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SUMMARY

External phosphorus (P) fertilization in intensive cropping systems often
exceeds P demand by crops, which leads to P accumulation in soils. Levels of
different pools of soil P have been affected not only by soil properties and
climatic condition but also by rate and type of P applied. This experiment
was conducted to investigate the long-term applications of compost and
chemical fertilizer on soil phosphorus status in paddy cropping system after
addition of compost and chemical fertilizers for 34 years in rice monoculture
production at National Youngnam Agricultural Experiment Station, Miryang,
Korea. Four different treatments of soil amendments were selected in this
study: control, compost application, NPK (nitrogen - phosphorus - potassium)
fertilizer application, and compost plus NPK fertilizer application. Phosphorus
status varied with the long—term applications of compost and fertilizers, and
the compost plus NPK fertilizer treatment significantly increased total P in
soil. Available P was increased in the treatments that received chemical
fertilizers. Applications of compost and chemical fertilizers increased organic P
fraction but the ratio of organic P to total P declined with application of
compost or chemical fertilizers. Phosphorus—fixation was significantly
increased due to the long-term application of compost and chemical fertilizers.
The P fixation was highest with iron (Fe) than with aluminum (Al and
calcium (Ca) in the paddy soil. The highest Fe-P content occurred in the
compost plus NPK fertilizer treatment. These results represented that the
higher level of P remaining in the soil is accumulated by long-term annual
application of compost and chemical fertilizers than by that of chemical
fertilizer, and P accumulation might be a gradual saturation of the P-sorption

capacity.



Soil enzymes and microbial activities are affected by fertilizer and compost
applications and can be used as sensitive indicators of ecological stability.
Microbial population and soil enzymes viz.,, dehydrogenase, urease, acid
phosphatase and sulfatase were determined in the long-term fertilizer and
compost applied paddy soil. Soil samples were collected from the four
treatments  (control, compost, NPK and compost+NPK). Long-term
NPK+compost application significantly increased activities of urease,
dehydrogenase, acid phosphatase and arylsulfatase than all other treatments.
The compost application enhanced activities of urease, dehydrogenase and acid
phosphatase than the NPK application. However, arylsulfatase activity was
not significantly different between compost and fertilizer application. The
highest microbial population was recorded in the NPK+compost treatment.
The compost application also resulted in higher microbial population than the
NPK application. The above results indicate that ecological stability could be

maintained by application of compost alone or with NPK.

Two pH indicator dyes, bromo cresol green (BCG) and bromo phenol blue
(BPB) were used to develop a new method for the isolation of
microorganisms that solubilize iron and aluminum phosphates based on the
fact that the solubilization of iron and aluminum phosphates was associated
with the decrease of the pH. Bromo cresol green was found to be superior
to bromo phenol blue in terms of clarity and visibility. The use of Reyes’s
basal medium plus dye was found to be preferable to that of Pikovaskaya's
medium plus dye in terms of halo zone formation. These results indicated
that Reyes’s basal medium plus bromo cresol green is the best medium for
the isolation of iron and aluminum phosphates—solubilizing microorganisms.
Four efficient iron phosphate solubilizers and five efficient aluminum

phosphate solubilizers were isolated on Reyes’s basal medium containing
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FePO, and AIPO,, respectively, plus bromo cresol green.

Phosphorus is one of the major plant growth limiting nutrients, despite
being abundant in soils in both inorganic and organic forms.
Phosphobioinoculants in the form of microorganisms can help in increasing
the availability of accumulated phosphates for plant growth by solubilization.
Penicillium oxalicum CBPS-Tsa, isolated from paddy rhizosphere, was studied
for its phosphate solubilization in the present study. The influence of various
carbon sources like glucose, sucrose, mannitol and sorbitol and nitrogen
sources like arginine, sodium nitrate, potassium nitrate, ammonium chloride
and ammonium sulphate were evaluated using liquid media with tricalcium
phosphate (Ca-P), ferric phosphate (Fe-P) and aluminium phosphate (Al-P)
respectively. The sucrose-sodium nitrate amendment influenced the production
824 mg L' of maximum soluble phosphate from 5 g L' of calcium phosphate
source. Mannitol and sorbitol among the carbon sources and ariginine among
nitrogen source were poor in influencing phosphate solubilization. While
sucrose was good in influencing solubilization of tricalcium phosphate and
aluminum phosphate, glucose fared better in solubilizing ferric phosphates. In
general, mannitol and sorbitol were poor in influencing P solubilization from
all the three phosphates sources. Though all the nitrogen sources influenced
better P solubilization, nitrates were better than ammonium amendment.
Ammonium chloride and ammonium sulfate amendments witnessed higher
uptake of available phosphates by the fungus, indicating depletion of the
source in Fe-P amendment. In all experiments, phosphate solubilization was
accompanied by acidification of the media. Higher pH reduction was observed
in glucose amendment, which was followed by other carbon source
amendments. In the nitrogen sources, ammonium chloride amendment favoured

greater pH reduction than other sources.
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Two successive in vitro experiments were carried out to examine the
effect of MPS bacterial inoculation on growth, nitrogen and phosphorus
accumulation of maize plants under green house condition in the same soil.
There were four treatments, uninoculated control and three phosphate
solubilizing bacterial inoculations, viz., Pseudomonas striata, Burkholderia
cepacia and Serratia marcescens. The inoculated plants showed the higher
plant height, total dry mass, nitrogen and phosphorus accumulation when
compared to uninoculated control plants in both experiments. In the combined
data analysis from two experiments, the plants inoculated with P. striata and
B. cepacia were recorded significantly higher plant height, total dry mass and
P accumulation when compared to S. marcescens inoculated plant and
uninoculated control plants. The P. striata and B. cepacia inoculation
enhanced the total dry matter accumulation by 14 9% and phosphorus
accumulation by 25% over the uninoculated control plants. The nitrogen and
phosphorus concentration of maize plants were also increased due to MPS

bacterial inoculation, however, the effect was not significant.

The effect of phosphate solubilizing microbes (PSM) on plant P uptake
and growth in rock phosphate applied soil was tested under a greenhouse
condition. Tobacco plants were grown in nonsterilized soil inoculated with
Penicillium oxalicum CBPS-3F-Tsa with or without rock phosphate
application as P fertilizer. Phosphorus concentration in tobacco plants was
increased by the application of rock phosphate, and inoculation of soil with
PSM further significantly increased P concentration in tobacco plants
compared with treatments noninoculated. Phosphorus uptake by tobacco plants
were also increased by application of rock phosphate and PSM inoculation,

and the increase was significant compared with rock phosphate treatment (P
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<0.05). Growth of tobacco plant was significantly increased in the treatments
receiving rock phosphate, and combined application of rock phosphate and
PSM further increased plant growth. The positive effect of PSM inoculation
on plant growth was closely related to the enhancement in plant P
concentration and uptake. These results suggest that Penicillium oxalicum
CBPS-3F-Tsa can solubilize insoluble soil phosphates and rock phosphate,

and promote growth and P uptake of tobacco plants.

It is now widely accepted that immobilized microbial cells can overcome
some of the problems associated with microbial survival, stability, efficacy,
storage, transportation and ease of application in agricultural environments.
Pantoea agglomerans, a phosphate solubilizing bacterium, was immobilized in
alginate, agar and gelatin carriers. All the three immobilized carriers with
bacterial cells of P. agglomerans were compared for solubilization of
tricalcium phosphate in pure liquid cultures. While alginate beads were tested
for phosphate solubilization on alternate days up to five days, agar beads and
gelatin cubes were subjected for one time phosphate solubilization analysis
after seven days. Both alginate and agar immobilized cells of P. agglomerans
exhibited higher efficiency in increasing the solubilization of tricalcium
phosphate than gelatin-immobilized cells. The culture filtrate of alginate
beadinoculation treatment registered a rapid increase in soluble phosphate
concentration upon incubation. A corresponding decrease in the pH of the

medium was also observed in all the treatments.

Pantoea agglomeransimmobilized in alginate solubilized four different rock
phosphates efficiently under in vitro conditions. The solubilization pattern
differed according to the rock phosphate source, where maximum

solubilization of Morocco and Tunisia rock phosphates (2156 and 186.1 mg
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LY on 6 days, Israel rock phosphate (60.98 mg LY and tricalcium phosphate
(1323 mg L") on 10 days and China rock phosphate (488 mg L' on 12
days after inoculation was observed. The shelf life of the immobilized bacteria
immobilized beads stored in two different temperatures was studied for six
months. Beads stored at both room temperature as well as cold storage (4TC)
were found equally good in supporting the bacterial population as well as
phosphate solubilizing activity. P. agglomerans immobilized in alginate might
be exploited for large—scale biosolubilization of rock phosphates intended for

fertilizer use.

A phosphate-solubilizing bacterium, Pantoea agglomerans, was isolated
from rhizosphere soils collected from Chungbuk area. A greenhouse
experiment was conducted to study the effect of combined application of rock
phosphate and P. agglomerans inoculation on plant growth and phosphate
accumulation of rice (Oryza sativa L.). Apart from control that received no
inputs, six treatments were planned as follows; 1) seed bacterization, 2) free
cell inoculation and 3) bacteria immobilized beads inoculation, individually and
in combination with 1 and 25 g of rock phosphate per pot. The results
showed that plant growth and phosphate uptake were significantly enhanced
as a result of bacterial inoculation. Bacterial inoculation in the form of
immobilized beads and 1 g of rock phosphate was found to affect positively
the rice plant growth and phosphorus accumulation than other treatments.
The available phosphate concentration of the pot mixture also found improved
as a result of P. agglomerans inoculation. A positive correlation was
observed between the phosphate concentration in the pot mixture and

phosphate accumulation in plant.
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M 2 & e 7l e A&

HAES o]§3 Hg T3 WS MEsEHE Axmv s olFojA skt
19509t HAjotel FRFAA =84 JAAE THEE AE 5 e vAE
(phosphobacteria)< ¥ 8}

T AR, Bt 10%] FF St
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2
ACh
)
iih)
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il
lo
r o
>
oy
o )
il
ol\
=
>
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il
=
=
H
o
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A v, AR, A, Fa AN AanYTY *
A7 o] AA o 304 AANA BAsn Jov, WF vFgSl AL T

B Ax7rgskete] 8o tisto] A7 o]FojAa . WAES o8

AEe A= “Biophos” 2= o] Fo & A&3tE o] Frte A AMEEtal 9t

T A E AAFA o] FAH diFet 3 s AR7lse] H8Ae] a7%
of me QAFE st AF7E AlFFE Al Ak ARG A A LA S
=S 2z st fFEstal o mAdEo] AAS HA Fokr]
of A& o] vl A sty Jom A& AHERE 7
HA ga Advk. B A@ANANE TF FEE AAste] @A 5% #F(
Bacillus polymixa, pseudomonas strata, BRPS-116, 207, 41902 B #3sta gt}
gyl gt e] A9 ESEAS FAISHL Ca-P 7hEshatel A7 A
A FUES B Al-P 9 Fe-P 7F&shate] digh A= dAFs AdA4e|r

Al
=
T dFSlE, I EFS ez @ Auiddol nFste] d&stel=

r
Aror

2
i1k
fols
il
N
i
Ry
e
Q‘L
k1
o,

m 2 A Fakal 9l

o] Q1 A7} 3 (bacteria®t fungi) S EGo2XHE Hayn RS
b 718352 Cas(POy)s, FePOs AlPOsS 9 P-sourceE ©]&3le] A Hc}, o]
Aol Ao M= Picovskaya's mediume AF&3 o, FHZol 94 E basal

mediums ©]&3dte] ¥FE AL o]HF S B8 Al 5 U=

:

A wj Aol A colony®] FRol FHUE dAdsts $9S JHAH, B84 At
ZHestt o2 A Y. Tl pHA A f714ke] Adew 7 A
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st osle] B84 2AaS gHAFoEZR FAHE Aot 1@y FHoE
Caz(PO),E E3t= mAlmA = FAFA T FePOs, AIPOE E8ats 1
AuiA A= FAEA Gk B #F ALSE AFsE AFAEL agar
plated] M= FHul7t A kot AA wiAdqME B2 BEE&A it
(FePO4, AIPOy) & 7FH&3F AlZithal BHagkqith =, i d5 dAa4 e
2 Picovskaya's mediumS ©]&3te] FHdui7F HE S AR EHsAD 9
27 Bed #FE d54 02 FePO, AIPOF £3d A wjAlolA 7183t %
o] ZAH. ey, AR o R oyg T FePOs AIPOso Q1A 718315
o] = vehA @kttt A F7A ®Ha @ oupol] oskd i) QAT s
o] Ca3(PO4)2] $1471838t5S =AW FePOy, AIPO,8| 914H7F&35 2 =4 ¢

= Ao yeykth ofrkE FePO,, AIPO,o] <14k 7h&3} o] A whylo] 2
7] WiEd Ao FHHH, H2o AFAE thE T/ A e pH A
AlokS o] &3t FePOu, AIPOS] A4 74H&38t s afA oz HAlsr] 9
A2 o] AlEE L glom Hgk JfdtEojof gt

AW o2 Eoko] abrbgsiito]l EASHAIRE, dwkH o R T3l H &L <
Edol EAste vhe mAET BAsd FEsA Xtk dA7kA o b
A T AA7EE3) fungiet bacteria®] FHEol A= G 2 AGFT IR O

gl A7 M FHQtH(Taha et al, 1969; Azcon et al, 1976; Khan and
Bhatnagar, 1977; Banik nad Dey, 1981; Jisha and Algawadi, 1996; Gadagi et
al, 2003). A& ZHEFA EAste A=Y 493 5= Ao A 2
o <l 2 dnk ol mAES o ol&2 TR
g 2 AEFEd TAE flstel =, eAem s IPHu 3l
t}.(Rodriguez and Fraga, 1999). & AEW|EZH Qi 7183} nAES o] &3t

UHGoldstein, 1993). A= s &34, Fa7Itdd, &5 Sold R 47l

gt
o
o%
o
=

=

oot

AS agste] ukst dele] EAl  (peat, lignite, soil-sand mixtures,
vermiculite, perlite , agar, k-carragenan, alginate, gelatin, PAG(polyacrylamide
geDE ol&ste= A7 7F M E 1 ot gujol e wmgh Aol

Gel carriersZ cell entrapmentol] 2o]&] A3} WH-L Rhizobiumo] 24 -&% o
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fieldol A &5 o] A LAk Van Elsas and Heijnen, 1990) 3k F Lol A&
| o] He vAE EFAE @AY A7 FHSdeA JaAH Ao
(Bashan, 1998; Deelereck et al., 1996; Vassilev et al, 2001). dwt&ol w343}
HAe wAE WY T matrix FER LA s}Ele], 2 Ko o wAEo]
g kAl A wrEolW = Aol th(Fedirici, 1993). WA &S] 14 s}
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M 3 & d7igdE & 2

A1 d A7AE =38 WE

A7) AR A7 e kel 4 dH 2 HHFE 24§86

LEA G 9 ZledelA 1967d oldz FHn e AGTE AEAY

om A4S o Ade 643 99 Abolo] Hl7h wol Welw AFTe of

1230mmell el2w Hi, HA dir]E= 247 306Te 6T

32
o

. ESdS

Ju
A
32

Deogpyeong series (a fine clayey, mixed, mesic Aquic Hapludults) &
o}
4001dzbell AZ FdE g A TolA FH S (control), HH]  wHE&A 2T
(compost), 3}eH]l 8 @838 F(NPK fertilizer) @ EH] % 3stng Hgxg
T-(compost + NPK fertilizer) & A3 Agy= AAsA F710d 42
2 K,0& 7zHzF 150, 100, 100kg ha' o]glom ®u) =g
FFES = 10 Mg ha 'olth EFAR A3E 3wk om  slon plot size
T 8m x 6mz vt X gde= BE WE 69 olAsda 10¥el st

Ak WA AZolA WAL Aden BF +3eAn, £ F e WAL

P

AH¢=E=L N, P05

AurE el E<F steEA <t el HI7E Y38 Ap horizon (0-15 Zeo])
NA EFARE AASY 2mme] A2 A AY2Edd HAsHAT ESFF7]
&& dichromate oxidation®, E¥¢ pHE E%3 & 158 £d389 #7 A
=BG A}83Fo] =4t} Exchangeable cations: 1M ammonium acetate® 3=
%39}, atomic absorption spectrometryS Ab-&3s]A =AUt <1AS acetic
acid®} ammonium fluoride& o2 FZ3 & HAA2LS 70% perchloric acidE

o] &3} E&l3t & molybdate-ascorbic acid BB o2 AALS A e AT 7]

o142 EF samples 550CoAA A g $ 05M H.SO,= Clato g FE3)9]
A e At Chang¥® Jacksone el wal F7] ¢12HAI-P, Fe-P$ Ca-P)&
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Z+zy 0.5Me] NH4F, 0.1M NaOH, % 05M H.SO2 F=& 3t &7/, AH3A
o
MEE Z487] dd AHF BFARE FA A

1
=
9 nasgt EFasdy

B\

AHFH S dehydrogenased] &4 formazan
release method (Casida et al.)& ©]83}% 1L, acid phosptatase (Orthophosphoric
monoester phosphohydrolase EC 3.1.32; pH 655 37C)¢ urease (Urea
amidohydrolase EC 3.5.1.5; NH4~N release method; pH 9; 37C) & Tabatabai
and Bremner?] W¥& o83t Arylsulfatase (arylsulfatase sulfohydrolase
EC 3.16.1; pH 5.8; 37C)= Tabatabai®l Wl o& =434

n A& WX serial dilution plate count technique® A& o= =43 %t}
Total bacteria, fungi®} actinomycetesst= 22} agar, rose bengal agar %
Kuster's agar H|A| S o]&3lo] A8, free living No fixers: Norris

N-free agarg ©|-&3lo] A543}t

OlA7 g 3ol a8 EYE 939 Picovaskaya's medium, Reyes's
medium, % Modified basal medium © pHA| A% bromo cresol green (BCG)3}
bromo phenol blue (BPB)E #H7tste] A= wiA & 7NEdstdth. 742k pHA
A 9FS 70% ethanolS ©]&3o] 05% stock solution®Z %51 pHE IN KOH
= o] &3le] 65% YFE FPicovaskaya's agar, Reyes's agar & Modified basal
agar media 100mLell stock solution 0.5mLA S H7}lsle] W3dk I petri plate
of EFetdth.  wiAe Be&AdS Hlwsr|fete] APl AMRH WAES
Pseudomonas  striata  PSB-17%}  Penicillium oxalicum CBPS-3F-Tsa/IMI
387080°1 1 2. ¥ Pseudomonas striata PSB-17% Q%9 S5 3 EdoA
B8 AL B wgkal Penicillium oxalicum CBPS-3F-Tsa: U B¢ &
A EYo A AIPO7F £3%H Reyes's basal mediumS ©]&3] st o, 9
=535 PDAYA 39%¢ 7)€ te 5 mm agar plugE ©]8€3o] modified

medium®] £+ petri dishol HEsATh HE $ 37T A 48A17F &< Hl
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3l & EFH e} colonye Z7E =AH A
EgolA kgt fele SHAWY o] Adoriy thgd A
of BElE 29 ESH A AHste] Abgadith 29 EYS dE5How
ste]l AIPO, 9F FePO, o] BCG7F ¥3t% Reyes's basal medium plateol] HY
9t} bacterial colonyE-2 HlA] ¢l B FHUE A5l oE AR
AREJD FPUE JAAsE st colonys &5 WIS ste] v A4 7
&3t Aol AH&3k3
124 #eldFo] 7kesks, pHe W3, FrIAA8E SAHS Slete] Z4zh
P-source® Ca3(POy4)s, FePOs AIPOs7F X3FH 100mL flask (Reyes's basal
medium 50mL) o HEFeAh HE F 37CoA  48A17F &<t w3ttt )
2¢] 9145 %=+ Murphy and Riley(1962)Hel ol =A&t¢lal pHE Hl %ol
Eu A5 =439t 77142 organic acid columng ©] &% HPLCE o] &3}
5

7F HoSO4 (0.1%) (0] 54 %: 0.5ml/min)& At

g
rlo
&
JP}
b

AL 7h& skl mA= &4 2 Ao 9 HUF A= AN

2=
E ARgstnh iAo oA &4 (glucose, sucrose, mannitol) 2 30g/L
From  Agste] Ao JEFES Hlusilal, HAAYOSEE arginine,
ammonium chloride, ammonium sulphate, potassium nitrate % sodium nitrate
Z 10nM FFo 2 A& Y. PDAC #5(P. oxalicum CBPS-Tsa)& HE
g F 30ToA 7-10¢ &< A2A ste] 4T=2 Basidv o dF(P.
oxalicum CBPS-Tsa, (A& 4mm))E& Ca-P, Al-P, Fe-P7} 42 5g/L7} A7}
H Reyes 71z wjAo] H{Ed F 120rpm, 30CelA 74 &<t v, FAak3 0
7ol A F 1083 AR ATHA 10,000 rpm)3stil, GEdS 045 M
Millipore filterell &¥#A171 § JAits=et pHE A5tk w¥ee] pHE pH
metere] A¥H FF AFE ™

chlorostannous-molydbophosphoric acid W& o] &3Fo] 2-A A ksl 9] o).
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1A 7V &3t (Pseudomonas striata, Burkholderia cepacia 2 serratia

marcescens)®] A=A FFEI= SFFE FALLER potll A FHEA 2
bacteria® 50mL nutrient brotholl A 483A17F 8j%F % t}A] 1L Erlenmeyer flask
(500mL nutrient broth)2 &7 28C= 5¥ 3+ w3t 2 &S A3 Al
& 10°CFU/mLol itk A 8 E 4 S5

Eoko] A3 A 33tz EHO 1

-1 10O

r
iy
v}

2
ow  Z} pot(10x10cm)ell B E EU 500g= AT A 243 g8 T (1
), 24 Aol 12k AujAl el s nAES AHgste] 2dA Al A
Atk S5 T Zea Mays)E dE A shF &<t ol A A2 F potd
e FAE gFstdon. F 1569 F potd styel A=AlE Pl SFof
FAoh A AP AuAE Qlo] Fasklar, 23 AuiAlel= 2 potell N¥ K
= Alblatsl oy P ofd Aol e Alu|skA] Fotth 3F

4
o] ol A%F N, P HE 9 AV 4% 4. 5% F 4EARE
A

J

4

70T Az & Wiley A 7S AFEs] 223 3 & A

A& shat ot 1FA el Bl a343S @l (Nicotiana tabacum L., cv.
NC-82) #&E& FAste] Ab&atslon 47hA] A (F-H 7, PSMYE HEg A,
AFA AHEE g A AFA 3} PSME 7 AHEe )9 50t Agor 3
shAth A7l AR E EGS FHRUStne sForRH AHsilon B
A A st 5S4 #F20 2uh 934 T (Kilmm)S ARESELAL F
AAFFL 300g P05 kg el Atk A, Qak, o1

188kg 10a 'Z A|M]aF9d 2w, urea, rock phosphate, potassium sulfateZ A}-83}
At} @HE2E vermiculite seeding bedoll A 65F F<¢F oAzl F 17kg-potol
ol A sttt Wl HEg oA F v, FHIE PSM w520 mL (log CFU=7.0)&
Wz FAEG] HEsArh AEe Az A FaAEA o, AT



3% 1. P status, OM content and pH in soil used in this study before

experiment
Organic
pH Ava-P Al-P Fe-P Ca-P Total-P
matter
g kg mg-P>05 kg '
5.51 8.79 433.96  377.44 239.89 102.93 1688.90

(£0.01)  (£0.69) (£4.64) (+£12.32) (£13.11) (£5.78) (£7.22)

_29_



3t 2. Selected properties of the soil used in the study.

pH Organic .
Texture (1:5 H,0) matter Available P Total P
g kg --- mg P»05 kg™' ——-
Clay loam 5.b 17.7 204 909
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= odsgen wdatgth Bl e AFeht ek 4 (0029 69 119, 18
A, 249, 74 25k Ao WA ATAL 47 53 AV 243
Rom, A=el kol Zv9 AEFN St AT FHA6 SAAT. 54

e p<0.05 =4 Duncan's Multiple Range Test(DMRT)Z H] 235} %]

E< pHe 1:5(soil @ water)B] &9 d8g NS fF2 "5SS ALEete] A9
715 %+ Walkley-Black ¥ (Nelson and Sommers, 1982)o u}lz} =73 3}
&t} Available P Bray No. I 3 (Olsen and Sommers, 1982)°l] 2]

%t}
ol WAL 423+ A5 leaf area meter (Model LI 3100, Licor, USA)S A}-&3}¢]

=R on, A3 Z719 Ax FAE T2A7HES 70TCoA Axd g =34
stATh HoSOs9F HoOxE AFE3le] A3t £7]9 Al8E &&3 v <lil

= spectrophotometer & AF-&3}e] vanadomolybdate®] &2 =43} t}.

o

RS
O =

wEl gk QUA7FE skt Y] AAE AE AP RAGNA ], 4" wEH okl P
agglomeranse ©]&3te] St om AAs EF=Z=  alginate, agar %
gelating AF&3FATh  AlginateE ©]-&3t9 1A4st= WS oS3 2ok P
agglomeransZ 30Col A 120rpmo.E 3] AA| AFo] 24X 7HE<F o Fuf =] o A uj
k3l 3 cell & centrifugation (10,000 x g)ol 98] 3|dta FHF= AHES
th HF Axe FEE 1 x 10%ells / ml & %

th Alginategs ©]-&3te] 1A= WHS oS3 2o wGAE Smlol
autoclave 3+ 2.5%, 35%¢ 5% Z+Zte] sodium alginte &< 20mle} £33},
0.5M calcium chloride & <ol tEAZTH bead’t P4 E A 4TolA 1A 7HE
F AIAIZ F FEFR AlH F BAsH tH(Woodward, 1998).

Agars °] &3 A WS &3 2o MFAHAE 5 mlE 2%, 3% R 4%
agar(Bacto Agar, Difco) £4(40TC)o =3t =gdd &9 AEA 7E
(corn oil) 200mlell #&=AZ F 3

TR Ay & AAsAHLopez et al., 1997).

_31_



Gelating o] &3 AAs WHL 53 2k Gelating o]-&ste] 14st= WY
< Gelating &l 4143 7Fgste] &aAA 5%, 10% R 15% FE&A4o =2 Az
3 & golo] &l 35 40CE ZASHA wlFHZA x 10° cells/m)ES &3
3% A3l 89(20% formaldehyde, 50% ethanol and 30% water) 2mlES 37}
stk 1 £35S Rty vortexing 3F ¥ cross-linkingE ®0]3kA4 8171
sto] 18A1FE S 4T ®¥ i gel FElE A%t g 35mme] 2

cubes7} WHEO AW R AojFal WyAare| A HAE S TE (de Alteriis et

|

AA st A7HE Y] B AL thed o] 33T Pikovskaya's
medium (100mDel] 0.5g¢] Ca3(PO4)2& F71e$ pHE 7.00% F4dsta 121T
o Al Abitsld Tt Flaskel 5712  beads 5=+ cubes (1 x 106 cell/bead &=
cube)E HF3sta, 30CoA 120rpmo 2 3] d st wjdstdnh 45 5 0Y, 14,
34, 5¢ W 7ol AHE HASJ e, alginate, agar, gelatino] 11743}
cellsoll 93} tricalcium phosphate solubilizationi4]1 & w9k 7 5o =333t}
HAEE (10,000 x g)& B3l Aol A5 NL 045um Millipore & F3H}AI71 &

= = =]
pH % 914 5=8 Z4sheth

AlginateE o] &3t A A3 P. agglomerans & ©]-&3dte] ths 2H< <l

#4g ez AWHEES

i
i)

& o R AASE TR AP

20mle] 25%¢] sodium alginate & <ol 490], AREES 0.5M CaCl, & 9ol =
A ZF beads A3 2 st7] f1siA 241 3bE<E 4, ColA AAs AT 1
Sol beads HEwtTE AHF A A&t

‘CRP, ©o]22}<l)IRP, FUAHTRP, ¥ E=Z3:MRP)
= Al 05%% H7beS zhzhe] Eefsad Eehaad 5719 beadEs HE S
I 169E<¢k 30, C, 120 rpm9 rotary shakerol A wjokslHA 24 7A o=
samples Al # 3} %3 o}
Shelf life¢] Z4ATE #3to] beads A3 4, Co| &AM 64L&t
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m

=

of AgstAl 309 HAo =R AQirtEstes AT o Jogyoz A
e 107 beadZE potassium phosphate bufferel]l &3, wWj%¥3F, I beadES
VortexerE o]&, & &LoA 5~1087F o] Fu, dAZFS o] &3] A

X 42 Nutrient agar Bl # 9] plate count method® =743t}

T AstE AAIV& 3 (Pantoea agglomerans)S ©]&3F A1 4w A &L (0.

ol

sativa L.)E Alsle]  F8Etdtl. m3E Free cell inoculum (FCI), Seed

bacterization (BI)¢] HZ4H < Bacterial Immobilization (BE) W 3 &&< v
}

i

= md
B

i

W3R Y. Free cell inoculum (FCDWH S <o) #=1]E v AE(Im)S T4
&=

2

potoll HE3sle]l A glst$d L, Seed bacterization 2 EAS 1A]7F F<F 1]
Aol HAAZF Ax3t potoll IF3FATh

Pot Aujd &S 9ste] EHo] Atd W FAHO. sativa L)E pot E¢=(1:1:1
- vermiculite, perlite and peat) 60g< pot(7 x 7 cm)oll IE3} ) Hold 54U
of 37h8] FRE FHobdF oA Auisdnt. B4 1g/pot (CRPL), 25
g/pot (CRP2)9] FFo 2 A3t Ad A2 += 1) Uninoculated control,
2) BI + CRP1, 3) BI + CRP2, 4) FCI + CRP1, 5) FCI + CRP2, 6) BE + CRP2,
6) BE + CRPI and 7) BE + CRP2 ot} 3t&% 309 604l Fhste] =
A9 o], AAY B AxF AedFs S, F U2 standard W
(Jackson, 1958)& Al-&3te] Attt 2332 ANOVAE o]&3le] BA A
ST
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3t 3. Concentration of different P fractions in paddy soils after long-term

annual applications of compost and chemical fertilizer

Avail-P  Org-P Al-P Fe-P Ca-P Total-P
Treatment (P mg Kg")
Control 24.8 180.2 38.4 163.7 27.1 522.1
Compost 28.7 207.3 48.1 2439 35.2 713.4
NPK 60.8 244.3 83.9 392.2 57.3 868.4
Compost+NPK 90.0 296.4 94.3 539.9 58.7 1158.5
LSDoos 7.0 34.1 5.6 33.7 15.3 46.7
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Hgom Fold drvEs uAdE JHR SAS A 4+ la dHe fEE
AP WM 5 gtk Fe-P, Al-P¢} Ca-Pe %% HH| + NPKsgH| &

&2 ZH7F Aake] 6.00014 96% 2 50004 66%= UElor RE A A
of7he] Apol7b ldth AE EdelA Feol nA® Q14Fe] v &2 14k 310
Aol gk 718 QI4ke] vl & RE Aol EA dEbskh
717l A A& FH] @8 Aok NPKeehH| s @83 = =49 3}
g4 EAS sl WMSAIATHGE 5) EY pHE FA e vl EHu] w-8A
29} NPK3}shH| 5 @& A 2o A 0.1604 038% F7stser, 71 =& B
o] pH= HH] + NPK3stH| 2 o] HgtigjolA yetwn HH o8 A2+ H
w3k wf Ee] pHy NPKeehHls w8 AeloA o &4 vewgon, Hujel
shetn| s o] F73F ARl EYC pHE S7HA 7] 2 o= vyt ojggh 4
W= Cox et al®] A= fFAeA detut B4 #71= e FAE
EYe #frle @ nlae] = wf Frigke] EHuH] & ek HH] + NPK3}Hst
H g H3A el oA dds] SrFEAT 7P =2 frlEe] e Hul o+
NPKs}etr| 2 7F 539 Aeldl Edold #2¥da 7 oz iy dg&Ae=
Uetst #rle dEe Ske SR Rl AY wieldt & & vk

Ouedraoggo et al & 3t FnH]o] X &A1 A= E oA
Fr7lE S sdua BRausgit. HH] &8 2ok NPKshehH| 2 w83

= B A ol Tk TUMNA A Fol2 K, Mg, Cas2 H
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3t 4. Proportion quantity of individual P fraction in total P measured in paddy

soil after long—term applications of compost and chemical fertilizer

Avail-P Al-P Fe-P Ca-P Org-P
Treatment (%)
Control 4.7 7.3 31.3 5.1 34.5
Compost 4.0 6.8 34.2 4.9 28.9
NPK 7.0 9.5 452 6.6 28.1
Compost+NPK 7.8 8.1 46.6 5.0 255
LSDoos 1.3 0.9 4.79 ns 3.6

_37_



3£ 5. Chemical properties of paddy soils after long—-term annual applications of

compost and chemical fertilizer

Exchangeable cations

K Ca Mg
Treatment pH (H:0) OM (%) (cmolckg 1Y)
Control 5.15 3.31 0.08 2.29 091
Compost 5.24 3.83 0.31 4.09 1.10
NPK 5.46 3.00 0.12 4.18 1.46
Compost+NPK 5.48 4.09 0.37 4.84 1.46
LSDoos 0.06 0.29 0.04 ns 0.05
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M| NPK3t & g714eel s Zhstenh 7bg e A4 Fole B
& Hu) + NPRESHH & BgA el s dehon] wrd b e A8y o
o] 29 FEE TAe oA B Ak

gt

E% dehydrogenase= EY9 4 AL &, EY microflora®] A Aks)
ol dE Az F ¢ ATk weps, a4 vAEY] &4 g 2 A
2 AZ " (Nannipieri et al,, 1990). EH] + NPK3}H| & &B3xg= 7H
< dehydrogenase®/d-& UEtHoH, EH] @832 NPKsteH] 5 o84
7F HE olATHIE 1-A). o] AMES HulE A g Edel EAstes B 79
bacteria, fungi, actinomycetess®l 23] YZHATh A7 HHE At Aol
NPK3&}etn) &5 @82l 9} nl a4 dehydrogenase?] &4o] F7hsldom, oA
< dehydrogenase®] &4o] A71zre] NPK3letu| & Ajujo] "7H31A w8300
T Aol ofd EdA v AdE 5 doeE AE GAEh
Kanchikerimath®} Singhi= 261%7+e] NPK&}ghu| 9] 2mdt AluR Qs EY
o 51 9] dehydrogenase2] &4do] ZA A=Atk H|S3 23S B35S
AT Fu) e} g7 NPK3FeHH 85 AW 3lS wo]= dehydrogenasee &4
o] S7HHATE ol A& Hule At g8t vz o3 EY &4 &4 oA &
HE FRAteE RS s JHRle AEe EdAdAY
AL, &40 XS =71 A A Beyer et al.gA FAE AES Bl FFS
f4e A vEE de AMRHL Jow, 249 fFREEE 847 7 hY ¢

Yol akel gk 9] bicarbonateZ EaEHE A =o| FHg-HTh o] FstHo=w
o BHES BE EF v g otel EA|ek= urease® Aol o3 FHxlEn 7t

F =& E ureased A (4182 mg NHy,~N/kg soil/hr)S EH] + NPK3&hH]

|
ki

Hi

O

h

il

Ho

B EEA oA vexten, 1 thgo] Hul ggAe, 1 theo] NPKsHeH
% weAE2 Gehdoi(2g 1-B). 59 + NPKeHehil e Baes =% 14

B9 5 FTI7MAI71A, urease?] E4S 7 AT 7HE 92 ureased] &4
FA gl A Uelstth NPKsshH & w8429} EH] d-84 2= FA2lek v

8 A urease] Aol Z7FAIATH

_39_



NN\
NN

NN

NN

N

NN

DO

DI

NN

AN

2

NN

NN
AN
S\

- " =
A H-H:.Eu__ dogne 3w (N

AUy Jwizuy [og

E

m -

=1

[ B Touadenm Sur

Cormost

Treament

represents LSDoos)

Comrol  Composi MNP NP+
dehydrogenase(A), urease(B), acid phosphatase(C) and aryl sulfatase

a9 1. Effect of long-term applications of fertilizer and compost on soil
activity(D). (Small bar



Bk A9 F7]122HE phosphatase® A0 93] EafEo] A& A F88HA 2

olth, e 2E3 EYuHEL A& A F8&3 a2 XA FE phosphatase
) =

2

o} ZAME B 5 7FF =S phosphatase?] &4 FHH] +
NPK3}etu| 5 E-3* 2] (231.6mg nitrophenol/kg soil/hr)oll A YeEbyka EHl
S 2lek NPKatetn s @847 FE oAt (1™ 1-C). NPK3}etn| 5.9 5
Hlol 93] 7fztd Edol M= FA 29k vlws| A acid phosphatased] #Alo] =
7}aks o, Kanchijerimath and Singh= phosphatase®] Z4do] 22}
A NPKstetv] s HHlE Ao =y Fr7hgivkal maugeh Bkl g
F71Ee Sk 24 A4S SUMNAEH. & AdoA $E= HH + NPKst

of ke AL U & 9

=
El

do
i,

shg ¥3tAeld E9d b e 47180

o
M
oo
ﬂ

AR —
Stk Ajwa et al. acid phosptatase?] Aol HRE FX % EFI v
A HRE F EYOdA 7o Bask
Arylsulfatase= aromatic radical®} 7 #7] sulfate esterd 7FFRaiE &3k

t}(Tabatabai et al, 1970). EH] + NPK3}ev| 82 Exg s EgdA 714
=& arylsulfatase® €/do] #Z ¥Qlom, 71 thgo] FHH @&Ag 1 tgo
NPK#}ehH 5 @& g & oAt (24 1-D). HH] @& A EFE
arylsulfatase®] &S YERNRTE Ajwa et al> 7|k AR <13F
arylsufatase &4 &X4o] HI=SHA F7FEJAV . Rudy. b
arylsulfatase &2 F3 g F-oll A 7] 55 ST,

EY mAEe] MAse WY Ay AddAdd wet AeolE BATHE 6~9).
Aol AeE A dANA mAESY Fe 2A SIFsHA ggken 84 1A

Hie
o 2o

(

AL
rlo

E47F 333 S7rer o= W] wAdAe  dAdT Fungit
actinomycetess 18] N» fixers E3F 2 AHAFIFS HIAHE 6~9). FHH] +

NPKststH| 7 Bt el 4, HH] @824~ 12far NPKs}etr| g w84 2] 7o
M FAE e vladte] %S S92 bacteria, fungi®} actinomycetess L] il
fixers7F A4S & + AU

Mg e MAES] e HY] + NPKseH s S oA #2505, F
v Gg&A e 7F JE matth 2y HH] @8 2ol A= NPKsehHl s o

_41_



3 6. Population dynamics of bacteria during cropping period of the paddy as

influenced by the long term fertilizer and compost applications.

Treatments may June July Aug Sept Mean

( x 10%g soil )

Control 24.21 35.66 36.29 48.13 34.12 35.68
Compost 72.62 53.63 60.06 82.20 56.36 64.97
NPK 67.46 41.78 62.30 73.24 47.25 58.39

NPK + compost 77.78 83.10 78.82 97.01 78.69 83.08

Mean 60.51 53.54 59.36 75.13 54.10 60.53

Treatment (T) Month (M) Tx M

LSD 0.05 6.08 6.80 13.60
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3 7. Population dynamics of fungi during cropping period of the paddy as

influenced by the long term fertilizer and compost applications.

Treatments May June July Aug Sept Mean
( x 10%g soil )
Control 26.49 20.06 41.50 53.84 22.12 32.71
Compost 73.40 46.07 96.96 101.25 47.68 73.07
NPK 67.46 34.12 95.08 983.76 35.29 66.16
NPK + compost  101.59 47.78 119.87 130.48 50.27 89.99
Mean 67.23 37.08 88.35 95.57 38.97
Treatment (T) Month (M) T xM
LSD 0.05 0.68 0.76 1.53
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3 8. Population dynamics of actinomycetes during cropping period of the

paddy as influenced by the long term fertilizer and compost applications.

Treatments May June July Aug Sept Mean
( x 10° /g soil )
Control 32.54 17.09 28.55 35.90 25.15 27.84
Compost 54.76 38.52 55.72 67.69 45.21 52.38
NPK 53.17 29.25 49.18 59.06 38.12 45.75
NPK + compost 60.20 40.86 73.00 87.76 48.25 62.01
Mean 50.16 31.43 51.61 62.60 39.18 46.99
Treatment (T) Month (M) T x M
LSD 0.05 0.53 0.60 1.20
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3% 9. Population dynamics of free-living N2 fixers during cropping period of

the paddy as influenced by the long term fertilizer and compost

applications.
Treatments May June July Aug Sept Mean
( x 10° /g soil )
Control 40.48 52.75 63.17 77.31 51.25 55.99
Compost 68.25 114.05  117.22  130.44 98.25 10564
NPK 57.14 9192 11681  122.18 84.24 94.45

NPK + compost 77.38 12405 16420 18275 10222  130.12

Mean 60.81 95.69 11535 12817 83.99 96.80

Treatment (T) Month (M) T x M

LSD 0.05 0.64 0.71 1.43
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SAYTEY W =2 o A=l HEHAY FAYT= B AT
Hlel 22 o] v Eoe] MAge & & AT mA=e] MATFE Hulo Al
Aol o S7tetm, ol A2 B frrle 4 wZoletal A7t (Benbi et al,

=
1998). AeAom, gl mAze &4 37d St NPKsFehH| & w84

2] e FAeE Bugds W Hele] AR A AA Ftekdv of 23
= AEAS kAL Hn] AP s FHE| + NPKEHgH s S el 9

3l FAEYE AS vt A QAN EdE e vAdEe] 249 o
7h fr7l=el o3 B 2 A

s dF2e 2Ed T v & 5+ 3l

juto)
rlo
1>
i
o
o
oo
N
N
olf
ok
i
o2
o2
o2
S
lo
olN

et o] 59 A #AAd ¥ AAFS o] &3 EEWHES actsidnh o)A
o] AFeA ol PA=EEY QLIS SE (53] Al-P, Fe-P &3=)0] HA i
A A H7rE o F k. Penicillium oxalicum CBPS-3F-Tsate H] % 484 7F= <
o] tricalcium phosphateE 11%, Aluminum phosphateE 85%, 181 Iron
phosphateE 3.1%7F83} AlH oW (F 10) 2z wi#] pH7F %7] 65904 242+
235, 274 2 25472 ZAasATE. Pseudomonas striata PSB-17<  tricalcium
phosphateE 3.0% @31 Aluminum phosphate®} Iron phosphateE ZZ 0.7%
A M-SR pH EE 427, 429 2 4072 FaFo]l #FEHACE Reyes's
basal BiA|ol A Penicillium oxalicum CBPS-3F-Tsa:™ malic acid, oxalic acid
18] 3L gluconic acidg A3, F714tke] T/ %% P sourceol whel o}
FaAl vebwth. 28y Penicillium oxalicum CBPS-3F-Tsaol A4 % malic
acid®] F%=+ P-sourced] #AIGo]l Aol UAIAT. Reyes's basal Hl =] ol 4] <]
Pseudomonas striata PSB-179 €]+ 7|4 22 gluconic acid® A3

ChoviA 8] pHe| Aok BEd T dFe] FUIAbe] AL TR skl 719l

st Ao =2 BT 10).
o5 AnE whgozste] F At e AAAEHSS AN AT FA
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3% 10. Organic acid production, phosphate solubilization and pH decrease in

Reyes’s basal liquid medium associated with microbial growth for 48h.

Organic acids (m moles L)

P-Source/Strains pH? 4 . Gluconic 4 . Pi release”
Malic acid acid Oxalic acid

Caz(POy)2

P. striata PSB-17 4.27 ND" 122 ND 29.70
P. oxalicum CBPS-3F-Tsa  2.35 145 55 160 190.92
AlIPO4

P. striata PSB-17 4.29 ND 122 ND 6.60
P. oxalicum CBPS-3F-Tsa  2.74 144 67 111 85.64
FePOy

P. striata PSB-17 4.07 ND 52 ND 6.50
P. oxalicum CBPS-3F-Tsa 254 148 17 80 31.20

a : Initial pH 6.5
b : Not detected/produced

¢ : mg g 'insouble P
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st o, ab7kgstel vl pHO A ZLear fr714ke] A Akele] Ao A
A= oln] B FHo]HtHReyes et al 1999; Whitelaw et al. 1999).

M wjA] ) A aluminum phosphate®} iron phosphateE 7}&3tA 7 F o5 &
%+ tricalcium phosphateE ¥3slE A wA oA HE WS A s A Rt
aluminum phosphatel} iron phosphate® X8 3sl= AR A= FHAHE &
AA3FA e o213 A3}ELS aluminum phosphateyt iron phosphateZ 7}
|37l HFE AEsted ol o v UHE 2w S AlA kel Sl
o d@AY Aot olde AAES mgoRste] {r|4ke] AN pHEAE
aluminum phosphate®} iron phosphate®] & 7}83 7|#olgta AZbw g
(Ilmer et al. 1995; Illmer and Schinner 1995; Reyes et al. 1999). w24 pH+=
iron phosphate¢} aluminum phosphate®] 7}-&3te} #HH FQ3d Q<lo|th pH
Z) A ¢FL aluminum phosphate®} iron phosphate solubilizerZ A3} 7] 38k 6 x|
o] WMol o] &3t

T 5+ BPB(bromo phenol blue)E % 7}3F v Ao A Bt} BCG(bromo cresol
green)= F7Fg iAol A o FE FHEUE FAsATHH 2, £ 11). o=
otnti= BPB7F Aol A& A& Aol o] Azl s A Q)
7] Wi Aol BPBO 9§ QI4H7HEsE 8ol A Adle thE Aol A
ek A A (Gupta et al. 1994). ek BCGE aluminum phosphate®} iron
phosphate solubilizer?] A1 = Fglo] #A3 AFoA EE ujx| oA o]& 5o
Zt}. iron phosphate’} H7Fd wiA ¢} v]w3le] aluminum phosphate’} #7FH
iRl A o] W& FHirt @2tk pH A A 23} tricalcium phosphate”} 3
gEolds wAdAE F FHEUZE #EEAL pH A A oFo] EIHA F&
ojxde] W wwEd wW A FARg AH(E AAT o] FAMIS tricaicium
phosphate solubilizerE ¥ dlo] doJA = pH A A|Fo] o §S AT
ATt

pH AAleke w8 483 4852 sty o §¥lozth BPB/ £3e

B

Pikovskaya's ¥l X =(Gupta et al. 1994) calcium phosphate solubilizergs A1
st=d o] Al oz o] & ¥ St BTB7F 35 o] = N-free malate
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29 2. Halo zone formation on the Reyes’s basal medium with FePOs; (A),
FePO, + BPB (B), FePO, + BCG (C), AIPO; (D), AIPOs + BPB
(E), FePOs + BCG (F) by Penicillium oxalicum CBPS-3F-Tsa.
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¥ 11. Colony diameter (mm) on different media with Cas3(PQOs)s, AIPOs4 and
FePO, due to microbial growth for 48 h

Pseudomonas striata Penicillium oxalicum

Media P source PSB-17 CBPS3F-T

BCG  BPB  Contrl BCG BPB Contrl

Pikovaskaya Ca3(POy)2 6.0 4.7 45 6.5 9.7 8.0
AIPOy4 3.0 7.2 *ND 22.7 21.0 ND
FePO, 7.2 6.1 ND 19.0 175 ND
Reyes’s Basal Ca3(POg2 9.1 3.0 7.1 10.0 12.0 10.5
AIPOy 14.5 10.2 ND 30.7 24.0 ND
FePOy 12.8 9.2 ND 34.7 26.5 ND
Modified basal Caz(PO4)2 7.7 7.0 6.5 9.0 11.0 9.5
AIPOy4 12.2 9.2 ND 29.5 19.0 ND
FePO4 12.2 9.0 ND 33.7 20.5 ND

LSDgos for media : 0.40 LSDgos for media : 0.25

LSDgos for dye : 0.32 LSDgs for dye : 0.20

Data: Mean of 3 replications

*ND: No halo zone formation
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WA= 3 Ao W3S uler o 231 Azospirillum® Ao o] &% o] X tHOkon
et al. 1977).
374 dHlel wiA|FolA pH AA S HEFH  basal mediast

Pikovskaya's media®} ®]22st ] Reyes's basal mediacl A 7} W& =94 di7}

B

v 35

rlr

HAALATHIE 11). o] AL Reyse's basal media®l =< sucrose Fxo] 93 A
ow AZAHM & ©ade] TR §714Y AAS ST webA HE

B 4o 235 HAS Zolth Reyea's basal HAM A A =& {7]
Akel AAEL o]n] Reyes et al.(1999) Aol Rt BCGE
aluminum phosphate®} iron phosphate® 27t X33+ Reyes's basal Hj Aol
A EE FEdY d4s SR G SHAYY SHEYSETE aluminum
phosphate soubilizer 57§ ¢} iron phosphate solubilizer 4712 A3t} (£ 12)
HjoF 48A17FE<rel iron phosphate solubilizerel]l <3 F&IAY ke 2142
mgPg ' (CBPS-64-2)°14 49.49 mgPg ' (CBPS-69)%13, Aluminum phosphate
solubilizerel ©]3ke] 7H-&3hd FaIAE] FE 807 mgPg ' (CBPS-11-1)°l1A]
1382 mgPg ' (CBPS-14-D& #7b=dvk. E3 o]& #FE9 Q7838 5
2 o Ao ALEH P. striata® vt 7% Ao 2 YEFSTHEE 10, 12).

—=

2] Alg¥ P-source & FolA Ca-P7} th2 Al-PY Fe-PHRT} =2 <
A7HE S HERlAT. BRE s EA ko] wFolol o3k g sk
Fe-Pol A 7b& SrA Yepuiddel vhggt eada dado] H7bd 147HE-3)
of 3ol 7I4& Fe-P7F AHEHAS W 8ol viFulAl ] 7H8A Po 50%E
ol g3l om o]AL ammonium chloridett ammonium sulphate’} #7}d vl A
A o EEetA detdllth F3ele] BA"S w3 BE A FolA Ca-PRT
Al-P1} Fe-PollA 433 7Hastdnt. a1x7k83ko] 9ol sucrose’t 7HE <=3
BhfolRm I yYSoRZ  glucoseR . Ca-P7F H7tdE afkdo A9

P.oxalicum®l] <3t Ax7F&3}te)] Ad8S v x= '@AYel <=A+= sucrose >

o

glucose > sorbitol >mannitol ©]1 2 Al-P7} # 78 wjX| o A= Sucrose >
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3% 12. Iron and aluminum phosphate-solubilizing bacteria isolated on Reyes’s

basal medium with BCG plus respective P source and P- solubilization

activity
Strain Plant Region in Halo zone Pi 1releas?1 .
Korea (mm) (mg P g insouble P)

FePOy solubilizer

CBPS-69 Rice Jechon 10.2 49.49
CBPS -68-3 Rice Jeungpyoung 10.0 49.08
CBPS -34-1 Onion  Hyudodongri 8.2 27.20
CBPS -64-2 Cosmos Nodong 8.0 21.42
AIPO4 solubilizers

CBPS -14-1 Pepper CBNU Farm 155 13.82
CBPS -34.2 Onion  Hyudodongri 125 10.68
CBPS -23.2 Pepper  Gangsedong 10.3 9.91
CBPS -68-1 Rice Jeungpyoung 10.0 8.70
CBPS -11-1 Onion Gaesindong 9.1 8.07
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glucose > mannitol > sorbitoltns ©]% 2™, Fe-Poll A= glucose > sucrose >
sorbitol > mannitoltns 2% WESETE Mannitol?} sorbitol> w#3olol] ¢ <l
A7FEstel el AA e mAA ge Aew yeiwt (ZLE 3). A7
L3l A 7 = e #e Ca-PeF sucrose’t H7FE X (562mg-P/L)
I2]3 Fe-P9 mannitole] #7Fe 8ix] (9.7mg-P/L)olA #zF At HlH
nitrate © A3 A4S UL ZFAAZHSH ammonium °©]Y arginines
e AAaAZET (2" 5. B dade EAstel Ca-P7F A7Fd vjA ol A
P. oxalicumol <38t JAH7FE3= sodium nitrate > ammonium chloride >
ammonium sulphate > potassium nitrate > argininetns %2 YEF O T
Ca-P%} sodium nitrate7} ¥3he wixo A 7} w2 AA7MEstso] #EHS
I (824mg-P/L) It %  ammonium chloride (779mg-P/L), potassium
nitrate (762mg-P/L)=2. 2 YElgt). Al-P7F d 718 8l A] ol A+ sodium nitrate
>  potassium nitrate > ammonium sulphate > ammonium chloride >
argininetns &2 YEIGTH Fe-P9 %% sodium nitrateo] A 718 9-5=3}A] ek
Wil 1 T 9 % potassium nitrate, arginine, ammonium chhloride, ammonium
sulphatetns ©. 2 YEST vl F w2l A o] pHe AT B A FolA]l UE
wor I Adee a9 49, 69 2ok x7] pHZF 6590 Wl whAagdow
sucrose®t YOS 2 ammonium chlorideZt #7FE #jA A pH7F 2.070A] 7+
23R BE HMEES 1¥E IS W sucrose-sodium nitrate”} H7FE ]
Fuj Aol o] QIAIME S-S HoFAnh oW dTrellA A, AAd
AT FE FYELTE ATEESt] d¥FE WA= AR yEuiow,

Sucrose®} sodium nitrate:= P. oxalicum®l| <3k Q1A7}&3bd] 714 & e

HA = Aoz AR

Aubd 6 2 nitrate’t A= v A A 7FEA P7F 5718k, arginine©] A
st iAol A 74 Peo] Aszt #EEAC o] wigd E7HA P 7HE
3tE F7FHA1718 &= nitrates®] A& wolgta & 4 At (Whitelaw et al., 1999).

olg|dt A=E BEAXs BYS ul P oxalicum CBPS-TsaZ o] €3 ¢ & o

T7F Hadtthe S & 5 e, nitrate’t ammonium Rt} Q1AF7F-E-8}e]l
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Phosphate Sources

29 3. Influence of carbon sources on solubilization of various mineral
phosphates by P. oxalicum CBPS-Tsa after 7 days incubation.
All values are means of three replicates. Among phosphate
sources, significant differences according to LSD at P<0.05
level are indicated by different letters above the bars.
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pH

Ca-P Al-P Fe-P

Phosphate Sources

219 4. The influence of carbon sources on the final pH in the mineral
phosphate  solubilization media inoculated with P. oxalicum
CBPS-Tsa after 7 days incubation. All values are means of
three replicates. Among posphate sources, significant
differences according to LSD at P<0.05 level are indicated by
different letters above the bars.
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Phosphate Sources

29 5. The influence of nitrogen sources on solubilization of various mineral
phosphates by P. oxalicun CBPS-Tsa after 7 days incubation. All
values are means of three replicates. Among phosphate sources,
significant differences according to LSD at P<0.05 level are indicated

by different letters above the bars.
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Arginine
[ Sodium Nitrate
4 | [0 Potassium Nitrate
[0 Ammonium Chloride
£ Ammonium Sulphate

o

Ca-P

Phosphate Sources

19 6. The influence of nitrogen sources on solubilization of various mineral
phosphates inoculated with P. oxalicum CBPS-Tsa after 7 days
incubation. All values are means of three replicates. Among
phosphate sources, significant differences according to LSD at
P<0.05 level are indicated by different letters above the bars.
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T AA9YS YeERATH(Reyes et al, 1999).

e ATellA vetde A" wfA el A o] pHO HAae QA a9, a9
Y EE FHUFEol 7R AglddA #FHAL, JA] AAIEEs 7 Frbstd
v A pHE 743 tHCunningham et al., 1992; Illmer et al., 1995; Murphy et

al., 1962; Stumm et al., 1995, Whitelaw et al., 1995; Gaur et al., 1990; Gerezim
et al., 1988; Seshadri et al., 1995, Nahas et al., 1996; Narsian et al., 2000).

BAAdFoA 7HE Ee pHEES glucose’t E3HE wfduf x| o)A YErstar 713

=S pH 32 mannitolo| A #AAFHA oW AALKLFoAE ammonium chloride
oAl 74 w2 pH Ftol #EHJT 71 =2 pH 2 arginindl Al #2253l

=
olgist AF}ZHE P oxalicumsS HAAZ EJA £ W FrIEoly
=

P-source %t ofyz} QibrtEskitre] &5 S fdl= A v

EAGACE BANGE 9 ol Aol pHS F§4 Aitel HEshe] g

A BAEHJY. a9y 2ol HA9E AL stale (sorbitol¥ Fe-PAlo]o A

B o kA9 Quskgstde] EAF L AW A 1 FE 29
B Adugon EAst ERuAEe WAY wEe B ft ot 1
ol Qla] ¥ MER QAT S A8 wAe AFshel 4R AN

MPSE Sl HEdte] S AT 8 Ao VG2 12 AdM MPS

HEEokE HTW A2l AteldlM Aol FEHAA dEbA Gt Ty
HAEE ZE He=olA = u Ao AL s HFsA &L FA v

to] =& S YERNITHE 14). 23 A g s, A& XA 3719 MPS
bacterialE HE A A Fds] S7FHAT. P ostriats7t BEE g2 2

= Aol AuAz ety JFE tE ARy 49 fAs AT
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3 13. Correlations (r) between final pH and soluble phosphate

Phosphate sources

Ca-P Al-P Fe-P
Carbon sources
Sucrose -0.085 0.909 0.567
Glucose 0.622 0.809 0.931
Mannitol -0.976 -0.744 0.899
Sorbitol -0.982 -0.0434 0.992"
Nitrogen Sources
Arginine 0.291 -0.746 -0.912
Sodium Nitrate 0.929 0.956 -0.574
Potassium Nitrate -0.999" -0.564 -0.968
Ammonium Chloride -0.909 -0.911 0.713
Ammonium Sulphate 0.938 -0.866 0.635

* — significant at p<0.05.
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3t 14. Effect of MPS bacterial inoculation on plant height and total dry mass

of maize plants in two consecutive growth

Inoculation Plant helght Total dry mass

1 Expt 2" Expt Mean 1*' Expt 2" Expt Mean

cm g plan‘{1

Serratia marcescens 91.0 80.3 85.7 3.21 2.33 2.77
Burkholderia cepacia 91.3 87.2 89.3 3.46 2.84 3.15
Pseudomonas striata 97.25 95.8 96.5 3.37 3.07 3.22

Uninoculated Control 76.2 73.3 74.8 2.71 2.09 2.40

LSDoos NS 597 6.07 0.25 0.22 0.20
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B. cepacia’7} BEH A 3 A EAA] S marcescens’t AEH AHET U &
A Yestt 5 Hel Az A AgS BEAFRE AE AF] FUE MPS
A

bacteria®] H%E WidS & & AT HuA 9 A

k)

Hlgko] Al SkA LR
MPS bacterial o] HEFH A& FAg A3 Huwsds W AEFo] &
33 =248 Uetuth(iE 14). B. cepacia ¢ P. striate?7t AEH A& A&
g2 F Aok Tk 1Yy T o 25 1A A S marcescens7t HEE
A FAe AEEve $AEA =& Aoz =2 S35 Aldrh 23
P

. striata7} JE3 AL E MPS/F HEE A EoA H s

off

e

W HEFol =4 vetuth HAAAY dEFS 2HY AX A HdIelM FA
oA YeElyt 2 AAE A AHS B B P ostriata®t B. cepacia
® A=) S marcescensE JET ARG dEFo] Wl =Skt A
g &S AEFo] g e F=XAY. 28y P. striata, B. Cepacia’7t 3%
d A= Aed Aole AA YEA &gtk MPS bacteriaZt §F¥ 4 &9
G A TUE U2 FAEAARE Rt (Laheurte et al, 1988;
Agasimani et al., 1994; Prarhiba et al., 1994).
MPSitol HEH A=A A& A deFe S/t ST Qike
57 SHEAE S RAETHGE 15).
B. cepacia®} P. striata’7} HEH 2ELS S marcescens Rt A4+ FFFo] wj
T =4 vetwn 7Pg AA Aol A H e A A&l vEEt P
striata7t R EH A=A e dAFHL B, cepacia’t HEFH A=} HlaLste]
e FAAY. ady AEAGY AEEFS Postriata’t FEE A EC] O =9k
th o] R P ostriata®] S A E AEDO] AAEIIY] witd Flolt o]
I FrAbskAl P.ostriata?t FHEE sintetrlol A e A e o] S7F HA= o
< PGPR9 &7 wj& o]th
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3= 15. Effect of MPS bacterial

accumulation of maize plants in two consecutive growth

inoculation on nitrogen and phosphorus

Inoculation

N - Accumulation

P - Accumulation

I Expt 2™ Expt Mean 1% Expt 2" Expt Mean

mg plantf1 mg planf1
Serratia marcescens 24.0 26.2 25.1 1.2 0.5 0.8
Burkholderia cepacia 26.2 335 29.9 14 0.8 1.1
Pseudomonas striata 24.4 32.0 28.2 1.2 0.7 1.0
Uninoculated Control 23.0 24.6 23.8 1.0 04 0.7
LSDoos NS 2.13 1.90 NS 0.17 0.06
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3t 16. Effect of MPS bacterial inoculation on nitrogen and phosphorus

concentration of maize plants in two consecutive growth

Inoculation N - Concentration P - Concentration

1 Expt 2" Expt Mean 1% Expt 2" Expt Mean

mg-N/GDW mg-P/GDW

Serratia marcescens 6.11 11.02 857 0.33 0.18 0.26
Burkholderia cepacia 6.39 11.79 9.09 0.35 0.20 0.28
Pseudomonas striata 6.94 10.63 8.79 0.34 0.22 0.28

Uninoculated Control 6.04 10.44 8.24 0.32 0.16 0.24

LSDoos NS 0.2 NS NS NS NS
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3x  17. Effect of Penicillium oxalicum CBPS-3F-Tsa inoculation on
phosphorus concentration and uptake of tobacco plant in soil treated

with rock phosphate.

P concentration

Treatment P uptake
stem leaf
-1 -1 -1
mg g mg g mg plant
Control 0.26 0.29 13.03
PSM 0.30 0.31 15.08
RP 0.27 0.32 31.15
RP+PSM 0.31 0.34 36.87
LSDo‘o{, ns 0.01 471
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5 S7HA7IE AEREY dFom veluth(Alexander,1977). A& Skt
-3F-Tsa (PSM)°] H&¥ wuje] dtbs= kst
T ©l PSMel B¢y W84 Q13 Q1334 7hEstel aaAdoletar vt
th Omar (1998)+= field A @Al 134 Av)7F 4 2&E W] Q4 #5E PSM
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=71 B4, AxTAZ Frtebda 1 A%= 3 18] YER T

AFA 7 PSMvt-S FAlol A 49 Haxe o WAS Yehdiar 34
T PSM#eHs AHEgh EgolA] T3 gixyRoE duds 75 YER
oh 913A whg Aok, A3A Y PSME Eg A Aol Qo ARFA AA
S7HE Ak
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v YERA] @dth 134 d& AT Al 719 =d9 Ax2FAVE S7HH
Aa FHjAEA Y B dxFAE AFA I PSMi EeA 7t Mg =4
¥ BAS AYEA XS AL controlF Bl =79 Ax EAT F71H
Atk AFAE AHEA] @2 PSM HE2 control A<} vluste] 719 &

7}

T 2polE YEiuA @gkont 134t PSME HEA Al PSMe] 7483}

oyl A9 A#E AFA T PSMS Aol AEs A9 HitHA o
of 1A PSMitel HFol "WAES QAESF, #Ee AR F Axw
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3t 18. Effect of Penicillium oxalicum CBPS-3F-Tsa inoculation on growth of

tobacco plant in soil treated with rock phosphate.

Treatment Leaf Leaf' Plgnt SFem Stem
area dry weight height girth dry weight
cm’ plant' g plan‘ﬂ1 cm cm g 1[)lanf1
Control 5097.4 26.43 120.8 1.52 19.85
PSM 5929.6 217.35 129.6 1.56 21.80
RP 119725 56.85 140.2 2.24 48.04
RP+PSM 12314.8 59.60 143.4 2.36 52.74
LSDoos 315.4 1.18 ns 0.12 1.28
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PSM<& 1A3lsl7] ¢8le] P agglomeransS ©]&3to] Al 79 ©E carrier
<, alginate, agar, gelatin(Z1¥ 7)& Al 749 12 Tz Agedrt. 143}
H & =g, 3eta AAL 3%9 agars 2% agarel 4% HUF ©] £24 wHalo]
25 % alginatet™ 35 %, 5% HU ¢ Fus AS & 5 AT 10%9] gelatin
2 Z+7+e] 5%¢ 16% s=XHY ¥ =UY (£ 19).

149 P. agglomerans cells(25% alginate, 3% agar, 10% gelatin)& 100ml2]
WA 7F =31 250ml conical flasksell Wjdt ¥ A47FE8be S A uA
H 5= shake flask oAl a4 oz QAtdAS 7HEsiA 713

AN AT, St A0 A HEH alginated] ZAE A EQ 27835 AY
2 SAsde W, 2 A3 A FHd wx7F SUhEEA HE F 5
ol frEelite] FE7E 022mg P/LOlA 6453mg P/ALZEA S7hE ol RAo®
UERS T 8a). Wik §-9 wiA] pHE= #4ske] pH 1.74 74A] 228k dvh(
d 8b).

P. agglomerans MEE agar 7181 alginateo] 1133} 3 AHo] gelatin 1173 3}
g Art TCP 7H&3tso] At 7He3 PO skv 242 720, 715 1
22 368 mg P/L 2 YEStHIZE 9a). <27FE3lo| A Aspergillus niger,
Enterobacter sp.,(vassilev et al., 1997ab;, Vassileva et al., 1998), Bacillus
megaterium(Zated, 1997) Penicillium variabile(Fenice et al., 2000)E ©]&3}<]
gzt AZL A ol HAEH Hasolx gity oW Aol AlZFA] WU
(agar, alginate, gelatin) &2 A3} T #& o] &3to] v & wjx9 pHE &
7} 5.8, 569, 5675 WEtHATH(TH 9b)

Free cell &Rt} 143 d #S& o]&3} &3t
$FelttE BaE wol dtl Zayed(1997)0] wWEW, alginate 1A= By 2
Aol Al whe|glofo] &Ado FAFS F= WHYLLIHAZFE vHHgolE H5 e
7] 1% 58S 7HA AL Qith

Aol AN7HEE e o

fr
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a9 7. Images showing gelatin(A), alginate(B) and agar(C) immobilized cells
of P. agglomerans. The size of gelatin cubes, alginate beads and agar

beads were 3.5, 3 and 3 mm, respectively.
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¥ 19. Physical and aesthetic properties of the beads/cubes

Diffusion over

. Bead dia. Microbial Appearance and
Carrier prolonged o .
(mm) . ) cell activity stability
incubation
) . Flexible and
Alginate 25 % 3.0 No Active .
partially stable
3.5 % 3.0 No Active Hard and stable
. Flexible and
5.0 % 3.0 No Active )
partially stable
) Flexible and
Agar 2.0 % 3.0 Yes Active .
partially stable
3.0 % 3.0 No Active Hard and stable
4.0 % 3.0 No Poor Hard and stable
) . Highly flexible and
Gelatin 5.0 % 3.5 Yes Active .
collapsing nature
Flexible and
10.0 % 3.5 No Moderate .
partially stable
15.0 % 3.5 No Poor Stable; brittle nature
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60 (a)
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P conc., mg P/L.
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10 F

T (b)

pH

1 3 5

=

Days after Inoculation

9 8. Effect of alginate immobilized P. agglomerans cells on the soluble
phosphate concentration (a) and pH (b) in the calcium phosphate

(tribasic) amended media over a period of incubation.
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=2 g ol&ot=lnl v g slow
FAokEth 7]Eo dATEHyHY AL agar, alginate, k-carrageenan E=
polyurethane BE|E o] &3]t} A7I83E 93 Aetel cubed] AE HHH
golE Azet L 7|Edd Bavt gl 59 Aol Agow AZtH.
Ael s o] gste] 1Agstets ATolA #EE AREL ddlel w=F¥ uhe g
o} M ¥olA HgLS H| = crosslinkersZ4 formaldehyde, ethanol ¢ ©] &3}
HAZE Avk 2y &5 ool AV W= wrH ol A ek A
g cubeoll A ABd wAES S0 3 formaldehyde, ethanol, glutaraldehyde,
gamma ray$t 22 crosslinker®] &S H71str] fsA = T2 AF7F &F
Hojzinh olyg AFE dAl E APAA AT, thE polymere] ©]-§
T g sket IAFE stel] §-83kal qith

o

[A

O

2.5% alginateo] A3 E P. agglomeransE ©]-&3te] 471#19] fAAkx17} o
& uE 93 7HE3tes Hwst Atk vl ot P kvt s W H
2 H3EA = FUAN AyH o 7= PY wE7F FU18S B 7
2%e e AT 10).
Ilmer ¢} Schinner(1995)= Pseudomonas sp.2} Penicillium aurantiogriseum®)
free cell @H= HEE AN7HE3 AFPolAM AR AHE BoFAOH wjF
st Bt POl wE7F Wttt B AFolAE BE Ao dAF SR
¢l4ake] ko] Z=7}&}9ith. Morocco rock phosphates THE 21332 d] H|&}o]
4 @o] 71835 whHo| China rock phosphate® 1 zto] 714 vA ot

Elutth Hole fFadite @2 HE: $ 727 6, 10, 12¢ $ol Morocco rock

ot

N

phosphate, Tunisia rock phosphate, Tricalcium phosphate, Isreal rock
phosphate ~2#] a1 China rock phosphate’} % 7}€ flaskol A Z}2} 21559, 186.14,
132.26, 60.98, 48.87mg Lo = eyt 1 Fo]&= China rock phosphateZ Al
et EE QIFA AgdA F4% FaRAMFS] AV #FHAY. 6 F
China rock phosphate’} 7 AHglo|A FA9 &Fo] A

frALS
A ¥F China rock phosphatex]@]o]A F& 2] Fe 3 & AfE HoF
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¥ 10. Changes in the soluble phosphate concentration (A) and pH (B)
during the solubilization of rock phosphates by alginate immobilized

P. agglomerans
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ATk Ao A B0
sated A58 T8t S HoAFAT Vassileva(1998)5 %= Yarowia
lipolyticas ©1-&3 ANFA 9 7h&3t APolA A AaE HAFAT ofH

Aol A= L83k bacterias JFF vl Aol o] FEIARS Fhol  free cell
FeE HIT oo AHAFe Adry ¢ A #FEHJG(CHUNG et al
2004) ol 3 A= free cell FHZe] HF R nASIE Enterobacter sp.ol
o3 vebd Aot o 958 Vassilev et al.(1997b)9] Axte} gizH o2 e}

1
2N

10,
il
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1o,
Jim
oX,
rlo
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[BEE] aAdA Ao E &

f
.

X

H] 5 wf Aol A o] pHOl 7HA7F BE QIEA Aol A #HRE AN, 2719 pH
© #Aast o § Sk e vAl fAastr| = stk b vhe pHERE
China rock phosphate$} Isreal rock phosphateZ} H7}E wjokololx zrz; wj<k
10¢ %(pH 3.79)¢F 84 5 (pH 4.09)° wetwtty. =L 5 wj¢f mpA g I7hA]
AXor  Zr7bstgel. ¥bHo]  Morocco rock phosphate®t Tunisia rock
phosphate ZZ#] 3 Tricalcium phosphate’} Z7Fe widdo = F719 HAF
o] YEIWta 1 e HE ¥ 4,6, 8 € F(pH 354, 361, 463)¢F 1 5 TAH
o7 Frbetek vhAl #Hastel HE 129 $(471 ¢ Tunisia rock phosphate,
4.69 : Morocco rock phosphate)®t 169 $(5.42 : Tricalcium phosphate)ol Z}z¢
Al @ HAGS Btk Babenko et al.(1984)2] Aol AxbrtE-3)
bacteria®] 47F#] Ae]gtA <l gl og AA7FEst Aol A wiYsts sk P
o] FE9 pHe thE w®WistEo] #HAHAL o] AL AAHEste le] HolH
T AE & AAY RS dAld g o HojAal grh EF 97 o
Tl M= FARE A3E YERITHKIm et al. 2004).

H Z 7o SA4S et BaE o]zl 21 shelf life(carrierel A o] A&E717H =

HE=ol ol ol Aol 2¥va vig 1 JIF=E AE702 AP A

e

Q7o) Eojubx] ¢ri=t}(Bashan and Gonzalez, 1999). o] dAFoM = F 714
e AgewodA BHaEold P agglomerans? ©7|7te] A&y dAo o
Al H7Feksitt.

A AFst= F<tol alginatedl A4 3}E P, agglomerans® Ao 842 &
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F AT Ao A HE beadol Aol P oagglomerans®] A = 4T
A B#E beadol Aol AAFHERT =grH(1d 11). HE 1A 3H bacteriadl
AATFEshs ol sl WS RAFIARE G FASHA WEkekA &k
o Wrists Fok Sl ofghe] WiEo] HAHJTH(E 12). HA=23 d
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AAs A F7F sivtn A (Khan et al, 1997; Vassilev et al, 1997;
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off ] HELS T3 AE Y xHEAS Attty Ba F o (Brown, 1973;
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9 11. Survival of Pantoea agglomerans in wet alginate beads as measured
by plate count method. The errors bars represent standard error.
The Room temperature and cold storage (4C) figures represent

results generated after six months storage.
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9 13. Growth of rice plants subjected to different treatments including
control. Plants were grown in a sterile pot mixture mixed with
rock phosphates and inoculated with P. agglomerans. After 60
days the plants were photographed. A) Control, B) BI + CRPI1, C)
BI + CRP2, D) FCI + CRP1, E) FCI + CRP2, F) BE + CRPI1, )
BE + CRP2. BI Seed Bacterization, FCI Free Cell Inoculation,
BEBead inoculation, CRP1 1 g of rock phosphate pot-1, CRP2 25 ¢
of rock phosphate pot .
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a9 14. Plant height (A), root length (B) and dry weight (C) of rice

inoculated with P. agglomerans at 30 and 60 d after seeding.

BISeed bacterization, FCI Free cell inoculation, BE Bead inoculation.

CRP1 1 g of rock phosphate pot-1, CRP2 2.5 g of rock phosphate

pot .
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30 days

LSDy.s (60days)

I

I LSDy.s (30days)

(B3/3m) “ou0d 14

Treatment

19 15. Concentration of extractable P in the pot mixture sampled at 30 and

60 d after seeding. BI; Seed bacterization, FCI; Free cell inoculation,
BE; Bead inoculation. CRP1; 1 g of rock phosphate potfl, CRP2; 25

-1

g of rock phosphate pot .
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19 16. Phosphate accumulation in rice at 30 and 60 d after seeding. BIL

Seed bacterization, FCI; Free cell inoculation, BE; Bead inoculation.

CRP1; 1 g of rock phosphate potfl, CRP2; 25 g of rock phosphate

pot .
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