsinneyinuadn lasafeudfioutlSuim CN ratio AeumMInAnBIOZNAINS

naA[y
sV DF SS MS F
TREATMENT 6 11.83273333 1.97212222 4124 **
(D
ERROR 14 0.66946667 0.04781905
TOTAL 20 12.50220000
cv=22%

** = significant at 1 % level

TREATMENT MEANS DIFFERENCE
T1 ( CONTROL 1) 11.260 -
T2 (CONTROL 2) 11.003 -0.257 ns
T3 AZOTOBACTER 9.307 -1.953 **
T4 BEIJERINCKIA 9.040 <2.220 **
T5 AZOSPIRILLUM 9.933 -1.327 **
T6 ACETOBACTER 10.057 -1.203 **
T7MIXED 10.100 -1.160 **
MEAN 10.100

** = significant at 1 % level

ns = not significant
Comparison S.E.D. LSD(5%) LSD(1%)
2-T means 0.179 0.383 0.531



51 leosay

&

%0

U & o4 &

Tu wou thna
a

ao1unna

1ls23AmsAnmn

=
=]
2.

sz5adi5e/ 98

W g5 1sesia

27 AUATRUS 2516

SuNeYjIe JMIAUATATIIINIY
ﬂszmﬂﬁﬂﬁ'ﬂﬁm%w%”'uqa @)
nendeilszusasvaAngaTuud
N.f. 2532-2536

Innmaastiyng (m.il.)
ALUT AR IUNTINBY

N8, 2536-2538
MEnaasunINga (M)

s waTuTaBnsneusudaandey
Wewansuun wminedouiion
N.A. 2540-2544

39/274 wyjthuegainem] woes ous3and
auU guIAIa 1 sy Tegy

AFINANUYIUAT 10230



o a o s = Y v 4 o
Tadining1ds uniinodouiiaa mumaluladnmenuruiunadoufioRanisuumn) /99

SUMMARY
Study on Efficiency of Nitrogen Fixation By Bacteria In Composted Filter Sludge
From Sugar Mill.

This study was the experimental research by using 4 kmds of Bacteria which had
ability in fixing Nitrogen viz Azotobacter venilandii, Beijerinckia indica, Azospirillum brasilense,
Acetobacter diazotrophicus. 1 had studied the efficiency of Nitrogen fixation by Bacteria in the
composted filter studge from the sugar mill.

1. Objectives

1.1 To Study the efficiency of Nitrogen fixation by each kind of Bacteria in the
composted filter sludge of the sugar mill ‘

1.2 To study the increase of the quantity and surviving ability of each kind of
Nitrogen-fixing Bacteria after it was fermented with the composted filter sludge of the sugar mill

1.3 To increase the value of the composted filter sludge of the sugar mill by making
the composted filter sludge as the carrier of Bacteria which could fix Nitrogen

2 Method of study

As for the treatments, I had fermented 4 kinds 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 planned the treatments as Completely.

Randomized Design (CRD) by dividing the treatments into 6 treatments 3 Repetitions
as fallows;

Treatment 1. Control Composted Filter Sludge

Treatment 2. 4zotobacter venilandii+Composted Filter Sludge
Treatment 3. Beijerinckia indica+Composted Filter Sludge
Treatment 4. Azospirillum brasilense+Composted Filter Sludge
Treatment 5. Acetobacter diazotrophicus+Composted Filter Sludge
Treatment 6. Mixed Mied among 4 kinds of Bacteria
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This treatment would be 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 with the composted filter sludge

Part 2 : To find the total average humidity of the composted filter sludge from the
sugar mill by spreading the composted filter sludge on the floor so that the humidity of the
composted filter sludge which would be used in the treatment equally had average humidity. The
average humidity of the composted filter sludge was 2.53%. After that, 5,130 grams of composted
filter sludge would be put in each plastic bin. There were 6 treatments 3 repetitions. The
treatments were done as follows; 4 kinds of Bacteria, viz Azotobacter venilandii, Beijerinckia
indica, Azospirillum brasilense, Acetobacter diazotrophicus, Mixed and Comtrol which derived
from raising in the liquid medium or liquid Bacteria would be brought to calculate to find the
beginning Bacteria quantity. This could be done by measuring the optical density of 4 kinds of
liquid Bacteria, comparing with the graph showing the growth of each kind of Nitrogen-fixing-
Bacteria, and calculating to find the beginning Bacteria quantity which would be used in the
treatments. The growing rate of each kind of liquid Bacteria was not equal. There fore, it was
necessary to find the value of the beginning Bacteria quantity of each kind of Bacteria so that the
Bacteria quantity used in the treatments would equally have the beginning rate. As for the
treatments 4 kinds of liquid Bacteria would be fermented 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
Azotobacter venilandii was 0.726 . There were 1,560 ml. Of 4zotobacter venilandii, 1,310 ml. Of
water, and 5,130 grams of the composted filter sludge put in the bin. OD of Beijerinckia indica
was 0.845. There were 1,746 ml. Of the Bacteria, 1,124 ml. Of water, and 5,130 grams of the
composted filter sludge put in the bin. OD of Azospirillum brasilens, was 0.712. There were 1,403
ml. Of this Bacteria, 1,467 ml. Of water and 5,130 grams of the composted filter sludge put in the
bin. OD of Acetobacter diazotrophicus was 0.721. There were 1,718 ml. of this Bacteria 1,152 ml.
of water, and 5,130 grams of the composted filter 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 Azofobacter
venilandii, 436.5 ml. of Beijerinckia indica, 350.75 ml. of Azospirillum 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
bin.

The example of the composted filter sludge which was fermented with the Nitrogen-
fixing-Bacteria would be kept when the treatment of 1,6,13,20,27,34,41,48,55,62,69 and 76 days
was done until the Bacteria quantity decreased.

The example of the composted filter sludge which was fermented with the Nitrogen-
fixing-Bacteria was brought to anulyse to find various properties which could be divided into 3
cutegorie as follows; Physical properties were temperature and humidity. Chemical properties
were Nitrogen, Phosphorus, Potassium, Organic matter, C/N ratio,and pH. And Biological
properties were Dilution plate count, Most Probable Number and Acetylene Reduction Activity
( ARA). After various properties, of the composted filter sludge were analysed, the results of the
analysis, viz temperature humidity, Nitrogen, Phosphorus, Potassium, Organic matter, C/N ratio
and pH. Would be brought to compure the difference before the treatment and after the treatment.
After that the study of the growing rate of each Nitrogen-fixing-Bacteria was conducted Then the
study of the rate of Nitrogen fixation by Bacteria from the beginning to the end of the treatment
was conducted in order to bring the results to consider the efficiency of Nitrogen fixation by
Bacteria in the composted filter sludge from the sugar mill and to khow the suitable time for using
the composted filter sludge in the farm in the future

3 Summary of treatment results

3.1 Physical

3.1.1 Temperature.Before the treatment and after the treatment, the average
temperature was 32 °C which did not effect the growing rate of the Nitrogen-fixing-Bacteria in the
composted filter sludge.

3.1.2 Humidity. During the treatment, the humidity must be controlled to be
60%

3.1.3 pH. The result of analysis before the treatment and after the treatment
found that pH was between 6.5-6.8
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3.2 Chemical properties

3.2.1 The study to compare the quantity of total Nitrogen in the composted filter
sludge before the treatment and after the treatment was conducted. The results of analysing total
Nitrogen after the treatment found that various things of the treatment had difference at the
statistic significance. The compésted filter studge+Beijerinckia extremely had Nitrogen quantity.
Second were the composted filter sludge+d4zotobacter, the composted filter sludge+A4zospirillum,
the composted filter sludgetAcetobacter, the composted filter sludge+Mixed, and Control
respectively. The comparison of the Nitrogen-fixing-Bacteria was done by finding the value of
total Nitrogen in the composted filter sludge before the treatment and after the treatment. The
result of statistic analysis found that Beijerinckia, Azotobacter, Azospirillum, Acetobacter had
difference at the statistic significance. And Mixed ( Mixed of 4 kinds of Bacteria ) had difference
at the statistic significance. And Control had no difference at the statistic significance.

3.2.2 The study to compare the quantity of total Phosphorus in the composted
filter sludge before the treatment and after the treatment was conducted. The results of analysing
total phosphorus after the treatment found that various things of the treatment, viz Control of the
composted filter sludge the composted filter sludge+dzofobacter, the composted filter
sludge+Beijerinckia, the composted filter sludge+dzospirillum, the composted filter
sludge+Acetobacter, and Mixed of the composted filter sludge+4 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 total Phosphorus in the composted filter sludge before the treatment
and after the treatment. The result of statistic analysis found that Azotobacter, Beijerinckia,
Azospirillum, Acetobacter, Mixed ( Mixed of 4 kinds of Bacteria ) and Control had no difference
at tﬁe statistic significance.

32.3 The study to compare the quantity of total Potassium in the composted
filter sludge. Before the treatment and after the treatment was conducted. The results of analysing
total Potassium after the treatment found that various things of the treatment, viz Control of the
composted filter sludge, the composted filter sludge+Azotobacter, the composted filter
sludge+tBeijerinckia, the composted filter sludgetdzospirillum, the composted filter
sludge+Acetobacter and Mixed of the composted filter sludge+4 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 total Potassim in the composted filter sludge before the treatment and
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after the treatment. The result of statistic amalysis found that Azotobacter, Beijerinckia,
Azospirillum, Acetobacter, Mixed ( Mixed of 4 kinds of Bacteria ) and Control had no difference
at the statistic significance.

3.2.4 The study to compare the quantity of the organic matter in the composted
filter sludge before the treatment and after the treatment was conducted. The The result§ of
analysing the organic matter after the treatment found that various thinhs of the treatment viz
Control of the composted filter , sludge the composted filter sludge+ 4zotobacter, The composted
filter sludge -+Beijerinckia the composted fiter sludge +Azospirillum, the composted filter
sludget+Acetobacter and Mixed of the composted filter sludge+four kinds of Bacteria had no
difference at the statistic significance. And the comparison of Nitrogen-fixing Bacteria was do ne
by finding the value of the organic matter in the composted filtter sludge before the treatment,
and after the treatment. The result of statistic,analysis found that Beijerinckia,
Azospirillum,dcetobacter, Mixed ( Mixed of kind of Bacteria ) had difference at the statistic
significance. The result of analysis'found that Azofobacter had diﬂ'eréme aat the statistic
significence. And Control had no difference at the statistic significience.

325 The study to compare the quantity of C/N ratio in the composted, filter
sludge before the treatment and after the treatment was conducted. The result of analysing
C/N ratio after the Treatment found that Ovarious things of the treatment VIZ Control of the
composted filter sludge , the composted filter sludgetdzotobacter, the composted filter
sludge+Beijerinckia, the composted filter sludge + Azospirillum, the composted filter sludge
+Acetobacter, and Mixed of the compostd filter sludge+4 kinds of Bacteria had difference at the
statistic significance. And the coparison of the Nitrigen-fixing Bacteria was done by finding the
value of C/N ratio in the composted filter sludge before the treatment and aftr the treatment. Yhe
result of statistic analysis found that Beijerinckia ,Azotobacter,Azospirillum, Acetobacter Mixed
(mixed Of 4 kinds of bacteria) had difference at the statistic significance. And Control had no
differnce at the statistic significance.

3.3 Biological properties

3.3.1 The study of growth of the Nitrogen-fixing Bacteria in the composted
filter sludge was conducted. The result of analysis found that Beijerinckia indica had best-
growing-ability during the first 41 days of the treatment.The growing rate of this Bacteria was
approx 4,37x10° CFU/ g This Bacteria could be kept for 60 days.4zotobacter venilandii culd well
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grow during the first 27 days of the treatment. The growing rate Bacteria was approx 3.31 x10°
CFU/g . This Bacteria could be kept for 4 1 days. Azospirillum brasilense could well grow during
the first 27 days of the treatment. The growing rate of this Bacteria was approx 1.58 x10° CFU/g.
This Bacteria could be keI;t for 41 days.And Acetobacter diazotrophicus least grew. This Bacteria
could well grow during the first 20 days of the treatment. The growing rate of this Bacteria was
approx 1.38 x10° CFU/g. This Bacteria could be kept for 27 days. And after the study of the
growth of the Nitrogen-fixing Bacteria in'the bin of Mixed of 4 kinds of Bacteria was conducted,
the resuls of analysis found that Beijerinckia indica had best-growing and surviring ability. This
Bacteria could well grow during the first 41 days of the treatment. The growing rate of this
Bacteria was approx 6.03 x10’ CFUlg. Azotobacter venilandii could well grow during the first 27
days of the treatment. The growing rate of this Bacteria was approx 3.24 x10' CFU/g.
Azospirillum brasilense could well grow in the first 21 days of the treatment. The growing rate of
this Bacteria was approx 3.39 x10° CFU/g. And Acefobacter diazotrophicus could least grow. It
could well grow in the first 20 days of the treatment. The growing rate of this Bacteria was
approx 1.91 x10° CFU/g.

3.3.2 The study of Nitrogen fixation by Bacteria in the composted filter sludge
was conducted. The results of analysis found that Beijerinckia indica had the highest rate of
Nitrogen fixation. The Ntrogen-fixation-rate was in the first 41 days of the treatment. It could fix
Nitrogen by 51.33 p mole/g./hr. Azotobacter venilandii had the Nitrogen-fixing-rate during the
first 27 days of the treatment. It could fix Nitrogen by 44.64 pmole/g./hr. Azospirillum brasilense
had the Nitrogen-fixing-rate during the first 21 days of the treatment. It could Nitrogen by
33.71 pmole/g./hr. Mixed had the Nitrogen-fixing-rate during the first 34 days of the treatment. It
could fix Nitrogen by 32.12 p mole/g./hr. And Acetobacter diazotrophicus could least fix
Nitrogen. The Nitrogen-fixing-rate was in the first 20 days of the treatment. It could fix Nitrogen
by 27.12 pmole/g./hr.

4. Recominendations

After studying the efficiency of Nitrogen fixation by Bacteria in the composted filter

sludge from the sugar mill, the researcher had the following recommendations,



L Qo o = A = ‘ 3 i
liudiningas wniinedouiiaa mau.aTuladmanusniuadewionannsuun) /10

4.1 Before doing the treatment every time, people had to pile, mix, and dry the
composted filter sludge in the shade in order to have the quantity of humidity in the same level.

4.2 While fermenting the Nitrogen-fixing-Bacteria with the composted filter sludge
from the sugar mill, people had to control the humidity to be in the suitable level between 60-65
% by closing the lid of the plastic bin in order to prevent the humudity from evaporation. And
people had to fill the water at all times when the humidity decreased

4.3 People should thoroughly ferment the Nitrogen-fixing-Bacteria with the
composted filter sludge. During the treatment, people should break up the composted filter studge
at all times in order to prevent the Bacteria from clustering in the same place and to help in
increase the gap between the soil, which would help control the humidity in the bin to be in the
suitable level

44 The summary of this research enabled us to know that it was possible from
people to use the composted filter sludge from the sugar mill as the carrier from the growth of
Nitrogen-fixing-Bacteria. And it made us know the efficiency of Nitrogen fixation by each kind 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
future .





