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4036823 ENTM/M : MAJOR: TECHNOLOGY OF ENVIRONMENTAL
MANNAGEMENT
M.Sc. (TECHNOLGY OF ENVIRONMENTAL
MANAGEMENT )
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PHUWARUG SOMCHIT : APPLICATION OF ACTIVATED SLUDGE
AND RHIZOBIUM TO IMPROVE SOIL MEDIUM FOR ACACIA MANGIUM
WILD SEEDLING. THESIS ADVISOR: AURAPIN EAMSIRI,Ph.D, ADCHARA
NANTAKIT,Ph.D, .REVADEE ROJCHANAKANAN,M.Sc..87p. ISBN 974-04-
0768-4

The purpose of this work is to study applying activated sludge derived from
wastewater treatment plant and incorporating it with Rhizobium strain to adjust the soil
fertility for Acacia mangium planting. The study also examined the relationship
between using different ratios of activated sludge and Rhizobium strains that are
screened for enhancing the growth of two types of Acacia mangium. from Songkhla
and Nakhonratchasima.

A randomized complete block design was used in this experiment consisting
of eleven treatments, four replications and noninoculated without nitrogen as the
control. The measurements were commonly observed, that of height, diameter at root
corla, biomass and nitrogen fixation rate, as well as percentage of nitrogen content in
the shoot. Besides those measurements the effectiveness of nodulation was also
determined by means of Enzyme-Linked Immunosorbent Assay. Then all the
recorded data were statistically processed using Duncan s Multiple Range Test

(DMRT)

The results indicated that Acacia mangium of Songkhla type responsed to
activated sludge better than Nakhonratchasima type giving yield of biomass (88.0%)
close to obtaining from Osmocoat usage. The best ratio of soil and sludge is of 1:2. in
which application of Rhizobium is unnessary duing to Rhizobium nodulation is low.
However, Rhizobium nodulation efficiency is appeared to be high in
Nakhonratchasima type. Among the Rhizobium strains used in this experiment it
appeared that Rhizobium strains DASA 35076 and DASA 35080 dominated the
enhancement on Acacia mangium growth. Furthermore, the Rhizobium strain DASA
35080 showed more effectiveness in nodulation than another. Therefore, it should be
recommended that DASA4 35080 be used for Acacia mangium planting. In addition,
experimental results have also showed that in cases of incorporated sludge and
Rhizobium the ratio of sludge used should not be higher than 50% as the growth of|
Acacia mangium is decreased when the applied sludge is increased. This might be due
to the presence of heavy metals, which are toxic, in sludge inhibited Rhizobium
nodulation.

It can be concluded that activated sludge from domestic wastewater treatment
plants is useful to improve soil enhancement for Acacia mangium growth. In
addition, Acacia mangium of the Songkhla type is better than the Nakhonratchasima

type for planting
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aq Y 3 dwﬂ :’ < o o a
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aaa9
23.1 ANHAUSVININAZNOU

1 ¥
maaznouLeARnAmA  WumnasneuifaninvuaunsiiiaiuieTagismedanm
a R 1 4 ] o_ @ : {
TavldqAunidewdosamonuyldoInA (Aerobic  Method ) guduszuuidainfenld
4w 9 yA A o v oAy 1_aad a a
wisesnsn  udldiuflumsidaiudedesnnisoua(l7)  MNAzNBULBAALNIAIAAY
ar o 3 A d o & 1 ¥
Fownzmanazmiiou Inauiiagwaullennlfudsezidludoundisdi &1 Adams (18) Na1IN
mnaznouLeARnAme  HunguuesnznouwindelTindn doINIsoandnu
. . . L v{l e S da @
(Aerobic Microorganism) @aaau lviitlunanuuniisy wentiunii 115 Tad (Protozoa) a2
15ftWes (Rotifers)
smsulunsanudnsaemaniivesninaznouldifimsfnumninelduaiiuan
1 o ] i é 3 \
efuamnainvesmanzneudeasBlumsdi 2-1 nd1ifie Anderson (19) 1d1dde
FunalumnazneunenrnamalitTinavesluTnsnuuazeareia (,0) aguInuAl
=) by a1 Y ° d’l = o 3 d’
Tnunaseulusnafideudied uennniimnagneunendnanedlinuiiunsaunvidl
oa19nMsle Feric Chloride (FeCly) ilumsiildanaznou luvash  Menzies uaz
Chaney (20) na1IagUN mnazneuuenanamadiy ngjeziivasaululnsnumanlszing
ouas 6.2 oz Sommers 21) A hlumnasnouusanamall nasmviearesadouas
1.2-3 .
Yoshida (22) 183 zvimnazneuteafnmaninlssaunanomsdiuam 26 Tseu
F 4
Wil Tasoumuadseinadovas 3.84-11.41 Woaeindovaz 1.7-862 Tnuamien

Zouns 0.06-2.01 #1911 Yoshida and Yoneyama (23) 1833 1zvimnazneuninTsenusne q Tu
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Tudinineds yniinondsuviaa n.u.anaTuTadmsuSmsdaaadon) /9

1 14 L8
(103 Hanamuro Yszmadiiju wuhiitSinamiveuninualaamfedosas 17.0 - 40.2 UTinm
14
Tulaseunisnuadosas 2.83 - 6.48 uaziif1 C/N Ratio (MY 5.21 —9.01
d w T o [ o '
Sommers et al. (24) IANUAIDENNMNAZNOULOARIAAATINUKAIAN 9 TUFNITENIN
o a '3 ] T o
11974 - 1975 WIIMTAATIENDIOIMITAN 9 NUT MARznouUNEAAAMALsENBUAIY
o [ 3 (SR a ad a2 1A 3 [
afueuderar 50 drwulngjeglugldunidmsiivsunalulasnuimuniosns 126433
wazegluglves NH, N mnnirfesas 90 weaeiadvszanmiosas 1.1 -24 Tnuamioy
flszinadoras 03 — 06 Ysualulasudiulngezeylugifezdamlaesdundy1a
d 9 o 3 o T 1
uazluil 1977 Sommers (21) fildviimsdisiadn TaenudedunnnzneunnTseuag
° a 4 1 =y s
$1uau 150 Tseemuidwsizinud Hufualulaseu deavesa uasTnunmGeulndifios
[y = 3 e = ] 9 ' 1
fu Ao TuTasurisnualumnazaeuszlisnefilugaedoas 2 - 4 waenwyh lulasioudu
b4
Tngjezegluzilves NH, N dau NO,N sswundsnnihlfiuds eawesansvunssiiseg
] E
Tugaedovay 1.2-3.0 laehsevaz 10 — 30 veslSwameanesavinualumnaznaunn
. . . ' a ad @
321U Aerobic Digestion 98¢ IugdvesmsBunIdnoanosa
1 o a e .
d2u Epstein 25) l@imsinaziesilsznouveininnznenain 159914 Blue Plains
Wastewater Treatment Plant wu1 fitfSuamiveusevas 31 Tulnsoudevas 3.8 ieareda
Yovas 1.46 TnunmFendovas 0.19 unaidisudosay 139 uazuwemiladesas 0.41 dan1s9
A dyv 3 g = s
#i 2-1 uenvniidanudt esdtlszneumuniivesmanzneuduu)smuilssianves Tsanuune
Y ‘
SEmsddaiife dawlSinangemmananvesiiy Ao Tulasioy veaWedn uasTwuas

- d'd (-} tt as L
iwon Mlieglumnazneu ludeeualsduannin

1 ¥
M3197 2-1 saAlsznavveIMNATNEUINRININUNAIAN 9

fader FRIELGE Yoshida Yoshida and éommer etal Sommer Epstein
NNAZNDU (1976) Yoneyama (1978) (1976) Q977 (1978)
N (%) 3.84-11.41 2.83-6.48 1.26 -4.33 2.0-4.0 3.8

P (%) 1.70 - 8.62 - 1.10-240 | 1.2-30 | 146
K (%) 0.06 - 2.01 - 03-0.6 - 0.19
C (%) - 17.0-40.2 50.0 - 31.0
C/N Ratio - 5.21-9.01 - - -

f13n: Yoshida (23) , Yoshida and Yoneyama (24) , Sommer et al. (25) , Sommer (22), Epstein (26)



gr¥ny audas MINIIVABUBANT / 10

dmfuilszmainennmsdinnzvesnlssneuvsinnazneuuendannaain 1591y
nioeauslld wuidl pH 7.4 Tulnsiaufevas 3.64 WeaveSadosas 1.89 Tuldendenios
az 0.40 unaideudovas 3.00 uuniliFeusevas 040 Awzdu 0.37 ppm UNINIUE 10.80 ppm
NoIAd 112.2 ppm 8gliteun 7,782 ppm TN 490 ppm A3 400 ppm UAZULITEY 11 ppm
@1 uvaeh fid 22 mhlumaszneuteniinamaninTsamuniesruhldisunse
ansveudouas 82 wasalulasioudesas 3.25 wasauvleareiadosas 1.86  Wasw
Tnunaifeudonaz 040 wenni RN SR esRlsznouvesmnazneuInTsaaY
desgs wazrhdanumud fimeglugaeia 9 &l pu ferdovas 66 - 7.4 USwm
llnsoudovas 224 - 5.94 vealesadovas 034 - 1.89 TiluamFendovas 0.19 - 0.50
unaideudovay 0.175 — 3.00 uuniidvudovag 0.07 - 041  #1 C/N Ratio Sovag 4.4 - 7.0
arsueudonas 33.4 - 33.7 uazalSummnBu q Aamaedi 22 101(28) gale 29), AR (30)
nasfinesgemsnanffigAnumezriu1dinSna lulasiou weaese Tnunmdoy
10 3 Tsanudisr liumndrefunazeglunaatiennsaiandiduijsdunsd1a ndnfe da
N Ratio #1041 20 unedilsnasluTasourimuninndidesas 2 39 Inoko (31) diaue
uuanal3h ﬁ'ﬂymzmaﬁaqmﬁa‘la’i’ﬁﬁmﬂa’f'ﬁ‘luﬂaﬁum’s‘é’ﬁmﬁmﬁﬂszﬂauﬁaﬁﬁa a3
Sunidiiudosil e/N Ratio f1nd 20 uazmsﬁuw‘%’ifﬁy'{m’l’mﬁﬂ?mm‘luTmmu%muﬂmnﬂ'h
Yovay 2 Sasidruszrinsmaiueusas lulasiou (CN) vesmnaAsneuLBAALAAATE
WafonN15douAnY éamsU'auﬂawmmmnmnauuaﬂﬁnmmmz%‘uagjﬁuﬁuﬁ'ﬁmmﬁu
Aamdy qungil e ez Saniild (32) Fufu lunsAnnaadimaazneuninlssa
mariamnsavziunldlss lemimmsinuas Taeldidhuiledmsumamedgnld uddnn
aznouiudumaiiziviinaveslaneminegluffunafigendnnasgy udluns 390t
"lé’ﬁmmmznau1ﬂ1%’1uﬂ151w1zﬂgﬂ‘lﬂ'ﬁ131"hJ161’1'1]ssTsmﬁ“luﬁ’mwﬁ'muuazéu q @elif

b 4
msi lsudsemudadidu egaduo Tangminmariidh T dhefoz liidusuasola o
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i J i ¢
M519M 22 eerUsenouvesmnaznoutidean Tsanudhld , desuazgs

AuauiAveININAENOY Trenudhld Tsaanudies Tsa91ug
(@Y (@alay’ @nua)” (e’

pH 74 6.9 7.0 6.6

N (%) 3.64 224 4.70 5.94

P (%) 1.89 0.34 1.25 0.56

K (%) ' 0.40 0.19 0.50 0.50

Ca (%) 3.00 0.19 0.538 0.175

Mg (%) 0.41 0.07 - -

S (ppm) 0.37 - - -

Mn (ppm) | 10.80 210 - -

Cu (ppm) 112.2 75 - -

Al (ppm) 7782 - 1 -

Zn (ppm) 490 95 /| .

Pb (ppm) 400 N\ - .

Ba (ppm) 11 - - -

Fe (ppm) - 2000 - -

0.C. (%) ,, =5 9.9 / -

C/N ratio - 44 7 6

C (%) - . 334 33.7

i :1/ 1901 (28), 2qnale(29), 3gaua (30)
2.3.2 BnEwavesmnazneulenAnANARBATNTAVEIAY

1 a 4 ol a a o {
nsldmnaznounendnamafid pH WunasasAuezdld  pH vesAunlasuulas
fooun uds pH vesduoradounladldlne pH vesduenanassuilunaduiiownin
3 = d = =y J
msunu lelasoudosuntamezlufuveundosiiunid (33;34) Temy et al. (35) WuM
a o o .é' = ga o 13 o a A o/
SnEwaves pH uazszduANUFUveIAY TdninadensuldsuudaluTaseuludude dns

a ] .. . a 4 1 3
mimmmmmsﬂmﬂaau"luimmu (Nitrification) ‘i]%lﬂﬂ‘il‘uﬂU'ls‘li'Jﬂlci"JlflﬂNﬁllﬂ’lﬂﬁzﬂﬂu
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wendnawaduauddl pr  dunmwnnhduill pr Wunsauazvuiumsdanddes
TuTasioy azifadulfosaifissduniuduvesdiy  -025 11§ 84 0.5 117 wandid
sfuanuFuvesdy 10 11§ ueneniivinvesAufetntzinadiedin1mAneIves Tester
et al. 35) wumstandaselulasmunnninaznouuendnamaludunsiesiy lusas
fovaz 2,4 unz 6 Tashminziudumusaswesninagnouuenfnamafiiviu udgld
TuRumiirnzBeadudumilonludian Silty clay) Wy ﬂ?mm‘luimmuﬁgﬂﬂaﬂﬂéau
paniezterunde lieedesas 17 vesmsamedinnmaazneuludunsiesy (Loamy
sand)

u'om1ﬂ5ﬂ1ﬂmzﬂauuaﬂﬁnmmmﬁﬂszTwﬁ;ﬁaﬂ%’uﬂ;aﬁuﬁwNﬁ'mﬂmauﬁ'ﬁmamﬁ
v99AY 1wy Frwlfuaamanuilunsavesdu uazazamengemsIduafy dauluszezen
mil¥manznounendnamailunamael  finadegaauiAniemeniwvesdy nafe
HaelumsilSulgelaseadravesdiu aiamﬁummw;u=uaaﬁuuazaha'lumsé’mfwmﬁu (7
ot lsfimw ﬂ151dﬂ1ﬂmznauuaﬂﬁnmm¢|1145@s1ﬁq«ﬁu"lﬂmw‘iﬂﬁ'&ﬁﬂmiﬁugqmsm?ty
wuln anwandniy nm‘i"’«ﬁﬂnﬁﬂzﬁuiamwﬁ'ﬂ“luﬁw&ﬁwzsﬂuﬁydaﬁmmxwyﬂﬁ (38)
ﬂ15L?mﬂ1fmzﬂ'e)uuaﬂﬁnmmmaﬁumﬁamﬂunmﬁuﬁuw‘?ui’mqiﬁuﬁﬁu diesminmn
azneunenfnamazlanldessigems lugUiifhusz Tomidedy  Tasmwizlulasou
Womodauazdamied Hudu (39,40) TaelumsiiiuTulasiouludu Fudhuilefoirfadmsy
mseSauAn Tnvesiy sasimstesaams lulasuduniadululasoueiunid
(Mineralization) 9zauAUUTIIBUVIHnquazdasduvesmiveuselulasion © : N
Ratio) luninmeneu (41) naane duvsedagiifisasdmmivoudelulasnuiiunsod
nd 10: 1 qRunSdauszannsandouBunidas lduefiunidas1ds  Adadidage
gadmiudunidingfiansamidifavuumanfeusuridms lduedunidms  Tae
Pun3d Ae danduvesmivoudeTuTaswuwiiy 30 : 1 t’f‘lé'mm’mqan'i155m1n1s
aatedrvesdunidagonid ulilddmTeifnanisqadslulasiousindunild
(tImmobilization) (13) Chaussod (42) 1A8ududn ieldnmnazneunenfnamaiifisnsidau
msveuse lulnsourinnd 10 : 1 asdu Suniednglumnazneunendnamaszdesaaiy
Wasuduedunidms18as1ddh uazezfantsgaisluTaswunnaunlddmsaiiunm
892 iAoy miﬁm%’umnmnau%1nmsﬁ1ﬂ'm§‘1sﬁmgwuTﬂufi’a"lﬂazﬁé’mﬁdaums'namia

WY
TuTasiou dszuna 10 - 12 : 1 wagon IssnugaamnssutaznsasAvdelia1 ON tlszana 4
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Qs u’l’ $ o = ¥ 4 é 1o
-9 : 1 sarusuiu 18 dmnhmnaznouueadnawain I luiuimsinyasdaes laivh

a 4 Al a
W dansvaunaululaswufidluilse Tenidefslufu 43)
2.3.3 9A51MI lAMNAZNOULDARNIAAA

asldmnaznouteninamansdu dwalunsdsudjednyazniamenin il ¥aamw
FezdinnuduiusfumetiudysTnseadedn Usinaniufy uazdanadenandnvesity
18 @4 Sufedlernnazneueanamamldlufufinsinuns manznousemed
L‘i‘_luﬁamsﬂ%’uﬂ‘;eﬁuuaznﬂui]uﬁm%’uﬁ%ﬁ"w (39)  wakdnvesRTiUgnuuALALNMA
mnauuaﬂﬁnmm%znﬁuﬂ?mmmﬂﬁumun15Lﬁnfummﬁ?ummﬂmﬂauuaﬂﬁnmmm
Tagoesigasimsiiulugae  60-90 wASnAuABIENLAT N3 9,600-14,400 Alaniudals 45)
msRumanzneuLenRnamansauil  difisunaluTnsufivsmerennudesmsuasile
ud wawdavesiyezIndifvsiumsidijundl @46) TafisasimsldnmnaznoutenAnmAnYz
fmaﬂ'aﬂmﬁuﬁ193a114ﬁﬁﬂuﬁumﬂ'iwﬁﬂsuaamfmmauumﬁnmmﬁidaaﬁu 47)
Kelling et al. (45) "lé'wﬂaaq“l'c’?mﬂm'nauuaﬂﬁnmymmﬁuﬁ'aué’mﬂ 3.75 — 60 IATNAUAD
A3 (600 - 9,600 A lansude 13) wudimsiuiduesaiitedwauesulasiueiunsd
Ty TnsinuduniduazWoadedafdudse Tomiluunmely 3 Hlaniudenisnanes
Ty Tnsusunitnnah so wesidus  szuffeulaadueiunidlulasnuedusiada
Lmzﬁ193mw1iﬁsﬁuﬁmﬁm*n1nn1s‘l’d’mﬂmﬂamwﬂﬁnmmmmﬁu Tasawiz luTasuuag
WeaveSaeziffinasnniududuinmy 48 uazonasanumsamlaestulasiouen
AINAZNOUYOY Premi ag Comfield (49)  wuh  Wsnadunisiagiumsianilasy
“"luimmuﬁsﬂuﬂsﬂwﬁ%mmﬂmzﬂauuaﬂﬁnmmﬁﬁ'ﬂymzlﬁu%mflmﬁumeﬁ'ﬂﬁmn
zneuneaiinamaaslluduludasd uidhldmnazneuneninamalugasiigafiund
Zovng 2 vouihmindy wut 929 4 dlaniusnluTasnugniantlhesesnuniey iesnn
Jauns dngavsinfonssy uifeugasamil ldamsaaedaezdaty  uazdasmsilaa
JaeeluTastinszganiimsldninazneuneninnnalusasid Ryan et al. (50) filénanea
Tdmnnznounendnawanaudufuludan 28 - 141 ppmN wuinFinamsdasiooy
TuTasoufidhnle Temfmduanusasnsldmnazneu udduiusamsldnnazsnoue
ARAAAnN 28 ppmN Wy 141 ppmN mistaavdesTuTaswuiidhilizTeminely 16

ar d . :'l
Hlaviazanasnnosar 48 Wuderaz 4 vodlulasmuvanualunstlaunansives
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Epstein et al. (25) 318 mnazneunie (raw slidge)@ouaz 30.6 C, Yownz 3.55 N) Fufu
Tusns1 0 — 1814 ppmN (a1 14 Flaninud msvaatdesluTasussiiuiuausas
yopeninaznoutendnana uavslinsgadelulasisulugyl No,- Tagvuiuns
Immobilization W32 1 -3 dlanfusnuandsnindawii 3 TuudnSmamstaalaes
"luiﬂ‘muﬁuuﬂﬁ'uqaﬁu gty Tummimnnzneuuendnnanlu1ifuiledunidaas
FrsandalSuamsldninasneudauiiesnniinadesasimsvaataeslu Tasouldun
YouA1enu

91NMSNARBVBA Sabey et al. (51) FelFmnazneunenfinamaiigndesTasvuunsi
'l5i1¥poNn 19U (Anaerobic Digested Sludge) luijedunidlumsigndiafnsudieudums
'“ldﬂmﬂﬁﬁﬁmwhq o 4d21/52diun N Fertilizer Equivalent Faflusivenlinswimsld
mMnazneuLenanamARsasY 9 adllludy aunsedldwanaadiiad ldviunsld
{lolulasiousilun3d (tnorganic N) fisaswila vinwamanaaowaaslfifuimsldly
§a31 22.4, 56.0, 112.0 oz 224.0 fungnmi (.61, 9.0, 17.9 uaz 35.8 au/13) sz lvinanda
$rmanidumsldileaiilusan 210, 575, 515 uaz 330 Alandululasousenmi (3.,
92.0, 82.4 uaz ATansuTuTason/1s) mudiAy AT WNUYBS Sabey 1AL Hart (37) 57697
é’m1°?immzammms‘ldﬂ1ﬂmzﬂamfuﬁu (sewage sludge) “luﬁuﬁﬂgm’fnmﬁwu'hﬁa 25 —

o 4 Y 1 a a -~ 4
50 AUAENAIT (4 -8 ﬂu/‘li) Iﬂﬂﬂﬁﬂﬂﬂ‘i]&‘lWﬂJﬁ]'lﬂﬂuﬁ‘i'illﬂ'liﬂﬂmﬁﬂ%’ﬂﬂﬁz 36.7
2.3.4 Nﬁﬂizﬂ"ll‘lmﬂﬂ'lﬂﬂzﬂ@ull@ﬂﬁnﬂlﬂﬂﬂ'ﬂaﬂ

auildmnazneuuenfnamaud fianmidlunsassfidwlumsqauandiouveiia 14
; 1 = i A ar ar 3 \ -
11ndY (52) dauaunfianmdussezazmelaneminladosas  dntumsldninazneu
a Y Y o Ya v o r-) Y 1
ueaanamaudd i ldaudusfezaamsgaunnlionasla UADINAITNABDIVDY
Robertson et al. (53) wutufioldmnaznsuneninamandesuduaziiureuval  (Liquid-
. ] a o [ o = L= g g
digested sludge) JaluAudmaunnnud mssuniddevas 50 gnesndladdiunsaiintusi
& a ad a ¥ A4 a = . .
Hmsizasdunsdlumnaznouneninamaeitaaledmsaiiamsilaeugl (Mineralization)
yoeaswanuen Tudisli Tusnoueony Hinesly et al. (54) AEIIIININASNBULBARLINUAA
$ o= =4 o :l‘ é ﬂ' y -3
gunsonldeoy pH vesdun 5.6 1 49 lunm 2 9 dnfu pH Fedwwaiiazildms
L4 Q' 3 1 U . 1
araeves laveminiudu (55) usegalsiay Hemphill et al. (56) Tanaassldily

wou Tuiiieudanda pH szifdounin 5.7 1 52 uddmSumanzneuuendnana lulinams
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ulfeu pH vesAuay 91N15Naanelgnd 1 INAnIIUYBY Adriano et al. (57) @1 lAuuziiTh
Y 1 a 1 = 9 A P a [
fldnnazneuneninamneiiafeingiidisgauaadomnBnmwngaudlunse &
F4 v Ed
Tultldtidhaslifae Bdrezildifessgislfunnsvesdulfitiunas Arzqaunndion
{EHGUGE
. 1 a o7 ] Yt =
Wilson (58) wuinmiumussmnazneutenaanama umadudusaldinsnldeu
] E4 ]
wlasluTnsouirifiers)  vzasasluAuildmnaznoutendnamanalszinnildenas
y 9
MinthnsvesemsthuSounaznnlssnugaamnisy  TasmwizmnazneuLeadnang
i Tangmindzduegnaeria wazlulSuannududugazasnssuiunmsnliasugilves
& w 'u Q’I’
Tulasnuld  FemglanzminhfudinszuumsuilsgdvesluTasimuuazanuansely
Qs 3 o ' o A Y o dy A = = @ =)
msdudinszuaumsasnanendafeldasdl Aslasdlon  uaadioy mewes densd

y-9
uwamitla dson
2.3.5 HANITENUVBININAZNBUIBARNIAINARDNY

Lamb (59) Idswaudsmaduialumsldmnasneunendinama luduilgandnlndiy
TomwnlureFedui i uanaaninniimsldijy Hemphill et al. (56) 15 wnudwandaii ldsy
vinmsldmnnzneuneadnamalufuszhfusandaitldninnisldiouey Tudlsudamn
&9 Magdoff 1192 Amadon (60) fwudhluduiildmnaznouueninamalinandamiduaud
Tadjesas Hartenstine (61) wuidieldmnaznoutendnma 100 duenm (16 du/ls) lu
msﬂgﬂﬁﬂmwauﬂz‘lﬁwawﬁmmﬁ’ﬂmﬂﬁamﬁ"uﬁu Tushueufefiu Kelling et al. (45) Wy
sufleldmnazneud Innnsdiiainsesemsthudon (sewage sludge) 1udns1 0-15
dunsnas (0-2.4 Au/l9) ﬂsmg'J'manﬁmmﬂ’fn‘lsﬁ;ﬁu%uMﬂ 3.72 Aunenms (600 an./15)
ifu 4.26 Funenms (680 n./13) unzwardnvesdiavhs - gam iuen 1.93 Aunenas (309
nn./13) 1 5.06 Aunena1y (810 na./l9) uag Lutrick et al. (62) wuh 8nsms Idmnazneu
uenAnamandemualamlusgaesmfimingaudmiumsgndnina $1vhe uae
dandios Ao 28 Aunenmy (4.48 du/ls) -

Hemphill et al. (56) lAnsronmiSinasgemslufiafilgn Tnsldmnazneuuendion
i uag Bildludu wudhlulufe? Bildilu Tnsiou 3.8 % uasdmedu 020 % ualulued

o

lanmnazneuueadnmanll lulnsiou 3.9 - 44 % uasifngdu 023 - 025 % uaz
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Zuckerman WAz Kirkham (63) wuhirfignluduildnmnaznounenfnamaszosnaenis)
ai1lnd 1 dla1v wazesnwasnUnd 2 dle
8
dmduanudlufivvesmnaznouusaanamalums Mduilofmiu Robert et al. (64)
| 4 1 a ) 4 @ 1 ] a ] i
wuhideldmnaznounenfnann 144 duseny (23 dw/ls) liduiudeRyilgnuas
] a o
211ANSNABBIVEY Mellbye (65) wuhmnazneuueaananalils: TemilumsilgndaTue
wulas linuanu@emeduileansin Taveniinnewas  uandsy Iasfey uuniiden
] Y
unaes tazaza 1wy wutSnamandenlugae 020 - 0.35 ppm Wiy edslsAmuns
Tanmnaznouneadnamaasiuaudmsvlgnisd ldlusanfimaiu e dunadodofey
a h & a A ' 4
wsizefamsazauveundenazmIiuvsenny iauqavessigemis 18 @ Sabey uaz
v ¥y ¥
Hart (38) s109m31msldmnazneueninamail ldnamsidaiisveteinsiugeuly
AudusaT1 25 — 125 Auanas 4-20 fu/ls) szaanlefirudmssenvestivhsliamn uaz
é L} \ L]
nghggan Funldnarhdundwemdh uazdahegapdelifosas 75 unsfovar 97.5
mudwy luviueuReaniy Hartenstine (61)1ananssldnmnansneuuenanea 100 A/
wnas (16 a1/13) nuhwandnveasAzanas
= =] .3 g & g A o o ]
msiAv Tauazgadssgemsiy ld ldvesiizez lasudnsnanndnsinsldnnazneu
LOARIAANAY ATl 932558 (40) nud M3 ldmnagneuleARNAARIAUSAIIAIN 9 WD
o a o 2 4 o
Ugndnazth  wandadnazassIumNBATINAAZNBY Mays, Terman 40z Duggan (66)
uel anuduiuiseiinnananvesiiziusasimsldannnzneuuendnamadiuuudy .
183 Tnowandnvosiizeziivitu elddnsinnaznouueafiaan lussaunie  wasHana
aszanauidesasimsldamnaznouguiull  iiesninesdiszneumaniiunedslumn
aznoutendnamaliUfinuguuiiuivdeRrlduazilunasinilededu q dw (67) Augu
NANSVIARDIUBY Cunningham, Keen #a Ruan (68) NwudwandavesdnInauazd1nlsdes
Q' 3 [ 1 = -~ 4 A =
Rudumusasinislamnaznounendnamauas nandngegalleldnmnazneuuendiin
walusasi 125 waSndudeienats (20,000 Alansudels) udwandnvzanauiieldluda
502 AsnAuABIENA1S (80,320 N lanTusels)
. ¥ v a1 o ] a A
Kelling et al. (45) 18Anumanafsvosmnaznouiildasfudenaniniiy lnenanes
Ugndnlsd  uazdhavhegau luduidumnazneuueadinaen uazlgndinaniulung
a [ o a &S o [’ a a 3 r-) o’: a o
Aasandsmanufuifsaesdausanundn Inalinandngeay  uashynsamusialing

o - a 4’ @ ] o
ﬂsﬁu"luimmu Woavesa &Lﬁ&'IWlmﬁl‘]fﬂlllWll‘U‘L!ﬂ’lll'imi’lﬂ'lialﬁﬂ‘lﬂﬂ&’ﬂﬂullﬂﬂﬂl’lﬂlﬂﬂ
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9N a a o/ d' ] ] a d' [
037738 (40) llﬂ&l‘uUuiu‘VlPﬁ’l'l\‘lLﬂU’JﬂuﬂJﬂ‘Vl’lﬂ'liﬁﬂ‘B'IW“lJTl ﬂ'lﬂﬂzﬂﬂullﬂﬂﬂl’m&ﬂﬂﬂclﬁﬁﬁ

a [ 1 A Y a o Y 1 A o’;’ ~ 9
aumusaluumassnemsiy uaz lwandadnaziseiioslumsignasiiaesdie

2.3.6 Tanzninlunmnaznouuenfnama

A a daa 3 & o ' a g
teannAuniifiey (pH) aniu Tanzwiinzazaweenuieyluasazaivau laauas
T 13 g y 1 1
dwdomsganstulazanluiiy (53) wennil ranawesmsdesamemnaznew Ailka
aeanudntuvesTanzminluduld  Tasluaaziflimsdosaats  USuanrduduves
L7 a ' a = ) o = «g ] =) Y 9 .
Tanzgwtdnunesia wu uaadioy Taslion azna wagdenzFezgeiudiulSunannududu
o a - =3 A Y 9 L Al
yoanoAlaziiiiatzanay (69) o813 lsnmy mswuanududuyesTansuriinluiyay
szezina lavdu lnainizaeandasiumsmuved Tanzninluay  mslamnazneuuend
4 4 a ' ¥ 9 @ a o w lrl 9
namaiuiuinanennududuves langniing q Tudu Sewudwuainun lunniey
o & w a = aa = o a
18aadl dangd >unemilg > i > uandlsy > neuas > azn7 >Tasdiey (70) HBNIN
S e’/‘ ] as [ a da 1 < @
nnauudniugimaniivesTanzuiln  ussdnumzvesAuninasonsgafs laneminves
Hdae Taowuiisfidgnludunsvezannsagadwazazan Tansminluglinfeeiiunid
léanienlgnluaumie (71)
' o . q 5 : wa
961415717 Swedish Environmental Protection 1ARNAIINUNIUITBIANTAVDININAZNDY
uenAnAmALRsARBIdeAunadey Taoilszauiliell 1989 mamsilszauagyldilusses
9 T .
duddlifinnudesle q namsldmaazneulumemsnyes windsimsdivdeaudaves

3 4 v
mnagneumena lunshdamaazneudmiviuimanuaslussezedeld (72)

2.4 DTN

2.4.1 dnuaenihvesnszdumm

= o 1 . N g . .
ﬂ5znumwui‘luﬁﬁvﬁuﬁuﬁ%mg‘luﬂqn Acacia NA Leguminosae WfIEDY Mimosoideae i

FomInnenansi  Acacia mangivm Wild. Foaliafio nszdumm aszdusnuny aszdu

asenlulng (73) daunm189ngy Sen31 Mangium, Brown salwood, Black wattle, Hickory
Y v

wattly 58 Sabah salwood (74) Ifluana Acacia T1lszanat 1,200 ¥ila viefidhy luduuag 1
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v o4 a a g
Wy Jedsinglueemasde wide ovSnuazensm  Wuldiudisimemoumileves son
a v o s a y 2 o a aa a
w3y uauigaIuduoud vinameinszaieliludmuaz uanveahiliafid wasusna
v o o ) = o 3 1 { &
nyjimzludamd dszmedulatide (75) Tuanmsssun@nunszdummwitueglunniany
14
ga'luiifu 100 wasnInsEdU M Yaegungd 12 - 34 ssrnadue oz liwunszRummiiu
Ao a = a a Yt oy 3’ A 1 a ' a a 2
Tunntigungiidunng dnmsesyaulaldaluntihduniedelissnie 1,000 Tadwas a
NN 4,500 Nadns desmaudsienda aansoniynylelaaluanmaunianugay
¢ o ' y a a a
auysaldn unzdeudhaliunsa (H 4.5 (76) uenvnilnszdummannsaniydiulaldnly
a 1 A daa a o o v & o s a e
aunaedszian iy Aunlnudiy Auignazdianneu dalinnugauauyssivesdiud uag
[ 3 et a &R o a s w Y o o A a oaa @
faruldfuuaudniifannnisaaedvesiagdusuila  wieAuNAamsiuaNvenznou
) o v ﬂy Aela L a a o o A a
vsunswgu (77) luiuinlanugavauysala nszaummazniydnTaldswin Wendy
a 4 ] o o
@y Tadufeziinnugads 30 was uazlinnadumuguinaniszana 25 - 30 wuRuns Ty
Sganundd nszfummwindugeds 23 waslunm 9 Peetiduriuguinaisdduilseanailas
a a g L4 { A '
2 -3 wuAwes wozliwandaiieldte 415 w'enas Teumdeudalinuiuyusetl 46 w
4 ngd'n 1 slcanﬂyd 79 dd’éd:‘u w
ey lununaues e iihduaulanueauTuysalal viendliisggniadasims
a =X a -4 ]
w3gyezanas udndliwanandsilas 20 w'ienmd (78) ldiimsmansslgnlunansilsemensy
a a 1 @ o a ) Qr
wiha AdTud a0 Sulailide dnszfummiiannsadulaldd dwmsudsemeinglas
msfnyInaasslgnnszsiummwiagnatours 1wy dunousisy Ssviadusluy, aauthaude
fanSanmdug, thivgna Swmiauasswdun uazduneszia Smdagams (76) uazan
o U o g oo s 4 P 3 =
msnaasslgniauthauaa laswaaniwnniganum dsemauiade wodhawisolimsg

wigAuTa'laa (79)

3

& o a a 14 o o Y o L~ L] A a
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1
douldiu 1 uana Acacia Aemsudmaalusidou ( 100 ssriwaidva) Uszana 30 Jurd
. & a vy a ) aad o qy d 4 -
nnuihimsugiubune iy wuindidhidubasendunige uaslidasimsen 33
dd oL W Yo ' o P-4
- 97 wlesidug Fadluldsanmsneumizezlisnsiniseen o0 - 21 wledidua wazldnissonda

219U

o dAda &

a ot . v & o @ =1 o 4
nszdumwinmieudaszatinlfnssuiwiefedsiuuaziuiunuaiGeluaui
-ogtuena Rhizobium TesuuaiiSezidngsindesuinaitu uaziudiaseluuinusin
v ad . ' - -
dnnined luduezdmihnlunsgesig lulasmusnemaludu  wazaffeuTulasnuly

a J s o 4 Yo v w du 1
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( Thelephora ramariodes )  IAB9zH20IUNMIGATIOIMIINAED LAZTINRINITIOY TAURNIZ

k-4 v
sgeavlesa duiunssaummiusiy ldaudludui ligauauysel (76)

2.5 Is1asifiers ( Rhizobium )

= P a v a a H
15 TmdouilunuaiiSestianitshordvegludu Sanvannsofeulumsdhadalui
L o ' v o i
sniraszgacald Ty lwdeufvuadmnnuesdealan liftusydeldndosganssmind
frdsveegs Aesmsomauazaansanaon lnald
. g o o) o ) 1
M4 Bergey’s Manual of Systematic Bacteriology (80) %ﬂ‘lsTmmumﬂunmﬂmsejagiu
4 T L4 o 4 v 4 4
A Rhizobiaceae Wadwailes Tavialyl Hgdiradiuvion waeunld lud (fagella) uuy
polar 158 sub-polar 1 i1 MSBUUY peritrechous 2-6 iduABIMITORNFIUTUMIAITIT IR An
o = ar y a 1
funswan  1dmsTylamsaldnaeriia dnezafutiontionigluemsilsenoudiens
Tulaasa (81) Tvwendwlszmna 05— 0.9 lulnswas sdszine 1.2-3.0 lulaswas
(82)
9 ' ar a ] 9 = | A A g =~ 1 o
Sutmnudnyazvesmanianzue1didy 2 winfewanfnsy S limsuuradyn 9
1 - 3 $2Tueez i In TafinSvinalnguazdsng Ididumelu 2 - 4 Su uazwaniieSgydll
1 o ) at o g 1 o a A
asutasaann 9 4 -8 Flue Wialadunadmduiguinansdssina 1 Tadns 9
Unnglfifiuuuemisiumelu 5 - 8 Ju qamgiiimumnedmiunsniyveels Tndouey
adsznin 2830 ewnmwaiva  anumuzansyheaeiug s Tadley uozwilavesiy
A3EQAEN (Host — Strain Specificity) 9 1A IMudlilsz@ninmlumsadalulasioy mse
@ iy 'Y -] { o 13 o v
dudlumeiug ls Tsdeoui imnzauduizneslifeslunfetuuasi s Tndeverfuetud
v =Y R v [ A o
Ayez liadamndlulnady ( Leghaemoglobin ) uagluldndeny devhlflsTmdounTs

Tulasnulild welsImdeunudunnafraszgasimuzandudundlrezlinismuylSunm

rg 1 3 4 a 1 Y £ 9/ @ a1 s a ﬂ [ )
HODUNITIAUTINUINIUIINYUBOU uaznszau“lmmmmawmwaaaauﬂ'.; naunang

awlusn lslmdenfesdigrenfevfulimsuiaradimudng  luvaedlsTandoudy
] E4 ¥ v F 4 ] “ ]
5191 radanee Idsumsaszduldfamsudsir luilobeduluneiyls Tandowin
L= 3 § $ ] y L} H 1 = I
dhwwesifaduluinluiiqe s Tendeuhegneludufiezliguieiuandraloniy Gondh
= J . =y UK o a 0. a o 1
“Unfisosa” (Bacteroids) (83) 15 Imilovazagiutluiiludnyazvesmsdutiufanssusay
@ &4 o as ' { ' a 4 ]
wnuuismeeiy Tastwztuhonlfunamdsamuazaiuou uazlsTandoy dushe

fianueansalunseselulnswunineimald  sedludheildasidsznonlulnsiau (84)
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4 4 ' )
gamsase luTasnuilduvurumsnlfougd uTasnunnudaluTasnuluussemanselu
4

a ° v a ] a P [l @ 1

aunazihlveglugimstssneudunidlulasou 1wy nsmezliludeezgndelifsduves

wrRogmiledu uazgrahaduldsiuazanliludiudie q  vesfiy (85) vuIumIAse
= ] ] T dy

Tulasuannsadeudiuaumsediadie q 18dad

Nitrogenase

N, + H, » NH,

Enzyme
NH, + Keto acid S Amino acid

a’: y aan o o é’ 3 g d Y
e 2 aumsilidhulfAsevdniifiadu Nitrogenase 1ilueulasinagluls Tandoy tou Lol
° o o = ' ot gy o a A Y]
wgnihmeldlashaeondion  uelsTadonlududdesmsiweendinuiemsnieledqe
v
o W 3 1 o = o 1 o 1
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a =] ' a o
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v
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v dd A a Ao w 1 @ A o o a 9/ 2
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1 [ [L ] s
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-2 a & ° v - Ao A
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{ 3 g o w o
yoamsUszneulusduil Nod D gene adrevuanluwelslmdenfzdludrsmuanny

@ w dw
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3ot
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1 9 3 N
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fumsadrsduveslsTadoudu Idiudunsudrarzgundisanndvestlu juseh himivey
1 ] 14 [}
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= g i a a
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Enzyme-Linked Immunosorbent Assay (ELISA)
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14 DASA 35030  {9.00ch 4 £1 0.010 d-h 0.164 £ 0.847 cde
15 DASA 35039  [8.50ch 17¢1 0.016b-h 0.229 d-j 1.143 be
16 DASA 35041 |10.00eg 26ah 0.019 b-h 0318 ¢ 1.691 2-¢
17 DASA 35042  |12.00af 46a 0.046a 0616a 2523 a¢
18 DASA 35046  |7.50gh 11 el 0.009 e-h 0.159 £ 0.781 cde
19 DASA 35049  [842eh 25 a1 0016 b-h 0.171 £ 1.054 cde
20 DASA 35052  [8.17 fgh 34a-d 0.020 b-h 0299 ¢ 1.536ae
21 DASA 35058  [|9.50b-g 22 a-i 0.028 a-f 0335b-1 1570 a¢
22 DASA 35070 12,67 ad 27 a-g 0.026 a-g 0:377' a-l 1.615 a-e
23 DASA 35073 |1108ag 30af 0.0312¢ 0.491 ae 3321 abc
24 DASA 35076  [1225ae 35a-d 0.035ab 0.606 ab 3671a
25 DASA 35077  [9.08ch 5¢1 0.001h 0.186 £ 0483 ¢
2 DASA 35078  |10.75ag 14cl 0.004 gh 0.216 &-j 0440
27 DASA 35080 |1L.17ag 3ae 0.036 ab 0.386 a1 2.665 a-e
28 DASA 35084  |10.67ag 30a-f 0013 b-h 0.409 a-g 2690 a-e
29 DASA 35087  |1042ag 252 0.023 ah 0385 a-l 3.154 abc
30 DASA 35092 |10.67ag 14ci 0.02 bh 0311 ¢ 1.523 a-e
31 DASA 35093  |12.08af 37 abe 0.027 2 0.503 a-d 3.568 ab
32 DASA 35095  [9.50b-g 9 d-1 0.014b-h 0.211 & 1475 a¢
33 DASA 35096  [9.50b-g 7el 0.004 gh 0.198 £ 0.576 de
34 duwridus [11.00ag 11 i 0.017 b-h 0321 ol 1.555 a-¢
35 Tt tdus 12584 13ci 0.020b-h 0.428 a-f 2959 a-d
36 izen 11 s {13.92a 44 ab 0.027 g 0.551 abe 2422 a-e
37 thizu21u s (9922 18 b-1 0.014bh 0303 ¢ 1.206 be
38 qnsldus  |1075a¢ 1Tei 0.014b-h 0251 d+j 1467 a¢
39 amsilu7  |9.50bg 3Bae 0.023 bh 0415 a-f 2.632 a-¢
40 TF2Udus  [850eh 35a-d 0.010 d-h 0.160 £ 0.286 ¢
41 TE21u6  [833eh WBai 0.007 fgh 0.108 ij 0296 ¢

CV% 204 62.8 68.8 429 75.0

o o o @ o W s . e
nuume: fundennudaosnysmiousu Tiuana1eiu 5% las35 DMRT
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wansnaeudssinEmwvedlsluiloniaeitns ELISA TEST

M3 v-4: msdanguszniaeiug 1sTadeow nszfumm nljise ELISA
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MANUIN A
NaNMIINTIZANNEDA
1] ¥
m31edl -1 : wamsTinsaImeadaves anlauSnanesin anuge dvinduuts

Usua luTasnuluduie manselulasou (ARA) w189 1 g

fui | msumsnaass awln AN vimiinduute I TALN a5 luTnsiou
uSh () (PSu/du) Tulasiou®) | (umole C,H/Aw/
ADIIN (TW.) )
1 Control 0.438 d 42.375cd ‘14.50 e - 1.75d 0.017d
2 S+f 0.720a 53.125 ab 3275a 2.09d 0.166 cd
3 S+R 0.538 cd 53.325 ab 17.25¢ 2.11d 1.753 a
4 S+8S11:1 0.653 ab 45.250 a-d 15.00 ¢ 191d 0.242 cd
5 S+S8S11:2 0.591 be 54.650 a 26.63 b 3.08¢ 0.222 cd
6 S+S11:3 0.585 be 54.013 a 19.65 cde 292¢ 0.085d
7 S+Sl1:4 0.579 be 50.875 abc 19.75 cde 2.88¢c 0.244 cd
8 S+R+S11:1 | 0.610bc 55.325a 24.50 be 431 a 1.398 b
9 S+R+S11:2 0.532 cd 49.825 abc 24.00 bed 3.64b 0.330¢
10 S+R+SI1:3 0472 d 39.475d 1475 ¢ 2.244d 0.144 cd
11 S+R+S8I11:4 | 0.615bc 43,700 bed 18.90 de 2.80c 0.146 cd
CV% 11.1 12.5 16.1 111.7 33.6

NUUNe :1) S=Soil Sl=Sludge = R= Rhizobium
7 - ‘d' -3 ~ e ’ 7 as Aacl' ar J C'l
2) ﬂunauwmwﬁ'atlanysmmunu7mmn¢17\1nuwwzmmmzmlmmmmm 5% lng

3% DMRT
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' i 4
mi a-2: Hams AR IzRAmadAves A TauSnunesn anwugs dhninduuds

Usuar luTasiouluduies msaselulasiou (ARA) ud'ldif 2 uass i

&dudt | dfunisneass awla AW st TGN msadelulasiou

v () (§w/du) TuTnsiou(®) | (umole C,H M)
AB3 N
(w.)

1 Control 0.323 bc | 26.38¢ 5.00d 2.05c 0.015d

2 S+f 0.590 a 60.65 a 17.03 a 379a 0.058 cd

3 S+R 0.370bc | 31.33 cde 6.75d 2.81b 1.197 a

4 S+S8l1:1 0.410bc | 34.50¢c 8.00 cd 3.24b 0.048 cd

5 S+S8S11:2 0.370bc | 33.25cd 6.93d 2.15¢ 0.086 ¢

6 S+811:3 0470bc | 40.83b 10.83 be 226¢ 0.031d

7 S+Sl1:4 0.393bc | 26.65¢ 6.00d 3.15b 0.058 cd

8 S+R+S11:1 0.411 bc | 30.00 cde 13.50 ab 3.15b 0.296 b

9 S+R+Si1:2 0.297 ¢ 27.75 de 6.75d 3.09b 0.064 cd

10 |S+R+S11:3 0416bc | 26.83 ¢ 6.75d 293b 0.050 cd

11 S+R+S8l1:4 0.372bc | 28.40de 525d 2.15¢ 0.054 cd

CV% 30.2 10.6 30.2 12.8 17.8

e ;1) S=Soil  Sl=Sludge

2) Aundgimudleenysvdeunu liuandnsunadan

3% DMRT

R= Rhizobium

7
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@ 4 o
seAUANUITeNY 5% e
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MANUIN 3

M3IIATIZHAITotal Nitrogen 1A835 Micro - Kjedahl na39101381A51 3 170U

19583 H2 SO4 -Na2S04 — Se mixture digestion e 108U 0.200-0.400 NN
aeluvaen test tube YUIA 75 A (AN H2SO4 — Na2SO4-Se mixture 711014 fume hood AILAY
qun)ivounsod digesteng apparatus Frotefn I dmsazaeladenia Bldy U5y
USuasifly 50 Sadans  damhnduwimsazaeldidhi udans B3lanazneu mas
azaeladivuudy 3 danazneu mansazaeludmuuiu3vanaradnuuna 100 wa.
filshilaevin TS sz TuTasiou wiousudaedi

m55insrzinisySingluTasioy ( Distillation)  Dilnensazay (aliquot ) 14
2InM3 digest N (L, SO, ~ Na,SO, — Se mixture digestion) $1119u 10 ua. ldaslu distrillation
flask iRuZovns 40 NaoH aa'hl 10 wa. udahmsndu Tulnswufindulddsezoannlugy
asazawly Flask #9u33q boric acid indicator 5 40 adunszRsazaefindul4iidae
standard 0.05 NH, SO, 111 blank w5puset193esaz Tulnsiou Tuis = ml acid used ( sample - -

blank titration ) X Normality of std. Acid X 0.014 x50 x100 %1528 Weight of plant sample (
gm) x ml. Of aliquot
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Executive Summary

Application of Activated Sludge and Rhizobium to improve Soil
Medium for Acacia Mangium Willd. Seedling

Abstract

The purpose of this work is to study applying activated sludge derived from wastewater treatment
plant and incorporating it with Rhizobium strain to adjust the soil fertility for Acacia mangium planting. .
The study also examined the relationship between using different ratios of activated sludge and
Rhizobium strains that are screened for enhancing the growth of two types of Acacia mangium. from
Songkhla and Nakhonratchasima. A randomized complete block design was used in this experiment
consisting of eleven treatments, four replications and noninoculated without nitrogen as the control.
The measurements were commonly observed, that of height, diameter at root corla, biomass and
nitrogen fixation rate, as well as percentage of nitrogen content in the shoot. Besides those
measurements the effectiveness of nodulation was also determined by means of Enzyme-Linked
Immunosorbent Assay. Then all the recorded data were statistically processed using Duncan's Multiple
Range Test (DMRT) -

The results indicated that Acacia mangium of Songkhla type responsed to activated sludge better
than Nakhonratchasima type giving yield of biomass (88.0%) close to obtaining from Osmocoat usage.
The best ratio of soil and sludge is of 1:2. in which application of Rhizobium is unnessary duing to
Rhizobium nodulation is low. However, Rhizobium nodulation efficiency is appeared to be high in
Nakhonratchasima type. Among the Rhizobium strains used in this experiment it appeared that
Rhizobium strains DASA 35076 and DASA 35080 dominated the enhancement on Acacia mangium
growth. Furthermore, the Rhizobium strain DASA 35080 showed more effectiveness in nodulation than
another. Therefore, it should be recommended that DASA 35080 be used for Acacia mangium planting.
In addition, experimental results have also showed that in cases of incorporated sludge and Rhizobium
the ratio of sludge used should not be higher than 50% as the growth of Acacia mangium is decreased
when the applied sludge is increased. This might be due to the presence of heavy metals, which are
toxic, in sludge inhibited Rhizobium nodulation. It can be concluded that activated sludge from

___domestic wastewater treatment plants is useful to . improve soil enhancement-for Acacia mangium
growth. In addition, Acacia mangium of the Songkhla type is better than the Nakhonratchasima type
for planting

Introduction

Soils are complex biochemical materials on which plants may grow. They also
are dynamic ecological systems, providing plants with support, water, nutrients, and
air for growth and supporting a large population of microorganisms that recycle the
materials of life. The information obtained from the soil map indicated that seventy-
nine locations of plant nursery stations of the Department of Forestry are mostly Korat
soil series (19.2 %) that has low fertility, therefore it should be improved in its
property before use as soil medium in forest seedling. :

The basic properties of materials which are suitable for improving the soil
fertility are having enough porosity, able to hold water, and not easily decomposed, as
well as composting nontoxic substances (1).
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Activated sludge derived from wastewater treatment system could be applied
to plant in case of being as the plant nutrient and supporting material. Usually,
applying it could also improve the soil structure such as the porosity and water holding
capacity if it was applied for a long period.(2) Sommers et.at (3) noted that the
activated sludge consists of carbon, nitrogen, phosphorus, and potassium which most
of them are in organic form. With having available nutrient form, the activated sludge
should be appropriated to apply to plant as a nutrient source for seedling.

Acacia Mangium is widely popular in forest seedling because of the advantages
of fast growing wood. Acacia Mangium is classified in genera Acacia and family
Leguminosae.(4) It can associated with soil bacteria particulary Rhizobium genus
within the nodule site as a symbiosis relationship. With this relationship, Acacia
Mangium will supply organic substance to Rhizobium and it obtains nitrogen
compound from nitrogen fixation processed by Rhizobium at the same time.(5)
Therefore, it is useful to investigate the relationship between the best ratio of activated
sludge applied and effective Rhizobium for growth and yield of biomass of .4cacia

Mangium.

- Materials and Methods

For preparing materials, Korat soil series were collected from the plant nursery
station for use as the medium. In case of activated sludge, we used the sludge obtained
from a beverage wastewater treatment plants. Acacia Mangium seeds used for this
experiment were of N0.98-0028 and No. 99-0021 which were restored by Department
of Forestry and they were collected from Amphoe Hadyai, Songkhla and Amphoe
Pakthongchai, Nakhonratchasima province on March,1998, representing two types of
Acacia Mangium.

1. Screening and evaluating the effectiveness of Rhizobium strains for
__enchancement of Acacia Mangium growth

Collect Rhizobium thirty-nine strains which were associated with Acacia
Mangium. The isolation was carried out by Somsegaram & Hoben (6), then
purification test of these cultures and classification Rhizobium in genus were
conducted using the ability of acidic and alkaline production as indicator.(7) To
culture two types of Acacia Mangium seeds, the seeds were treated with concentrated
sulfuric acid to stimulate the germination of them. The experiment consists of forty-
one treatments, each-of treatment in-this-will be done in triplicate, and noninoculated
without nitrogen as the control. At the end of three months, the plant growth and the
effectiveness of Rhizobium in nitrogen fixation process has been examined by
measuring the height of shoot, determining dry weight, and number of nodule,
including nitrogen content. After those data were interpreted, the effective Rhizobium
which promoted the Acacia Mangium growth were screened, and then were classified

by means of ELISA technique.
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2. Determination of a appropriate ratio of activated sludge incoroporating
with Rhizobium te Acacia Mangium growth.

This experiment was designed as RCBD with eleven treatments, as shown
below, and four replications. It became forty-four experimental units for each of type
of Acacia Mangium. Inoculate one ml.of the effective Rhizobium on 4cacia Mangium
seedlings. The measurements were observed that is the height, diameter of corla root,
dry weight, nitrogen fixation rate by using acetylene reduction assay, and analysis of
N content. These data were statistically processed by DMRT at 95 percent
significantly confidence level.

Treatment

soil (control)

soil+osmocoat 14-14-14 10g/bag applied one time
soil+Rhizobium (S+R)

soil+activated sludge ratio 1:1 (S+1:1)

soil+ activated sludge ratio 1:2 (S+1:2)

soil+ activated sludge ratio 1:3 (S+ 1:3)

soil+ activated sludge ratio 1:4(S+1:4)

soil+ activated sludge + the effective Rhizobjum (S+1:1+R)
soil+ activated sludge + the effective Rhizobium (S+1:2+R)
10 soil+ activated sludge + the effective Rhizobium (S+1:3+R)
11 soil + activated sludge + the effective Rhizobium (S+1:4+R)

OG0~ O\ BN

3. Evaluation of the effectiveness Rhizobium strains in case of nodulation.

It was carried out by serology method (ELISA). The first step of this method is
antigen preparation of two the effective Rhizobium strains which were already
screened. Then the prepared antigen were injected into each of rabbit, so that they
would produce antiserum. Then, the received antiserium was transfered for ELISA

" test. Added antiserum to somatic Rhizobium cell, resulting in a colored product which
were measured by the microplate reader. If the results appeared more than fifty
percentage in comparison with the positive control, it could be assumed that it is the
same positive strain.

Results and Discussion

The classification of Rhizobium by using the ability of acidic and alkaline
production as an indicator indicated that there are fourteen acidic producing isolates,
23 alkaline producing isolates,and 2 isolates without changing in color of medium.
The characteristics of the effective Bradyrhizobium is most likely to have a big
nodule, average number of nodule about 3-38 nodules, including the dry weight of
nodule approximately 0.004-0.0048 gram whereas the ineffective Rhizobium belongs
to small nodules and the average number of nodules approximately 1-44 nodules.
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1. The effectiveness of Rhizobium strain to Acacia Mangium growth

This experiment was set up in greenhouse, and the results showed that
Rhizobium strain DASA 35080,35076, 3578, 35084, 35086, and DASA 35073 have a
high effectiveness in promoting the growth of both Acacia Mangium type because of
providing the highest dry weight, height, nitrogen fixation rate, number of nodules,
and nodule dry weight when compared to the others. These six strains were tested
whether these are the same grouping or not by ELISA method. The results from the
tests demonstrated that Rhizobium strain DASA 35076 and DASA 35080 are different

grouping.

2. Determination of the appropriate ratio of activated sludge and Rhizobium
to growth and yield of Acacia Mangium

Dry weight of shoot was the most important indicators. As the results shown in
Figure 1, it is indicated that Songkhla type responsed the highest to treatment with
osmocote applied whereas the treatment with activated sludge ratio 1:1 and Rhizobium
gave the dry weight not significantly different in statistic. Nevertheless, the application
of activated sludge at the ratio of 1:2 also gave the highest yield, but at the higher ratio
could inhibit plant growth. The treatment with Rhizobium incoroporating to the
activated sludge ratio 1:1 and 1:2 were considered to emhance the plant growth
compared to the others but it didn’t significantly differ from treatment with ratio 1:2.
All of these observations demonstrated that applied Rhizobium didn’t promote the
growth of Acacia Mangium Songkhla type.

For the Nakhonratchasima type, the data received showed that it is mostly
response to applied osmocote less than Songkhla type. In addition to the applied
activated sludge with ratio 1:1 or only Rhizobium using not only provided the yield
not significantly different in statistic, but also gave the yield less than osmocate
application. When negligible treatment osmocote, treatment with Rhizobium

. incoroporating to the activated sludge ratio 1:1 could produce the yield higher than the-

others, however the yield would be decreased when the higher ratio of activated sludge
was applied.(8) It was a results of the higher ratio of activated sludge could inhibit
plant growth according to the obsevervations gained from this experiment which
indicated that the higher ratio inhibited Acacia Mangium seedling growth. Some
treatments such as treatment with the activated sludge ratio 1:3 or 1:4 or the same. ratio
with Rhizobium applied in Songkhla type produced the yield that is equal to the
control. It may be caused by the presence of heavy metal in the activated sludge which

-is toxic to plant when was applied in high quantity. Besides being toxicto plant, it

affects also to soil microorganisms. These results agree with work done by Mays
Terman & Duggan(9) who stated that the relationship between the yield of plant and
the ratio of activated sludge applied is as a curve function. It means that the high yield
will appear when the appropriate activated sludge is applied. At the same time, the
yield will decrease when the higher activated sludge quantity is applied duing to some
chemical composition of activated sludge too toxic to plant.
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Figure 1: Comparison on Acaia Mangium growth of 11 treatments;. (A) Diameter, (B) Height, (C) Dried Shoot, (D)

Nitrogen content, (E) Nitrogen fixation rate, for Songkhla (above) and Nakhonratchasima plant (below)
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3. Monitoring and determining the effectiveness of Rhizobium strain in
nodulation.

The results of monitoring and determining the effectiveness of Rhizobium strain
in nodulation by ELISA technique was shown in Table 1. It can be summarized that
Rhizobium strain DASA 35080 is more effective in nodulation with both types of
Acacia Mangium than strain DASA 35076.

Table :1 The effectiveness of Rhizobium strain in nodulation

Strain percentage of nodulation
DASA 35076 23.82
DASA 35080 76.18

Conclusion

Based on the results of this research, Songkhla type is responsible to applied
osmocote better than the other treatments. In case of activated sludge or Rhizobium
usage alone, they didn’t provide the yield at significant level, but application of
activated sludge at the ratio of 1:2 is most likely to be a suitable ratio to enhancement
Acacia Mangium growth. There is no clear effect of Rhizobium on Songkhla type
growth. Furthermore, the Nakhonratchasima type provided the results according to
that of Songkhla type but there are slightly difference in that Nakhonratchasima
responsed to osmocote less than that one.

Overall interpretations, It can be concluded that Songkhla type responses
biomass production to activated sludge ratio 1:2 approximately eighty-eight
percentage when compare with osmocoat usage. However, adding of Rhizobium has
lower effectivenes, therefore the application of Rhizobium is unnecessary to seedling
due to low in effectiveness of nodulation. In addition, in case of the application of
Rhizobium incoroporating with activated sludge may be a good means of seedling if"
the activated sludge is applied no more than fifty percentage because the activated
sludge contains heavy metal which is toxic to Rhizobium and plant growth as
described above. Songkhla type is better than the Nakhonratsima type for seedling.
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